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ABSTRACT: The article proposes achieving energy efficiency in municipal solid waste (MSW) processing through 

heliothermic processing. A heliothermic municipal solid waste processing unit has been developed and is equipped 

with an active and passive solar heating system. It was determined that the working capacity of the device depends on 

the physical and thermal properties of municipal solid waste.According to the results of the conducted research, it was 

shown that 1800 m
3
 of waste gas (with a methane content of 50÷70%) was obtained in one working cycle of the 

proposed device. Heliothermic solid waste processing unit technical and economic efficiency determination for empiric 

equations received. 
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1. INTRODUCTION. 

The rational use of natural fuel and energy resources is one of the global problems of the countries of the world, 

and its successful solution will be crucial not only for the further development of the world community but also for 

maintaining environmental stability. One of the promising ways to solve this problem is using new energy-saving 

technologies using renewable energy sources [1,2]. 

The depletion of traditional fossil fuels (coal, oil, and gas) and the environmental consequences of burning them 

has led to a significant increase in interest in energy devices and technologies based on renewable energy sources in 

almost all developed countries of the world in recent years [3-20]. 

“GREEN” technologies that provide savings on traditional energy sources: natural gas, liquid, solid organic 

fuels, and electricity. 

Therefore, the issue of reconstruction of the energy base and finding ways to use environmentally friendly 

renewable energy sources is urgent. 

Municipal solid waste (MSW) is waste produced as a result of daily human activity, with different 

morphological composition, consisting of metall+solid+organic+hydrocarbon compounds. MSW is an environmental, 

energy and social disaster that poses a global threat to humanity and nature not only in our country, but also in the 

countries of the whole world. 

The number of MSWs is increasing, especially in today’s time when resources are limited and needs are endless. 

This is why solid waste is a wasteful, cheap raw material base that, if processed, is a huge source of wealth and energy. 

Today, the level of recycling of solid household waste in our country does not exceed 40% on average. 

 

II.MATERIALS AND METHODS 

 
The southern regions of our republic, especially the Kashkadarya region, are distinguished by the high potential 

of renewable energy resources (solar energy, biomass energy). In particular, the well-developed agricultural and 

horticultural sectors of the Kashkadarya region mean that it has a high concentration of cheap raw materials (solid 

household, organic and agro-industrial waste) for the production of waste gas. In such regions, there is a possibility of a 
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continuous and stable supply of agro-industrial complexes, social sector facilities with absolutely cheap, ecologically 

clean energy resources, alternative fuel (biogas, waste gas), and energy units equivalent to heat and electricity. 

Installation of bioenergetic devices, and waste reactors designed for the processing of solid household and 

organic waste under the influence of solar energy in agro-industrial complexes and social sector objects, firstly to the 

development of energy devices based on renewable energy sources, and secondly to the energy independence of the 

above objects provides, thirdly, there is high energy and resource saving and technical-economic efficiency 

[3,4,5].NOx, SOx and CO2 gases in the composition of combustion products released into the environment decrease by 

2-3 times compared to the burning of traditional natural fuels. also leads to a decrease in the formation of the 

greenhouse effect. Another advantage of these devices is that the residual mass after exhaust gas production can be 

used as organic fertilizer for agricultural land [4,5]. 

The solar energy potential of the Kashkadarya region is high, that is, 300÷320 days are considered as sunny 

days, and the duration of solar radiation is 2950÷3050 hours
yearm
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qi  . Based on this, the technical potential of solar energy of Kashkadarya region is equal to 

26.5 million tons of conventional fuel. 

Under the influence of high solar radiation and ambient temperature, waste gas is released from solid household 

waste into the environment. Therefore, covering the temperature regime required for thermal processing of municipal 

solid waste under the influence of solar energy at the expense of solar energy allows saving natural fuel and energy 

resources. 

A heliothermic solid waste processing device was developed on the basis of the “Solar and bioenergetic 

devices” scientific laboratory of the Karshi Engineering Economics Institute (Fig. 1), and thermal-technical, pilot-

research tests were conducted. 

 

 
Figure 1. Device for heliothermal treatment of municipal solid waste. 

1-waste reactor; 2-flat reflector solar air heating collector with heat accumulator; 3-hinged flat reflector; 4-flat 

reflector, 5-passive solar heating system. 

 

Heliothermic solid waste processing unit consists of the following systems. 

- The waste reactor for anaerobic processing of municipal solid waste by heliothermic method is designed in the 

form of a parallelepiped in two layers, with a size of 1.2x1.0, a mechanical mixer is installed inside and a gas holder is 

provided. 

- The side and bottom parts of the waste reactor consist of air ducts and are connected to a solar air heating 

collector with a heat accumulator with a useful surface of 1.8 m
2
.In order to increase the energy efficiency of the solar 

air heating collector, flat reflectors with a useful surface of 1.8 m
2
 are installedparallel to its sides. As a heat 

accumulator, water and transformer oil are used. As a result, a flat-reflector solar air heating collector with a heat 

accumulator serves as an active solar heating system for processing solid household waste in the waste reactor in the 

temperature range of 50÷55℃. 

- A transparent cover (glass, polycarbonate glass and 1, 2, 3 layers of polyethylene film) is installed from the top 

of the waste reactor in a triangular shape, which acts as a passive solar heating system for the waste reactor. In order to 
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increase the energy efficiency of the device, from the back side of the waste reactor, parallel to it, 1.2x1.0 m. flat 

reflectors are installed in the size. 

Heliothermic processing of municipal solid waste works in the following order. 

Municipal solid waste (waste+water) with different morphological compositions is loaded into the waste 

reactor. A transparent cover (mirror) is installed in the upper part of the waste reactor in a triangular shape, which acts 

as a passive solar heating system. As a result, direct and scattered solar radiation passes through the transparent coating 

and turns into thermal energy, and heats the mass loaded into the waste reactor. In addition to the waste reactor, a flat 

reflector is installed parallel to it from the rear side of the reactor, which breaks the incident solar radiation and 

increases the efficiency of the passive solar heating system. To provide the waste reactor with stable heat energy, the 

bottom and side air channels of the waste reactor are connected with a flat reflector solar air heating collector with a 

heat accumulator. In the solar air heating collector, the air is heated to a temperature range of 85÷95℃ under the 

influence of solar energy, and due to the heat accumulator (water and transformer oil are used as heat accumulators, 

their heat capacity is 3÷4 times higher than air and is considered as an additional heat source) provides a stable 

temperature regime necessary for the processing of the waste mass due to heat conduction through the bottom and side 

walls of the waste reactor along the air channels. The mass loaded into the waste reactor undergoes anaerobic digestion 

under the influence of the given temperature for 12÷15 days, and the waste gas (with a methane content of 50÷70%) is 

released and collected in the gas holder. In a one-time operation cycle of this device, 75÷120 m
3
 of waste gas is 

produced from 300 kg of solid household waste [7,8,9]. 

 

II.RESULTS. 

 

Based on the results of the conducted research, we calculate the heat-technical and technical economic 

efficiency of the heliothermic waste processing device using the following empirical equations. 

For the processing of solid domestic waste (MSW) by anaerobic fermentation, water should be added in a ratio 

of 1:3, for which the daily water consumption is calculated based on the following equation [10]: 

       
    

 
 

   

 
    l. 

Here, ВMSWis the amount of daily generation of solid household waste, kg/day. 

The mass of the given water is approximately equal to the following volume: 

          l 

 We determine the working volume of the waste reactor. Anaerobic fermentation (digestion) takes place as a 

result of providing solid domestic waste with a specified temperature regime in the waste reactor for 12÷15 days, 

density of solid domestic waste + water          
  

  : 

15-day municipal solid waste mass [11]: 

                                       , kg 

The working volume of the waste reactor     is determined as follows [18]: 

    
    

    
 

    

   
    , m 
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The amount of waste gas produced in a device designed for the heliothermic processing of solid household 

waste depends on various parameters (the amount of waste, morphological composition, temperature regime of 

processing, etc.) and in most cases is determined based on an empirical equation [10-15]. 

The average daily amount of exhaust waste gas production    is calculated accordingly by the following 

equation: 

                                 , m 
3 

where,  
 
=0.3 -               the amount of exhaust gas released from 1 kg,m

3
/kg. 

The exhaust gas production during 1 operating cycle (15 days) of the average device is calculated accordingly 

by the following equation: 

                          , m 
3 

where,  
 
=0.3 -     the amount of exhaust gas released from 1 kg, m

3
/kg. 

We calculate the average annual exhaust waste gas. 

   
                         m 

3 

is equal to the value of 28,080÷30,240 m
3 
of natural gas. 

The amount of heat required for the thermal processing of MSWs by the anaerobic fermentation (AF) method 

using the following equation, kW [16-24]. 

                                                                         kW 
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For the processing of municipal solid waste by the anaerobic fermentation method, warm water with a 

temperature of 35℃ should be added in a ratio of 1:3 [24-28], for which additional heating of water is required, and we 

calculate it as follows: 

                                                                          kW 

MSWs we determine the amount of waste gas used to produce the amount of heat required for thermal 

processing in the anaerobic fermentation method using the following equation[29-30]. 

    
          

    
     

   
             

          
        m 

3 

where     
 - combustion het of exhaust gas , kJ/m

3
,    - energy efficiency of water heating boiler , %,  

  fermentation time, hours. 

 

III. CONCLUSION 

 

It is possible to produce 1800 m
3 

of waste gas from 6000kg of wastegas in one working cycle of the device 

designed for thermal treatment of solid household waste. In the device, 41 m
3 

of exhaust gas is used for thermal 

treatment of municipal solid waste by anaerobic fermentation method and to ensure the temperature regime. In addition 

to the private needs of the device, 1759 m
3 
of waste gas will be used. 

In the proposed heliothermal municipal solid waste treatment plant, the amount of heat required for the 

treatment of solid waste is covered by solar energy, so the entire volume of waste gas obtained remains beneficial or is 

used to provide sustainable energy to consumers. As a result, it reduces the impact of solid waste on human health, 

ecological sustainability and the environment. 
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