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Abstract 

In recent years, with the increase in urban domestic sewage and industrial wastewater 
discharge and the increase in sewage treatment requirements, the output of sludge has 
also increased. Thus, the reduction and resource utilization of sludge are particularly 
important. This article introduces the current status of sludge production in recent years, 
the characteristics of sludge, and summarizes new ways of sludge resource utilization, 
which in order to provide new ideas for the theoretical research and application of 
sludge. 
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1. Status of sludge production in China 

With the rapid development of social economy and urbanization in China, the amount of urban 
wastewater produced continues to increase. Thus, wastewater treatment industry has 
developed rapidly in recent years. As shown in Fig.1, 2015 was the year with the highest 
wastewater discharge in recent years, reaching 73.55 billion tons. The total waste water 
discharge in 2017 was 69.97 billion tons, a slight decrease from 2016, but still remained at a 
relatively high level. In 2018, as the total water consumption of the country increased, the total 
waste water discharge also increased. The wastewater treatment work is urgent. Among all 
wastewater discharge in 2017, industrial wastewater discharge was 

 

 
Fig. 1 Total wastewater discharge and structural analysis from 2014 to 2018 in China 
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18.16 billion tons, accounting for 26.0% of total discharge; urban domestic wastewater 
discharge was 51.78 billion tons, accounting for 74.0% of total discharge, and the proportion of 
urban domestic wastewater was increasing year by year, which has become the main source of 
wastewater. As of the end of January 2020, there are 10,113 wastewater treatment plants with 
wastewater permits issued in China. And the treatment capacity of wastewater treatment 
plants nationwide reached 177 million cubic meters per day in 2019 [1,2]. After the wastewater 
is treated, about 0.5% to 1% is transformed into solid aggregates and settles down, which is 
commonly referred to as sludge. The increase in the amount of wastewater treatment, the 
improvement of treatment efficiency and the deepening of the treatment level have led to a 
substantial increase in the amount of sludge produced. According to the survey results, whether 
the sludge produced by wastewater treatment plants in China has been properly treated, and 
the pollution and re-pollution caused by the random stacking of sludge have become prominent, 
which has attracted the attention of all sectors of society and promoted the pollution and 
promoted the formation of the sludge disposal market. 

2. Characteristics of Sludge 

Sludge is a product of sewage treatment, and its composition is very complex. It includes solid 
particles such as silt, fiber, animal and plant residues mixed in domestic sewage or industrial 
wastewater and their condensed flocs, mycelium formed by a variety of microorganisms and 
its adsorbed organic matter, heavy metal elements and salts, a small amount of pathogenic 
microorganisms, parasite eggs and other comprehensive solid substances. The main 
characteristic of sludge is its high water content, which can be as high as 99% or more. The 
content of organic matter is high. Volatile solids are usually used to characterize the content of 
organic matter in sludge. The higher the volatile solid content, the worse the sludge stability [3]. 
The sludge is rich in nutrients. Li et al. [4] statistically analyzed the nutrients of urban sludge 
from sewage treatment plants in Chinese cities and found that the average organic matter 
content of urban sludge reached 384 g/kg DS (dry sludge), total nitrogen 27.1 g/kg DS, total 
phosphorus 14.3 g/kg DS and total potassium 6.9 g/kg DS. The sludge also contains toxic and 
harmful substances, including toxic organic matter, pathogenic microorganisms and heavy 
metals. This indicates that if the urban sludge is not treated and discharged directly, it will 
pollute the farmland and pass it to humans through agricultural products. 

3. Application of sludge to energy 

3.1. Anaerobic digestion of sludge to produce biogas 

The anaerobic digestion of sludge is under anaerobic conditions, the biodegradable organic 
matter in the sludge is decomposed into carbon dioxide, methane burn and water by facultative 
bacteria and anaerobic bacteria, which is a very effective sludge treatment process to achieve 
sludge reduction and stabilization. The anaerobic digestion of sludge is a multi-stage complex 
process. To complete the entire digestion process, three stages are generally required, namely 
the hydrolysis acidification stage, the acetic acid stage and the methane burn stage. A large 
number of studies have shown that the hydrolytic acidification of sludge is the rate-limiting 
step of the entire reaction during the anaerobic digestion of sludge. At present, the 
pretreatment methods to promote anaerobic digestion of sludge mainly include heat treatment, 
chemical treatment, ultrasonic treatment, microwave treatment and biological treatment [5]. 
Anaerobic digestion is widely used to produce renewable energy. For example, biogas produced 
by microorganisms can be used as fuel to replace fossil fuels, directly used in cogeneration and 
electric gas engines, and can also be refined into natural gas. 

3.2. Low-temperature pyrolysis of sludge to produce fuel oil 

Sludge low-temperature pyrolysis is a technology that uses partial pyrolysis of sludge organic 
matter under heating conditions to produce sludge-derived fuel. Under 300-500°, normal 
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pressure (or high pressure) and anoxic conditions, the organic matter in the sludge is converted 
into oil and solid carbon, non-condensable gas and water by the catalysis of the cinnamic acid 
chain and heavy metals (especially copper) [6]. The oil conversion rate of sludge pyrolysis is 
closely related to the type of sludge, the organic content in the sludge, the pyrolysis temperature, 
the reaction time and other factors. Generally, liters of oil can be recovered per ton of dry sludge. 

3.3. Sludge gasification to produce combustible gas 

Under a certain device and certain temperature and pressure conditions, the organic 
components in the sludge will react with the gasification sword (steam, air, etc.) under a 
reducing atmosphere, and finally generate combustible gases (including, and hydrocarbons, 
etc.). Sludge gasification can convert organic matter in sludge into high-quality combustible gas, 
and it is one of the main methods for sludge energy utilization. The sludge gasification 
technology has its unique advantages and development prospects. The high temperature 
environment of the sludge gasification reaction can effectively destroy pathogens. The volume 
reduction effect is obvious. The organic components in the sludge are converted into 
combustible gas, and the remaining part is converted into residues. The heat generated in the 
gasification process can be recycled. The fuel gas produced by sludge gasification can be directly 
used for power generation, and the energy utilization efficiency of the sludge gasification 
process is higher. Compared with incineration, sludge gasification is carried out in a reducing 
atmosphere, so no additional fuel is required. At the same time, it avoids the emission of sulfur 
dioxide, gas oxides, heavy metals, fly ash and other harmful substances, and the cost of 
controlling emissions is less. 

4. Conclusion 

Based on the realization of safe disposal of sludge in developed countries, it has begun to 
develop towards low carbon and resource utilization. The proportion of sludge to landfill will 
be greatly reduced, and land use and energy utilization will be the main development direction. 
The utilization of sludge land will develop towards safer and more economical utilization; the 
proportion of sludge incineration and energy utilization will further increase. In addition, with 
the development of science and technology, some new sludge resource utilization technologies 
will gradually be put into practical application. 
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