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ARTICLE INFO ABSTRACT

This study evaluates the environmental performance of municipal solid waste (MSW)
management strategies in Amasya through 2035 using life cycle assessment (LCA). The
functional unit was defined as the total annual MSW generation in the city. Environmental
impacts were quantified across four scenarios, comparing the baseline year 2022 with
three forecasting configurations (Scenario 2035-1, II and III) using the ReCiPe 2016
method, which encompasses ten midpoint impact categories. Background inventory data
were compiled from relevant literature and the ecoinvent v3 database. To assess model
robustness and identify parameters most influencing system behavior, perturbation
analysis was conducted as part of the sensitivity assessment. Scenario 2035-I integrates
mechanical biological treatment with refuse-derived fuel production, material recovery
facilities (MRFs), and composting, achieving a 60% recovery rate. Scenario 2035-II
replaces composting with anaerobic digestion while maintaining equivalent recovery
levels, whereas Scenario 2035-III represents a business-as-usual case dominated by
landfilling (97.5%). The results reveal that transitioning from landfilling to integrated
recovery systems substantially reduces overall environmental burdens. Among all
configurations, Scenario 2035-1 demonstrates the lowest net greenhouse gas emissions,
confirming the decisive role of material recovery in mitigating climate impacts. Sensitivity
analysis further identifies landfill gas management and electricity consumption in MRF
operations as the most influential parameters affecting system performance. The study
concludes that achieving Tiirkiye’s 2035 recovery target is a critical milestone for
decarbonizing the waste sector, but further progress toward the 2053 net-zero
commitment will require systemic integration of upstream resource efficiency, low-
carbon energy use, and advanced recovery infrastructure.
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INTRODUCTION In nearly half of the EU Member States, landfilling remains the

dominant MSW disposal method. Notably, countries such as

Domestic waste production in the world is approximately
2.01 billion tons/year and it is expected to increase to 3.4
billion tons/year by 2050 of which 33% remains unmanaged
according to World Bank data [1]. Solid waste management is
a significant contributor to global greenhouse gas (GHG)
emissions, accounting for approximately 5% of global
releases [2]. The majority of these emissions is linked to
landfills [3-4].

Municipal solid waste (MSW) management in the European
Union (EU)27 comprised approximately 40.8% recycling,
14.2% backfilling, and 6.4% energy recovery, while 38.2%
was disposed of via landfilling or other methods, and 0.4%
through incineration without energy recovery as of 2022 [5].

* Corresponding Author: macin@itu.edu.tr (Kadriye Elif Macin)

Greece, Croatia, Spain, Slovakia, and Hungary continue to
landfill more than 50% of their municipal waste. Bulgaria
(64%), Portugal (49%), U.S.A, (52.6%), Brazil (59.1%),
Mexico (65%) and China (79%) still rely heavily on landfilling
[6]. The challenges are significantly more pronounced in
developing  countries, where waste management
infrastructure remains limited. In most developing countries,
sustainable waste disposal remains in its early stages due to
limited budget allocations and inadequate infrastructure. In
fact, over 90% of collected waste in these regions is disposed
of without treatment, primarily in uncontrolled or poorly
managed landfill sites [7]. In 2022, Tiirkiye generated
approximately 30.3 million tons of MSW [8]. Of this total,
53.4% was disposed of in sanitary landfills, while 11.7% was
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deposited in uncontrolled dumpsites. The remaining 34.9%

was recovered through various waste treatment
technologies, including anaerobic digestion (AD),
composting, incineration, and mechanical biological
treatment (MBT).

To have a more sustainable waste management approach the
Zero Waste Project was initiated in September 2017 in
Tiirkiye, followed by the inclusion of legislative provisions for
Zero Waste Management and the Deposit Return System in
2018. The Zero Waste Regulation, published in July 2019,
aims to establish a comprehensive management system that
safeguards environmental and human health while
promoting the sustainable use of raw materials and natural
resources throughout waste management processes [9].
While the EU has set a target to divert 90% of MSW from
landfilling by 2035, Tiirkiye must develop the necessary
infrastructure to achieve a 60% recovery rate for MSW within
the same timeframe [10]. Tiirkiye has set ambitious targets
to achieve net zero emissions by 2053, including the phasing
out of landfill disposal and the eliminating uncontrolled
dumping sites.

Academic research has consistently supported these national
developments by demonstrating, through life cycle
assessment (LCA) based evaluations, that transitioning from
landfill-dependent systems toward recovery-oriented waste
management significantly reduces environmental impacts
particularly greenhouse gas emissions and aligns with the
goals of the Zero Waste Project and national MSW recovery
target. An increasing volume of research on MSW
management in Tiirkiye has focused on evaluating
alternatives to landfilling. The earliest identified study was
conducted in Ankara [11], followed by assessments in
Eskisehir [12], Sakarya [13], and Istanbul [14-15]. Additional
LCA-based investigations have been carried out in Bursa [16],
Samsun [17] and Diizce [18]. Collectively, these studies
underscore the environmental advantages of landfilling
alternatives, particularly in terms of mitigating GHG
emissions. However, the literature review revealed a lack of
detailed studies examining the potential consequences of
medium-term targets specifically the 60% recovery objective
within the context of strategic waste management planning.

Conducting case-specific LCA that account for local conditions
and contextual realities is essential to avoid the
misapplication of generalized findings from external studies
in strategic decision-making [19]. Hence, the purpose of this
study is to develop a comprehensive understanding of the
evolution of MSW management in Amasya, with a particular
focus on evaluating strategic pathways toward achieving the
national target of 60% material recovery by 2035. LCA
modeling is utilized to quantify the environmental impacts
associated with both existing and projected MSW treatment
infrastructures. The study explicitly represents the baseline
conditions for the year 2022 and simulates a forward-looking
scenario for 2035. It is structured around two primary
objectives: (i) to evaluate the environmental performance of
Amasya’s current MSW management system as of 2022, and
(ii) to assess the integration of advanced waste treatment
technologies in alignment with Tiirkiye’s national recovery
target of 60%.

MATERIALS AND METHODS
Waste Management in Amasya
Amasya is located in the interior part of Tiirkiye’s Central

Black Sea Region. Covering a total area of 5,701 km? with 335
thousand population. To coordinate the collection,

transportation, recovery and sanitary disposal of MSW across
the city, the Amasya Districts and Municipalities Solid Waste
Union (AKAB) was established. AKAB comprises five member
municipalities: Amasya (central district), Merzifon, Suluova,
Glimiishacikdy, and Ziyaret (Figure 1) [20].

The Amasya Regional Sanitary Landfill Facility, operated by
AKAB, is located in Baglariisti Village within the central
district. Prior to the establishment of the sanitary landfill
facility, solid waste in Amasya was disposed of in open
dumping areas. The current landfill covers an area of 67
hectares and includes an electricity generation unit that
utilizes landfill gas (LFG) through engine conversion,
producing 1.2 MW of power sufficient to meet the annual
electricity needs of approximately 5,000 households.
Transfer stations, strategically located in Amasya, Merzifon,
Suluova, Glimiishacikdy, and Akinoglu, serve as intermediate
consolidation hubs where waste is transloaded into high-
capacity transport vehicles (e.g., semi-trailers) for final
conveyance to the landfill facility [20].
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Figure 1. Amasya waste production by districts (ton/day)

Modelling Assumptions and System Boundary

An attributional LCA was conducted in accordance with the
methodology outlined in the ISO 14040 and ISO 14044
standards [21-22]. The functional unit for this study is
defined as the total annual MSW generated in Amasya,
amounting to 88,440 tonnes/year. Multi-functionality in was
addressed through substitution, which entails expanding the
boundaries to include the counterfactual market products
that would be displaced by co-functions. For impact
assessment, the ReCiPe 2016 Midpoint (H) method was
employed [23]. The zero-burden assumption was applied
[24].

The system boundaries were defined at the point where
household, waste enters the MSW treatment system (Figure
2). The MSW management system encompasses a range of
treatment facilities including MBT (with composting, AD,
RDF) material recovery facility (MRF), and landfill.
Throughout these operations, the facilities consume various
commodities and services (e.g., electricity, chemicals,
transportation) and generate emissions to air, water, and soil,
including GHGs.
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Figure 2. Amasya system boundaries of life cycle assessment
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Data Inventory

Inventory data were primarily obtained from Amasya
Provincial Environmental Status Report, Turkish Statistical
Institute (TSI), relevant literature, while background
processes were modeled using the Ecoinvent database v3 cut-
off system [25].

An analysis of Amasya’s population trends and per capita
growth rates since 1980 indicates that no substantial increase
in MSW generation is anticipated between 2022 and 2035—
a 13-year period (TSI). Consequently, the total waste quantity
and characterization is assumed to remain constant
throughout the scenarios. Organic waste constitutes the
predominant fraction of the composition, accounting for
approximately 52% (Figure 3).

However, the background system parameters for 2035 have
been updated to reflect projected changes, such as shifts in
the electricity mix and other relevant infrastructural
developments. Changes in the electricity mix will not only
affect the energy consumed, but also the energy substituted
through electricity generation at waste management facilities
and the electricity avoided via material recycling [26].The
environmental impacts of the Turkish electricity mix were
modeled as time-dependent, with projections of the
generation mix extending to 2035 based on the GECO-2024
[27].In 2022, electricity generation was predominantly based
on fossil fuels (Figure 3), with natural gas (23.3%), hard coal
(20.9%), and lignite (13.9%) together accounting for more
than half of the total supply. Renewable sources contributed
a smaller share, including hydropower (25.6%), wind (8.2%),
solar photovoltaic (3.3%), and geothermal (4.9%). No nuclear

‘Waste Material Composition

power generation was present in the 2022 mix. By 2035, a
significant restructuring of the electricity mix is expected.
Renewable sources will collectively dominate the supply,
with marked increases in solar (20.1%), wind (12.2%), and
geothermal (8.1%), while hydropower remains stable at
22.6%. Overall, the 2035 electricity mix represents a clear
shift toward renewable and low-carbon sources.

Waste Management Facilities

Methane generation over a 100-year period was estimated
using a first-order decay model [28]. Biogenic carbon
remaining in the landfill after 100 years was considered
climate-neutral. However, due to technical limitations,
complete capture of LFG is not feasible; a portion escapes
through the landfill cover and is released into the atmosphere
as diffuse emissions [18]. The uncollected carbon dioxide
(COy) is directly emitted, whereas the uncollected methane
(CH,) is partially oxidized to CO, within the cover layer. Open
dumping was modeled following the approach outlined by
Ziegler-Rodriguez (2019) [29], which aligns with the
methodological framework provided in the IPCC Guidelines
for National Greenhouse Gas Inventories (IPCC, 2006) [30].

MBT was developed to separate and stabilize the rapidly
biodegradable fraction of MSW, thereby minimizing its
environmental impact when landfilled. MBT involves the
mechanical pre-treatment of MSW, followed by a biological
treatment phase. The mechanically separated light fraction,
primarily composed of plastics and paper with a relatively
high lower heating value (LHV) is either utilized as RDF or
directly landfilled without further processing. In contrast, the
biologically active fraction undergoes stabilization, typically
through aerobic processes such as composting, to reduce its
reactivity and leachate pollution potential prior to final
disposal in landfills. The MBT process was modeled based on
operational configurations described by Montejo (2013) [31].
RDF is utilized in industrial applications where it serves as a
substitute for petroleum coke. Additionally, stabilized
digestate and compost resulting from biological treatment
processes, when applied to soils, were assumed to replace the
production and use of conventional mineral fertilizers.

Composting was modeled to accept only waste after pre-
treatment in MBT. The composting process was modeled as a
tunnel system [32]. The average moisture content of the input
material is 74%, while the moisture content is 28% [33].
Electricity consumption associated with tunnel composting is
estimated at 37 kWh per tonne of input material [34].
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The AD process follows a dry mesophilic, single-stage and
single-phase configuration, operating at 37°C with a
retention time of 30 days. The biogas produced in the facility
is considered to be a mixture of CH, and CO,, with the
proportion of each gas deter-mined by the composition of the
waste. Biogas typically consists of 50%-75% methane (CH,),
25%-50% carbon dioxide (CO;), and 1%-15% trace
components such as hydrogen sulfide (H,S), ammonia (NH3),
and water vapor [35-36]. To account for this variability, the
composition of biogas generated from each waste type was
calculated using the Buswell equation [37]. In this study’s
modeling framework, a leakage rate of 2% was assumed [38].
The anaerobic digestion (AD) process yields approximately
48.9 kWh of electricity per tonne of treated waste. Kabakel
(2024) underscored the importance of advanced mechanical
separation technologies to enhance the recovery of recyclable
materials and improve the overall performance of AD systems
[39].

Packaging waste, paper/cardboard, and glass waste were
delivered to MRFs for additional sorting following mechanical
separation. Rejected waste was sent to the landfill. The
quantity of substituted primary materials depends on the
amount of recovered recyclables, the efficiency of the
recycling process, and the substitution ratio. Substitutability
was evaluated for each recycled product using literature-
based parameters [40]. Electricity consumption data for
MRFs were obtained from previous studies conducted in
Tiirkiye [41]. The actual substitution of raw material
resources was modeled by considering market conditions
and literature sources [42].

Scenarios

Although landfill is not considered a preferable option in
waste management, sanitary landfills cannot be entirely
eliminated [43]. This is because all subsystems within an
integrated waste management system inevitably generate a
fraction of residual waste that cannot be valorized with
current technologies. Therefore, landfilling remains a critical
component in the design and modeling of environmental
solutions, particularly in developing countries. According to
data from the TSI, the proportion of the municipal population
served by formal waste collection services is sufficiently high
to justify the assumption that all generated MSW is collected.
Therefore, in all modeled scenarios (Table 1), total waste
generation is treated as equivalent to total waste collection.
This study assumes that MSW generation and composition in
Amasya remain constant between 2022 and 2035. This
assumption is supported by historical data indicating that
population levels and per capita waste generation have
shown minimal variation since 1980, with no significant
increases anticipated for the next decade. While this provides
a reasonable basis for maintaining consistent waste inputs
across the scenarios, it is important to note that any
substantial future changes in total waste quantities or
composition could influence the comparative LCA results
[44].

Scenario-2022: This scenario reflects the current MSW
management practices in Amasya, characterized by 2.5%
open dumping and 97.5% landfilling, with no formal recovery
or recycling activities.

Scenario-2035-1: This scenario models a MSW management
system in which waste is treated through a MBT facility,
incorporating improved separation of recyclable materials
and optimized production of RDF. The biodegradable fraction
of the MSW is managed via composting. The MRF is designed
to process both source-separated recyclables and mixed

waste streams originating from MBT operations, enabling the
recovery of valuable materials from multiple input pathways.
All background system parameters such as the electricity mix
and material substitution factors are updated to reflect
projections for the year 2035.

Scenario-2035-11: This scenario retains all assumptions from
Scenario 2035-I, with two key deviations: (i) the
biodegradable fraction of MSW is treated via AD instead of
composting, and (ii) the rate of source-separated recyclable
waste is reduced by 10%. As a result, the input flow to the
MRF decreases, while the production of RDF increases due to
the higher proportion of mixed waste processed through
MBT.

Scenario-2035-11I: This scenario represents the business-as-
usual MSW management pathway for Amasya, incorporating
updates to the background system compared to Scenario-
2022, such as changes in the electricity mix.

Table 1. Waste management scenarios

Recovery/ Open

Scenario . . Landfill
Recycling Dumping
2022 - 2.5 97.5
60
MBT (pre-
2035-1 treatment, - 40
composting,
RDF) + MRF
60
2035-11 MBT (pre- 40
treatment, AD,
RDF) + MRF
2035-111 - 2.5 97.5
Perturbation Analysis

Perturbation analysis involves varying individual input
parameters typically those that are continuous or
quantifiable while scenario analysis examines the impact of
discrete modelling choices, such as the selection of a life cycle
impact assessment method or the definition of a unit process.
In perturbation analysis, the initial value of a given input
parameter is modified (e.g., by a 10% increment), and the
resulting change in model output is used to calculate
sensitivity ratios (SRs) according to the following equation
[45];

A Results
Initial Result
A Parameter (1)
Initial Parameter

Sensitivity Ratios (SR) =

RESULTS AND DISCUSSION
Contribution Analysis of Climate Change

The potential climate change impacts associated with the
evolution of Amasya’s MSW management system,
characterized by reduced landfilling and increased recovery
through RDF, composting, AD, and recycling via MRFs were
evaluated using LCA. Landfilling produces a load of
57,671,236 kg CO;-eq/FU (679.3 kg CO,-eq/ tonne) in the
Scenario-2022, while open dumping contributes an
additional 2,402,968 kg CO,-eq/FU (28.3 kg CO,-eq/tonne)
(Figure 4). Collection and transportation activities result in
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comparatively lower climate change impacts, amounting to
774,992 kg CO,-eq/FU (8.8 kg CO,-eq/tonne) and 172,580 kg
CO;-eq/FU (1.9 kg CO,-eq/tonne), respectively (Figure 4). In
the Scenario 2035-I1I, climate change impacts from landfilling
show a slight increase compared to the Scenario 2022
baseline, despite the transition to a more renewable
background energy system. This is primarily attributed to the
reduced substitution potential of LFG, which displaces less
fossil-based electricity in a grid increasingly dominated by
renewables. Landfilling remains the dominant source of
emissions, generating 60,457,157 kg CO,-eq /FU (712 kg CO,-
eq/tonne).

Scenario 2035-1 demonstrates significantly lower net
emissions (5,073,358 kg CO,-eq/FU) compared to Scenario
2035-11 (12,588,633 kg CO,-eq/FU) (Figure 4). This
difference is primarily driven by the environmental
performance of the MRF. Although RDF production increases
in Scenario 2035-II, its climate benefit remains marginal
compared to the impact of reduced recycling. This suggests
that, enhancing material recovery through MRFs is more
advantageous than increasing RDF output. Overall, the
results highlight the critical role of high-quality recycling and
source separation in achieving climate goals within future
MSW systems. While energy recovery through RDF and AD
offers supplementary benefits, they do not compensate for
the climate advantages of robust material recovery
infrastructure.

Climate Change Impact by Waste Management Process (kg CO2-Eq/FU)

*
*

kg COZ-EqiFL

*

*

ROF and AD (Small Vabses)
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-
0

Figure 4. Contribution analysis of climate change impact
category (kg CO2/FU)

Across all modeled scenarios for the year 2035, no net climate
change mitigation benefits are observed. Scenario 2035-III
yields the highest net GHG emissions, amounting to 723 kg
CO,-eq/tonne of MSW, Scenario 2035-1 demonstrates the
lowest climate impact, with net emissions reduced to 57 kg
CO,-eq/tonne (Figure 4). These findings underscore the
importance of achieving the 60% recovery target by 2035 as
a critical milestone for reducing GHG emissions in Tiirkiye’s
waste sector. However, in the context of the nation’s 2053 net
zero commitment, merely diverting waste from landfills is
insufficient. A comprehensive decarbonization strategy must
also address the upstream and downstream impacts of raw
material consumption and energy use within the waste

management system, ensuring that recovery processes
themselves are optimized for climate performance [46].

The global warming potential in this study (ranging from 57
to 723 kg CO,-eq per ton) is considerably lower than that of
Ankara (5476 kg CO,-eq per ton) [11], Bursa (39,530 kg CO,-
eq) [16] and Diizce’s 175-199 kg CO,-eq per ton [18], likely
due to the inclusion of energy recovery and improved
recycling performance in future scenarios.

Normalised Results of Other Impact Categories

According to the normalized results (Figure 5), the baseline
scenario (2022) shows the highest overall environmental
burden across most midpoint categories, particularly in
human toxicity (carcinogenic) and particulate matter
formation, which are driven by landfilling practices and
leachate treatment. A comparison of Scenario 2035-1 and
Scenario 2035-11 in the Human Toxicity - Carcinogenic impact
category revealed a net negative impact in Scenario 2035-I],
primarily resulting from the reduced amount of waste
recycled at the MRF. Transitioning to Scenario 2035-], yields
asignificant reduction in normalized impacts across nearly all
categories. Due to avoided emissions from reduced landfilling
and increased recovery of recyclables and RDF. In Scenario
2035-1, while human toxicity (carcinogenic) impacts
improve due to biogas utilization and reduced methane
emissions, categories such as eutrophication (freshwater)
and acidification show marginal increases, reflecting
nutrient-rich digestate management and a slight decline in
recyclable recovery efficiency.

Marine eutrophication burdens increased in Scenario 2035-1
and Scenario 2035-II, primarily due to land application
activities involving compost and digestate outputs from the
MBT process. The main contributing emissions were nitrate
leaching to water and nitrogen oxide emissions from
collection and transport operations. Similar patterns were
observed by De Morais Lima (2019) in Campo Grande, Brazil,
where nutrient losses from organic waste treatment also
dominated the marine eutrophication impact [47].
Furthermore, the human toxicity impacts in this study (-0.20
to 0.02 kg 1,4-DCB-eq per ton for carcinogenic and -5.68 to
0.39 kg 1,4-DCB-eq per ton for non-carcinogenic) are lower
than those reported for Ankara [11], further demonstrating
the improved environmental performance of the modeled
system.

The eutrophication potential in this study (-0.01 to 0.04 kg N-
or P-eq per ton) is lower than the values reported for Bursa
(-1.10 kg N-eq) [16] Ankara [16], and Diizce [18]. This
significant difference reflects reduced nutrient enrichment
effects, largely attributed to improved waste stabilization and
lower nutrient discharge intensities in the modeled system.
In all referenced cases, freshwater and marine eutrophication
burdens primarily stemmed from nutrient-rich leachate and
digestate applications. However, in this study, the
incorporation of advanced treatment technologies and
enhanced process control effectively mitigated these
emissions, resulting in substantially lower eutrophication
impacts compared with previous assessments.

Terrestrial acidification quantifies the emissions of nitrogen
oxides (NOy), sulfur oxides (SO,), sulfuric acid, and ammonia
(NH3). All scenarios in both waste management plans
exhibited positive acidification values, indicating potential
environmental burdens on terrestrial ecosystems. Land
application activities were identified as the primary
contributors to terrestrial acidification. However, the
acidification potential of AD was lower than that of



Environ Res Tec, Vol. 9, Special Issue, pp. 62-70, March 2026

67

composting, owing to the energy recovery benefits of AD.
Most reductions in this category were attributed to material
recycling within the MRF, particularly from plastic recovery.
The acidification potential observed in this study (-0.65 to
0.09 kg SO,-eq per ton) is significantly lower than Ankara’s
33.4 kg SOx-eq [11], suggesting that the integration of AD and
enhanced recycling efficiency can markedly reduce acidifying
emissions. Similarly, the Diizce case [18] also demonstrated
overall environmental benefits due to material recycling,
especially paper and plastic recycling, consistent with the
findings of this study, where the acidification potential
remained negative across most scenarios for MRF.

Toxicity-related impacts were primarily driven by energy
consumption patterns and the extent of recycling activities.

Scenario 2035-1 exhibits a more favorable net impact than the
alternative scenarios. Nonetheless, it falls short in
outperforming others with respect to marine ecotoxicity,
terrestrial ecotoxicity, and particulate matter formation. To
achieve net savings across all impact categories, a substantial
increase in recycling rates is evidently required. In the
ecotoxicity category, paper recycling provides significant
environmental credits, while leachate treatment remains the
dominant burden—findings that are consistent with the
Diizce case study [18]. Similarly, the human toxicity (non-
carcinogenic) category exhibited environmental gains in both
systems, primarily driven by the substitution of virgin
materials through recycling processes, emphasizing the role
of material recovery in mitigating toxicity-related impacts.
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Perturbation Analysis

In the baseline year (2022), only minor variations are
observed, indicating that the system’s climate-related impact
is largely dominated by landfilling emissions with limited
influence from operational parameters (Figure 6). Scenario
2035-I—which integrates MBT with composting and
expanded material recovery shows high sensitivity to
parameters associated with landfill cover and leakage, as well
as electricity consumption in MRF operations. Negative
sensitivity ratios (SR < 0) for landfill cover and leachate
management indicate that improvements in these
parameters would substantially reduce GHG emissions,
whereas the pronounced SR values for MRF energy
consumption and metal recycling electricity use (up to -3.56)
suggest that these processes dominate the residual carbon
footprint of the system. For Scenario 2035-II, where AD
replaces composting, a similar but attenuated sensitivity
pattern emerges. The system remains sensitive to landfill gas
and cover parameters, though to a lesser extent, while the
effect of MRF-related parameters decreases moderately due
to lower recyclable throughput. Scenario 2035-II],
representing the business-as-usual pathway, exhibits
minimal parameter sensitivity, reflecting the persistence of a
landfill-dominated system (Figure 6).

Limitations

Although this study offers a comprehensive assessment, it is
essential to recognize its inherent limitations. This study
focuses exclusively on the assessment of MBT and recyclables
processed through MRF. Alternative waste management
technologies, as well as scenarios emphasizing waste
reduction and enhanced source separation within the
framework of zero waste, could also be explored in future
research. Material substitution processes were modeled
based on inventory data primarily documented for European
conditions, which may not fully represent local variations.
Although some life-cycle inventory data were derived from
European sources, relevant processes were adjusted to
reflect local conditions where possible, and this limitation
does not compromise the comparative results of the study, as
all scenarios were evaluated using a consistent background
dataset.  Additionally, waste generation amounts and
compositions were assumed to remain constant over time,
because historical data indicate only minor changes. The
proposed scenarios (2035-1, 2035-1I, and 2035-III) were
based on several fixed assumptions regarding waste
composition, separation efficiency and the operational
performance of waste management facilities. In practice,
these parameters may vary significantly due to changes in
household behavior, technological performance, or local
policy implementation. Such variations could alter scenario
outcomes. Similarly, the assumed recovery rate of 60% in the
2035 scenarios represents an idealized condition that may
not be fully achieved depending on participation levels in
source separation programs. Future studies incorporating
dynamic waste characterization and long-term projections
could improve the robustness of the results. Furthermore,
this study focused on environmental impacts; however, the
economic results are also important for local government
decision-making.  Future studies should therefore
incorporate comprehensive economic assessments to
support more holistic evaluations.

CONCLUSIONS

This study conducted a LCA of MSW management in Amasya,
focusing on both the baseline year 2022 and configurations
for 2035 aligned with Tiirkiye’s national recovery target. The
results demonstrate that Amasya’s current MSW
management system dominated by landfilling imposes
substantial environmental burdens across all midpoint
categories, with particularly high contributions to climate
change, terrestrial ecotoxicity, and photochemical oxidant
formation. Transitioning toward a system that integrates
MBT with composting and efficient MRF operations (Scenario
2035-]) yields the most significant reductions in normalized
impacts. These improvements stem primarily from avoided
emissions through material substitution and reduced
landfilling. By contrast, replacing composting with AD
(Scenario 2035-II) offers moderate climate benefits but
slightly higher eutrophication and acidification potentials,
indicating the need for optimized digestate management and
energy use.

The perturbation (sensitivity) analysis further revealed that
future configurations become increasingly dependent on
operational and  energy-related parameters. The
environmental performance of the 2035 scenarios is
particularly sensitive to electricity consumption in MRFs and
landfill gas management efficiency. These findings emphasize
that achieving meaningful climate benefits requires not only
expanding recovery capacity but also improving energy
efficiency and emission control measures within treatment
facilities.

The study highlights that meeting Tiirkiye’s 2035 recovery
target of 60% is a crucial step toward reducing the carbon
footprint of the national waste sector. However, in the
broader context of the 2053 net-zero commitment, further
progress will depend on a systemic approach that integrates
upstream resource efficiency, low-carbon energy use, and
optimized recovery infrastructure. The findings provide
valuable insights for regional waste management planning
and underline the importance of coupling technological
improvements with effective source separation and policy
enforcement to ensure a sustainable transition toward a
circular and climate-resilient waste management system.
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