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Abstract 3 

A shift is underway in China, from perceiving municipal solid waste (MSW) as a strictly 4 

environmental concern to identifying MSW as a resource. China exhibits a growing focus on 5 

using MSW in the energy sector while putting more emphasis on waste sorting and recycling in 6 

general and sorting food waste in particular. Timely planning of MSW treatment capacity 7 

requires reliable forecasts of future MSW quantities and their characteristics. This article uses 8 

econometric analysis to perform regional specific projections for collected MSW. Four scenarios 9 

are presented, three of which include sorting of food waste from the mixed MSW stream and/or 10 

capping mixed MSW generation. In the different scenarios, aggregated on a national level, mixed 11 

MSW ranges from 159 million metric tons (MMT) to 340 MMT and sorted food waste from 12 

MSW from zero to 109 MMT in 2050. Conclusions show that sorting of food waste will create 13 

stable levels of mixed MSW in many provinces and that there is a risk of overinvestments in 14 

MSW incineration capacity in most provinces.  15 

1. Introduction 16 

China is the most populous country in the world; with rapid increase in urbanization rates and 17 

economic growth municipal resulting in surging solid waste (MSW) quantities. MSW is a 18 

heterogeneous mixture of resources managed by the municipal government, generated by 19 

households, the service sector, and in public areas (IPCC, 2006). Households generate 80% of 20 

Chinese MSW (Gu et al., 2015). The unofficial waste sector collects between 17% and 38% of 21 

MSW for recycling (Linzner and Salhofer, 2014), this is not covered by the official statistics on 22 
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collected and treated urban MSW. In the official MSW management, there has been great 23 

progress in terms of treating collected MSW from Chinese cities, from treating just over half of 24 

collected MSW in the early 2000’s to 98% of the 215 MMT collected in 2017. This has been 25 

possible due to extensive investments in treatment capacity, especially in incineration plants. In 26 

2017 there were 286 incineration plants and 654 landfills in China, 40% of treated MSW was 27 

incinerated and 57% landfilled (NBS, 2020). High moisture content (48%) and a limited lower 28 

heating value of 5.4 GJ/ton characterize Chinese MSW (Zhou et al., 2014). 29 

MSW management options include thermal gasification, anaerobic digestion, incineration, black 30 

soldier fly treatment1, composting, and landfill. Leaching from landfills causes extensive soil and 31 

groundwater pollution (Han et al., 2016). Other issues include loss of precious materials and 32 

unacceptable use of limited land resources (Mian et al., 2017). Landfilling MSW in China is also 33 

almost twice as greenhouse gas (GHG) intensive as incineration (NDRC, 2018). Shifting to a 34 

more sustainable use of MSW resources is high on the political agenda, including boosting 35 

recycling rates, recovering energy from incineration of non-recyclable waste, and separate 36 

treatment of food waste (NDRC and MoHURD, 2016a; UNEP, 2016). MSW sorting schemes are 37 

being rolled out (MoHURD, 2019a); in 2019 Shanghai started sorting MSW into four categories; 38 

recyclables, hazardous, perishable biomass, and other (Zhou et al., 2019). The 13th Five-Year 39 

Plan on urban waste management from the Chinese central government stipulates the share of 40 

incineration capacity to at least 54% of MSW treatment capacity by 2020 and for most of the 41 

                                                      

 

1 Using larvae to process organic waste and produce feed and/or biofuels, and fertilizer (Čičková et al., 2015). The 
black soldier fly is a common species used for these purposes (Mertenat et al., 2019).  
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remaining treatment to be landfill (NDRC and MoHURD, 2016a). Targets are also set for  42 

treatment capacity by province. Nationally it adds up to incineration capacity of 216 million 43 

metric tons (MMT) by 2020. Investments in waste management infrastructure today shape waste 44 

management systems of the future. A realistic and geographically detailed projection of available 45 

MSW quantities and characteristics enables effective planning, timely investments, and prevents 46 

lock-in in unsustainable waste management systems. 47 

In general, economic activities generate waste and different activities generate different 48 

quantities and types of waste. Looking at detailed economic activities in the short term, an 49 

assumption of constant waste coefficients seems reasonable, that is, assuming a constant amount 50 

of waste per economic activity. Bruvoll and Ibenholt (1997) applied this assumption linking 51 

detailed Norwegian waste streams to detailed economic activities. Analyzing aggregated waste 52 

streams and economic activities in 27 European countries, Andersen et al. (2007) generally reject 53 

the assumption of constant waste coefficients and model the generation of waste allowing the 54 

waste coefficients to change over time. Analyzing MSW in the EU, Mazzanti and Montini 55 

(2009) and Mazzanti and Zoboli (2009) generally show a relative decoupling of MSW from 56 

economic activities. A considerable extension of the European waste model is found in Gibbs et 57 

al. (2014) analyzing MSW generation, handling, and policies in individual EU countries. 58 

Analyzing very detailed waste streams in Denmark, Andersen and Larsen (2012) model 59 

aggregated waste streams, such as MSW, creating the FRIDA model. For large waste streams 60 

FRIDA allows waste coefficients to change over time while for small and very specific waste 61 

streams the model assumes constant waste coefficients. The FRIDA model is regularly updated 62 

and used by the Danish Environmental Protection Agency, it may be downloaded from their 63 

website (Miljøstyrelsen, 2019). The Danish and European MSW models using econometric 64 
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analyses of historical links between the amount of waste and economic indicators allowing waste 65 

coefficients to change over time form the basis for the model presented in this article projecting 66 

MSW in China.  67 

In recent years, the growth of modelling based on artificial intelligence and machine learning has 68 

also been applied for projection of MSW. Abbasi and Hanandeh (2016) analyze the techniques 69 

ANN, ANFIS, SVM and k-nearest neighbor (kNN) forecasting monthly MSW generation in 70 

Logan city, Australia, and conclude that these methods give a good prediction performance. 71 

However, the techniques require large historical datasets and can be difficult to generalize. 72 

Artificial intelligence and machine learning models are adaptable to many and complex 73 

cases/new situations, but are very sensitive to data selection (Intharathirat et al., 2015). 74 

Combining several models may reduce uncertainty, see Xu et al. (2013). However, due to limited 75 

data availability, in this article we apply econometric modelling linking MSW generation to 76 

economic indicators.  77 

Previous studies of China developed projections for waste generation and collection. Most 78 

recently, the World Bank published a study projecting MSW quantities of 295 MMT by 2030 79 

and 335 MMT by 2050 (Kaza et al., 2018). Chhay, Reyad, Suy, Islam, & Mian (2018) applied 80 

and analyzed various methods, all based on historical data, concluding that China is expected to 81 

reach 247 MMT of MSW in 2030. Chhay et al. identified policy as an important parameter, yet 82 

did not included it in the analysis. Wei, Xue, Yin, & Ni (2013) developed a multilinear 83 

regression model for projecting MSW on a national level and found the main factors influencing 84 

MSW development to be GDP, urban population, and household consumption, projecting 85 

Chinese MSW levels to reach 500 MMT by 2030. All of these studies have projected MSW on a 86 

national level and have not had a specific focus on the use of MSW in the energy sector nor 87 
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included the sorting of food waste. China is highly diversified with collected MSW ranging from 88 

0.46 to 1.35 kg/capita/day in different provinces and a national mean of 0.72 kg/capita/day 89 

(MoHURD, 2019b). Increased focus on energy recovery from MSW motivates an analysis of 90 

MSW available to the energy sector as mixed MSW and sorted food waste.  91 

MSW generation is a consequence of daily activities, which depend on social, cultural, seasonal, 92 

and geographical conditions (Oribe-Garcia et al., 2015); hence, regionalizing forecasts permit a 93 

more detailed representation of MSW development. Furthermore, as policy targets are often set 94 

per province, it is relevant to divide analysis in this manner in order to track progress, 95 

implementation, and to provide policy recommendations. This article applies econometric 96 

analysis at provincial level combined with policy scenarios, not previously utilized in a Chinese 97 

context, to project mixed MSW and sorted food waste and to assess required incineration and 98 

biological treatment capacities. 99 

Estimating current and future waste quantities and their characteristics, including regional 100 

differences, creates a more precise basis when determining the role MSW can play in the energy 101 

system. The projections in this article cover collected MSW from Chinese urban areas, using the 102 

Ministry of Housing, Urban, and Rural Development (MoHURD) urban statistical yearbook as a 103 

primary data source. 104 

  105 

2. Methodology 106 

Statistics and literature review provide regionally available MSW quantities and characteristics. 107 

Policy analysis and forecasts for societal development are used to appraise tendencies and factors 108 

affecting MSW development. This analysis uses a spreadsheet model that combines econometric 109 
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analysis with politically based explorative scenarios for development, drawing upon international 110 

experiences and targets set in international cases, see Figure 1. This model projects future MSW 111 

quantities available to the energy sector until 2050. MSW currently sorted for recycling is not 112 

included in the projection. 113 

 114 

Figure 1: Overview of methodology. 115 

2.1. Projection methodology 116 

2.1.1. Municipal solid waste projection 117 

Socio-economic and demographic conditions relate to the generation of MSW. Therefore, 118 

modeling the generation of MSW in Chinese regions requires analysis of links between changes 119 

in waste generation and the economic and demographic development in Chinese provinces; the 120 
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model2 provides a Base Scenario for MSW in Chinese provinces. Based on previous studies 121 

(Wei et al., 2013) explanatory variables are the urban population and real disposable household 122 

income. The National Bureau of Statistics (NBS) and the MoHURD yearbooks provided 123 

historical province-level data for these factors from 2003 to 2017. Econometric analysis 124 

establishes the urban population and the real disposable household income as factors influencing 125 

the development of MSW. The general model equation is specified as: 126 

𝑙𝑜𝑔(𝑤𝑡
𝑟) =  𝛼0

𝑟 + 𝛼1
𝑟  ∙ 𝑙𝑜𝑔(𝑌𝑡

𝑟) + 𝛼2
𝑟  ∙ 𝑙𝑜𝑔(𝑈𝑡

𝑟) + 𝛼3
𝑟  ∙ 𝑇𝑡 + 𝛿𝑖

𝑟  ∙  𝐷𝑡
𝑟    eq. (1)  127 

where log is the natural logarithm, 𝑤𝑡
𝑟 is the amount of MSW in region r in year t, 𝑌𝑡

𝑟 is the real 128 

disposable urban household income in the region and year, 𝑈𝑡
𝑟 is the urban population in the 129 

region and year, 𝑇𝑡
𝑟 is time, and 𝐷𝑡

𝑟 is a number of 0-1 variables (dummy-variables) used to 130 

correct for data-shifts and outliers in the time-series. Finally, model parameters 131 

𝛼0
𝑟 , 𝛼1

𝑟 , 𝛼2
𝑟 , 𝛼3

𝑟 𝑎𝑛𝑑 𝛿𝑖
𝑟 are estimated on historical time-series.  132 

The interpretation of eq. (1) is that if the real household income in a region increases 1%, the 133 

amount of MSW is increased 𝛼1
𝑟% and if the population increases 1% the amount of waste 134 

increases 𝛼2
𝑟%.  135 

Eq. (1) is general and reduces to a number of special cases if the parameters are restricted: 136 

                                                      

 

2 The model can be described as a simplified version of the FRIDA model linking economic activities and waste 
streams in Denmark (Andersen and Larsen, 2012). 
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If 𝛼1
𝑟 = 1 and 𝛼2

𝑟 = 0 the equation reduces to a constant waste-coefficient. That is, the amount 137 

of MSW changes proportionally to changes in the real household income. 138 

If 𝛼1
𝑟 = 0 and 𝛼2

𝑟 = 1 the equation reduces to constant amount of MSW per capita.  139 

If 𝛼2
𝑟 = (1 − 𝛼1

𝑟) the equation reflects a relation between MSW per capita and the real 140 

household income per capita. That is, if (
𝑌𝑡
𝑟

𝑈𝑡
𝑟⁄ ) changes 1%, (

𝑤𝑡
𝑟

𝑈𝑡
𝑟⁄ ) changes 𝛼1

𝑟%. 141 

Thirty-one areas regionalize the waste projection. These are Chinese provinces, autonomous 142 

regions, and the four province-level municipalities. In the following all referred to as provinces. 143 

Due to the scope of key data sources Hong Kong, Macao, and Taiwan are not included in this 144 

research. 145 

2.1.2. Disposable urban household income projection 146 

The National Bureau of Statistics publishes data on disposable urban household income in 147 

annual yearbooks, which are the source for historical data. Private consumption has accounted 148 

for about 66% of disposable urban household income since 20133, and consumption varies with 149 

the disposal income. The Institute of Science and Development, Chinese Academy of Sciences 150 

(CASISD) has estimated future private consumption at provincial level up to 2050. Assuming 151 

constant propensity to consume, this is used to establish provincial development of disposable 152 

urban household income. Here private consumption is projected with the PIC model developed 153 

by CASISD (Zou et al., 2018). In this model, private consumption depends on real disposable 154 

                                                      

 

3 Since 2013, the National Bureau of Statistics has adopted a new statistical standard. 
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income, the price effect, the income effect, while the price effect is a key factor to calculate 155 

disposal income. 156 

The PIC model divides household consumption goods into 10 categories: food; clothing; 157 

residence; household facilities, articles and services; health care and personal articles; 158 

transportation and communications; recreation, education and culture articles; financial service; 159 

insurance service; others. In the PIC model, consumption of a good (𝑗 ) in a province (𝑟) are 160 

impacted by age composition, major region, regional income, regional relative price, regional 161 

population and nationwide consumption level.  162 

      163 

𝐶𝑗,𝑡
𝑟 = 𝐴𝐺  𝑗

𝑟  ∙  𝐶𝑅𝑗 
𝑟  ∙  𝑌𝑅𝑡

𝑟  ∙  𝑃𝑅𝑗,𝑡
𝑟  ∙  𝑈𝑅𝑡

𝑟  ∙  𝐶𝑗,𝑡     eq. (2) 164 

where AG is the age composition effect, CR is regional consumption effect, YR is the regional 165 

income effect, PR is the regional price effect, UR is the population effect and C is the national 166 

private consumption.  𝑟 is a region, 𝑗 is a consumer good, 𝑡 is time and 𝐶𝑗,𝑡
𝑟  is the consumption of 167 

good 𝑗 in region 𝑟 in year 𝑡 168 

Age composition effect 169 

The age composition effect is determined as:  170 

 𝐴𝐺𝑗
𝑟 =
∑ (%𝐴𝐺𝑖

𝑟 ∗ 𝑃𝐶𝑖,𝑗)
20
𝑖=1

∑ (%𝐴𝐺𝑖 ∗ 𝑃𝐶𝑖,𝑗)
20
𝑖=1

⁄        171 

           eq. (3) 172 
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where 𝑖 indicates an age group with a five years interval, consistent with the Chinese national 173 

statistic yearbook. %𝐴𝐺𝑖
𝑟 is the percentage of each age group 𝑖 in the total regional population, 174 

and . 𝑃𝐶𝑖,𝑗 is the national average propensity of age-group 𝑖 to consume good 𝑗.  175 

Major regional effect 176 

The major regional effect is determines as: 177 

𝐶𝑅𝑗
𝑟 =

𝐶𝑗,2012
𝑟

𝐶𝑗,2012

𝐴𝐺𝑗
𝑟

⁄          eq. (4) 178 

where 𝐶𝑗,2012
𝑟  is the base year (2012) consumption of good  𝑗 in region 𝑟  and 𝐶𝑗,2012 is the 179 

national consumption of the good. 180 

The major regional effect is the difference of consumption patterns between regions after 181 

adjusting for age composition. The age composition adjustment helps to predict changes in 182 

consumption as a result of demographic changes. 183 

Regional income and price effect 184 

The regional income and price effects are determined by the income and price elasticities 𝛽𝑗 185 

and 𝛾𝑗. The income effect reflects the consumption change introduced by changes in the real 186 

disposable income per capita (
𝑌𝑡
𝑟

𝑈𝑡
𝑟⁄ ), and the price effect reflects the consumption change 187 

caused by changes in the price of good 𝑗 (𝑃𝑗). Both income and price effects are normalized to 188 

base year 𝑇 to show the relative change of the projective year.  189 
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𝑌𝑅𝑟
𝑡 = 

[
 
 
 
 
 
 
(

𝑌𝑡
𝑟

𝑈𝑡
𝑟⁄

𝑌𝑡
𝑈𝑡
⁄
)

(

𝑌𝑇
𝑟

𝑈𝑇
𝑟⁄

𝑌𝑇
𝑈𝑇
⁄
)

⁄

]
 
 
 
 
 
 
𝛽𝑗

         eq. (5) 190 

𝑃𝑅𝑗,𝑡
𝑟 = 

[
 
 
 
 
 
 
(

𝑃𝑗,𝑡
𝑟

𝑃𝑡
𝑟⁄

𝑃𝑗,𝑡
𝑃𝑡
⁄
)

(

𝑃𝑗,𝑇
𝑟

𝑃𝑇
𝑟⁄

𝑃𝑗,𝑇
𝑃𝑇
⁄
)

⁄

]
 
 
 
 
 
 
𝛾𝑗

        eq. (6) 191 

Regional population effect and national consumption  192 

The regional population effect is the proportion of regional population in the national population.  193 

𝑈𝑅𝑡
𝑟 = 

𝑈𝑡
𝑟

𝑈𝑡
⁄                             eq. (7) 194 

The national consumption level is determined by the population, disposable income and price in 195 

the base year. The projection of the total household consumption in China until 2050 is shown in 196 

Figure S1. 197 

For a detailed description and calculation of the consumption projection, please refer to Treyz 198 

(1995). 199 

2.1.3. Urban population projection 200 

A central component in waste projection is the development of urban populations. Data for base 201 

year 2017 is from the NBS (NBS, 2018); the annual growth from the United Nations population 202 

and urbanization projections (UN, 2019, 2018). Sun et al., (2017) projected urban population by 203 

province to 2030. This provincial share of urban population is used for 2050 and interpolated 204 
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linearly from the base year, 2017. The large increase of urban citizens in Guangdong seen in 205 

Figure S2 primarily stems from interprovincial migration. 206 

2.2. Scenarios 207 

Waste generation and its composition depend on multiple factors associated with high degrees of 208 

uncertainty. Three scenarios: Recycling & Cap, Bio Sorting, and Bio Sorting & Cap are 209 

presented based on policy analysis to accommodate for some of this uncertainty; they illustrate 210 

possible developments deviating from the Base Scenario from 2020, see Table 1. In the scenarios 211 

that include a cap, dry MSW fractions are avoided and/or recycled to a larger degree. In 212 

scenarios focusing on sorting of food waste, the food waste fraction is diverted from the mixed 213 

MSW stream to be treated separately, for example in a biogas plant. 214 

Table 1: Overview of MSW forecast scenarios 215 

  Base Scenario 
Bio Sorting 

Scenario 

Bio Sorting & Cap 

Scenario 

Recycling & Cap 

Scenario 

Maximum level of 

mixed waste suitable 

for energy 

recovery/landfill 

(kg/capita/day)a  

None None 0.43 in 2040 

0.55 in 2025 

0.49 in 2030 

0.43 in 2040 

Food waste 

successfully sortedb 
None 

Starting in 2020 

reaching full 

potential (57%) in 

2050 in all areas 

Starting in 2020 

reaching full 

potential (57%) in 

2030 in key cities 

and 2035 in all 

areas 

Intrinsic part of the 

cap 

Lower heating value 

(GJ/ton)c 

4.9 throughout the 

whole period 

Increases as food 

waste is sorted, 

reaching 6.4 in 

2050 

Increases as food 

waste is sorted, 

reaching 6.4 in 

2035 

4.9 throughout the 

whole period 

a See section 3.2.3 for assumptions and sources. 216 
b See section 3.2.2 for assumptions and sources. 217 
c See section 3.2 for assumptions and sources. 218 
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3. Data 219 

The model uses the national average for all provinces where provincial data is unreliable or 220 

unavailable. For setting a cap on mixed MSW and defining possible sorting efficiency of food 221 

waste, international cases are used. 222 

3.1. Collected MSW 223 

MoHURD, the ministry responsible for collecting and treating MSW in China publishes annual 224 

statistical yearbooks, the most recent comprises 2017 (MoHURD, 2019b). These include data on 225 

collected and treated MSW but does not describe waste composition or estimates of generated 226 

waste quantities. 227 

 228 

3.2. Energy content  229 

A compilation of 34 studies from 1992 to 2009 across China shows great variety in lower heating 230 

value (LHV) ranging from 2.86 to 9.44 GJ/ton with a mean of 5.34 GJ/ton (Zhou et al., 2014). 231 

More recent studies use a LHV of 4.5 GJ/ton (Guo et al., 2018) and 4.9 GJ/ton (Liu et al., 2017). 232 

Due to the lack of comprehensive regional data, a simple average of the above-mentioned three 233 

studies, 4.9 GJ/ton, is used for all of China, giving more weight to more recent studies. 234 

Chinese MSW has a higher share of food waste and a higher moisture content than waste in 235 

European countries (Li et al., 2017; Yang et al., 2012; Zhou et al., 2014). This article uses the 236 

LHV 1.9 GJ/ton for Chinese food waste (Liu et al., 2017). This LHV is used to calculate 237 

development of LHV for mixed MSW when food waste is separated from mixed MSW. 238 
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3.2.1. Waste composition 239 

MSW composition is case specific and varies across different cities as well as over time and by 240 

season (Wang and Nie, 2001). Looking at data from 91 cases collected between 1990 and 2011, 241 

there is no clear trend in the development of share of food waste in Chinese MSW (Li et al., 242 

2017; Wei et al., 2017; Zhou et al., 2014). The national average from these studies, 56wt% food 243 

waste in Chinese MSW, is used.  244 

3.2.2. Sorting efficiency 245 

Some food waste will be unavoidable, stuck to other materials or not sorted due to 246 

inattentiveness. This affects the sorting efficiency, the share of food waste segregated at source 247 

for separate recovery. This article assumes that maximum 57% of the food waste can be 248 

segregated (Cimpan et al., 2015). The 13th Five-Year Plan on urban waste management stipulates 249 

that 46 key cities should be ambitious and quickly implement food waste sorting (NDRC and 250 

MoHURD, 2016b). The 46 key cities include all provincial capitals and province level 251 

municipalities. This article assumes that efforts for source sorting are in place in key cities by 252 

2020 and in 2025 in other areas, and for China to reach a sorting efficiency of 25% in key cities 253 

by 2021 and by 2026 in other areas.  254 

3.2.3. Cap on mixed MSW 255 

There are no quantitative targets set in China for waste prevention, although it is stated as a 256 

priority (NDRC and MoHURD, 2016a). Targets set in specific EU countries correspond to 0.49 257 

and 0.43 kg/capita/day mixed MSW for energy recovery or landfilling (European Environment 258 

Agency, 2015; European Parliament, 2018). These targets are used as cap values for mixed 259 

MSW for energy recovery or landfill. 260 
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4. Results 261 

4.1. Econometric analysis 262 

For the Chinese provinces, Table 2 shows estimation results4 for eq. (1). The figures in the 263 

columns for 𝛼0
𝑟 , 𝛼1

𝑟 , 𝛼2
𝑟 , 𝑎𝑛𝑑 𝛿𝑖

𝑟are the estimated coefficients in eq. (1) (with t-values in 264 

parentheses). R2 is a measure of how much of the historical variation in waste that the equation 265 

explains, and DW is the Durbin-Watson statistic measuring if the error has a systematic serial 266 

variation (the R2-value varies between zero and one, where higher values represent a closer fit. 267 

The DW-statistics vary between zero and four, with the central value (two) indicating no serial 268 

variation in the error).  269 

As seen in Table 2 for many provinces the restriction: α2
r = (1 − α1

r) is imposed. That is, the 270 

amount of waste per capita is due to the real disposable household income per capita, and in 271 

general, the estimated coefficient is quite significant (t-values above 2.5). For a few regions, the 272 

coefficient for the real disposable income is restricted to zero implying that the amount of waste 273 

increases along with the population. Another observation is, that for almost all regions the time-274 

series show significant outliers and shifts in the level of MSW (that is, the equation includes 275 

significant dummy-variables). Changes in data collection standards over time provide one 276 

possible explanation. 277 

                                                      

 

4 Coefficients are estimated using TSP (Time Series Processor) software and LSQ (least squares) method (Hall and 

Cummins, 2009). The projections are central values and a forecast confidence interval is not calculated. It is 

assumed that the largest uncertainty relate to the income and population projections that are external assumptions to 

the waste projection, for which sensitivity analysis have been conducted. 
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For most regions, the equation gives a reasonable explanation of the historical development, but 278 

a few provinces have atypical development. In Hebei, the amount of waste collected shows a 279 

very large data-break from 2010 to 2015. In Inner Mongolia and Jilin, waste data contains 280 

considerable shifts in amounts and limited correlation with population and real household 281 

income, and in Heilongjiang the population and real household income increases while the 282 

amount of waste decreases. These atypical developments may be due to inconsistencies in data 283 

collection and for these provinces, results should be interpreted with caution. In Heilongjiang 284 

and Shanghai, the trend variable 𝛼3
𝑟 is repressed over the initial four years of the projection to 285 

remove the correlation between time and projected waste quantities. 286 

 287 
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Table 2: Estimated model coefficients (t-values in parentheses). 288 

Constant
Income   

Y t
r

Urban 

population    

U t
r

Trend      

T t

Region a0. a1. a2. a3. d1. d2. d3. d4. R
2

DW

Total
-0.950          

(-1.82)
-

0.962      

(20.49)
-

0.093    

(4.81)

-0.068       

(-5.53)
- - 0.98 1.83

Beijing
-1.120                   

(-7.37)

0.053       

(1.01)

0.947                             

-
-

0.116       

(3.55)

0.197       

(4.06)
- - 0.96 2.19

Tianjin
-2.872        

(-5.25)

0.357      

(2.09)

0.643                                            

-
-

0.462           

(4.28)

0.173       

(3.01)

0.216       

(3.06)
- 0.94 1.37

Hebei
5.362       

(7.44)
-

0.153     

(1.66)
-

-0.056      

(-3.71)

-0.215              

(-6.45)     

-0.063     

(-1.30)
- 0.93 1.20

Shanxi
2.551     

(2.17)
-

0.467       

(2.96)
-

0.475      

(6.73)

0.198        

(2.28)

-0.086      

(-1.81)
- 0.85 1.13

InnerMongolia
4.294       

().21)
-

0.214       

(3.30)
-

0.113        

(3.94)

0.104     

(3.92)

0.064      

(3.32)

-0.072      

(-3.45)
0.86 2.19

Liaoning
-1.244        

(-56.44)

0.041     

(3.54)

0.959                                        

-
-

0.051      

(3.68)

-0.083        

(-5.18)
- - 0.98 2.05

Jilin
-1.042                 

(-59.38)
-

1                                                        

-
-

0.115          

(4.62)

-0.066       

(-2.02)

-0.091        

(-2.79)

0.082     

(1.70)
0.73 1.65

Heilongjiang
4.140          

(4.85)
-

1                                                                   

-

-0.048        

(-6.49)

0.213      

(3.13)
- - - 0.94 1.26

Shanghai
-0.416                 

(-0.16)

0.091    

(0.22)

0.909                                                        

-

-0.010          

(-0.29)

0.223         

(5.05)

0.166       

(5.30)

0.197       

(5.93)
- 0.93 2.03

Jiangsu	
-1.790                  

(-26.61)

0.211        

(4.74)

0.789                                                

-
-

0.164          

(3.66)
- - - 0.97 1.42

Zhejiang
-2.462                 

(-38.99)

0.582        

(20.18)

0.418                                                    

-
-

0.151        

(5.86)
- - - 0.99 1.46

Anhui
0.818        

(1.70)
-

0.669       

(10.97)
-

0.218          

(8.39)

0.171       

(5.09)
- - 0.96 1.69

Fujian
-2.798        

(-21.90)

0.538        

(9.58)

0.462                                             

-
-

0.165          

(2.50)
- - - 0.97 1.23

Jiangxi
-1.511                    

(-2.02)
-

0.952       

(9.67)
-

0.082        

(1.93)

-0.093        

(-2.53)

-0.106        

(-2.67)

0.162         

(2.99)
0.96 1.22

Shandong
5.892         

(3.13)
-

0.158     

(0.72)
-

-0.169       

(-1.88)

-0.341       

(-6.03)

0.104       

(1.64)
- 0.94 2.81

Henan
2.167       

(4.63)
-

0.547       

(9.63)
-

0.041         

(1.73)

-0.110        

(-4.49)

0.089        

(2.29)
- 0.95 1.44

Hubei
3.393      

(8.40)
-

0.413       

(8.20)
-

0.173      

(8.44)

-0.109     

(-8.11)

0.052      

(2.21)
- 0.98 2.52

Hunan
0.710       

(1.86)
-

0.706         

(14.64)
-

-0.080        

(-4.24)

0.123        

(3.69)
- - 0.97 2.60

Guangdong
-1.368                  

(-23.74)

0.123       

(2.61)

0.877                                         

-
-

-0.053         

(-1.22)

0.084         

(1.76)
- - 0.95 2.12

Guangxi
-2.158                  

(-15.04)

0.145       

(2.24)

0.855                                           

-
-

-0.118         

(-2.05)

-0.186       

(-5.10)
- - 0.95 1.33

Hainan
-2.337             

(-10.26)

0.273          

(4.23)

0.727                                                    

-
-

-0.557         

(-6.98)

-0.154         

(-3.15)

0.275         

(4.21)
- 0.97 1.57

Chongqing
-3.081         

(-11.21)

0.557       

(4.85)

0.443                                                     

-
-

0.261           

(4.25)

0.194         

(3.02)
- - 0.96 1.12

Sichuan
-1.840                

(-37.14)

0.147        

(5.02)

0.853                                                

-
-

0.173         

(6.71)

-0.037         

(-2.07)

0.100         

(3.72)
- 0.99 1.89

Guizhou
-1.006        

(-1.81)
-

0.906       

(11.57)
-

-0.075         

(-2.08)

0.073        

(1.39)
- - 0.96 1.87

Yunnan
-2.216         

(-20.13)

0.200         

(4.14)

0.800                                                             

-
-

0.095       

(2.61)
- - - 0.97 1.82

Tibet
-2.786         

(-3.53)

0.330         

(2.28)

0.670                                                            

-
-

0.778       

(8.39)

2.056        

(16.90)

-0.401        

(-5.26)
- 0.98 1.52

Shaanxi
-2.148        

(-17.98)

0.301        

(5.72)

0.699                                                       

-
-

0.286           

(716)

-0.392          

(-8.07)
- - 0.96 2.51

Gansu
5.753          

(42.85)
- - -

0.119           

(-1.50)

0.013          

(1.14)

0.060          

(6.22)
- 0.94 2.33

Qinghai
-1.647         

(-2.35)

0.070            

(0.43)

0.930                                                           

-
-

-0.130        

(-0.90)

0.109       

(1.01)

0.299        

(4.13)
- 0.94 1.72

Ningxia
2.009        

(2.66)
-

0.466           

(3.54)
-

0.347        

(3.82)

-0.396      

(-4.68)
- - 0.81 2.66

Xinjiang
3.258         

(11.30)
-

0.378        

(9.01)
-

0.088         

(4.20)

-0.124       

(-8.03)
- - 0.95 2.37

Dummy variables for breaks and 

shifts in the data      D t
r

Test-statistics

Coefficients are estimated using the estimation program "TSP" method LSQ

Estimated equation: 𝑙𝑜𝑔 𝑤𝑡
𝑟 = 𝛼0

𝑟 + 𝛼1
𝑟   𝑙𝑜𝑔 𝑌𝑡

𝑟 + 𝛼2
𝑟   𝑙𝑜𝑔 𝑈𝑡

𝑟 + 𝛼3
𝑟   𝑇𝑡

 + 𝛿𝑖
𝑟    𝐷𝑡

𝑟

 289 
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 290 

4.2. Short term projection 291 

The 13th Five-Year Plan on urban waste management declares that the planned treatment 292 

capacity for MSW be 403 MMT in 2020, of which 216 MMT is for incineration, almost doubling 293 

the MSW incineration (MSWI) capacity from 2017 to 2020 (NDRC and MoHURD, 2016a). 294 

Most of Chinese MSWI capacity, 68% of capacity available in 2017, was installed after 2012, 295 

with capacity to treat 14 MMT installed in 2017 alone (MoHURD, 2019b, 2018). MSWI 296 

facilities have a design lifetime of 20 years (Guo et al., 2018), resulting in these investments 297 

being part of the infrastructure to 2039. Previous targets on MSW treatment capacity and 298 

incineration share set in the 12th Five-Year-Plan have been fulfilled, and investments in MSWI 299 

capacity are well underway. The utilization rate of incineration plants has not changed 300 

significantly during the last years; between 2012 and 2017 average utilization  of installed 301 

incineration capacity reached 79%. Not utilizing full capacity is common in Chinese power 302 

generation projects (Lu et al., 2017). Assuming the same utilization rate means that 170 MMT 303 

(73%) of projected MSW would be incinerated in 2020. 304 

In all provinces, MSW treatment capacity exceeds the projected mixed MSW quantities for 2020 305 

(see Figure 2). In provinces such as Anhui, Tianjin, Zhejiang, and Guangdong the planned 306 

MSWI capacity significantly exceeds projected mixed MSW quantities.  307 
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 308 

 309 

Figure 2: Map showing the relationship between projected MSW quantities (this article) and planned MSWI capacity in 2020 310 
(NDRC and MoHURD, 2016a), values below 1 indicating overcapacity in MSWI. Stacked bar chart showing all planned MSW 311 
treatment capacity (NDRC and MoHURD, 2016a) compared to projected MSW quantities (this article). 312 
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4.3. Long term projection 313 

Looking beyond 2020, results from the different scenarios vary in terms of mixed MSW, sorted 314 

food waste, and energy content of mixed MSW. MSW quantities are aggregated from provincial 315 

level and sum to the national value discussed below.  316 

4.3.1. Mixed MSW 317 

Starting with mixed MSW at the national level, quantities range from 159 MMT in the Bio 318 

Sorting & Cap Scenario to 340 MMT in the Base Scenario by 2050, see Figure 3a. The 319 

projection model for national levels result in lower levels, reaching 285 MMT. In the Base 320 

Scenario and the Bio Sorting Scenario the same amounts of MSW are collected, the difference 321 

between these scenarios is that some of the food waste is sorted for separate treatment in the Bio 322 

Sorting Scenario. This shows that sorting of food waste according to the Bio Sorting Scenario 323 

would let levels of mixed MSW remain relatively stable throughout the period. More ambitious 324 

food waste sorting or setting a cap on mixed MSW could reduce mixed MSW quantities to levels 325 

lower than present levels.  326 
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  328 

 329 

Figure 3: Aggregated provincial results on national level.  330 
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The Bio Sorting & Cap Scenario begins to deviate from the Bio Sorting Scenario when the 331 

sorting efficiency differs. Quantities of mixed MSW are reduced when food waste is separated 332 

from mixed MSW and when caps on MSW generation are binding. The quantities of mixed 333 

MSW in the Bio Sorting & Cap Scenario are slightly below the Recycling & Cap Scenario as 334 

some provinces do not reach the cap for mixed MSW. 335 

4.3.2. Sorted food waste 336 

Looking at the national level for the entire period, the Bio Sorting & Cap Scenario, sorts most 337 

food waste see Figure 3d. The difference between the Bio Sorting & Cap Scenario and the Bio 338 

Sorting Scenario in terms of sorted food waste is due to the rates of reaching full sorting 339 

efficiency. In the Recycling & Cap Scenario, sorting food waste is an intrinsic part of the cap. 340 

The assumption is that the waste composition remains the same as in the base year, meaning that 341 

there is a strong focus on recycling or avoiding waste, both for dry fractions and for food waste. 342 

This results in a smooth curve for food waste sorting efficiency ending at 57% in 2050. 343 

4.3.3. Energy content 344 

The calorific value of mixed MSW increases when food waste is separated from mixed MSW 345 

(see Figure 3b). In the Base Scenario and the Recycling & Cap Scenario the waste composition is 346 

assumed to be the same throughout the period, meaning that the development corresponds to the 347 

MSW quantities, see Figure 3c. For the other two scenarios, the energy content relates to the 348 

amounts of sorted food waste.  349 

MSW can be used for different applications in the energy sector. MSWI is widely utilized. To 350 

sustain safe combustion of MSW and avoid the need for auxiliary fuel, the LHV of MSW needs 351 

to be higher than 5-6 GJ/ton (Chen and Christensen, 2010). As MSW in China in many cases has 352 
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a lower LHV, auxiliary fuels are used to enable incineration (Guo et al., 2018). MSWI plants are 353 

designed for a specific LHV, meaning that apart from exceeding the minimum, it should be 354 

known and stable. With the consequential higher heating value of MSW obtained by sorting out 355 

food waste, increased LHV of MSW reduces auxiliary fuel requirements in MSWI.  356 

4.4. Regional results 357 

Regional results for four selected provinces, Tianjin, Zhejiang, Anhui and Guangxi, illustrate 358 

specific trends. See supplementary material for results from all provinces. Figure 4 shows the 359 

projected mixed MSW quantities by province and capita until 2050 in the base scenario. Levels 360 

are very high in Zhejiang, medium in Tianjin and low in Guangxi and Anhui. The provinces are 361 

selected to show a spread regarding collected waste quantities and have varied development 362 

levels, see Figure 5.  363 
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364 

 365 

Figure 4: Map with projected mixed MSW per capita and day by 2050 in the base scenario. Province titles provided for selected 366 
provinces. Graphs showing planned MSWI capacity in 2020 and development of mixed MSW and sorted food waste. 367 
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 369 

 370 

Figure 4: Map with projected mixed MSW per capita and day by 2050 in the base scenario. Province titles provided for selected 371 
provinces. Graphs showing planned MSWI capacity in 2020 and development of mixed MSW and sorted food waste. (cont.) 372 
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  373 

 374 

Figure 5: Economic structure, urban population and urbanization, household size, and collected MSW and urban household 375 
disposable income for selected provinces in 2017 (NBS, 2018). 376 

Anhui is a province with plans for incineration capacity well above the projected MSW 377 

quantities. For Anhui province, the projected overcapacity in MSWI remains an issue throughout 378 

the period, provided that the MSWI capacity remains stable. Zhejiang presents a vast difference 379 

in mixed MSW in the different scenarios. The starting point for collected mixed MSW per capita 380 

was relatively high in Zhejiang, 1.04 kg/capita/day in 2017 (compared to the national average 381 
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0.72 kg/capita/day); this results in a cap on mixed MSW having a big effect. In Anhui the 382 

starting level for mixed MSW per capita was 0.50 kg/capita/day, resulting in the cap not taking 383 

effect until 2031, when the Recycling & Cap Scenario diverges from the Base Scenario. The two 384 

other scenarios, with and without a cap, show the limited effect of the cap, as they follow similar 385 

paths. 386 

In Tianjin, projected mixed MSW quantities stay below the 2020 MSWI capacity throughout the 387 

time period for all scenarios suggesting an overcapacity of MSWI in Tianjin, see Figure 4. 388 

Collected MSW per capita starts below the national average at 0.65 kg/capita/day; from 2024 389 

and thereafter it exceeds the national average in the Base Scenario. Since Tianjin is a province-390 

level municipality, this is one of the 46 key cities and all of Tianjin is a key area for waste 391 

sorting, entailing early implementation of food sorting. There is a rapid decline in mixed MSW 392 

in the initial years as high shares of food waste are sorted from the mixed MSW. In Guangxi 393 

only 26% of urban population reside in any of the 46 key cities, the sorting of food waste is 394 

therefore implemented slowly, resulting in an initial increase of mixed MSW in the sorting 395 

scenarios. Collected MSW per capita starts at 0.50 kg/capita/day and increases to 0.60 in 2050, 396 

compared to the national average at 0.88 kg/capita/day. The planned MSWI capacity in Guangxi 397 

would enable incineration of less than half of projected mixed MSW in 2020 and would not 398 

exceed 55% if the MSWI capacity remains the same throughout the time-period. 399 

4.5. Sensitivity analysis 400 

The underlying assumptions for development of parameters are associated with varying degrees 401 

of uncertainty. To assess the sensitivity of these parameters, a sensitivity analysis performed on 402 

the Bio Sorting Scenario shows the difference in mixed MSW and sorted food waste. The 403 



28 

parameters urban population, household income, sorting efficiency, and share of food waste are 404 

assessed with an increase and a decrease of 10% compared to the standard values.  405 

For mixed MSW, results are primarily sensitive to urban population and energy content, see 406 

Figure 6a. The development of provincial distribution of urban population is associated with high 407 

degrees of uncertainty; provincial projections to 2050 would improve results. An increase in 408 

urban population leads to higher quantities of MSW. The same goes for household consumption, 409 

though this is not as sensitive a parameter as urban population. The assumed LHV does not 410 

affect the projected quantities, but the calculated energy content. For sorted food waste, share of 411 

food waste and sorting efficiency are the most sensitive parameters, see Figure 6b. 412 

By the end of 2019, within the first year of implementation of the waste segregation scheme in 413 

Shanghai, the amounts of sorted food waste (Huanbao, 2020) and example of purity (Yi, 2019) 414 

corresponded to a sorting efficiency of 74%. This suggests that the assumptions regarding sorting 415 

efficiency and implementation speed used in this article could be conservative. If all key cities in 416 

2020 and other areas in 2025 were to achieve the same results, the levels of sorted food waste 417 

would exceed the Bio Sorting Scenario by 65%, see Figure 6d. The quantities of mixed MSW 418 

would be reduced by 18% in weight and by 10% in energy content, thus, LHV for mixed MSW 419 

would increase and reach 6.8 GJ/ton by 2026, see Figure 6c. More efficient sorting of food waste 420 

means reduction in the need for treatment capacity for mixed MSW, for example MSWI. 421 

  422 
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 423 

 424 

Figure 6: Sensitivity to different parameters as deviation to total energy content for mixed MSW (a) and deviation of total tons 425 
for sorted food waste (b).National development of mixed MSW (c) and food waste (d) with Shanghai case sorting efficiency. 426 
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5. Discussion 427 

 Predictions for 2030 mixed MSW quantities found in previous studies spanned between 247 and 428 

500 MMT; whereas in this article the Base Scenario provincial results sum to 282 MMT. This is 429 

close to the results from Kaza et al. (2018), which is also the most recent. Kaza et al. (2018) use 430 

historical data from different countries and establish a correlation between GDP per capita and 431 

waste generation. The predicted corrrelation and projected GDP per capita and population result 432 

in 295 MMT of MSW in China by 2030. 433 

Another recent study, by Chhay et al. (2018), employs and compares three methods for 434 

forecasting MSW; grey model, linear regression, and artificial neural network, using urban 435 

population, GDP, and energy consumption as variables. They found the artificial neural network 436 

model to be the most accurate and project a level of 247 MMT of MSW in China by 2030.  437 

Wei et al. (2013) found GDP, urban population, and household consumption to be the most 438 

important factors and used multiple linear regression to project MSW quantities. The results 439 

show MSW quantities close to doubling from levels in 2020, to 500 MMT by 2030. Looking at 440 

results for 2020, Wei et al. (2013) show a MSW level at around 250 MMT, close to the results of 441 

233 MMT reached in this article. 442 

Chhay et al. (2018) use collected MSW data and consider this the generated MSW. These results 443 

disregard informal waste collection and waste recycling. Wei et al. (2013) use historical data on 444 

collected and transported MSW and categorize this as generated MSW, although informally 445 

collected MSW and MSW that is not collected is not included. Kaza et al. (2018) use the term 446 

“generated waste” but the data used for China does not cover recycled MSW. It is therefore 447 

assumed that MSW for China is limited to mixed MSW, making the results comparable to the 448 
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Base Scenario in this article. Kaza et al. (2018) further projected 335 MMT MSW in 2050, 449 

compared to 340 MMT in the Base Scenario. 450 

Given that the policy direction is moving towards efficient use of resources, the scenarios 451 

including sorting of food waste and/or restricting mixed MSW are more likely than the Base 452 

Scenario. This would mean substantially lower levels of mixed MSW. This article divides MSW 453 

in mixed MSW and sorted food, which enables an assessment of the required nature of treatment 454 

capacity. The methodology used in this article could be applied to other countries to regionalize 455 

waste projection and include policy scenarios, if historical data on regional level and projections 456 

on population and economic indicators are available.  457 

The mixed MSW quantities projected in this this article are highly sensitive to projections in 458 

urban population and food waste quantities are highly sensitive to sorting efficiency, see 4.5. The 459 

sorting efficiency used was calculated as a share of the generated waste. In China, the data 460 

covers the collected waste, meaning that the sorting efficiency may be higher. This would result 461 

in larger quantities of sorted food waste and less mixed MSW as shown in the sensitivity analysis 462 

using the Shanghai sorting efficiency, see 4.5. Kaza et al. (2018) have shown that the share of 463 

food waste decreases as income levels rise, mainly due to an increase of recyclables. This is 464 

assumed to have limited affect since recyclable waste is not a focus of the projections in this 465 

article. 466 

A limitation of this study is the lack of distinction between various types of wastes and the 467 

development of their quantities. With more ambitious waste reduction policies, including 468 

banning of specific single use plastic products, it is likely that MSW diminishes. The amount and 469 

composition of illegally dumped MSW is unknown. If the official system manages to collect 470 
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more of the available waste, including waste now managed by the unofficial system, this would 471 

increase MSW amounts in official statistics. 472 

Mapping and projecting resource potential is the first step of assessing the role MSW can play in 473 

a future energy system. Incinerating all collected MSW in 2017 would produce 68 TWhel, 474 

assuming 23% electrical efficiency. This corresponds to 1% of electricity consumption (NEA, 475 

2018). If heat was utilized as well, assuming 80% heat efficiency, MSW could cover 16% of 476 

district heating demand and thus play a more significant role in the energy system. In 2030, 477 

sorted food waste in the Bio Sorting Scenario could be used to produce 185 PJ of methane5 to 478 

potentially substitute natural gas. This would contribute to reaching 24% of the biogas 479 

production targets set by the central government (NDRC, 2019). When using MSW in the energy 480 

sector the associated GHG emissions depend on emissions from the conversion processes and to 481 

a large extent on avoided energy production (Liu et al., 2017). As the energy mix changes over 482 

time, quantifying emissions requires insights into the energy system development. Using MSW 483 

scenarios in energy systems modelling would enable analysis of how MSW use in the energy 484 

sector could be optimized and contribute to an energy system based on clean energy, as 485 

researched by for example Pizarro-Alonso et al. (2018). This and the climate change benefits 486 

associated with the sorting and separate treatment of food waste are relevant areas for further 487 

research. 488 

                                                      

 

5 Assuming 3.05 GJ methane output per ton of food waste input (Dung et al., 2014). 
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6. Conclusion 489 

The methodology employed provided results in line with the most recent studies at national 490 

level. It revealed the importance of regional projections, as well as the advantage of combining 491 

econometric projections with policy scenarios to forecast waste quantities and required 492 

incineration and biological treatment capacities. Results show a risk of overinvestments in 493 

municipal solid waste incineration (MSWI) and landfill capacity as the planned capacity does not 494 

match projected MSW quantities in the different regions. Even without sorting food waste, there 495 

will be overcapacity of MSWI in Anhui and Tianjin in 2030. Large investments in MSWI 496 

capacity could create a lock-in to incineration, developing less incentive for sorting and 497 

recycling. Provinces such as Zhejiang, with high initial levels of MSW per capita see a larger 498 

impact from the scenarios, which include a cap on mixed MSW. In the long term, provincial 499 

differences in MSW per capita are expected to continue in scenarios without a cap on generation 500 

of mixed MSW. In order to increase quality of  Chinese waste projections, it is important to 501 

improve regional data, particularly with regard to sensitive parameters; urban population, waste 502 

composition, and sorting efficiency as shown in the sensitivity analysis.  503 

As food waste makes up the majority of collected MSW in China, sorting this fraction is key in 504 

improving MSW management. Further, diverting food waste from mixed MSW will increase the 505 

energy content of mixed MSW and diminish the need for auxiliary fuel in MSWI. A separately 506 

sorted food waste fraction will enable production of, for example, biogas or feed. Results from 507 

the Shanghai waste segregation scheme in 2019 suggests that higher shares of food waste could 508 

be sorted from Chinese MSW than assumed in this article. This would increase the need for 509 

capacity to treat food waste and reduce the need for capacity for treating mixed MSW. Since 510 
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sorting of food waste is part of the Chinese waste strategy, the implementation of this strategy 511 

and expected effects are important when planning for MSW treatment capacity.  512 
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