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Abstract 

This paper examines a critical contemporary environmental issue, waste management, and provides a 

comparison of conventional and illicit disposal methods for sustainability The study examines numerous 

elements, including the environmental repercussions of both approaches, their strain on natural resources, effects 

on human health, and long-term expenses. The merits and demerits of both systems, along with their technical 

specifications and regions of application, are elucidated comprehensively. Pollution of air, water, and soil, 

biodiversity loss, greenhouse gas emissions, and the direct and indirect environmental effects of conventional 

and wild storage systems are illustrated with both quantitative and qualitative evidence. The long-term economic 

effects of these approaches are evaluated by comparing their installation, operational and decommissioning 

expenses. The discussion encompasses sustainable waste management options, including trash reduction, 

recycling, recovery, and energy production, along with its advantages versus conventional and uncontrolled 

landfilling.  This essay concludes that designed landfilling is a more environmentally sustainable practice than 

unregulated dumping. Nonetheless, it is highlighted that conventional storage techniques may also result in 

environmental concerns; so, a comprehensive approach should be implemented in waste management. 
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1.  Introduction  

The increasing population, intensified 

industrial operations, and rapid urbanization 

have made material waste generation in urban 

areas of emerging countries a significant 

environmental issue. Traditional waste 

management systems, characterized by the 

processes of collecting, transferring, and 

storing trash, are inadequate in managing 

increasing waste quantities and lead to 

considerable environmental, social, and 

economic challenges. The improper disposal 

of trash leads to contamination of the air, 

water, and soil, depletion of natural resources, 

risks to human health, and environmental 

degradation. This situation creates an 

economic burden and depletes the financial 

resources of municipal governments.  Faced 

with increasing garbage volumes, local 

governments are seeking answers and 

endeavoring to create effective and 

environmentally friendly waste management 

systems in partnership with the corporate 

sector. Unregulated dumping causes 

irreversible harm: contaminating water, 

degrading soil, reducing biodiversity, creating 

visual pollution, and endangering health. 

(Gökçe et al., 2015). Due to inadequate 

adherence to environmental regulations, 

unregulated solid waste disposal in vulnerable 

ecosystems, including coastal areas, wetlands, 

and undeveloped land, results in permanent 

long-term environmental harm. This 

circumstance not only heightens hazards to 

human health but also jeopardizes 

biodiversity (Ersoy, 2007).  The EPA (US 

Environmental Protection Agency) defines 

solid waste as liquids, semi-solids, or solids 

from sources like sludge, agricultural 

residues, mining by-products, and industrial 

wastes (Anonymous, 2018). Waste 

contributes about 3% to global GHG (Green 

House Gases) emissions, mainly methane 

from landfills. Technologies like gas 

recovery, improved wastewater management, 

waste reduction, and energy recovery can 

mitigate this. By 2030, the waste sector's 

mitigation potential is significant, often at low 

or negative costs, with options like 

incineration and composting (Bogner et al., 

2008). This second edition of "Waste 

Management Practices: Municipal, 

Hazardous, and Industrial" focuses on the 

three core waste streams hazardous, 

municipal, and those designated as "special" 

that fall under the purview of federal 

legislation articulated in the Resource 

Conservation and Recovery Act (RCRA), 

which serves as a well-defined system for the 

management of waste generation, transit, and 

processing (Pichtel, 2014). Transport 

emissions reached 8.7 Gt CO2-eq in 2019 

(23% of energy-related CO2), dominated by 

road vehicles (Jaramillo et al., 2022). Tumur 

found biogas energy potential from irregular 

landfills ties to methane content; process 

improvements can boost methane ratios for 

better efficiency (Tumur, 2025). Defined as 

discarded materials from households, 

commerce, and industry, in addition to 

sludges and liquid-solid mixtures 

(Christensen, 2011), solid waste requires 

systematic management for essential 

environmental, health, and social reasons, and 

is broadly categorized as urban, household, 

industrial, hazardous, medical, 

construction/demolition, agricultural, 

biodegradable, non-biodegradable, and 

special waste. Solid waste management 

(SWM) has fundamentally transformed 

throughout history, progressing from a 

rudimentary trash disposal method aimed at 

safeguarding public health into a sophisticated 

environmental management system. Initially, 

trash was simply eliminated from inhabited 

areas, but growing awareness of its 

detrimental environmental and human health 

effects necessitated the development of 

regulated storage systems. This evolution has 

been further advanced by technological 

breakthroughs, which have revolutionized 

waste by converting it from a mere burden 

into a source of energy and recoverable 

materials, thereby broadening the scope of 

SWM to encompass all processes from 

generation to ultimate disposal (Anand, 

2010). Global waste hit 2.24 billion tonnes in 

2020, projected to 3.88 billion by 2050 due to 

population, urbanization, and consumption 

(Kaza et al., 2018). 33% is in sanitary 
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landfills; 37% in open dumps, causing 

leachate, methane, and biodiversity issues. 

The waste hierarchy (prevention, reduction, 

recycling, recovery) is key; recycling is at 

13.6%. WtE like biomethanization offers 

energy and remediation benefits. Low/middle-

income countries need dump rehabilitation 

and sanitary landfills, plus policy reforms and 

incentives. Modern management minimizes 

generation, recovers/recycles, and disposes 

responsibly per sustainability goals. Irregular 

storage is an environmental debt and a 

constant source of risk. Regular storage, on 

the other hand, not only ensures 

environmental safety but also offers resource 

recovery opportunities such as energy 

production from methane gas, forming the 

foundation of a sustainable waste 

management system for the future and being 

the most cost-effective solution in the long 

term. Therefore, the immediate closure and 

rehabilitation of all wild storage areas and the 

widespread adoption of modern, regular 

storage facilities is an indispensable step for 

environmental and public health. 

 

2. Material and Methods 

This study analyzes WtE incineration's 

environmental impacts, emission controls, 

and comparisons with landfills/other methods. 

It evaluates electricity from waste in 

regulated/unregulated landfills, using 

population projections for Diyarbakır waste 

calculations and GHG reductions under 

scenarios like WtE/recycling increases. 

2.1. Irregular storage 

Irregular storage is a waste disposal 

method marked by the unregulated discharge 

of solid waste into surrounding surroundings. 

This method of disposal poses is an 

application that poses significant 

environmental dangers and directly 

contributes to the pollution of water, soil, and 

air. Irregular dumping sites result in numerous 

environmental problems, including leachate, 

methane gas emissions, and biological 

dangers (Duran and Cuci, 2016). 

 

2.2. Regular storage 

Regular landfills manage waste 

acceptance, storage, and impacts to protect 

soil, air, and water using modern engineering 

(Bilgili, 2020). 

Benefits of Regular Storage Facilities 

Impermeability and Protection: 

Geomembranes prevent leachate leaks, 

safeguarding ecosystems. 

Health and Safety: Reduces exposure to 

pathogens and vectors. 

Energy Generation: Captures methane for 

electricity, cutting GHG. 

Resource Recovery: Composting organics for 

soil amendments. 

Aesthetics: Minimizes visual pollution with 

landscaping. 

Economic Viability: Cost-effective with 

lower initial investments. 

Comprehensive Management: Handles non-

recyclables. 

Flexibility: Phased expansion. 

Land Reuse: Post-closure for parks or solar 

farms. 

2.3. Disadvantages of regulated storage 

facilities  

Challenges include land scarcity, public 

opposition (odor, traffic, health), high post-

closure maintenance for 

subsidence/gas/leachate, and risks of 

contamination/emissions if mismanaged. 

2.4. Disadvantages of unregulated storage 

facilities  

Cause groundwater/surface water 

contamination, methane fire/explosion risks, 

soil/air/visual pollution, climate change, 

ecological harm, and health issues. 

Rehabilitation (capping, gas collection, 

restoration) is essential. 

2.5. Benefit analysis obtained in a storage 

area 

The benefits obtained in a storage area can 

vary greatly depending on whether they are 

regular or irregular. 
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2.6. Benefits obtained in regular storage 

areas 

2.6.1. Environmental benefits 

Regulated landfills reduce air and water 

pollution through gas capture and leachate 

treatment, prevent soil erosion via proper 

capping, and conserve biodiversity by 

minimizing habitat disruption. 

2.6.2. Economic benefits 

Recycling programs at regulated landfills 

generate revenue from material recovery, 

while methane-to-energy systems reduce 

energy costs. 

2.6.3. Social benefits 

Regulated landfills protect public health by 

reducing disease vectors, improve quality of 

life through cleaner environments, and foster 

environmental awareness via community 

education programs. 

2.7. Benefits obtained from irregular 

storage areas 

Unregulated landfills may offer short-term 

cost savings by avoiding waste management 

infrastructure, but these are outweighed by 

long-term environmental and economic costs, 

including cleanup and health impacts. 

2.7.1. Negative effects on the ecosystem 

Pollution: Toxic leachate from unregulated 

landfills contaminates soil and water, harming 

vegetation and aquatic life. 

 
Table 1. Ecosystem impacts 
Impact area Regular landfills Unregulated landfills 

Soil Minimal contamination with liners Severe contamination from leachate 

Water Controlled leachate collection Groundwater and surface water pollution 

Biodiversity Limited habitat disruption Habitat loss and species extinction 

 

2.7.2. Habitat disruption 

These sites cause habitat loss, forcing 

species migration or extinction and reducing 

ecosystem resilience. 

2.7.3. Health risks 

Unregulated landfills foster disease-

carrying pests, posing risks to human and 

animal health. 

2.7.4. Additionally 

Mitigating the impacts of unregulated 

landfills requires rehabilitation (e.g., capping 

and revegetation), leachate and gas control 

systems, and public participation to ensure 

transparency and community support. 

2.8. Disposal and recycling of household 

and industrial solid waste in Diyarbakır 

The care and handling of solid waste 

encompasses all processes from waste 

generation to disposal. Notable disposal 

options include composting (the conversion of 

organic waste into fertilizer), energy recovery 

(energy production through incineration), and 

engineered landfilling (controlled trash 

storage).  Recycling is a method utilized to 

augment economic value and conserve natural 

resources by converting waste into basic 

supplies or energy (Yıldız et al., 2009). 

Recycling decreases waste volume and 

mitigates environmental effects (Şen, 2007). 

Waste management operations are primarily 

categorized into five key areas: prevention, 

reduction, recovery, disposal, and energy 

conversion (Figure 3). Recycling is the 

process of transforming garbage into reusable 

materials by physical, chemical, or biological 

techniques. Disposal facilities are designed to 

diminish trash volume, mitigate its 

detrimental impacts, or produce energy. 

Environmental regulations establish the 

requisite requirements for waste disposal and 

management (Anonymous, 2011). The 

efficient planning and execution of solid 

waste management systems promote 

environmental sustainability and facilitate 

more effective utilization of economic 

resources. trash characterization, which 

involves identifying the physical, chemical, 

and biological aspects of trash, is a crucial 

step in choosing suitable disposal strategies. 

The waste composition in Diyarbakır exhibits 
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a significant proportion of organic stuff, 

underscoring the relevance of biological 

processes like composting. Table 7 indicates 

that, despite variations in quality of life, 

approximately 41.99% of the waste 

composition in Diyarbakır in 2020 comprised 

kitchen waste, 12.68% consisted of other non-

combustible waste, 10.48% was plastic waste, 

5.81% included other combustible waste, and 

7.97% represented other waste. When 

effectively handled, solid waste can function 

as a significant energy resource.  Organic 

matter, a significant element of domestic 

waste, decomposes in anaerobic conditions to 

produce a gaseous mixture referred to as 

biogas.  Biogas mostly comprises methane 

(CH₄) and atmospheric carbon dioxide (CO₂), 

and it can be combusted to generate electrical 

energy.  This process is referred to as 

biomethanization and has significant benefits 

for both the economy and the environment. 

Biogas production reduces the release of 

greenhouse gases by preventing methane 

creation from waste in traditional storage 

facilities.  Additionally, the liquid fertilizer 

produced during biogas generation improves 

soil fertility when utilized in agriculture. 

Consequently, waste converts into a useful 

asset, functioning as both an energy source 

and a means for agricultural advancement. 

Gasification is a process that transforms solid 

waste into gas under high temperatures and 

limited oxygen conditions.  Throughout this 

procedure, a flammable gas referred to as 

syngas is produced from solid waste. 

Synthesis gas can then be employed to 

produce energy that is either electrical or 

thermal.  Gasification offers enhanced energy 

efficiency compared to the creation of biogas 

and is suitable for a wider range of waste 

types.  However, due to the significant costs 

involved and its complex technology, it is 

employed less often. The burning of solid 

waste, once commonly employed, is now less 

favored due to its environmental 

repercussions. The direct combustion of low 

energy density solid waste can result in air 

pollution and contribute to global warming. 

Moreover, while the volume of garbage 

substantially diminishes during incineration, 

concerns regarding toxic combustion 

byproducts and ash generation may emerge. 

In conclusion, transforming solid waste into 

energy is a crucial advancement toward a 

sustainable future. Technologies like biogas 

production and gasification mitigate the 

environmental impact of waste while also 

addressing energy requirements. In Turkey, 

substantial efforts are underway in this 

domain, and investments in waste-to-energy 

conversion are on the rise (Gülşen et al., 

2022). The study done to assess the biogas 

potential in Diyarbakır estimated the 

contribution of municipal solid waste to 

biogas production utilizing various 

assumptions and constants. The annual 

production data of 20,736,000 cubic meters of 

methane gas sourced from the Dicle 

Renewable Energy solid waste and biomass 

power plant has been utilized as a critical 

input in this modeling. Consequently, more 

accurate assessments of the province's biogas 

production capacity have been conducted. 

This study offers critical insights into 

appropriate waste kinds for biogas 

production, facility capacity, and energy 

efficiency. The capacity of the business is 

calculated based on valid capacity criteria and 

principles, considering 24 hours a day and 

350 days a year; 

Capacity = 2400 Kwe * 24 * 350 = 

20,160,000 kWh/year has been calculated. 

Initially, the population of the province will 

be quantified in this study. 

2.9. Population projection 

2.9.1. Comparison of population growth 

methods 

Population projection was carried out 

according to four different methods above and 

the results are shown collectively in the graph 

below. As can be understood from the tables, 

among the methods with very close values, 

the population values calculated according to 

the İller Bankası method were preferred, and 

the waste projection was carried out based on 

the population values calculated according to 

this method. 
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Table 2. Comparison of population projection results (Anonymous, 2013) 
Years Arithmetic increase Geometric increase Compound interest Iller bank 
2020 1.447.249* 1.447.249* 1.447.249* 1.447.249* 
2021 1.472.925  1.482.093  1.482.054  1.472.964  
2022 1.498.601  1.518.708  1.518.625  1.499.222  
2023 1.524.277  1.557.193  1.557.063  1.526.040  
2024 1.549.953 1.597.652  1.597.468  1.553.427  
2025 1.575.629  1.640.193  1.639.953  1.581.401  
2026 1.601.305  1.684.934  1.684.631  1.609.974  
2027 1.626.981  1.732.000  1.731.627  1.639.162  
2028 1.652.657  1.781.522  1.781.072  1.668.979  
2029 1.678.333  1.833.640  1.833.105  1.699.444  
2030 1.704.009  1.888.502  1.887.872  1.730.567  
2031 1.729.685  1.946.267  1.945.535  1.762.369  
2032 1.755.361  2.007.102  2.006.255  1.794.869  
2033 1.781.037  2.071.183  2.070.213  1.828.080  
2034 1.806.713  2.138.703  2.137.596  1.862.020  
2035 1.832.389  2.209.858  2.208.602  1.896.711  
2036 1.858.065  2.284.862  2.283.446  1.932.170  
*: person 

 

2.10. Waste projection 

2.10.1. Per capita solid waste generation 

amount 

The 2018 Municipal Waste Statistics from 

the Turkish Statistical Institute indicate that 

the per capita solid waste generation in 

Diyarbakır is 1.08 kg per person per day in 

shown Table 3. The Turkish Statistical 

Institute's study "Municipal Solid Waste 

Indicators," conducted from 2010 to 2018 and 

accessible on the institution's official website, 

reported a per capita solid trash volume of 

1.06 kg per person per day for the year 2016. 

In 2018, the per capita solid trash generation 

was recorded at 1.08 kg per person per day 

(Anonymous, 2020). Consistent with these 

numbers, it is acknowledged that there was a 

rise in per capita solid waste compared to the 

preceding year within the designated 

timeframe. In light of this condition, it is 

projected that the per capita solid waste will 

rise by 1.0095% relative to the preceding 

year, commencing from 2018. 

 
Table 3. Solid waste per person projection 

Years Solid waste production per person 

2018  1.080 kg person day-1 

2019  1.090 kg person day-1 

2020  1.100 kg person day-1 

2021  1.110 kg person day-1 

2022  1.121 kg person day-1 

2023  1.132 kg person day-1 

2024  1.143 kg person day-1 

2025  1.154 kg person day-1 

2026  1.165 kg person day-1 

2027  1.176 kg person day-1 

2028  1.187 kg person day-1 

2029  1.198 kg person day-1 

2030  1.209 kg person day-1 

2031  1.220 kg person day-1 

2032  1.232 kg person day-1 

2033  1.244 kg person day-1 

2034  1.256 kg person day-1 

2035  1.268 kg person day-1 

2036  1.280 kg person day-1 
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2.10.2. Waste characterization 

The Diyarbakır Municipality undertook a 

waste characterization study for the summer 

and winter periods of 2020 on a district basis, 

determining the urban waste characteristics 

for Diyarbakır province during these seasons. 

The overall average waste characterization 

values for Diyarbakır were utilized in the 

project planning studies (Table 4). 

 
Table 4. Diyarbakır general average waste characterization results 
Material  Average % 

Kitchen waste  41.99 

Paper  4.55 

Cardboard  3.17 

Bulky cardboard 2.22 

Plastic  10.48 

Glass 4.26 

Metal  1.36 

Bulky metal 0.29 

Waste electrical and electronic equipment  0.52 

Hazardous waste  1.31 

Park and garden waste  2.29 

Other non-flammable  12.68 

Other combustible  5.81 

Other combustible bulky wastes  0.82 

Other non-combustible bulky wastes 0.28 

Other  7.97 

Total 100 

 

The table above indicates that in 2020, the 

waste composition comprised roughly 41.99% 

kitchen waste, 12.68% other non-combustible 

garbage, 10.48% plastic waste, 5.81% other 

combustible waste, and 7.97% other waste 

(Anonymous, 2021). The quantities of 

packaging garbage collected at the source by 

the district municipalities benefiting from the 

initiative in 2020 are presented in the table 

below (Table 5). 
 

Table 5. Amount of packaging waste collected separately at source in 2020 
County Amount of packaging collected 

Bağlar district 2.662.010 kg year-1 

Bismil district 3.562.419 kg year-1 

Çınar district 57.702 kg year-1 

Ergani district 3.960.500 kg year-1 

Kayapınar district 3.803.928 kg year-1 

Sur district 1.500,410 kg year-1 

Yenisehir district 6.720.300 kg year-1 

Total 20.789 tonne year-1 

 

Based on the above data, a total of 20,768 

tons/year of packaging waste was collected at 

the source through separate collection 

activities by the district municipalities 

benefiting from the project in 2020. 

 

Table 6. Amount of packaging waste collected separately at source in 2020 

Year 

 

Population 

(Person) 

(A) 

Solid waste per 

person production 

amount 

(kg person day-1) 

(B) 

Amount of waste 

(tonne year-1)(C) 

(C=AxBX365/1000) 

Separate 

collectedwaste 

amount (tonne 

year-1) 

(D) 

Ratio of separately 

collected waste to 

total waste (E) 

(E=Dx100 C-1) 

2020 1.447.249  1.100  581.071  20.768  3.60% 
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The data presented in "Table 6 Projection 

of Solid Waste Per Capita" indicates that, 

based on the 2020 per capita solid waste 

production figures and the 2020 TÜİK-

Address Based Population Registration 

System Results, the total waste generated in 

the districts participating in the project in 

2020 amounts to 581.071 tons per year, with 

separately collected packaging waste 

constituting approximately 3.6% of the total 

waste. 

2.9. Facility area 

2.9.1. General information about the 

facility 

Dicle Renewable Energy facility: 

400,864.53 m² in Bağlar District, Diyarbakır, 

on parcels numbered 543, 544, 545, and 518 

(Figure 1). The closest habitation to the 

project site is a residence situated in the 

Kamışpınar neighborhood, some 850 meters 

southwest of the project area. In calculating 

the specified distances, the direct distance 

from the nearest residence in the closest 

settlement to the nearest point of the project 

limits was considered. 

 

 
Figure 1. Bird's eye view of the biogas plant  

 

Admin building, weighbridge, workshop, 

parking, leachate pond treatment-1, 

mechanical separation, RDF prep, Class II 

landfill, electricity plant, steam turbine, gas 

storage (gas balloon) (Figure 2). 

 

 
Figure 2. General view of the units in the facility 

 

Workflow Diagram of the Construction 

and Operational Phases of the Facility The 

facility is established on a total area of 

approximately 400.864.53 m² in the 

Yukarıakdibek Neighborhood of the Bağlar 

District, Diyarbakır Province, on parcels 

numbered 543, 544, 545, and 518. The main 

units established within the boundaries of the 

Integrated Solid Waste Disposal and Landfill 

Facility are briefly mentioned below. 

2.9.2. Units 

Mechanical Separation: 2.451 m² in 3.451 

m² space (Figure 3). 
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2.9.3. RDF Prep 

515 tons/day (2036); includes crushers, 

separators. 

2.9.4. Biomethanization 

Dry fermentation; includes bunker, reactor, 

dehydration, blending, gas 

storage/purification. 

2.9.5. Class II Landfill 

1.248 tons day-1 (2036); disposes residuals. 

Power Plant/Steam Turbine: 14.509 MWe; 

gas storage, desulfurization, engines, flare 

(Figure 4). 

2.9.6. Wheel Washing 

90 m²; wastewater to leachate pond. 

2.9.7. Quality Control 

Semi-automatic for recyclables. 

2.9.8. Waste Accumulation 

For plastics/glass/metal/RDF (Figure 5; 

Tables 7-8). 

 

 
Figure 3. Mechanical separation plant 

 

 
Figure 4. Power generation plant 

 

 
Figure 5. Waste accumulation area 
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After the separation process is carried out 

in the mechanical separation facility, the 

residual waste and biodegradable waste to be 

obtained will be collected in separate 

containers that will be constantly under the 

belts and directed to the relevant facilities. 
 

 

Table 7. Distribution of waste coming to the mechanical separation plant 

Years 

Total amount of 

waste coming to the 

mechanical 

separation plant 

(A) 

Biodegradable 

waste rate 

(C) 

(%) 

Amount of 

biodegradable 

waste (D) 

(D=A x C) 

Biodegradable 

waste amount to 

landfill (E) 

Amount of 

biodegradable waste to 

go to biomethanization 

Facility (F) 

(F=D-E) 

2022 588.891 tonne year-1 46.1252% 271.627 tonne year-1 243.162 tonne year-1 28.465 tonne year-1 

2023 605.309 tonne year-1 46.1249% 279.198 tonne year-1 249.941 tonne year-1 29.257 tonne year-1 

2024 622.159 tonne year-1 46.1250% 286.971 tonne year-1 256.901 tonne year-1 30.070 tonne year-1 

2025 632.797 tonne year-1 46.6105%  294.950 tonne year-1 228.072 tonne year-1 66.878 tonne year-1 

2026  650.372 tonne year-1 46.6104% 303.141 tonne year-1 234.407 tonne year-1 68.734 tonne year-1 

2027 661.378 tonne year-1 47.1063% 311.551 tonne year-1 203.618 tonne year-1 107.933 tonne year-1 

2028 679.708 tonne year-1 47.1063% 320.185 tonne year-1 209.264 tonne year-1 110.921 tonne year-1 

2029 691.098 tonne year-1 47.6128% 329.051 tonne year-1 210.970 tonne year-1 118.081 tonne year-1 

2030 710.217 tonne year-1 47.6129% 338.155 tonne year-1 181.296 tonne year-1 156.860 tonne year-1 

2031 722.000 tonne year-1 48.1305% 347.502 tonne year-1 182.382 tonne year-1 165.120 tonne year-1 

2032 742.547 tonne year-1 48.1302% 357.389 tonne year-1 187.574 tonne year-1 169.816 tonne year-1 

2033 755.355 tonne year-1 48.6594% 367.551 tonne year-1 150.988 tonne year-1 216.563 tonne year-1 

2034 768.262 tonne year-1 49.1999% 377.984 tonne year-1 151.434 tonne year-1 226.550 tonne year-1 

2035 781.275 tonne year-1 49.7529% 388.707 tonne year-1 105.684 tonne year-1 283.023 tonne year-1 

2036 794.385 tonne year-1 50.3183% 399.721 tonne year-1 105.149 tonne year-1 294.572 tonne year-1 

 

 

Table 8. Amount of biodegradable waste between 2022 and 2036 

Years 

Total amount of waste coming 

to the mechanical separation 

plant 

(A) 

Residual waste rate 

(C) 

(%) 

Amount of residual waste to go 

to the regular landfill 

(D) 

(D=A x C) 

2022 588.891 tonne year-1 21.8022% 128.391 tonne year-1 

2023 605.309 tonne year-1 21.8023% 131.971 tonne year-1 

2024 622.159 tonne year-1 21.8018% 135.642 tonne year-1 

2025 632.797 tonne year-1 22.0319% 139.417 tonne year-1 

2026  650.372 tonne year-1 22.0315% 143.287 tonne year-1 

2027 661.378 tonne year-1 22.2662% 147.264 tonne year-1 

2028 679.708 tonne year-1 22.2659% 151.343 tonne year-1 

2029 691.098 tonne year-1 22.5053% 155.534 tonne year-1 

2030 710.217 tonne year-1 22.5055% 159.838 tonne year-1 

2031 722.000 tonne year-1 22.7501% 164.256 tonne year-1 

2032 742.547 tonne year-1 22.7499% 168.929 tonne year-1 

2033 755.355 tonne year-1 22.9999% 173.731 tonne year-1 

2034 768.262 tonne year-1 23.2553% 178.662 tonne year-1 

2035 781.275 tonne year-1 23.5168% 183.731 tonne year-1 

2036 794.385 tonne year-1 23.7841% 188.937 tonne year-1 
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2.10. Energy production projection 

2.10.1. Energy production in 2022 and 

2036 in unregulated dumping 

Using the 50% CH4 content and 0.90 MW 

power output per 120 tons, the energy 

production in 2022 was calculated as follows: 

 

 

Energy production (MWh) =
588.891 ∗ 0.90 ∗ 8.760

120
= 4,416,682 MWh 

 

For 2036, with an increased waste input of 794,385 tonnes 

 

Energy production (MWh) =
794,385 ∗ 0.90 ∗ 8,760

120
= 5,957,887 MWh 

 

With the improved CH4 content (85%) and power output (1.50 MW) in 2036, the 

calculations yield: 

 

Energy production (MWh) =
588.891 ∗ 1.50 ∗ 8.760

120
= 7,361,137 MWh 

 

Energy production (MWh) =
794.385 ∗ 1.50 ∗ 8.760

120
= 9,929,125 MWh 

 

2.11. Energy production to be made with 

the commissioning of landfills and 

biomethanization, mechanical separation 

units in 2022 and 2036  

It is foreseen that the solid waste quality 

and organic waste rate will be increased with 

the commissioning of all units of the facility 

and the construction of regular landfill. In 

study, according to the feasibility report of the 

facility, it is predicted that the average CH4 

rate will be 85%. Calculations were made 

with the acceptance of 1.50 MGw energy 

production for 120 tons of solid waste 

corresponding to this rate.  The amount of 

waste coming to the mechanical separation 

facility in 2022 (average is 588.891 

tonnes/year.  

Energy production in 2022: 

588891x1,5/120 = 7361,14 MWh 

Energy production in 2036: 

794385x1,5/120 = 9929,12 MWh  

 

 
Figure 6. Energy Potential Graph for All Processes in Irregular and Regular Storage for the years 2022 and 

2036 
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2.12. Biogas properties and ghg emission 

reduction 

The properties of biogas obtained through 

anaerobic digestion are summarized in Table 

9. The effectiveness of anaerobic digestion in 

reducing GHG emissions is compared to other 

methods in Table 9, based on Schleiss (2008). 

 
 

Table 9. Properties of biogas and its environmental impact 
Parameters Value Unit 

Biogas yield 100 m3 tonne-1 

Calorific value of biogas (60% CH4) 600 kWs tonne-1 

Electricity generation (at 30% efficiency) 180 kWs tonne-1 

Net electricity generation 120 kWs tonne-1 

GHG emission reduction (electricity generation) 54 kgCO2 tonne-1 

Heat recovery (80%) 336 kWs tonne-1 

Net heat transfer (80%) 286 kWs tonne-1 

 

 

Table 10. GHG emission reduction by treatment method 
Treatment method Reduction of greenhouse gas emissions (kg CO2 eq ton-1) 

Anaerobic degradation 135 

Carbon precipitation with hummus addition  80 

Treatment with swamp charcoal 200-300 

Failure to use artificial fertilizers 10 

Total 400-500 

 

 

 
Figure 7. Amount of CO2 emission reduction between 2022-2036 

 

3. Discussion and Findings 

The results demonstrate that improvements 

in waste management practices, such as 

biomethanization and regular landfills, 

significantly enhance biogas yield and energy 

production. The projected increase in CH4 

content from 50% to 85% by 2036 reflects 

technological advancements and better waste 

segregation. Additionally, anaerobic digestion 

contributes to GHG emission reduction, with 

a potential to offset 400–500 kg CO2 

equivalent per ton of organic waste when 

combined with other treatment methods. 

Regular landfills offer significant 
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environmental, economic, and social benefits, 

including pollution control, resource 

recovery, and public health protection, but 

face challenges such as land scarcity and 

maintenance costs. In contrast, unregulated 

landfills pose severe risks, from water 

contamination to biodiversity loss, with long-

term liabilities that undermine sustainable 

development. To address these challenges, 

policymakers should prioritize the 

rehabilitation of unregulated sites, enforce 

stringent emission controls, and foster public 

participation through education and 

transparency. By aligning landfill 

management with global sustainability goals, 

societies can mitigate environmental risks and 

enhance community well-being. The study 

highlights the potential of biogas production 

from organic waste to meet energy demands 

and reduce GHG emissions. By 2036, 

advancements in waste management and 

biogas technology could nearly double energy 

production and significantly enhance 

environmental benefits. Policymakers should 

prioritize investments in biomethanization 

and landfill infrastructure to maximize these 

outcomes. 

3.1. New projection for 2036 

Assuming a 10% improvement in biogas 

yield due to technological advancements (110 

m³/ton) and a 35% efficiency in electricity 

generation, the revised energy production for 

2036 is:  

Biogas yield=794,385×110=87,382,350 m³ 

Electricity generation=87,382,350×0.35×6 k

Wh/m³=183,502,935 kWh=183,503 MWh 

This projection assumes a calorific value of 6 

kWh/m³ for biogas with 85% CH4 content. 

The corresponding GHG emission reduction 

is: 

GHG reduction=794,385×135=107,241,975 k

g CO2 eq=107,242 tonnes CO2 eq 

 

 
Figure 8. Total waste and biodegradable waste amount between 2022-2036 

 

The total amount of waste increases 

steadily from 588,891 tonnes in 2022 to 

794.385 tonnes in 2036, a growth of 

approximately 34.9%. Similarly, 

biodegradable waste rises from 271.627 

tonnes to 399.721 tonnes, a 47.2% increase. 

The growth in biodegradable waste outpaces 

total waste, suggesting an increasing 

proportion of biodegradable materials in the 

waste stream. This aligns with the rising 

biodegradable waste rate.  The mechanical 

separation plant is handling a growing volume 

of waste, with a significant portion being 

biodegradable, necessitating enhanced 

processing capabilities. 
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Figure 9. Biodegradable waste distribution between 2022-2036 

 

From 2022 to 2036, the amount of 

biodegradable waste sent to landfill decreases 

significantly, from 243.162 tonnes to 105.149 

tonnes (a 56.8% reduction). Conversely, 

waste directed to biomethanization increases 

dramatically, from 28.465 tonnes to 294.572 

tonnes (a 934.5% increase). This shift 

indicates a strong move toward sustainable 

waste management, prioritizing 

biomethanization (which converts waste into 

energy or compost) over landfilling. The 

sharp increase in biomethanization after 2024 

suggests investments in or policy shifts 

toward biomethanization infrastructure. The 

reduction in landfill use aligns with 

environmental goals to minimize landfill 

dependency, while the rise in 

biomethanization reflects a focus on resource 

recovery. However, the capacity of 

biomethanization facilities must keep pace 

with this trend. 

 

 
Figure 9. Biodegradable waste rate over time between 2022-2036 

 

The biodegradable waste rate increases 

from 46.1252% in 2022 to 50.3183% in 2036, 

a rise of approximately 9.1%. The rate 

remains relatively stable until 2024, then 

shows a gradual but consistent increase. The 

rising biodegradable waste rate indicates that 

a larger proportion of incoming waste is 

organic or biodegradable, possibly due to 

changes in waste composition (e.g., increased 

food or garden waste) or improved sorting at 

the source. Waste management systems must 

adapt to handle a higher biodegradable 

fraction, potentially requiring enhanced 

sorting technologies or public awareness 

campaigns to ensure proper waste 

segregation. 
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Figure 11. Total waste and residual waste amount between 2022-2036 

 

Both total waste and residual waste show a 

steady upward trend from 2022 to 2036. The 

residual waste grows in parallel with total 

waste, indicating that despite small variations 

in residual rates, waste treatment efficiency 

remains largely consistent. 
 

 
Figure 12. Residual waste rate over time between 2022-2036 

 

 

The residual rate starts at 21.8% in 2022 

and gradually increases to 23.8% by 2036. 

This implies a slight but consistent reduction 

in processing efficiency, leading to more 

waste directed to landfills. 
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Figure 13. Computed residual waste rate over time between 2022-2036 

 

The computed percentages match closely 

with the given rates, confirming data 

consistency. The gradual rise reinforces 

concerns about landfill pressure in the long 

term. 

 

 

 
Figure 14. The trend analysis of residual waste rates between 2022 and 2036  

 

The trend analysis of residual waste rates 

between 2022 and 2036 reveals a statistically 

significant upward trajectory, with an average 

annual increase of approximately 0.14 

percentage points (p<0.001). This linear 

pattern, supported by a high explanatory 

power (R² = 0.951), indicates a gradual yet 

consistent decline in waste treatment 

efficiency, leading to higher proportions of 

residual waste directed to landfills. Although 

the yearly increments appear modest, their 

cumulative effect over time underscores a 

structural challenge: if unaddressed, the 

increasing reliance on landfilling may 

exacerbate environmental pressures and strain 

long-term waste management sustainability. 
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Figure 15. Total waste and combustible waste between 2022-2036 

 

This graph illustrates the parallel growth of 

total waste and combustible waste over the 

study period. While total waste increases 

steadily, combustible waste follows a similar 

upward trajectory, albeit at a lower 

magnitude. The consistency of this 

relationship highlights the structural stability 

of waste composition, suggesting that 

combustible materials will continue to 

represent a substantial portion of the waste 

stream in the coming years. 

 

 
Figure 16. Combustible waste rates between 2022 and 2036 

 

The combustible waste rate shows a 

gradual increase from 21.7% in 2022 to 

nearly 23.7% in 2036. Although the annual 

increments appear modest, their cumulative 

effect is significant, reflecting a systematic 

rise in the share of combustible materials 

within the waste stream. This trend implies 

that future waste management systems may 

need to adapt by strengthening incineration 

and energy recovery infrastructure. 
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Figure 17. Computed combustible waste rates between 2022 and 2036  

 

The bar chart of computed rates validates 

the accuracy of the reported data, showing 

alignment between calculated and given 

percentages. The steady growth pattern 

reinforces the observed upward trend and 

confirms the internal consistency of the 

dataset. From a statistical standpoint, this 

verification increases confidence in the 

dataset’s reliability and the robustness of 

subsequent forecasting or policy analysis. 
 

4. Conclusion 

The utilization of methane gas from 

landfills for electricity generation is a critical 

strategy for addressing global climate change. 

In 2022, this practice provided an 

environmental benefit equivalent to the 

carbon dioxide (CO2) absorption capacity of 

approximately 10-11 million trees. By 2036, 

advancements in waste management 

technologies and increased methane 

utilization are projected to enhance this 

benefit, reaching the CO2 absorption capacity 

of 13-14 million trees. This improvement 

highlights the growing effectiveness of 

methane capture in reducing greenhouse gas 

emissions, particularly methane, which has a 

high global warming potential. The 

Diyarbakır Integrated Solid Waste Disposal 

and Regular Storage Facility plays a pivotal 

role in advancing environmental 

sustainability. By implementing controlled 

methane gas capture and waste storage 

systems, the facility minimizes environmental 

pollution, including air, soil, and water 

contamination. Additionally, it generates 

electricity from methane, contributing to local 

energy needs and reducing dependency on 

fossil fuels. As a result, the environmental 

impact of waste disposal can be reduced, 

enabling global sustainability goals to be 

achieved. Economically, the facility offers 

significant benefits to the Diyarbakır region. 

It creates new job opportunities within the 

waste management sector, stimulating the 

local economy. The production of electricity 

from methane gas reduces energy costs, 

enhancing the competitiveness of local 

industries. These economic advantages 

underscore the dual role of modern waste 

management systems in fostering both 

environmental and economic development. 

Greenhouse gas emission projections for 

2022–2036 estimate a total of 1,160,336.8 

tons of CO2 equivalent, with the highest 

emission intensity expected in 2024. This 

peak suggests specific factors, such as 

increased industrial activity or energy 

consumption, may drive emissions during that 

year. Graphical analyses of emission trends 

provide critical insights for policymakers, 

enabling the identification of high-impact 

periods and the development of targeted 

strategies to reduce greenhouse gas emissions. 

The temporal distribution of emission 
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intensity emphasizes the need for proactive 

policy measures. The 2024 peak serves as a 

critical threshold, highlighting the urgency of 

implementing effective greenhouse gas 

reduction strategies. Policymakers must focus 

on addressing factors contributing to this 

intensity, such as optimizing waste 

management practices and enhancing 

emission control technologies, to prevent 

future emission spikes. While waste-to-energy 

(WtE) incineration offers significant benefits, 

including energy production and waste 

volume reduction, it requires careful 

consideration of environmental impacts. 

Stringent emission control measures are 

essential to mitigate potential air pollution 

and toxic byproducts. WtE should be viewed 

as a last resort, with priority given to waste 

reduction, recycling, and resource recovery to 

align with sustainable waste management 

principles. The assessment of the projections 

reveals that population and waste production 

estimates align closely with actual data (100-

110% realization), and greenhouse gas 

reduction trends are consistent with national 

patterns, affirming the reliability of the study's 

TUİK-based modeling. However, a 

significant deviation in 2023 waste production 

(168% realization) likely stems from the 

study's focus on specific project districts, 

underestimating broader provincial data. In 

conclusion, the integration of methane gas 

utilization and projects like the Diyarbakır 

facility is vital for achieving environmental 

and economic sustainability. These initiatives 

reduce greenhouse gas emissions, protect 

ecosystems, and support local economies. By 

prioritizing advanced waste management 

practices and enforcing robust policies, 

societies can work toward a cleaner, more 

sustainable future, leaving a healthier 

environment for future generations. 
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