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1 Introduction 

Like many other countries, though late, China adopted the circular economy route by 

tightening the ‘Law on Prevention and Control of Environmental Pollution by Solid Waste’ 

that took effect on 1 September 2020. Although an extended producer responsibility (EPR) 

for waste items such as electronic waste and automotive batteries, the regulations for 

packaging waste do not assume a similar approach for these waste materials that end up in 

MSW. Though producers are obliged to reduce the amount of packaging and report the use 

of plastics, no mechanism is implemented that would request the producers (or retailers) 

to contribute to the recycling (or disposal) of the still excessive plastic packaging waste. 

Consequently, all those materials that cannot be quickly recovered and recycled, like the 

low-hanging fruit recyclables (rigid plastics, paper, cardboard, aluminum cans, etc.), are 

segregated by citizens and traded mostly via informal sector activities), are incinerated in 

the WtEs.  

 

Endeavors of Chinese authorities to reduce the amount of food waste being incinerated 

must be acknowledged. Still, they do not yet focus on the significant contribution of 

household food waste but only on the food waste originating from restaurants and can-

teens. The moisture content of the waste entering a WtE plant is still high, and waste is 

dewatered in the bunker using gravitation and self-compaction. Consequently, the net cal-

orific value (NCV) rises considerably during storage. Data of the operators indicate an in-

crease of 25 to 30%.  

 

As the reduction of packaging materials and food waste will affect the NCV conversely, but 

it cannot be anticipated which effect will happen first, the design of the thermal system 

becomes pivotal to secure the disposal capacity of the WtEs. If, for example, the reduc-

tion of food waste materialized first, the thermal load would increase, whereas the waste 

throughput would have to be reduced.  

 

The production and nationwide use of refuse-derived fuel (RDF) in China is not a topic of 

high interest currently. RDF-fueled WtEs do not exist in China, while endeavors to use RDF 

in the cement industry are in their infancy only. Compared to European cement plants co-

fueled with 48% by waste-born alternative fuels in 20181, the Chinese cement industry had 

a substitution rate in 2017 of 8% only2. Despite its disproportionate contribution to the 

worldwide CO2 emissions, the alternative fuel application in China’s cement industry is 

lagging far behind Western countries. In 2018, Germany and Austria, for example, substi-

tuted 63% and 69% of fossil fuels with alternatives3.  

 
  

                                                 

 
1 http://www.cembureau.eu/policy-focus/environment/waste-to-energy/  
2 https://chinadialogue.net/en/business/11565-could-china-s-cement-industry-be-fuelled-with-household-waste/  
3 https://www.lechtenberg-partner.de/co-processing-magazine?task=routedownload&tmpl=component&id=85  

http://www.cembureau.eu/policy-focus/environment/waste-to-energy/
https://chinadialogue.net/en/business/11565-could-china-s-cement-industry-be-fuelled-with-household-waste/
https://www.lechtenberg-partner.de/co-processing-magazine?task=routedownload&tmpl=component&id=85
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Turbines of Chinese WtE facilities are usually operated as pure condensing machines, thus 

wasting heat of the water-steam cycle that could otherwise have been provided to either 

district heating systems or industrial entities. This, however, would require Chinese au-

thorities to reconsider their regional or municipal planning, which to date had put the WtE 

far off any potential heat consumers. 

 

 

2 Energy Efficiency of Current Chinese Waste-to-Energy 

Facilities  

2.1 General Situation of the MSW Incineration in China 

With the ongoing industrialization of the Chinese economy in parallel to the steady in-

crease of the disposable income of the Chinese citizens, waste issues became more and 

more apparent, leading to a remarkable development of the WtE sector in China. Up to 

2000, the waste incinerated was minor, and the predominant portion of waste was land-

filled, but a significant part of it was dumped or not collected. In the early days of the 

WtE development, Chinese clients purchased WtE grate technology from abroad, but the 

Chinese suppliers also started developing fluidized bed incinerators. However, today the 

Chinese WtE segment can be considered less dependent on foreign supply. Concurrently to 

the incineration, the amount of waste treated (as per the Chinese definition of landfilled 

or any other form of treatment) rose considerably (see the following figure). Today, the 

rate of waste incinerated exceeds that of being landfilled. Other treatment options (such 

as sorting, composting, or anaerobic digestion) are less important. The predominant por-

tion of the approx. 510 WtE plants operating in 2020 rely on moving grate technology (an-

nual capacity 170 million tons) that largely prevails over fluidized bed technology (total 20 

million tons per annum).  
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Figure 1: Development of the MSW disposal in China4  

 

In 2018, the net electricity output of these facilities was around 57 TWh/year, equivalent 

to 0.294 MWh/ton of waste5, representing approximately 0.8% of the Chinese electricity 

consumption.  

 

 

2.2 Visited Facilities 

Out of more than 500 WtE plants in China, 7 WtE units in Lanzhou, Xi’an, Bengbu, and Su-

zhou were visited twice in 2020/21 by Chinese expert team colleagues and assessed con-

cerning their energy recovery from waste as far as operational data had been provided. 

Another facility in Tai’an was expected to be appraised but could not be visited due to 

travel restrictions because of Covid-19. Consequently, their facility’s performance assess-

ment was excluded.  

 

                                                 

 
4https://www.researchgate.net/publication/357876738_Waste_to_energy_WTE_in_China_from_lateco-
mer_to_front_runner  
5 ibidem 

https://www.researchgate.net/publication/357876738_Waste_to_energy_WTE_in_China_from_latecomer_to_front_runner
https://www.researchgate.net/publication/357876738_Waste_to_energy_WTE_in_China_from_latecomer_to_front_runner
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Figure 2: Locations of the visited WtEs 

 

Besides the site visits and the data on the energy recovery received via the GHG assess-

ment, a data query was shared with the operating entities to appraise the energy recovery 

relevant water-steam cycle and the facilities’ internal energy usage. An overview of the 

facilities is included in Table 1. Unfortunately, the data provided were not entirely con-

sistent. Despite endeavors to clarify them after the site visits and still for updating in 

2022, not all operators were responsive.  

 

Most plants are operated as electricity generating facilities with a condensing turbine. 

400°C/40 bar steam and consequently yields a low electrical efficiency only. Two WtEs 

(Gaoling and Lantian, both in Xi’an) are operated with higher steam parameters of 475°C 

and 63 bar, and 445°C and 63 bar, respectively. Consequently, their energy yield is higher 

than that of the other plants. However, operators of these two facilities stayed silent 

about whether their superheaters are exposed to high-temperature corrosion, which typi-

cally starts creating problems in that temperature range.  

 

Among the facilities, two supply heat at a nominal rate to external users (Xi’an’s Gaoling 

and Suzhou).  

 

As inferred from the input data, a considerable leachate volume is generated at all plants. 

Whether the relatively low leachate rate at the Lanzhou plant is due to the waste charac-

teristics in 2020 could not be verified (in 2019, 15% of the waste input was treated as 

leachate). Other facilities produced leachate at a rate of 19 to 33%.   
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Because of the high COD leachate, treatment is carried out via anaerobic MBR technology, 

thus, producing biogas that in most facilities was flared off during the site visits. Besides 

Bengbu and Lanzhou, all plants in Xi’an except Xixian did not use biogas for co-fueling the 

incinerator or using a Genset module to generate electricity. Suzhou WtE has a biogas uti-

lization unit that uses biogas from the leachate treatment plant.  

 

Assuming an average NCV of the waste input of 6,000 kJ/kg, the heat content wasted by 

biogas being flared off can be as high as 2% of the heat input via the waste. Translating 

this into electricity generation with a net electric efficiency of 20% would imply a loss of 

around 7 kWh electrical energy per ton of waste. Applying this ratio to the waste inciner-

ated in China in 2018 (102 m tones6) would result in 714,000 MWh of electricity that is 

wasted or a GHG emission equal to 714,000 tons CO2 eq (assuming 1 ton CO2 eq per MWh 

electricity as per the current GHG intensity of the Chinese coal-based electricity system7) 

 

None of the plants submitted data on the NCV of the waste incinerated, which, however, 

can be recalculated using the boiler as a calorimeter via measuring the live steam rate af-

ter the last superheater, the internal heat use, the flow rate of the flue gas, its moisture 

content, etc. The recalculation method is, for example, described in ASME PTC 34. Via this 

method, facilities can be benchmarked according to their performance.  

 

A more detailed description of the facilities is provided in the following chapters. 

 

 

                                                 

 
6 https://chinadialogue.net/en/pollution/is-china-building-more-waste-incinerators-than-it-needs/  
7 https://www.iwm-nama.org/wp-content/uploads/2021/04/Life-Cycle-Assessment-of-Waste-Management-in-
Bengbu-PR-China_EN_wcf.pdf  

https://chinadialogue.net/en/pollution/is-china-building-more-waste-incinerators-than-it-needs/
https://www.iwm-nama.org/wp-content/uploads/2021/04/Life-Cycle-Assessment-of-Waste-Management-in-Bengbu-PR-China_EN_wcf.pdf
https://www.iwm-nama.org/wp-content/uploads/2021/04/Life-Cycle-Assessment-of-Waste-Management-in-Bengbu-PR-China_EN_wcf.pdf
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Table 1: Basic data of Chinese WtE facilities included in the survey (operational data are from 2020) 

 
 

 

 

Facility Operational Thermal Leachate Biogas TOC Energy Recovery Steam Neigh-

Location Percent since Lines Bunker Furnace Bottom Mode Parameters Heat bourhood

tonnes/yr Incinerated Turbine tonnes/yr tonnes/yr % of input from LTP Ash* MWh MWh within 3 km

Capacity waste to flare % bunker furnace radius

Xi'an 3,203,910   71%

Gaoling Jan-20 3x750 t/d 

2x30 MW

550,525      367,961      33% yes 2.7%

2.1/2.9%

Condensing turbine, 

insignificant heat extraction

475°C

63 bar(a)

260,540  0.473      0.708      9,855     several smaller 

villages, two major 

industrial entities

Huyi Dec-19 3x750 t/d

2x25 MW

408,138      274,138      33% yes 2.3%

0.8/3.7%

Condensing turbine 390°C

38 bar(a)

151,495  0.371      0.553      -        closer vicinity 

commercial/indust

rial zone, farther 

some residential 

areas

Lantian Nov-19 3x750 t/d

2x30 MW

689,129      556,942      19% yes 2.1%

- / -

Condensing turbine 445°C 

62 bar (a)

330,680  0.480      0.594      -        several smaller 

villages, no 

industrial entities, 

agricultural land

Xixian Dec-19 4x750 t/d

2x30 MW

619,385      483,815      22% partially 2.2%

- / -

Condensing turbine 390°C

38 bar(a)

257,290  0.415      0.532      -        agricultural area, 

some residential 

zones

Suzhou 2,241,259   81%

Qizishan last extension 

2019

6,800 t/d (9 

lines)

1,823,098   1,362,540   25% no no data Condensing turbine, 

insignificant heat extraction

no data 744,701  0.408      0.547      7,392     no residential but 

commercial/indust

rial zones

Bengbu 374,214      98%

Longzihu 2018 2x650 t/d

25 MW

366,449      260,461      29% yes 2.4%

2.3/2.9%

Condensing turbine 400°C 

40 bar (a)

148,106  0.404      0.569      -        4 smaller resident. 

zones, sparse  

industry

Lanzhou 870,432      82%

Zhongpuzi Jan-20 3x700 t/d 711,715      645,575      9% yes no data Condensing turbine no data 285,799  0.402      0.443      -        neither residential 

nor ndustrial zones

*average and minimum/maximum values observed

Input to WtE 

Electricity

MWh/tonne

Surplus Energy Total MSW 
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2.2.1 Xi’an WtE Plants 

The four WtEs built in Xi’an were built recently only (end 2019/beginning 2020) and are 

located as indicated below in Figure 3. The distance to the city center is between 21 and 

30 km. Like other Chinese WtEs, they are in a remote area rather than close to a residen-

tial or industrial/commercial zone.  

 

 
Figure 3: Location of the four Xi’an WtEs 

 

Given that WtEs can increase the energy recovery by extracting heat (either as hot water 

for district heating or cooling systems or steam for industrial use or district cooling), the 

effort to boost the energy efficiency in these cases would be significant - if viable at all. 

Of the four plants, only the Gaoling WtE has supplied heat to a residential area for three 

months. On average, 100 GJ/d (or 27 MWh/d, which would equal a rate of around 1 MW) 

was supplied in 2020, whereas the plant operator intended to double the heat extraction 

in 2021. Compared to the overall thermal capacity of the three boilers of the WtE (approx. 

170 MW), the heat extracted, even at the doubled rate, is negligible. Other facilities re-

ported that no potential clients had been approached yet. Among them, the most promis-

ing is the Huyi WtE, built in a mixed commercial/industrial zone. It may also have access 

to residential areas in the north within a reasonable distance (1 to 1.5 km, see Figure 4).  

 

Notably, the leachate generation in the Gaoling and Huyi is significantly greater than in 

the other two facilities (33% of the waste supplied to the bunker, compared to 19 and 

22%). Despite the wet waste delivered to the Gaoling plant, its specific electricity surplus 

is 28% above the Huye plant due to higher steam parameters of the live steam to the tur-

bine. All but the Xixian facility flared off the biogas generated during the bunker stor-

age, which means a waste of energy.  
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Figure 4: Aerial view of Huyi WtE 

On average, the total organic carbon (TOC) content of the incinerator bottom ash (IBA) af-

ter the incineration in the different facilities in 2020 and 2021 was between 2.1 to 2.7% by 

weight in the dry matter. The variation of the lowest and highest observed values is in the 

Huyi facility greatest (0.8 to 3.7%), which may be due to issues configuring the automatic 

combustion control system that did not work correctly during the site visits. Compared to 

modern European facilities (TOC below 1%), this range is at the higher end and offers 

room for improvement in the incineration process. Assuming a bottom ash generation 

rate of 25% of the input, 1% point less TOC in the IBA would mean a better conversion 

of the organic material in the waste by 0.25% points.  

 

During the first site visit in June 2020, all operators reported technical issues regarded as 

teething problems after commissioning because those were not addressed during the sec-

ond site visit in November 2020. A salient aspect of the case was that three out of four fa-

cilities did not maintain the minimum temperature in the combustion zone (850°C for at 

least 2 seconds) if other parameters were kept in their envisaged range which  

 

2.2.2 The Suzhou WtE 

The largest WtE included in the scope is the WtE in Suzhou, which currently has a daily ca-

pacity of 6,800 tons. It was refurbished, and the capacity was raised from 4,800 tpd. Lo-

cated in the southwest of Suzhou center (distance approx. 8 km), it is well-positioned to 

cater to the Suzhou conglomerated dwelling. As per the operator’s self-declaration, the 

Suzhou WtE is known for its environmental performance and importance as an educational 

hub8.  

 

                                                 

 
8 https://www.cebenvironment.com/en/business/energy_waste.php#suzhou  

         1km 

https://www.cebenvironment.com/en/business/energy_waste.php#suzhou
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Environmental standards are met due to a highly complex and sophisticated APC system 

that controls the emissions of the 6,800 tpd facility. Besides the classical elements of an 

APC system (SNCR, semi-dry absorber with activated carbon injection), it includes an SCR 

reactor and a wet scrubber after the SCR even. This system, however, results in a consid-

erable heat demand because the flue gas has to be reheated twice (before the SCR and 

before the stack), thus resulting in a heat demand of approximately 1.5 MW per 10 K if the 

WtE is operated at total capacity. The temperature before the SCR is 150°C is raised by 70 

K, and before the stack, by another 20 K, in total approx. 13 MW heat must be extracted 

from the turbine, steam drum, or any other live steam conveying pipe or component (e.g., 

steam drum).  

 

The complex APC system also results in a high electricity self-consumption of 18% of the 

electricity generated compared to 13% if the SCR and the wet scrubber are bypassed. The 

electricity generation lies with 550 kWh/tons of waste incinerated within the average 

range of the visited facilities. Given the enormous electricity generation of the Suzhou 

WtE (around 860 GWh per annum), the 5% points difference amount to approx. 43,000 

MWh annually, which would equal to 43,000 tons of CO2 equivalent.  

 

Remarkably, the Suzhou WtE has a biogas utilization center to use both the landfill and 

the biogas from the LTP to generate electricity which can be replicated at other WtE 

sites as well, provided they have access to landfill gas.  

 

Despite the significant heat release through combustion, the heat extraction and supply to 

external parties remains insignificant (7,400 MWh in 2020, compared to 3.5 million MWh 

provided by the waste input). 

 

Further data on the water-steam cycle have not been provided. Whether and to what ex-

tent heat may be transferred to the industrial and commercial neighborhood of the WtE 

remains unclear but should be further analyzed by the WtE operating entity. The closest 

commercial entities are appr. 1.5 km away from the WtE.  
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Figure 5: Aerial view of Suzhou WtE, distance to next commercial zone > 1.5 km  

 

2.2.3 Bengbu WtE 

The Bengbu WtE, built-in 2018 at a distance of 10 km off the city center with a capacity of 

2 x 650 tpd (25 MW turbine), incinerated in 2020 almost 100% of the waste collected in the 

catchment area. The net electrical efficiency is 404 kWh/tons of waste delivered to the 

bunker (or 569 kWh/tons of waste incinerated) in a reasonable range and is comparable to 

other plants that have a basic APC system, i.e., without an SCR and wet scrubber even 

that would increase the self-consumption. The facility is not equipped with an online 

NH3 measuring system, making it difficult for the operator to optimize the SNCR opera-

tions.  

 

Like in many other WtEs, the biogas generated in the LTP of the bunker is flared off. 

Given the adjacent landfill, a biogas/landfill gas utilization like in Suzhou may be an 

option to increase the energy output of the site. 

 

Given the plant's remote location, only one more important industrial site is contiguous to 

the WtE (within a distance of 1 km). Hence, the potential for an additional heat extraction 

is limited unless that entity has significant demand.  
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Figure 6: Aerial view of the Bengbu WtE 

Like the Xi’an plants, the Bengbu WtE generates an IBA with an average TOC content of 

2.4%, which could be improved by further optimizing the combustion control system.  

 

The Bengbu WtE was the only facility that provided some insight into its electric motor 

categories. China, a member of the IEC, has adopted the IEC electric motor categorization 

according to IEC 60034-30-1, which was updated in 2014. According to IEC 60034-30-1, four 

international efficiencies (IE) are used to categorize motors (standard: IE1, high effi-

ciency: IE2, premium efficiency: IE3, super-premium efficiency: IE4). As of 1 January 2014, 

in Europe, for example, IE3 is the minimum efficiency for motors with a rated output be-

tween 7.5kW and 375kW. Alternatively, IE2 motors with variable frequency drives (VFD) 

may be used. As of 2017, the range for IE3 or IE2 with VFD was extended to 0.75 to 375 

kW.  

 

Among the motors of the Bengbu WtE were driving that despite their capacity (i.e., larger 

than 7.5 kW, some even had 355 kW) were IE2 types only, although those should be IE3 

motors (or IE2 with VFD). 19 motors > 7.5 kW had a lower efficiency class than required 

per IEC 60034-30-1:2014. IE3 motors were not used at all. 52 smaller motors (i.e., between 

0.75 and 7.5 kW) were of IE2 type only; two were equipped with a VFD. The efficiency dif-

ference is for the smaller motors largest, e.g., a 2.2 kW two-pole IE2 motor has a 2.7%-

point lower efficiency than an IE3 type. Subject to their use, the installed electric mo-

tors offer a substantial electricity saving potential. 

 

2.2.4 Lanzhou WtE 

Commissioned in January 2020, the Lanzhou WtE (3x700 tpd, 2x30 MW turbine) treated in 

2020 already more than 711,000 tons of waste which resulted in an annual availability of 

91%, which is, despite several issues that were reported during the site visits, remarkable 

             1km 
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for a WtE plant in its first year of operations. Of the 711,000 tons, 646,000 tons were in-

cinerated, thus implying a leachate generation of only 9% of the waste input. Like in most 

WtEs visited, the biogas produced in the LTP is flared off. Since a landfill is located within 

1 km from the WtE, the landfill gas and biogas from the LTP may be used to fuel the incin-

erator or a biogas Genset. A continuous ammonia measurement is not installed. The auto-

mated combustion control system was not commissioned yet either. No response to the 

data query was received.  

 

The plant is located remotely in a valley approx. 11 km north of Lanzhou. No potential 

heat users are in closer proximity or easily accessible. The heat released during combus-

tion is entirely transformed into electricity. Among the visited facilities, the WtE Lanzhou 

has the lowest electricity yield (443 kWh/tons of waste incinerated), possibly due to the 

high moisture content. Still, it may also be attributable to the manual combustion con-

trol.  

 

 
Figure 7: Aerial view of the Lanzhou WtE 

 

 

  

             1km 
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3 European and German Facilities  

3.1 General Aspects 

Across the European Union, the span of waste treatment options adopted in the member 

states is significant. While in the northern and western states, hardly any landfilling is 

practiced, and waste is either incinerated or recycled, particularly in the member coun-

tries that joined late only, landfilling is the predominant practice. These countries have to 

be challenged by the European Commission to catch up with the latest EU-wide regula-

tions, according to which, as of 2035, only 10% of the total MSW generated shall be land-

filled. As of 2030, no waste suitable for recycling shall be accepted at landfills.  

 

 
Figure 8: Treatment of MSW in European Union member countries 

 

According to Figure 8, the predominant portion of the waste generated in the EU in 2018 

was recycled (48%), which was in line with the then valid definition of recycling which con-

sidered waste that was prepared for re-use and recycling as being defined in the Waste 

Framework Directive 2008/98/EC9. It must, however, be acknowledged that member states 

applied certain leniency towards this definition of recycling and included in their reports 

to the European Commission those waste streams that entered the sorting stations as be-

ing recycled and not those that effectively entered the recycling process. By an Imple-

menting Decision of the European Commission, this issue was rectified in 201910. As of 

2020, the EU member states have to calculate their recycling rates based on the data to 

be collected at the input to the recycling process, which means that everything that is 

sorted out and cannot be recycled due to material specifics, contamination, or the like 

must not be included in the recycling rates.  

 

 

 

 

                                                 

 
9 https://eur-lex.europa.eu/eli/dir/2008/98/2018-07-05  
10 https://eur-lex.europa.eu/eli/dec_impl/2019/1004/oj  

https://eur-lex.europa.eu/eli/dir/2008/98/2018-07-05
https://eur-lex.europa.eu/eli/dec_impl/2019/1004/oj
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3.2 Energy Utilisation of European WtEs 

In 2018, the 492 European WtE plants incinerated around 96 million tons of waste and gen-

erated 2.4% of the total energy supply11. Using the European-wide incineration of MSW fig-

ures available for 2017, the incineration of that amount of waste would suffice to deliver 

electricity to around 19 million and heat to 16 million households via district heating net-

works equivalent to 42,500 GWh of electricity and 96,000 GWh heat12.  

 

As per CEWEP, the Confederation of European Waste-to-Energy Plants, the net electric and 

thermal efficiency in the existing facilities in 2020 was 15% and 32%, respectively. An out-

look towards 2035, however, suggests a substantially higher net efficiency of 20.4% for 

electricity and 43.3% for heat, respectively, due to new-built facilities that will fulfill the 

defined energy efficiency standards outlined in the BAT Reference Document for Waste In-

cineration13. A clear recommendation of the BAT Reference Conclusion for Waste Incinera-

tion is to design and operate a WtE as a combined heat and power unit (CHP).  

 

Of the overall 101 German facilities being operated in 2018, 35 were fueled with refuse-

derived fuel (RDF), and 66 units were supplied with residual MSW14. Out of these, 79 were 

organized under the umbrella of ITAD (Association of the German WtE plant operators). 

They were incinerating 24 million tons of waste; the ITAD facilities generated 10,700 GWh 

of power, 8,900 GWh of district heat, and 11,900 GWh of process steam for external use 

(all data are from 2018).  

 

Many German plants were built before 1990 (more than 75% of the facilities will have to be 

refurbished by 203015). During these days, waste separation was in its infancy. Because of 

the steadily tightened regulations (separating lightweight packaging materials first, fol-

lowed by segregating bio-wastes) and the concurrent constant increase of plastic materi-

als, the net calorific values (NCV) observed in German WtEs have been rising significantly 

in the past 30 years.  

 

While the design NCV ranges of those said facilities were between 7 and 10 MJ/kg, having 

a design NCV of 9 MJ/kg or less even (see Error! Reference source not found.), facilities 

built nowadays are designed for an NCV of 10.5 or 11 MJ/kg. They can cover a range of 8 

to 14 MJ/kg, as shown in Error! Reference source not found.right-hand side). Those 

plants whose design NCVs are beyond 12 typically are RDF-fueled WtEs whose firing dia-

gram usually covers a range of 10 to 18 MJ/kg. 

 

                                                 

 
11 https://www.cewep.eu/waste-to-energy-plants-in-europe-in-2018/  
12 https://www.cewep.eu/what-is-waste-to-energy/  
13 https://op.europa.eu/en/publication-detail/-/publication/075477b7-329a-11ea-ba6e-01aa75ed71a1/language-
en  
14 https://www.prognos.com/de/projekt/statusbericht-der-deutschen-kreislaufwirtschaft-2018  
15 https://www.euwid-recycling.de/news/wirtschaft/einzelansicht/Artikel/nabu-bis-2030-koennen-viele-mva-
abgeschaltet-werden.html  

https://www.cewep.eu/waste-to-energy-plants-in-europe-in-2018/
https://www.cewep.eu/what-is-waste-to-energy/
https://op.europa.eu/en/publication-detail/-/publication/075477b7-329a-11ea-ba6e-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/075477b7-329a-11ea-ba6e-01aa75ed71a1/language-en
https://www.prognos.com/de/projekt/statusbericht-der-deutschen-kreislaufwirtschaft-2018
https://www.euwid-recycling.de/news/wirtschaft/einzelansicht/Artikel/nabu-bis-2030-koennen-viele-mva-abgeschaltet-werden.html
https://www.euwid-recycling.de/news/wirtschaft/einzelansicht/Artikel/nabu-bis-2030-koennen-viele-mva-abgeschaltet-werden.html
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Figure 9: Development of the NCV in the WtE of Mannheim, Germany16 

 

 
Figure 10: Comparison of actual NCV (orange) and design NCV (green) of 83 thermal waste 

treatment plants (TAB), ITAD annual report 202017 

 

Owing to the steadily increasing NCV, the thermal capacity had to be either increased by a 

retrofit of the water-steam cycle, or the throughput had to be reduced (see plants on the 

left-hand side of Error! Reference source not found., which indicate a higher NCV ob-

served during operations compared to the design NCV). 

 

In 2018, the backward calculated NCV of the ITAD plants was nearly 10.6 MJ/kg. On aver-

age, from 2015 to 2019, the NCV never was lower than 10.4 MJ/kg18. The NCV, of course, is 

a particular driver for the energy efficiency of WtE plants despite a higher electrical self-

consumption due to increased flue gas volume and steam generation rates compared to 

low NCVs (ID fans may contribute to 30% of the total electricity consumed). Reducing the 

stoichiometric ratio of the furnace and post-combustion zone, thus generating less flue 

gas, is an option to counterbalance the effect of a higher self-consumption due to in-

creased specific flue gas generation rates. In addition, the boiler performance is en-

hanced. 
  

                                                 

 
16 https://publikationen.bibliothek.kit.edu/1000078583/7271634  
17 https://www.itad.de/ueber-uns/mehr/jahresbericht/20211130-itad-jahresbericht-2020-web.pdf 
18 https://www.itad.de/ueber-uns/mehr/jahresbericht/itad-jahresbericht-2018.pdf  

Design NCV 

Observed 

NCVs 

Design NCV Actual NCV 

https://publikationen.bibliothek.kit.edu/1000078583/7271634
https://www.itad.de/ueber-uns/mehr/jahresbericht/20211130-itad-jahresbericht-2020-web.pdf
https://www.itad.de/ueber-uns/mehr/jahresbericht/itad-jahresbericht-2018.pdf
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European plants are categorized according to the European R1 criterion introduced with 

the Waste Framework Directive 2008/98/EC to enhance the energy recovery from waste 

and classify WtEs as disposal or energy recovery units. The R1 value, though not to be un-

derstood as the sole criteria to control the performance of a WtE, characterizes the en-

ergy efficiency of a plant and is defined as follows: 

 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝐸𝑝 − (𝐸𝑓 + 𝐸𝑖) 

0.97 ∗ (𝐸𝑤 + 𝐸𝑓)
 

 
E

p
 = Annual energy generated (1.1 x Heat + 2.6 x Electricity), in GJ/year or 

MWh/year 
E

f
 = Steam generation due to auxiliary fuel input, GJ/year or MWh/year 

E
i
 = Annual energy imported other than E

f
 and E

w
, GJ/year or MWh/year 

E
w
 = Annual energy input due to waste, or MWh/year  

0.97 = Factor accounting for energy losses due to bottom ash & radiation 

 

Figure 11: System boundary for R1 formula for WtE System19 

 

Any plant that aims to be categorized as an ‘energy recovery unit’ must meet or exceed 

the following threshold values: 

 0.65 for all new plants as of 2009 

 0.6 for all existing facilities. 

 

Given the operating conditions of a WtE water steam cycle (relatively low tempera-

ture/pressure), it is evident that raising the thermal output of a WtE can boost the R1 fac-

tor despite the disproportionately high provision for the electricity generation, which is 

considered an efficiency of 38.5% (1/2.6) that can be attained via coal and gas-fired power 

plants only and which must be regarded as too high for a WtE plant.  

                                                 

 
19 https://ec.europa.eu/environment/pdf/waste/framework/guidance.pdf  

https://ec.europa.eu/environment/pdf/waste/framework/guidance.pdf
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Additionally, it must be taken into account that the heat supply to external consumers de-

pends on favoring climatic conditions that may result in a long-lasting heat demand via a 

public district heating network unless heat is supplied to an industrial entity. Supplying 

cold via a network to users in regions exposed to higher temperatures (Southern Europe) is 

not that common yet because of a lower temperature gradient in a district cooling net-

work compared to a heating network and the significant investment associated with the 

implementation of a district cooling network (see also chapter 3.3, Case Studies). How-

ever, the cold supply to industrial consumers is much less affected by the climate condi-

tions. Besides the climate impact on the heat supply, it is evident that the electricity gen-

eration will also depend on the ambient temperature that may be correlated with the 

Heating Degree Days (HDD). To accommodate these effects and allow for a level playing 

field in the European Union, a climate correction factor was suggested to address the cli-

mate impact on electricity generation and heat supply. This factor was found to be be-

tween 1.12 and 1.3820. If China opted for a similar approach, a climate correction factor 

would allow a level playing field assessment of the WtEs in China.  

 

A survey carried out in 2013 yielded the differentiation for the European WtEs as listed in 

Table 2.   

 
Table 2: Number of European WtE plants meeting the R1 criterion (no climatic correc-

tion), data of 201321 

Plant Type South. Europe Central Europe North-Eastern 

Europe 

Total 

 All R1>0.6 All R1>0.6 All R1>0.6 All R1>0.6 

CHP 5 3 152 131 13 13 170 147 

Electricity 36 9 65 26 0 0 101 35 

Heat 5 2 35 19 5 5 45 26 

Total 46 14 252 176 18 18 316 208 

 

While in North-Eastern Europe, all plants are operated as energy recovery units, in South-

ern Europe, the conditions of the R1 criterion are met for 30% of the facilities only, which 

underlines the importance of favorable climatic conditions. In Central Europe (France, 

Germany, Belgium, Netherlands, Luxembourg), around 70% of the WtEs are energy recov-

ery facilities. Since the export of heat is a significant criterion for the financial sustaina-

bility of a WtE under the current market conditions, the percentage of R1 plants (greater 

than 0.65) as of now has increased compared to the status of 2013 despite the latest deci-

sion of the European Commission not to include WtEs in the European taxonomy criteria.   

 

Like the European WtEs, Swizz facilities are also operated mainly as CHP plants, thus in-

creasing the overall net energy efficiency (NEE), which is equivalent to the ratio of 2.6 x 

electricity surplus plus 1.1 x heat surplus and the thermal input via the waste. The ratio 

WtEs shall meet in Switzerland is 0.55.  

 

                                                 

 
20 https://op.europa.eu/en/publication-detail/-/publication/b770609d-7125-4163-ab62-edc530963d99 
21 Ibid. 

https://op.europa.eu/en/publication-detail/-/publication/b770609d-7125-4163-ab62-edc530963d99
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Figure 12: Net energy efficiency of Swizz WtE plants throughout the years 2016 to 2020 

(Mittelwert = average) 22 

 

 

3.3 Case Studies 

This chapter will provide several case studies that exemplify the European approach to-

ward boosting the energy recovery from WtE plants. These include integrating WtEs into 

public district heating and cooling networks and supplying heat and electricity to industrial 

consumers.  

 

3.3.1 WtE Plants and District Heating Networks 

Managing waste in metropolitan cities poses challenges to the municipal authorities. It of-

fers opportunities to enhance the energy efficiency of a WtE by allowing the integration of 

a WtE CHP into a public district heating network, a widespread application in Europe.  

 

The Greater Paris waste management authority, Syctom, managing about 2.3 million tons 

of waste annually, translated the challenges into three WtEs (Saint-Quen-sur-Seine, Issy-

les-Moulineaux, Ivry-Paris XIII) that deliver heat to the 500 km long public district heating 

network which is operated by the privately-owned CPCU (Compagnie Parisienne de Chauf-

fage Urbain, subsidiary of Engie). Private O&M companies run the three WtEs and other 

waste management facilities (sorting stations). Syctom owns all assets. The regional distri-

bution of the facilities is shown in  

Figure 13. 

 

Offering a capacity of 1.8m tons per year, the three WtEs that belong to the most efficient 

facilities in France (see Figure 14) supply heat to around 20% of the Parisian households, 

all Parisian hospitals, and most of the museums in the city 23.  

                                                 

 
22 https://vbsa.ch/fakten/energie-charts/  
23 https://www.cewep.eu/wp-content/uploads/2017/10/1322_hubert_de_chefdebien_presenta-
tion_on_wte_in_paris_v2_updated.pdf  

N
E
E
 

https://vbsa.ch/fakten/energie-charts/
https://www.cewep.eu/wp-content/uploads/2017/10/1322_hubert_de_chefdebien_presentation_on_wte_in_paris_v2_updated.pdf
https://www.cewep.eu/wp-content/uploads/2017/10/1322_hubert_de_chefdebien_presentation_on_wte_in_paris_v2_updated.pdf


 

China: Integrated Waste Management NAMA Support Project 19 

 

 
 
Figure 13: Facilities owned by Syctom, Paris, taken from Syctom business development re-

port24 

 

                                                 

 
24 https://www.syctom-paris.fr/fileadmin/user_upload/ExeTome1_EN_-_BD.pdf  

https://www.syctom-paris.fr/fileadmin/user_upload/ExeTome1_EN_-_BD.pdf
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Figure 14: Energy performance of French WtEs25 

 

The energy performance as per Figure 14 is defined as follows:  

 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  
2.6 𝐸𝑒𝑙 + 𝐸𝑡ℎ

𝐸𝑠𝑡

 

with  

 Eel = gross electricity 

 Eth = surplus heat used onsite and externally 

 Est = total energy generated in the boiler 

 

Several optimization measures have been accomplished or will be carried out to raise the 

energy output of the three WtEs. Among the improvement, measures are a full flue gas 

condensation resulting in a shallow stack temperature of 47°C at the Saint-Quen-sur-Seine 

facility and a dedicated firing control system to limit the oxygen content after the boiler 

at 6-Vol% at Issy-les-Moulineaux. A back-pressure type turbine will be installed within the 

new-built Ivry Paris XIII (commissioning expected in late 2023). At Issy-les-Moulineaux, the 

condensing turbine will be replaced by a back pressure turbine to utilize the back-pressure 

enthalpy completely. The latter optimization is of particular importance to enhance the 

energetic performance because a condensation turbine needs around 10 to 15% of the 

steam flow to cool the low-pressure final stages of the turbine, which cannot be used for 

any heating purposes. Given that all European EU member countries must abide by the Cir-

cular Economy regulations, which will request them to enhance source segregation and re-

cycling, the newly-built Ivry Paris XIII will only have a capacity of 350,000 tons, i.e., 50% 

of the current total.  

 

Since all these facilities 

are located in densely 

populated areas, they 

have to be controlled 

strictly and continuously 

due to the exposure of 

citizens in their vicinity 

to the potentially harm-

ful exhaust gases. Strik-

ing is the location and 

the architecture of the 

Issy-les-Moulineaux WtE 

on the banks of the river 

Seine thus allowing a di-

rect shipment of waste 

and residues from the 

plant.  

 
Figure 15: Aerial view of Issy-les-Moulineaux WtE, ©Syctom 

The facility was built partially subfloor, which required significant earthworks but resulted 

in a hardly discernible building envelope that perfectly fits its environment.   

                                                 

 
25 https://www.vivis.de/wp-content/uploads/WM9/2019_WM_071-084_Hirtzberger.pdf  

https://www.vivis.de/wp-content/uploads/WM9/2019_WM_071-084_Hirtzberger.pdf
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Figure 16: Street view of Issy-les-Moulineaux WtE 26 

 

Another outstanding example of integrating a WtE into a public district heating network is 

the Amager Bakke incinerator in Copenhagen, Denmark, owned and operated by Amager 

Resource Centre. The facility was commissioned in 2017. Owing to a higher than usual 

steam pressure (70 vs. 40 bar) and temperature (440 vs. 400 °C), it yields a two times 

higher electrical efficiency than the predecessor plant. Apart from this, flue gas condensa-

tion and heat pump technology enhance the facility’s performance. The total net energy 

efficiency of 107% (again considering 2.6 x electricity surplus plus 1.1 x heat supply to dis-

trict heating related to the energy input via the waste) is remarkable27. The average NCV 

of the waste input to the Amager Bakke plant is 10.8 MJ/kg.  

 

 
Figure 17: Amager Bakke WtE in Copenhagen (incl. skiing slope)28 

                                                 

 
26 ©JACQUES Mossot, https://structurae.net/en/media/152113-issy-les-moulineaux-incinerator  
27 https://ramboll.com/projects/rme/copenhill?utm_source=alias&utm_campaign=amager-bakke  
28 ©Laurian Ghinitoiu & BIG – Bjarke Ingels Group 

https://structurae.net/en/media/152113-issy-les-moulineaux-incinerator
https://ramboll.com/projects/rme/copenhill?utm_source=alias&utm_campaign=amager-bakke
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At both the Amager Bakke and the Saint-Quen-sur-Seine facility, pilot projects shall be im-

plemented to reduce the CO2 footprint of the facilities using direct carbon capture and 

utilization (CCU). While Syctom aims for a biological process for biomass generation to be 

further processed into biopharmaceuticals to sequestrate CO2; the Amager Resource Cen-

tre intends to use an amine-based scrubbing solution to remove CO2, which shall be used in 

the beverage industry. To outweigh the potentially high self-consumption of the CO2 se-

questration, which can be as high as 50% of the net energy surplus of a WtE, the energy 

system to which the WtE and the CCU are connected, and the further use of the CO2 is de-

cisive for the overall CO2 balance of a CCU application. Direct usage of CO2 may reduce 

CO2 from waste incineration by 700 kg CO2-eq/tons of waste when applied on a local base. 

First rough assessments on using CO2 as feedstock chemicals and fuel indicate that this 

CCU application is promising only in non-fossil fuel energy systems because of their high 

electricity demand. However, other semi-industrial operational data are necessary to ver-

ify the first analyses on a laboratory scale and early-development database.  

 

3.3.2 WtE Integration into District Cooling Systems 

Unlike a district heating system, running a district cooling system poses significant eco-

nomic and operational challenges to the system operator. Economically, a district cooling 

system requires a considerable investment as it is not as common as a heating network 

and, hence, would require laying the pipes into a usually already highly congested under-

ground used by other infrastructure cables or pipes. The technical reasons are due to the 

low-temperature difference of a cooling network (supply vs. return) which also would have 

an economic consequence because of the enormous pipe diameters to be used.  

 

Given the pre-conditions 

that would favor imple-

menting a district cooling 

system, it is evident that 

developing new urban ar-

eas are an attractive tar-

get for it which also allow 

a combination of both, 

i.e., implementing a dis-

trict heating cooling net-

work (DHC).  

 

 
Figure 18: District heating (red) and cooling(blue) system pipes in Barcelona29 

 

Barcelona, Spain, located at the Mediterranean Sea, has mild winters and hot summers. 

This is another favorable condition for setting up DHC networks as a separated district 

heating, or a district cooling network would have limited production hours. In January 

2020, Barcelona was among the Spanish cities that issued a Climate Emergency Declaration 

that requests stakeholders to enhance energy efficiency and to ‘develop and consolidate 

                                                 

 
29 https://op.europa.eu/en/publication-detail/-/publication/cc9516dc-7268-11eb-9ac9-01aa75ed71a1/language-
en  

https://op.europa.eu/en/publication-detail/-/publication/cc9516dc-7268-11eb-9ac9-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/cc9516dc-7268-11eb-9ac9-01aa75ed71a1/language-en
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the existing heating and cooling grids in the city and define and promote a new one in La 

Sagrera’30. Via these measures, the town expects to curb the CO2 emissions substantially, 

given the high contribution of the residential and service sectors to the overall city’s CO2 

footprint.  

 

Though the DHC network, called Districlima, still has a limited extension and supplies 

heat/cold to only 5% of Barcelona customers, it is steadily expanding. Districlima is a pri-

vate entity that got the concession to operate and extend the DHC in the city. The driving 

force behind the DHC network, however, are obligations imposed by the urban planning of 

Barcelona that tries to combine positive climatic effects with urban planning approaches. 

For example, in a city like Barcelona (16,000 people per km2), a DHC network can save val-

uable space that otherwise would have been used by decentralized heating and cooling ap-

pliances.  

 

The success of the DHC is also due to the supply pattern of, e.g., service buildings which 

provides an ideal combination for a DHC supply (see Figure 19) because most of the ser-

vices buildings need both heat and cold for their operations.  

 

 
 

  

 

 

 
Figure 19: Supply pattern of different energies to service buildings in Barcelona (data 

                                                 

 
30 https://www.barcelona.cat/emergenciaclimatica/en, La Sagrera is a quarter in Barcelona 

https://www.barcelona.cat/emergenciaclimatica/en
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source Districlima Barcelona) 

 

As the primary heat source for the DHC network, during a regular operational year, the lo-

cal WtE facility supplies between 165,000- and 172,000-MWh electricity to the power grid 

and between 110,000 and 125,000 tons of steam to the DHC network. The WtE is owned 

and operated by the public company Tersa and has a capacity of 360,000 tons. A 20 MW 

gas boiler complements it as backup, and two other operational gas boilers, 13.4 MW each, 

are set up at a different location (Tanger plant) to allow for a hydraulically balanced oper-

ation of the DHC network. The operating temperatures of the DHC system are given in Ta-

ble 3. Districlima runs the supply stations to the heat and the cooling network. Still, they 

are located next to the premises of Tersa or at the additional location (see also Table 3). 

 
Table 3: Design and operational data of the Districlima DHC network and its supplies 

Component Design Per year Operating conditions 
Network 
 District cooling 
 District heating 

 113 MW 
 79 MW 

 118 GWh 

 69 GWh 

90/60 °C supply/return 

6/14 °C supply/return 
Supply via WtE  
 Heating  
 Steam condenser 
 Back-up boiler (gas) 

  
 4 x 5 MW 
 20 MW  

 

 63 GWh 

  

 

Excess steam supplied by 

WtE 

 
 Cooling  
 Absorption chiller 
 Cold water tank 

  
 2 x 4.5 MW 
 5,000 m3 

 

 7 GWh 

 

 

Operated with excess 

steam from WtE 
Supply via Districlima plant (Tanger)  
 Heating 
 Gas boiler 

  
 2 x 13.4 MW 

 

 6 GWh 

 

 Cooling 
 Compression chiller 
 
 
 Ambient cooling  
 (sea  water heat 
 exchangers) 

  
 2 x 7 
MW 2 x 4 MW 
 3 x 6.7 MW 
  
 3 x 12.5 MW 
 

 

  

 In total 

 111 GWh 

 

Supplied with renewable 

energy 

 

 

About 91% of the heat and 6% of the cold supply are provided by the Tersa WtE. Notwith-

standing that the predominant portion of the cooling energy supply is provided by renewa-

ble electricity, the example of the Barcelona collaboration between a publicly owned and 

operated WtE plant and a private entity is a ground-breaking endeavor driven by the cli-

mate policy of the city administration.  

 

3.3.3 Refuse Derived Fuel WtEs, Germany 

Among the German facilities, a few generate electricity only. The majority focus on a CHP 

mode of operation, delivering steam to a nearby industrial entity or heat to a district 

heating network. As one of the first of its kind in Germany, an RDF-fueled WtE provides 

2008 steam at two high-pressure levels (16 and 42 bar) and electricity to an adjacent po-

tato processing factory. This example was several times replicated in Germany (e.g., the 

Hoechst fluidized bed RDF plant in Frankfurt, delivering heat and steam to a chemical site, 

a capacity of 670,000 tons). Backed up by a stand-by steam boiler to bridge any unforesee-
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able shutdowns of the WtE, the facility delivers heat and electricity permanently to a po-

tato processing factory.  

 

 
Figure 20: RDF fueled WtE, Germany31 

 

Noteworthy to mention is that the WtE plant is a single train facility, thus requiring high 

reliability of its operations to satisfy the operator's viability considerations. Otherwise, an 

expensive backup steam supply via the stand-by boiler must be provided. To avoid any 

contamination of the ultra-clean process steam of the potato processing factory, which is 

used to peel and boil potatoes, a steam-steam heat exchanger is used to transfer the heat 

from the WtEs steam to the potato factory. The condensate is returned to the WtE CHP. 

Another efficient aspect of this facility ensemble is the treatment of the highly-loaden 

wastewater of the potato factory (high TOC) in an adjacent public sewage treatment plant 

(equipped with a USAB reactor) to generate biogas.  

 

The fuel (RDF) for this WtE CHP is mainly sourced in the vicinity (RDF producing facility is 

12 km away). Thus, the facility ideally exemplifies the synergy of an integrated waste 

management system, including a WtE and an industrial facility that offers a heat and 

power demand. To allow the implementation of such a plant, both the WtE operator (or 

project developer) and the industrial facility must be committed to aligning their produc-

tion and maintenance regime because the success of both parties depends on their smooth 

collaboration.  

 

To utilize the existing infrastructure of the site, the operator plans to commission a sew-

age sludge incinerator next to the WtE CHP because sewage sludge from wastewater treat-

ment plants larger than 100,000 population equivalents (PE) must not be used in agricul-

ture as of 2025 (or as of 2029 for plants more prominent than 50,000 PE). Via a mono 

sludge incinerator or a sludge pyrolysis plant, phosphate can be recovered, which is man-

datory for all wastewater treatment plants as of 2029 (> 100,000 PE) and 2032 (> 50,000 

                                                 

 
31 Taken from ‘Why fuel matters,’ Jürgen v. Kories, Deep-dive Workshop on WtE, 11th Asia Clean Energy Forum, 
Manila, 2016 

HP steam: up to 200,000 TPY
16 bar: up to 35 t/h
42 bar: up to 15 t/h

RDF Supply:  120,000 – 150,000 TPY 
Capacity: 50 MWth / 10 MWel

LHV: 10 to 18 MJ/kg

Electricity :   12 GWh
Surplus to grid

Stand-by Boiler

RDF Fuelled CHP

Potato Processing Facility

City (500 m)
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PE).  

 

This facility is one example of the 34 RDF-fueled WtEs operating in Germany. In total, ap-

prox. 5 million tons of RDF are supplied to the WtE, which are predominantly managed in a 

CHP mode, thus significantly enhancing the overall energy efficiency.   

 

Outstanding examples are: 

 The fluidized bed facility (CHP) at the chemical site Hoechst, which is close to Frank-

furt, incinerates 550,000 tons of RDF annually, delivering steam (up to 265 tons/h, in 

2020 380,000 MWh) and electricity (up to 70 MW, in 2020 190,000 MWh) to the indus-

trial site. 

 The facility located in Eastern Germany, Schwedt, uses both residues from a paper 

mill and commercial and industrial wastes (in total 330,000 tons per year) and delivers 

steam (664,000 MWh) to the paper mill and electricity to the public grid (174,000 

MWh).  

 

 

4 Enhancing the Energy Efficiency of Chinese WtEs 

This assignment made it apparent that the Chinese WtEs offer room to improve their en-

ergy efficiency. Unfortunately, not all data that would have been necessary to analyze the 

margin for improvement in detail have been shared by the operators. Combining the im-

pressions obtained during the two site visits and the analyses of the data received, the 

conclusion, presented in the following chapters, has been made.  

 

 

4.1 Replacing Electric Motors  

Usually, the low-hanging fruit is to screen all installed electric motors and to check the 

strict compliance of the regular IE classes with the latest version of IEC 60034-1. According 

to IEC 60034-1:2017, the minimum efficiency class for electric drives from 0.75 to 375 kW 

is IE3 or IE2 with a VFD.  
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As reported by the operator of one of the facilities, of the 91 electric motors included in 

the report, 71 are within the range of 0.75 to 375 kW but are of an IE2 type only and are 

not equipped with a VFD. The overall rated capacity of these motors is 1 MW. The savings 

can be considerable for smaller motors, as shown in the 71 engines, 56 range from 0.75 to 

7.5 kW, representing a rated capacity of 25.7 kW. Assuming an average value of these mo-

tors of 100 Euros, 5,600 Euros would have to be spent to save around 5% of the energy con-

sumption on an average. If a WtE received 8 ct/kWh as a feed-in tariff, the motors would 

have to run for approx. 70,000 hrs to meet a break-even. Subject to the energy savings 

when replacing a motor with IE2, all new IE3 engines can be equipped with a VFD which 

would result in additional savings, or IE4 motors may even be installed.  

 
Figure 21: Efficiencies of electric drives as per IEC 60034-1  

 

 

4.2 Straightening Ducts, Channels, and Piping 

Some facilities reported an atypically high head loss across the APC system, which may be 

due to an improper operation (i.e., too high-volume flow rates) or unnecessary bends, el-

bows, or sudden changes in duct diameters, etc. The mechanical construction of the facili-

ties could not be inspected visually, but the mentioned construction issues often cause un-

reasonably high head losses. All facilities that face high head losses should be carefully 

checked to eliminate sources.  

 

 

4.3 Utilization of Biogas from the LTP / Landfill Gas from 

Landfill 

Because of the composition of the Chinese MSW, it contains a high amount of water that 

usually is released during storage in the bunker. The treatment method (anaerobic MBR) 

yields biogas that has been flared off entirely in all but two facilities. According to the 

data, this biogas contains around 60% methane and, thus, would be ideally used for either 

co-fueling the incinerator or, subject to its hourly generation rate, to generate electricity 

via a Genset module. According to a rough estimation, the biogas thermal load can be as 

high as 2% of the thermal load due to the waste input to the WtE. All facilities located 

contiguous to a landfill could also use the landfill gas to either co-fuel the incinerator or 
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set up a joint biogas/landfill gas utilization unit, provided, of course, the landfill gas con-

tains a sufficient portion of methane. If the methane content of the landfill gas is too low, 

it could be used for co-fueling the furnace in any case, or a lean gas engine could be in-

stalled that can work at low CH4 concentrations. In Europe, lean gas engines running at 

methane concentrations down to 3% have been installed.  

 

It has to be noted, though, that once the source segregation of biowaste is completed, the 

water content of the waste and, thus, the leachate released during storage will decrease. 

The future design of the WtE plants should therefore consider a lower water content 

mainly originating from food and kitchen waste.  

 

 

4.4 Optimizing the Combustion  

A high TOC content in the bottom ash has to be recognized as incomplete combustion. 

Practical experiences from Western Europe show that optimized plants can reach a TOC 

content well below 1% by weight in DM. They visited facilities, which mostly were built re-

cently; however, they reported TOC contents between 2 and 3%. Every percent point more 

in TOC results in an 0.25%-point lower efficiency of the incineration process, which, of 

course, results in a lower heat extraction in the boiler. A too high TOC in the bottom ash 

can be due to either a wrongly parameterized combustion control system or the absence 

of such an automatic combustion control. Hence, a diligent effort should be paid to opti-

mize the parameters of the combustion control system. 

 

 

4.5 Optimization of the Steam Usage in the APC System 

Chinese WtE is operated with a high flue gas temperature at the stack, irrespective of 

whether white plumes are to be concerned or not. The white plume impact on the heat 

usage along the APC system is that much heat is wasted because of this unreasonably high 

temperature at the stack. In one of the visited facilities, a wet scrubber reduced the flue 

gas temperature from almost 150° (after a GGH exchanger) to 65°C, which was then 

raised back to 130°C. Via this complex APC system, not only the steam consumed to re-

heat the flue gas was increased significantly (in this particular plant, a 10 K temperature 

rise results in a steam consumption equivalent to 1 MW), but also the electricity consump-

tion was raised by almost 40%.  

 

If a wet scrubber were considered necessary to reduce any remaining pollutants, an ab-

sorption chiller installed before the wet scrubber would serve the same purpose of reduc-

ing the temperature of the flue gas. The heat released from the chiller could then be used 

to reheat the flue gas after the wet scrubber to a reasonable temperature to secure the 

draught of the stack.  

 

 

4.6 Increasing the Efficiency of the Water Steam Cycle 

Because of the low steam parameters, WtE is usually operated with low electricity yield 

unless steam parameters are raised to the extent that facilities are exposed to high-tem-



 

China: Integrated Waste Management NAMA Support Project 29 

perature corrosion potential. Typically, this effect starts creating problems at tempera-

tures beyond 440 to 470°C. To limit and avoid the corrosion attack, European WtE opera-

tors or suppliers started cladding the superheater piping with corrosion-resistant alloys like 

Inconel 625 or 686 either in an overlay or spray welding and could raise the steam parame-

ters, thus obtaining a higher enthalpy drop across the turbine and a higher electricity yield 

but concurrently were able to extend the lifetime of critical components of the water-

steam cycle (in particular the superheaters). In addition, they could also enhance the heat 

extraction in the furnace and the combustion zone by exposing the membrane walls with-

out insulation to the flames. They could consequently reduce the evaporator surfaces be-

cause of a more efficient evaporator. Among the facilities included in the scope are only 

two that chose to raise the steam parameters beyond the typically applied 400°C/40 bar, 

which positively affected the electricity yield and clearly shows how the Chinese WtE mar-

ket should adopt it.  

 

Since the exergy of the live steam is limited by the turbine efficiency, an option to en-

hance the utilization of the live steam is to extract heat either from the turbine (via ex-

traction or by installing a back-pressure turbine) and to use this heat for other purposes 

(as process steam or in the form of hot water). This, however, would require WtE plants 

that are located close to potential consumers. Chinese authorities and operating entities 

selected a different avenue and set up WtEs mostly in remote areas because they feared 

protests from surrounding citizens. Via this, a substantial amount of energy of the steam is 

transferred into energy and, hence, lost, which is exemplified by a model calculation of 

the R1 factor (see chapters 3.2 and  

 
Table 4: R1 factor for two different modes of energy recovery 

 

 

As it can be concluded from this calculation, the energy efficiency that the R1 factor rep-

resents can be increased by 25%.  

 

 

4.7 Long-term Measures 

The measures described above may be considered for all currently operated facilities as 

they will undoubtedly be refurbished during their lifetime, or they are optimized anyhow.  

 

Parameter* Unit No Heat Extr. Heat Extr.

Capacity of facilities Mg/year 400,000          400,000          

NCV MJ/kg 6.50                6.50                

Heat input due to waste MWh/year 722,222          722,222          

Heat input due to auxilliary fuel MWh/year 3,900              3,900              

Electricity input MWh/year 400                 400                 

Internal heat use MWh/year 31,630            31,630            

Electricity generation (gross) MWh/year 191,062          152,264          

External heat supply (condensate returning) MWh/year -                  171,111          

R1 Factor 0.57                0.71                

*plant with SNCR system
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China: Integrated Waste Management NAMA Support Project 31 

In the long run, the Chinese waste management system will undergo dramatic changes that 

will require Chinese WtE technology suppliers to re-consider their design principles and 

open the avenue toward higher NCVs, for example, for RDF-fueled WtEs.  

 

The following flow charts compare the current situation (2020) of the waste management 

system of a randomly selected city with a future, tailored approach.  

 

 
 
Figure 22: Mass/energy flow chart of a current waste management system 

 
 
Figure 23: Mass/energy flow chart of a future waste management system 
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Table 5: Explanations of the waste/energy streams  
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To allow the waste management system to mature and to improve the energy recovery from all waste 

streams, the following should be considered in the future: 

 

To allow the solid waste management system to mature in the course of the next 5 to 10 years, the fol-

lowing steps should be pursued and consequently accomplished: 

 Application of an appropriate waste classification system and compilation of the relevant data in an 

unambiguous manner 

 Route planning for the optimized collection of both residual waste and the recyclables (three up to 

four different streams) 

 Intensifying the source segregation of packaging material and packaging-like waste materials should 

be complemented by a focused public awareness campaign to maximize the public contribution. 

 Installation of MRFs in line with the envisaged source separation targets. Only the input streams into 

the material recycling process should be considered for calculating the recycling rates. 

 Residues from the MRF or the pre-processing before the recycling should be minimized and processed 

either into a refuse-derived fuel to substitute fossil fuels or used for energy recovery in specifically 

designed incineration plants (for example, to provide heat and power to industrial sites). 

 Maximize the source separation of biogenic waste from private households and, if needed, intensify 

the separated collection of restaurant and catering food waste and pursue a consequent separate 

treatment of the biogenic waste in specialized facilities to either generate biogas/electricity, indus-

trial grease/oil, or fertilizers (and soil enhancers) with low salt content. An additional 30% coverage 

of the food waste from households was assumed, thus resulting in the total range of the complete 

biogenic waste of 38%. 

 Residues from any treatment processes mentioned above should be incinerated jointly with house-

hold residual waste. Tailoring the waste supply of the WtE plant, the heat input into the plant can 

be maintained. A rough estimation yielded that the calorific value of the waste input into the WtE 

can be raised to 9.5 to 10 MJ/kg (from 6 MJ/kg currently). For example, as shown in Error! Reference 

source not found., a 280 t/h heat supply to neighboring sites was assumed. The steam generation 

rate of all WtEs included is about 750 t/h. 

 In any case, an active gas extraction system, including a flare, should be installed at the landfill, 

capturing around 50 to 60% of the GHG emissions from the landfill. If a sufficient amount of landfill 

gas with more than 35% methane content is produced, landfill gas utilization can be envisaged. 
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5 Summary 

Currently, Chinese WtEs are operating as so-called mass-burn incinerators (MBI) that undoubtfully had 

an advantage in an environment like the Chinese waste management system that had to cope with 

rapid changes, driven mainly by legislative and administrative requirements, and concurrently with an 

ongoing increase of the waste volumes to be treated. However, an MBI that incinerates not segregated 

waste which contains a considerable amount of water is not an ideal solution.  

 

Lessons learned from European waste management and WtE operators, who look back on more than 50 

years of experience, suggest a different waste management system and an operational regime of a WtE 

that differs substantially from the Chinese way of operating a WtE.  

 

Like the European countries, China started to shape the waste management according to the nature of 

the waste and adopted waste management practices that rely on source segregation of garbage unsuit-

able for incineration. Given the Chinese waste generation characteristics, the waste to be segregated 

and treated differently is the organic waste, i.e., kitchen waste from restaurants, canteens, catering 

services, and households. Whereas the formers are significantly collected, separating the latter re-

quires considerable effort by the collecting entities. Post-consumer recyclables (or packaging waste) 

should be, despite the positive effect on the incineration, source segregated as well. According to the 

data, separating these waste components can be extended considerably as only a minor portion ends 

up in the recycling value chain. Still, the predominant part is incinerated unless separated by informal 

sector workers. Waste composition data collected at incinerators indicate a significant plastic content 

of sometimes more than 15% per weight. Because of their low specific weight, the source segregating 

these materials results in an even higher collection effort.  

 

Given the life cycle of a WtE (up to 40 years), however, improving the energy efficiency of already ex-

isting plants becomes pivotal for the operator to sustain its business model. Several optimization op-

tions that may be pursued by the Chinese companies operating the WtEs have been identified. In any 

case, the potential to extract heat from the water-steam system should be verified and proved to en-

hance the overall energy efficiency of the WtEs. Chinese authorities suggest a proactive approach to 

incentivize energy-demanding industrial entities to set up manufacturing or production sites close to 

WtE that MSW or RDF fuels. 

 

 

 


