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Due to the growing population of urban waste production and pollution has increased. 

On the other hand, have also been considered due to the excessive consumption of fossil 

fuels, environmental issues. In addition, in crowded cities, the production of urban waste 

is due a major risk for environmental issues. Proper use of municipal waste can reduce 

pollution and provide some of the energy load. In this research, chemical analysis of 

urban waste related to Hamedan has been done, estimated the heating value of urban 

waste incineration. In this way, the approximate amount of energy obtained can be 

obtained before designing the system. After estimating the heating value of urban waste 

from the constituent materials, was designed the biomass power plant, then were obtained 

the amounts of electricity generated by biomass power plants, as well as the amount of 

investment and income from the sale of electricity. One of the most important results is 

the maximum electrical energy production of 3559.08 MW/month, that's for this month 

the income of selling is 320317 $. 
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1. INTRODUCTION

Reasons for using renewable energy include: reducing fossil 

fuels, diversification of energy resources, sustainable 

development and energy security, environmental problems 

caused by the use of fossil fuels [1-4]. The increased in the 

share of these resources in the global energy portfolio. The 

development and expansion of the use of renewable energy 

achieve the goals of economic, social, and environmental 

development of societies.  

In a way, the use of renewable energy can reduce 

dependence on fossil resources and reduce the emission of 

polluting gases and greenhouse gases that have a major impact 

on global warming. Among these, biomass (biomass) can be 

mentioned as an important and interesting renewable energy 

source that can be used with little preparation [5-9].  

On the other hand, industrial growth has been an important 

factor in increasing per capita income and people's welfare, 

and as a result, more waste has been produced. As the degree 

of economic development increases, so does the per capita 

output. Because, with increasing income, the level of 

consumption increases, the amount of goods purchased, and as 

a result, the production of waste also increases [10-13]. 

As a result, within a metropolis, the rate of waste generation 

may vary greatly from region to region. In general, it can be 

said that the head of waste production in high-income areas is 

higher than low-income or medium-income areas.  

Energy production from municipal waste incinerators is the 

most attractive category in terms of technical, economic, 

environmental, and social among other methods of urban 

waste disposal [14-17]. 

At present, the world is paying close attention to the issue 

of energy production from urban waste, and Europe's 

electricity generation capacity from this source has more than 

doubled in the past few years [18]. Several studies have also 

reported the use of electrical generation with urban waste such 

as Santos et al. [19], Araujo et al. [20], Isnam et al. [21], 

Sjöblom et al. [22]. Many studies have also reported the 

economic and environmental analysis in electrical generation 

with urban waste such as Ayodele et al. [23], Fernández et al. 

[24], Singh et al. [25], Owebor et al. [26].  

There are more studies in electrical generation with urban 

waste. Saldaña-Durán et al. [27] have provided a research 

titled Environmental pollution of E-waste: generation, 

collection, legislation, and recycling practices in Mexico.  

Zhang et al. [28] have provided a research titled Distributed 

Renewable Energy in China: Current State and Future Outlook. 

Cudjoe et al. [29] have provided a research titled Electricity 

generation using biogas from organic fraction of municipal 

solid waste generated in provinces of China: Techno-

economic and environmental impact analysis.  

In this study, by separating the waste of Hamadan city, the 

thermal value of the fuel obtained in the laboratory has been 

obtained and by analyzing the combustion process of the 

obtained fuel, the potential measurement for the construction 

of the waste incineration plant has been done. 

2. MATRIAL AND METHOD

2.1 Area study 

The urban waste collection site is southwest of Hamadan 

city. Due to the fact that this site is a reception center for solid 

waste in different parts of the region. The amount of solid 

waste transferred is much higher than the waste produced in 
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the city of Hamadan, so that considering the population of 

Hamedan and the surrounding towns and villages, the waste of 

nearly two million and five hundred thousand people of this 

region will be buried in the traditional landfill of Hamadan.  

The various parts of the current waste management system 

implemented in this city include segregation of origin, storage 

of waste collection on the production site, transportation of 

waste in and out of the city, recycling and other waste 

conversion industries and finally landfilling in the landfill of 

each. It runs with different qualities and methods.  

According to the available information, the amount of waste 

entering the landfill of this city is 1300 tons of waste per day, 

which after the pre-processing operation, about 40 tons of this 

waste will be separated and re-separated.  

According to the population located in the waste 

management basin in the region, each person produces an 

average of 765 gr/day of industrial, urban and hospital waste. 

 

 
 

Figure 1. Compounds of waste components of Hamadan city 

per year [source: wm. hamedan.ir] 

 

 
 

Figure 2. Heating value of urban waste components 

 

Table 1. Information on urbane waste [source: wm. 

hamedan.ir] 

 
Type  Amount  Unit  

Ability to produce gas from each kilogram of 

TS removed  

350 Liter  

Digestive efficiency in removing TS  55 % 

Percentage of total solids  17 % 

Total amount of corruption  898 Ton  

Based on the results of studies and information obtained, the 

amount of waste compounds collected and heating value for 

urban waste in this city is in accordance with Figure 1 and 

Figure 2 and other information related to the amount of waste 

is in accordance with Table 1. As can be seen, the percentage 

of the perishable sector is high, which indicates the potential 

for energy extraction. 

 

2.2 Biomass power plant design   

 

After transferring the waste collected from the city to the 

power plant, these materials are divided into two categories: 

contaminated and non-contaminated.  

All contaminated waste is sent directly to the heating unit, 

and the other category is divided into two parts, perishable and 

non-perishable, after passing through the separation route. 

Corruptible components, then enter the anaerobic digestion 

system for energy production by anaerobic units after being 

crushed and controlled.  

The gas produced in these units, after collecting the 

purification processes, is transferred to the unit of storage and 

production of electrical energy. The engine of the plant's 

biogas gas generators is responsible for generating energy 

from the biogas produced.  

The heat generated during the power generation process can 

be consumed in local units that require heat. Some of the 

excess heat produced will also be used to heat the digestive 

tanks. After passing through the additional stages, the non-

perishable part is separated from the consumable components 

and transferred to the gasification unit with the remaining 

components to be converted into artificial gas under thermal 

processes.  

After purification, the resulting gas is consumed in 

electricity generation systems and the generated electricity is 

injected into the national electricity grid. 

 

2.3 Biomass power plant 

 
Calculation of electric power plant of the thermal unit 

(gasification) based on the following procedure can be done. 

The amount of potential energy that can be generated from 

waste is obtained from Eq. (1): 

 

𝑃 = 𝑁𝐶𝑉 ∗ 𝑊 ∗ (
1000

860
) = 162 × 𝑁𝐶𝑉 × 𝑊 (1) 

 

In Eq. (1), P is the net energy potential (kWh), W is the 

amount of waste (tons) and NCV is the net calorific value 

(Kcal/kg). Based on this, the amount of electric power that can 

be produced in terms of (Kw) in Eq. (2) is presented. 

 

𝑃 = 1.162 × 𝑊 × (𝑊 24⁄ ) = 0.048 × 𝑁𝐶𝑉 × 𝑊 (2) 

 

According to the above, the practical potential of generating 

electrical energy from waste can be presented as the following 

Eq. (3). 

 

𝑃(𝑀𝑊) = (∑(𝑅 × 𝐶𝑉) × 1.1157 × 10−5) (3) 

 

P: Practical potential for waste energy generation by waste 

incineration, R: Production rate corruptible waste containing 

energy (tons/day), CV: of heating value (Kj/K) and 1.157*10-

5: constant number. 
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2.4 Economic analysis 

 

In order to evaluate the design economically, the basis of 

the comparison is the production of steam with a bar pressure 

of 10 bar and a temperature of 500 0F. And the fixed and 

current costs of incinerators and heat recovery boilers have 

been compared with a useful life of 20 years with a burner 

boiler with a useful life of 15 years. 

The annual operating time of the recovery boiler is 75,000 

hours and the installation cost are about 12% of the equipment 

price. The fuel used for boilers is considered to be a diesel. The 

following equation 4 can be used to estimate the current value 

of costs over n years, with interest rate i and adjustment rate e. 

The annual maintenance cost is 5% of the final installation cost. 

 

𝑍𝑘 = 𝑇𝐶𝐼 ∗ 𝐶𝑅𝐹 (4) 

 

𝑇𝐶𝐼 = 6.32 ∗ 𝐶𝐵 (5) 

 

𝐶𝑅𝐹 =
𝑖(1 + 𝑖)𝑁

(1 + 𝑖)𝑁 − 1
 (6) 

 

 

3. RESULT  

 

Waste analysis shows that this waste has the following 

chemical formula: 

 

𝐶𝐻1.626𝑁0.03766𝑆0.0025𝐶𝑙0.010𝑂0.645 + 2.702𝐻2𝑂 

 

One of the prominent negative characteristics of waste is its 

high humidity of about 60%, which reduces its heating value. 

The average lower heating value of Hamedan waste with 

moisture according to the experiment is equal to 5382 kj/kg. 

This heating value is equivalent to 6510 kj/kg High Heating 

Value (HHV), according to the World Bank's report on the 

minimum low heating value required for the construction of a 

waste incinerator (7 kj/kg), waste disposal should reach the 

desired level of heating value.  

Expanding the separation of wet and dry waste can also 

significantly help increase heating value. Table 2 can be 

presented by considering different percentages of waste 

moisture.  

As can be seen in Table 2, by reducing the moisture content 

of the waste, the desired thermal value can be achieved for the 

operation of the incinerator. 

 

Table 2. Higher heating value of waste according to the 

percentage of waste moisture 

 
Weight percentage of waste 

moisture 

High heating value 

(Kj/Kg) 

0% 1625 

30% 11375 

60% 65 

 

Figure 3 shows the amount of electricity generated by urban 

waste and Figure 4 shows Electric energy generated by 

biomass power plant for Hamedan City. 

According to Figure 3, the highest production of electrical 

energy is related to plastics, this is because plastic is very high 

heating value, that's about 25,000(Kj/Kg). Plastic alone can 

produce 29.8 MW/day. urban waste such as glass, Iron metals 

and Non-ferrous metals reduces the heating value. 

 
 

Figure 3. Electric energy generated by various urban wastes 

 

 
 

Figure 4. Electric energy generated by biomass power plant 

for Hamadan City 

 

According to Figure 4, the highest and lowest production of 

electrical energy from biomass power plant is related to July 

and May. The electricity energy produced in the month of July 

is equal to 3559.08 MW, while this amount for the month of 

May is equal to 2300MW.  

To calculate the economic benefits of biomass, the amount 

of methane gas obtained from the combustion of biomass 

resources can be considered in the environmental and social 

costs resulting from the estimate of the electricity production 

equivalent to the potential of the region. 

Due to the fact that the exhaust output of the waste 

incineration system is the gases from the combustion of 

biomass materials, the main one of which is carbon dioxide 

gas.  

Therefore, in order to consider the economic benefits 

obtained from the construction of this system, based on the 

studies done, the average external costs of carbon dioxide gas 

produced in a similar power plant that is borne by the society 

are equal to 0.03 $/kWh of production.  

Therefore, as a result of the construction of this power plant, 

the value of the social benefits resulting from the non-

construction of a power plant similar to fossil fuels is equal to: 

The amount of electrical energy that ability be produced in the 

power plant equal 7.74 Mwe, that amount Energy produced 

per year equal 58050 Mwhe. Based on this, and considering 

two different modes for investor rate, inflation and price 

growth rate, the results of economic comparison are presented 

in Table 3. 

In Figure 5, can be seen the amount of income from bio 

mass power plant. This income comes from the sale of 

electricity to the grid or other consumers. The rate of 

339



 

electricity sales is 0.09 $/kwh, which has been obtained for 

clearer analysis compared to different months. 

As shown in Figure 5, The highest income is for July with 

320317$ and the lowest income from the sale of electricity 

generated in May is 207000$. 

The total income from the sale of electricity generated from 

the biomass power plant in the Hamedan city, according to the 

amount of urban waste, is equal to 3.882M$/year. 

 

Table 3. Economic comparison of incinerator and burner 

boiler for production of 100 tons of gas and 50 degrees Super 

 
Total 

costs 

Fuel 

cost 

Initial 

investment 

Description 

2.41M$ 2.19M$ 0.22M$ Waste incineration 

4.51M$ 0.7M$ 4.44M$ Boiler with torch 

 

 
 

Figure 5. Income from the sale of electricity from the 

biomass power plant 

 

 

4. CONCLUSIONS 

 

A waste incineration plant is a definitive solution for the 

sanitary disposal of waste, for areas that do not have enough 

land for landfilling.  

After studies and studies, urban waste has a relatively low 

heating value for energy production, and this is due to the high 

moisture content of food waste. If there is a design to recover 

energy, it is better to burn the waste or to separate or preheat 

the waste to reduce its moisture.  

The use of auxiliary combustion in the incinerator depends 

on the dimensions of the design. According to Table 3, the 

initial investment of an incinerator requires a higher cost than 

a burner boiler, but with the price growth rate for fuel and no 

cost for waste, as well as the elimination of the problem of 

waste disposal and health problems. 
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