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Abstract
During the period of COVID-19, the medical waste disposal capacity is seriously inadequate. The main technical process of 
the municipal solid waste incineration system is the same as that of the medical waste incineration system. Under the condi-
tions of optimizing the technological process, improving the supporting facilities, and controlling the co-processing ratio, 
the municipal solid waste incinerator (grate furnace) co-processing medical waste is feasible. Some suggested guidelines 
for emergency treatment of medical waste from COVID-19 have been provided by China.
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Chinese government policies

Since the outbreak of the coronavirus disease of 2019 
(COVID-19) in China in January 2020, the number of 
COVID-19 medical waste (C-MW) has increased sharply 
throughout the country. Harmless disposal of C-MW as very 
important defense in epidemic prevention and control is one 
of the key processes to winning this difficulty battle. Accord-
ing to the “Classified Catalogue of Medical Waste” (2003) 
and “National Catalogue of Hazardous Waste” (2016) prom-
ulgated by China, the COVID-19 medical waste is classified 
as infectious medical waste and must be disposed of as haz-
ardous waste, and the disposal objects include sharp boxes, 
masks, syringes, disposable gowns and protective clothing, 
etc. According to China’s “Regulations on the Manage-
ment of Medical Waste” and “Measures for the adminis-
tration of hazardous waste business license”, this type of 
waste should be disposed of by a medical waste centralized 
disposal unit that has obtained a hazardous waste business 
license; the hazardous waste category covers infectious 
waste (831-001-01). The National Health Commission of 
the People’s Republic of China, National Development and 
Reform Commission, Ministry of Ecology and Environment 

of the People’s Republic of China and ten other ministries 
and commissions jointly issued the “Work Plan for Com-
prehensive Treatment of Waste in Medical Institutions.” 
In this plan, it is required to transfer and dispose of medi-
cal waste according to the “Technical Specifications for 
Centralized Disposal of Medical Wastes (Trial)”, prevent 
loss and leakage, and explore the intelligent management 
of the entire process of medical waste collection, storage, 
transfer, transportation, and disposal. At the same time, to 
effectively respond to the explosive growth of medical waste 
and its potential secondary pollution waste generated dur-
ing the process of collection, storage, and transfer, on Janu-
ary 28, 2020, the Ministry of Ecology and Environment of 
the People’s Republic of China issued “COVID-19 Infected 
Pneumonia Medical Waste Emergency Disposal Manage-
ment and Technical Guide (Trial),” which proposes to use 
hazardous waste incinerators, municipal solid waste incin-
erators, industrial furnaces, and other facilities as emergency 
treatment facilities for pneumonia medical waste to meet 
epidemic prevention needs. According to national statistics, 
until March 21, 2020, the national medical waste disposal 
level was 6066.8 t/d, which was an increase of emergency 
disposal level by 1164.0 t/d compared to January 20. The 
disposal level of Hubei Province and Wuhan City has also 
been greatly improved. The production of Hubei Province 
has reached 667.4 t/d, an increase of 487.4 t/d; the capacity 
of Wuhan City has reached 265.6 t/d (including municipal 
solid waste incinerator for general medical waste treatment 
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capacity of 100 t/d), an increase of 215.6 t/d, essentially 
achieving “Same-day destruction” [1].

Emergency incineration process of medical 
waste

During the fight against SARS in 2003, with China’s first 
military-to-civilian medical waste incinerators put into use, 
after more than a decade of development and construction, 
China’s medical waste disposal system has been relatively 
complete. The “National Annual Report on the Prevention 
and Control of Solid Waste Pollution in Large and Medium-
sized Cities in 2019” shows that until 2018, provinces, 
autonomous regions, and municipalities across the country 
issued a total of 407 hazardous waste business licenses. Of 
these, 383 were facilities dedicated to disposal of medical 
waste alone, and 24 were facilities to disposal of both haz-
ardous waste and medical waste. China’s main medical waste 
incineration technologies include rotary kiln incineration, 
fixed bed furnace incineration, and pyrolysis incineration. 
Among them, rotary kiln incineration is the main treatment 
technology [2–4]. However, the capacity of medical waste 
disposal during COVID-19 is still seriously inadequate. 
Municipal solid waste incinerators to co-process medical 
waste as a supplementary emergency disposal method for 
medical waste disposal in rotary kilns are necessary and 
feasible.

Rotary kiln incineration treatment process

The rotary kiln incinerator has the advantages of wide adapt-
ability, reliable operation, and thorough incineration. At pre-
sent, the most commonly used rotary kiln incinerator is the 
ash-type rotary kiln incinerator, followed by the slag-type 
rotary kiln incinerator. The development trend is of pyro-
lytic rotary kiln incinerators, which use a combination of 

pyrolysis and rotary kiln technology. At present, the gen-
eral process of hazardous waste incineration system mainly 
includes the feeding system, combustion system, and air pol-
lution control devices. The details are shown in Fig. 1. The 
temperature of the rotary kiln is controlled above 850 °C, 
and the hazardous waste is thoroughly incinerated into high-
temperature flue gas and slag residue after about 60 min of 
high-temperature incineration; the loss on ignition is < 5%.

Zhejiang University has innovatively developed new 
rotary multi-stage pyrolysis self-melting incineration tech-
nology [5–7], breaking through the technical bottleneck that 
has seriously affected continuous and stable operation due 
to the slagging of the rotary kiln, achieving efficient control 
and reduction of pollutants emission (especially dioxins) 
[8, 9]. This technology has been applied to 49 hazardous 
waste pyrolysis incineration treatment projects in 38 cities 
in 21 provinces of China, with an annual disposal of more 
than 800,000 tons of hazardous waste, winning the second 
prize of Chinese National Science and Technology Progress 
Award in 2017. In addition, being approved to set up the 
National Engineering Laboratory of Waste Incineration 
Technology & Equipment, which is the only one in the field 
of MSW and hazardous waste incineration in China. Dur-
ing the COVID-19, many laboratory personnel participated 
in fighting the COVID-19, including hospital construction, 
wastewater treatment, municipal solid waste disposal, etc.
[10].

Municipal solid waste incineration treatment 
process

Grate furnace incineration, as the mainstream municipal 
solid waste incineration technology in the world, has the 
advantages of mature technology, stable and reliable opera-
tion, wide adaptability, and adaptability to most solid waste, 
which can be directly fed into the furnace without any pre-
treatment. The general process of municipal solid waste 

Fig. 1   Systemic diagram of the hazardous waste incinerator
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incineration systems mainly includes the feeding system, 
combustion system, and air pollution control devices. The 
details are shown in Fig. 2. The temperature of the grate 
furnace is controlled above 850 °C, and the residence time 
of the waste is 60–90 min, which ensures that combustibles 
and toxic substances are completely decomposed at a high 
temperature; the loss on ignition is < 5%.

In summary, the main technical processes of municipal 
solid waste incineration systems and medical waste incinera-
tion systems are the same and the working conditions are 
similar. Therefore, by optimizing the technological process, 
improving supporting facilities, strengthening management, 
raising the requirements of sanitation and epidemic preven-
tion, training staff, controlling the co-processing ratio, etc., 
it is feasible to dispose of medical waste emergently with 
the municipal solid waste incineration facilities (grate fur-
nace). There is already certain practical experience for this 
in China.

Through the six-layer barriers such as “diversion, disin-
fection, reinforced packaging, improved feeding process, 
negative pressure, sanitation protection”, it is possible to 
effectively prevent the infectious risks of the whole process 
of emergency disposal of medical waste using municipal 
solid waste incineration facilities. Diversion means that 
medical waste incinerators are preferentially used to treat 
medical waste during the COVID-19. Disinfection means 
that the medical waste sent to the municipal solid waste 
incineration plant must be strictly disinfected. Reinforced 
packaging means that the strengthened packaging and 
sealing according to the relevant provisions of the “Tech-
nical Specifications for Centralized Disposal of Medical 
Waste (Trial)” and then put it into a turnover box (bar-
rel) and transport to a municipal solid waste incinerator to 
reduce the risk of infection. An improved feeding process 
means that a separate feed inlet for medical waste is set up, 
and hooks and net pockets are used to feed waste; video 

monitoring guides the refinement of the feeding. Medi-
cal waste does not require fermentation, but minimizes the 
residence time of the pit; in principle, the proportion of 
co-processing is controlled within 5%. Negative pressure 
means that the waste storage bin is in a “micro-negative 
pressure” environment, and the collected gas is directly 
introduced into the incinerator for disposal to ensure that 
no substances are released into the environment. Finally, 
the health protection and training of workers must be 
strengthened. Operators must wear protective clothing, 
goggles, gloves, masks, and other epidemic prevention 
equipment, have their temperature taken regularly, and 
report any abnormalities to the disease control department 
immediately. Specific transportation routes and temporary 
storage areas for medical wastes need to be designated in 
the plant area. Daily disinfection treatment is also required 
at regular intervals. When conditions permit, the factory 
can select professionals with experience in medical waste 
disposal [11].

Application examples

The application examples of emergency treatment of medi-
cal waste in China’s municipal solid waste incineration sys-
tem are shown in Table 1. As shown in Table 1, with the 
outbreak of medical waste caused by COVID-19, municipal 
solid waste incinerators have been used to co-process part of 
the medical waste in many places. Among them, the experi-
ence of Shanghai in the past 6 years tells us that co-process-
ing treatment of medical waste can become a normalized 
disposal method, after the proper technical transformation 
of municipal solid waste incineration facilities and strength-
ening of health and epidemic prevention management. The 
co-processing of medical waste by incineration power plants 
is a priority technical route recommended by the Ministry 

Fig. 2   Systemic diagram of the 
municipal solid waste incinera-
tor
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of Ecology and Environment of the People’s Republic of 
China.

Conclusions

COVID-19 outbreaks around the world; this article pro-
vides suggested guidelines for medical waste disposal. 
The medical waste generated during COVID-19 is not 
only a large amount, but it also has a high infectivity risk. 
Reasonable disposal of medical waste is the last line of 
defense in the epidemic prevention and control battle. 
Hazardous waste incineration facilities, municipal solid 
waste incineration facilities, industrial furnaces, and other 
high-temperature incineration facilities and methods are 
priority measures for the medical waste treatment of 
COVID-19. Among them, municipal solid waste incin-
eration facilities have undergone appropriate technologi-
cal transformations and strengthened health and epidemic 
prevention management, which can be used for medical 
waste emergency treatment. Incineration fly ash and slag 
need to be collected, stored, transported, and disposed 
of separately. The incineration fly ash shall be managed 
according to hazardous waste. If it enters the waste landfill 
for disposal, it should meet the requirements of “Standard 
for Pollution Control on the Landfill Site of Municipal 
Solid Waste” (GB16889); if it enters the cement kiln for 
disposal, it should meet the requirements of “Standard for 
Pollution Control on Co-processing of Solid Wastes in 

Cement Kiln” (GB30485). At the same time, in the pro-
cess of incineration of medical waste, the discharge of 
pollutants in environmental media such as the atmosphere 
and water needs be studied to prevent disease transmission 
and environmental pollution.
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Table 1   Application examples of municipal solid waste incinerator 
emergency disposal medical waste [12]

*Statistics as of February 7, 2020

City Capacity (t/d) Ratio (%) Medical waste (t) Date

Shanghai 1000  < 5 850 2014
Shanghai 1000  < 5 1930 2015
Shanghai 1000  < 5 4630 2016
Shanghai 1000  < 5 7560 2017
Shanghai 1000  < 5 9310 2018
Shanghai 1000  < 5 14,490 2019
Shanwei 1200 1 42.75 2020*
Dongying 400 5 0.87 2020*
Putian 2850 5 28.23 2020*
Zhuhai 600 5 12.29 2020*
Xiantao 500  < 5 3.04 2020*
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