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Abstract  
 

The paper presents the estimation of the energy potential recovery from MSW (based on the example of 
MSW in the Perm city, RF).  

The mixture of MWS combustible fraction by its calorific value could be used as a fuel, that is, they can be 
considered as a renewable secondary energy resource. The energy potential of these materials (stock, chemically 
bound energy) may be used in full or in part as the energy supply. 

The energy potential is characterized by the content of components in the landfill body material which can 
have a practical value in the form of fuel and biogas. Taking into account the energy value for combustible 
components and using the energy value of the equivalent fuel, it is possible to estimate the energy potential of 
the landfill body. 

The calculations, based on the example of the Perm city, showed that 1 ton of MSW is equivalent to 303, 
2 kg of the equivalent fuel. On the other hand, 180-200 m3 (225-250 kg) of biogas emit from 1 ton of MSW, i.e. 
up to 137, 5 kg of equivalent fuel can be obtained from 1 ton of MSW as a result of gas generation. Thereby, 
MSW disposal leads to the loss of about 55 % of MSW energy potential.  

The percentage of a combustible fraction in MSW in Perm is about 50 % (by weight). Sorting out  these 
fraction from MSW makes it possible to decrease the amount of disposal waste no less than 35 % (by volume), 
and, consequently, to reduce an environmental impact and save natural resources both because of using the 
energy potential and reducing the landfill areas. 
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1 Introduction 

The growth of the level of urban area development is accompanied by increasing volumes in municipal 
and industrial solid waste. Despite the amount of methods for waste treatment, the current waste management 
system in Russian Federation is based on the municipal solid waste (MSW) disposal in landfills and open dumps. 
Practically each industrial developed region in Russian Federation forms tens million tons of industrial waste and 
about one million tons of municipal waste annually. More than 90 % of waste is placed in the environment. 

Degradation processes in a landfill body causes the formation of the material flows. There is landfill gas 
and leachate emission and soil material formation (landfill soil) during the operation stage on the landfill and for 
a long time after its final covering. That is, the landfill body has also the resource potential (landfill body 
potential) which varies with time.  

The total MSW potential can be described as a sum of secondary raw material, energy and biological 
potentials. The lack of MSW separate collection enhances the disadvantages of waste disposal on landfills and 
leads to resource losses. Thus, the MSW potential is less than the landfill body potential. 

The objective of this study is to estimate the energy potential loss during MSW disposal. The estimation 
was based on the example of the Perm city, where about 300.000 tons of MSW are annually generated and 
almost total flow of waste is disposed, despite the fact that MSW has a great resource potential.  
 

2 Material and Methods 

2.1 Waste management practices in RF  

Approximately 200 million m3 of solid waste is annually generated in Russia which equals to 250-350 
kg/capita/year (0.68-0.96 kg/capita/day). From year to year this figure constantly increases. Large amounts of 
waste dispose at a short distance from urban areas. The total waste amount increases annually, at the same time 
areas for its disposal reduce. According to an approximate estimation more than 90 billion tons solid waste is 
disposed in RF, 16 billion tons concern MSW. The total area of landfill sites is more than 90.000 hectares, 
including 50.000 hectares of closed landfills and dumps. It is estimated that about 1 thousand hectares of land 
are annually allotted for waste disposal [1,2]. 

One of the main indicators of waste management system quality is an efficiency of waste treatment. At 
present waste sorting, waste incineration and waste treatment plants are operated in RF. But only a little part of 
MSW is treated. In the most cases all waste is disposed without recovery of valuable materials (paper, cardboard, 
glass, metals, polymeric materials). It is estimated that the waste management system in RF loses ca. 9 billion 
tons of paper and cardboard, 1,5 billion tons of metals, 1,5 billion tons of polymeric materials, 0,5 billion tons of 
glass annually. Potential of waste market in RF is rather big. 

The growth of the waste volume is accompanied by changes in a morphological composition. It is 
connected with volume increasing of packing materials in MSW, presence of new substances, using of dangerous 
waste. 

Figure 2-1 shows the composition of MSW in Russian Federation (on the example of the Perm city).  

 
Figure 2-1: Waste composition in Perm, Russian Federation 
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It can be noticed that more than 50 % of MSW is potentially recyclable, but unfortunately only 5-10 % of 
MSW is used as secondary raw materials. Most recyclable waste fractions are glass, paper, cardboard and plastics. 

The potential for recycling and energy recovery based on the waste composition was calculated and is 
shown in figure 2-2 and 2-3. 

 
Figure 2-2: Recycling potential from MWS in Perm 

 

 
Figure 2-2: Potential for energy recovery from MWS in Perm  

  
Taking into account the fact that recycling is a priority direction in waste management, the most suitable 

way for energy recovery is to work with the rest of the waste sorting plan.  
 

2.2 Model Description 

The MSW potential (
MSWP ) can be described as a sum of the following components: 


i

MSW

i

MSW

B

MSW

E

MWS

RM

MSW PPPPP  (1) 

 
MSW

RMP -  recycled materials potential which characterizes the quota of recyclable materials, which in 

turn can be separate from mixed MSW; 

 
MSW

EP - energy potential which characterizes the possibility to use MSW and its components as a 

refuse derived fuel (RDF); 

 
MSW

BP - biological potential which characterizes the amount of material and participate in the MSW 

biological degradation process (aerobic and anaerobic fermentation) with transition to a qualitatively 
new state (compost, biogas). 
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MSW has an aggregate resource potential which is disposal in a landfill body. In terms of a resource cycle, 

the landfill body has a potential 
LBP  which is made up of recycled materials potential 

LB

RMP , energy potential 

LB

EP and soil materials potential (renewed resource potential) 
LB

SMP : 
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In terms of a resource potential a landfill body is a storage of material resources and has a recycle material 

potential  
LB

RMP : 
LB

RM

SMSW PPP   (3) 

SP  – potential of natural soil.  

That is, a landfill body should have a higher resource potential which varies with time [3]: 
LBMSW PP   (4) 

During an operation time and also after landfill capping there are emission of landfill gas and leachate. 
Thereby, as a result of different processes in a landfill body, there is a transformation of MSW resource potential. 
It results in forming emissions and losing a part of resources accumulated in a landfill body. 

The estimation of losses was made on the example of an energy potential of MSW (
MSW

EP ) which can be 

estimated as: 
MSWMSW

E

i

MSW

i

MSW

E

MSW
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i

MSW

iM - weight of i (combustible) materials in MSW, kg; 

 
MSWM - weight of MSW, kg; 

 
MSW

E  - specific energy potential, kg of equivalent fuel /kg MSW 

 
Then, specific value of an energy potential is defined as:  
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The total mass of i components, which are released for an energy potential
i

MSW

iM , is characterized by 

a part of i materials, which can be recovered from MSW and used to produce energy. 
Therefore, based on the information about waste composition and recovery efficiency, an energy potential 

can be estimated as: 

 
i i

ij

kMSW

i

MSW

i MM  , kg (7) 

  

i1 – content of i materials in MSW, kg/kg MSW;  

i2
 – coefficient which characterizes a content of i material; 

i3
 – coefficient which characterizes recovery efficiency for i material;  

Thus, based on the specific combustion heat of waste components, a specific energy potential 
MSW

E can 

be estimated as: 
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 ,  kg of equivalent fuel /kg MSW  (8) 

  
p

iQ  – combustion heat of i waste components, kJ;  

p

fsQ ..  - specific combustion heat of equivalent fuel, 
p

fsQ .. =29300 kJ  

 

3 Results and Discussion 

MSW energy potential is directly depended on combustible fractions in a waste composition. Most of 
these are organic compounds. Only some are inorganic (e.g. S, P) compounds. 

Combustibility depends on many factors: air-fuel ratio, temperature, pressure, thermal properties of 
materials (heat capacity, caloricity). Heat capacity of the basic materials in MSW composition is presented in the 
table 3-1. 

  
Table 3-1: Characteristics of the main organic contain fractions in MSW  

MSW fraction 
Chemical formula 
(on dry MSW) [4] 

Molar mass, 
kg/kgmole 

Heat capacity, 
J/kg*K 

Food waste  С320,3Н570,9O188,4N14,9S 7675,6 1715 

Paper С580,6Н952,3O440,8N3,49S 15062,3 1260 

Garden waste С424,8Н635,9O253,8N6,41S 9923,0 1360 

Wood С1321Н1904O855,6N4,6S 31562,0 1360 

Textile С978,8Н1396O416,8N70,2S 20842,8 1310 

Rubber С454,9Н69,4NS 5579,4 1590 

Plastic meterials С3,5Н5,0OS 95,1 1300-2300 

 
It is known that specific combustion heat and caloricity are the most important characteristics of fuels. 

Solid and liquid fuels consist of combustible (C, H, S) noncombustible (N, O) elements and ballast (ash – A, 
moisture – W).  

Combustion heats for combustible material in MSW are presented in the table 3-2. 
 
Table 3-2: Combustion heats for combustible material in MSW[5] 

Material 
Ash 

content, 
% mass 

Moisture, 
% mass 

Elemental composition, % mass 
Estimated heat value, 

MJ/kg 

С Н О N S high low 

Paper, 
cardboard 

6 6 40,7 5,6 41,2 0,3 0,2 23,8 22,4 

Wood 1,5 20 39,5 4,7 34,1 0,2 0,1 21,4 19,8 

Rubber 10 2 86,2 1,1 0,0 0,2 0,5 30,2 29,9 

Textile  2,5 10 49,4 5,9 28,0 4,1 0,1 25,1 23,5 

Plastic 10 2 58,7 7,0 22,3 0,0 0,0 29,4 27,8 

Leather 10 10 53,4 7,1 10,3 8,9 0,4 25,2 23,4 

 
MSW specific combustion heat on a stage of MSW generation is presented in the table 3-3. 
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Table 3-2: MSW combustion heat on a stage of MSW generation (for MSW of Perm city) 

Material 
Coefficient, Qi,  

kJ/kg 

MSW

E , 

kg of equivalent fuel/kg MSW i1 i2  i3

Waste paper 0,24 1,0 1,0 22471,3 0,184 

Plastic 0,032 1,0 1,0 27876,9 0,030 

Polyethylene 0,026 1,0 1,0 27876,9 0,025 

Textile 0,044 1,0 1,0 23576,5 0,035 

Wood 0,026 1,0 1,0 19898,9 0,017 

Rubber, leather 0,013 1,0 1,0 26728,5 0,012 

Total: 0,303 

 
As a result of estimation, it was calculated that 1 ton of MSW is equal to 303, 2 kg of an equivalent fuel.    
On the other hand, as a result of decomposition 1 ton of MSW produces 180-200 m3 of landfill gas (225-

250 kg). 1 m3 of landfill gas for heating value is estimated as 0,688 kg of equivalent fuel. That is, 137,5 kg of 
equivalent fuel can be recovered as a result of gas-producing process. Therefore, even landfill biogas is used 
there is a loss of more than 50% of MSW energy potential. These losses occur as a result of long-term emission 
from slow-degradable fractions (Table 3-4).        

 
Table 3-4: Specific output flow of landfill gas (for MSW of Perm city) 

Material Content, kg/kg MSW 
Decomposition time, 

years 
Landfill gas output 
flow, kg/kg MSW 

Paper, cardboard 0,24  0,1359 

Wood 0,026 50 0,0088 

Textile 0,044 30 0,0321 

Leather 0,0065 40 0,0063 

Food waste 0,1882 14 0,1261 

 

4 Conclusions 

Thus, the best option for using MSW energy potential can be the following actions: 

 recovery of combustible materials from MSW flow and its thermal utilization; 

  landfill gas production from food waste and waste paper.  
On condition that there is not well-developed separate waste collection in RF, the most suitable 

technology for RF can be a combination of waste sorting plant (recovery of recycling materials) and RDF 
production from the rest of waste sorting plant (addition recovery of combustible materials). Such approach 
allows us to use recycled materials and energy potential of MSW in more appropriate way.  
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