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Sustainable waste management and environmentally friendly production
systems have become central to modern supply chain practices. Refuse-
derived fuel, an alternative fuel derived from solid waste, presents significant
potential in supporting green supply chain management principles. However,

its integration into the green supply chain management framework remains
fragmented. This study aims to explore the integration of refuse-derived fuel
into sustainable supply chain management using an integrative literature
review method. Findings indicate that refuse-derived fuel contributes not only
to reducing landfill volume and emissions but also enhances energy efficiency,
particularly in cement manufacturing. Key challenges include feedstock
quality, technological complexity, and limited policy support. This study
proposes a conceptual model positioning refuse-derived fuel as a strategic
driver for green production. Through a multidisciplinary understanding of
refuse-derived fuel, waste management, and supply chain innovation, refuse-
derived fuel emerges as a promising component for systematic integration into
sustainable production and circular economy strategies. Future research is
recommended to empirically validate this conceptual model and to explore
practical implementation pathways in various industrial sectors.
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1. Introduction

In recent years, there has been growing global attention toward effective waste management and the
pursuit of environmentally friendly production systems, such as biorefineries. This increasing concern has
prompted the adoption of Green Supply Chain Management (GSCM) principles to reduce environmental
degradation and enhance resource efficiency. While Refuse-Derived Fuel (RDF) has shown considerable
promise in converting solid waste into alternative energy [1,2], its optimal integration into GSCM
frameworks remains underexplored and fragmented in both theoretical and practical discourse.

Integrating Refuse-Derived Fuel into Sustainable Supply Chains for Low-Carbon Production is
important because it transforms municipal solid waste into a valuable energy resource, thereby reducing
reliance on landfilling and lowering greenhouse gas emissions. This integration aligns with circular economy
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principles by promoting waste valorization, strengthening energy security through fossil fuel substitution,
and contributing to the decarbonization of industrial operations. As a result, it supports the development of
environmentally sustainable and economically resilient production systems. Figure 1 illustrates a schematic
representation of this approach.
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Figure 1. Integrating RDF into sustainable supply chains for low-carbon production is essential.

RDF, produced from the treatment of non-recyclable municipal, agricultural, and industrial waste,
offers dual benefits: it reduces landfill volume and serves as a renewable energy source, particularly in
industrial sectors such as cement manufacturing [3, 4]. Biomass has significant potential as a renewable
energy source and can reduce dependence on fossil fuels through co-firing and torrefaction technologies [5].
Studies have demonstrated RDF’s potential as a sustainable waste-to-energy (WtE) solution, highlighting its
contribution to renewable energy systems [1, 6, [7]. Simultaneously, sustainable supply chain management
literature emphasizes the importance of integrating environmental considerations and alternative energy
sources to achieve operational efficiency and long-term sustainability [8].

Despite these insights, few studies have comprehensively addressed the synergetic integration of RDF
within Green Supply Chain Management (GSCM), particularly in comparison to traditional supply chain
strategies [9]. Continuous improvement in GSCM and the adoption of renewable energy strategies, such as
solar and wind energy, are crucial for achieving environmental and operational sustainability [ 10, 11]. Forced
convection and optimized briquette design can accelerate combustion processes and improve heat transfer
performance [12], [13]. The application of RDF as a component in green supply chains is still marginal,
often limited to isolated case studies without a unifying conceptual framework [14]. Technological
advancements in biomass combustion, multi-criteria decision-making for alternative fuels, and innovations
in green-emitting materials are crucial for promoting sustainable production and the energy transition [15-
17]. Cleaner production models and wastewater reuse are essential strategies for reducing environmental and
human health impacts in traditional industries[18].

Improving green productivity through seed innovation, post-harvest handling, and waste utilization is
crucial for agricultural sustainability [19]. Optimizing composting parameters is essential for transforming
industrial solid waste into valuable resources that meet national standards[20]. High-efficiency densification
machines enable large-scale biomass briquette production and promote the use of renewable energy [21].
Furthermore, variations in the composition of biomass briquettes significantly influence their calorific value
and combustion rate, supporting the development of optimized fuel alternatives [22]. Using rice husks and
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sawdust as biomass sources offers potential for alternative fuels, although quality improvements are still
needed to meet standards [23]. Additionally, the potential of RDF in managing industrial waste streams, such
as cardboard and paper from distribution sectors, remains an underutilized opportunity for achieving closed-
loop supply chains [6, 24, 25].

This gap presents a significant opportunity for further research. While RDF technologies have
matured, their strategic alignment with GSCM processes—such as procurement, production, and
distribution—requires deeper examination, especially for developing countries struggling with waste
management infrastructure [26] A review that synthesizes RDF applications within the context of green
supply chains can offer critical insights into how waste-to-energy innovations contribute to cleaner
production systems.

The novelty of this study lies in its integrative approach to mapping the intersection between RDF and
sustainable supply chain management. Unlike prior research that isolates RDF as either an energy solution
or a waste management practice, this review proposes a unified conceptual model to position RDF as a
strategic enabler of green production in GSCM. By consolidating diverse literature on waste valorization,
energy sustainability, and supply chain innovation, this study offers a fresh lens through which RDF can be
assessed and applied systematically. Based on the aforementioned background, the researcher is interested
in conducting a study entitled "An Integrative Review on the Integration of Refuse-Derived Fuel (RDF) into
Sustainable Supply Chain Management for Green Production.” This study aims to comprehensively explore
how RDF can be optimally integrated within the framework of Green Supply Chain Management (GSCM),
evaluate its potential to enhance waste-to-energy conversion, and compare it with conventional supply chain
management strategies to promote green production.

2. Methodology
2.1. Research method

This study adopts an integrative literature review method to explore the integration of Refuse-Derived
Fuel (RDF) into Sustainable Supply Chain Management (SSCM) for green production. The integrative
review approach was selected because it allows for the inclusion of both theoretical and empirical literature,
thereby facilitating a comprehensive understanding of RDF’s role in enhancing sustainability within supply
chains. The sources reviewed in this study included peer-reviewed journal articles, conference proceedings,
and relevant reports published between 2019 and 2025. These were obtained from academic databases such
as ScienceDirect, SpringerLink, Scopus and Google Scholar. A total of 1 article was selected based on its
relevance to RDF technology, supply chain management, waste-to-energy systems, and sustainable
production practices.

2.2.  Selection Criteria and Procedure

The article selection process was conducted using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework, which involves four stages: identification, screening,
eligibility, and inclusion. The inclusion criteria were as follows: articles must be written in English, published
between 2019 and 2025, and focused on topics related to RDF, sustainability in supply chains, or green
production. In addition, the articles had to include conceptual frameworks, case studies or empirical findings.
Duplicate publications and studies lacking relevance or methodological rigor were excluded.

2.3.  Data analysis

The selected articles were analyzed using thematic content analysis. Key themes identified in the
literature include the technological aspects of RDF production, integration of RDF into supply chain
processes, environmental and economic benefits of RDF utilization, challenges and policy implications
associated with RDF, and comparative analyses with traditional fuel or waste management systems. The
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findings of this thematic analysis were synthesized to highlight research gaps, identify best practices, and
formulate policy recommendations for integrating RDF into sustainable supply chain management.

3. Results and Discussions
3.1.  Overview of reviewed studies

To establish a comprehensive understanding of current research trends and methodological approaches
in waste-to-energy conversion, a systematic review of 18 peer-reviewed studies was conducted. Table 1
summarizes their methodological orientations, data sources, applied techniques, and geographical focuses.
The synthesis reveals dominant research patterns in the academic and practical exploration of Refuse-
Derived Fuel (RDF) technologies. Notably, approximately 83% of the studies employed quantitative
approaches, reflecting the technical and analytical nature of the field, particularly in areas such as combustion
testing, energy yield analysis and techno-economic assessment. Studies such as those by Yahya et al. [27]
and Darmawan & Sudarmanta [30] utilized techno-economic and cost-benefit analyses to assess RDF
viability. In contrast, a smaller number of studies adopted qualitative methods, focusing on document
analysis, literature reviews, and policy evaluations, as seen in the work of Janda and Urbanska [36].
Additionally, experimental research such as that conducted by Robi et al. [30] focused on the performance
of RDF biomass pellets via gasification and dual-fuel engine testing, contributing significant insights into
both the technical and economic aspects of RDF deployment.

In terms of data sources, most studies relied on primary data, indicating a strong emphasis on original
fieldwork, laboratory testing, and direct data collection. For instance, experimental research conducted by
Azam et al. [32] and Shun et al. [41] involved combustion testing to evaluate the fuel performance of RDF
under controlled conditions. A smaller subset of studies utilized secondary data, mostly in the context of
qualitative approaches, where literature-based or document-based evidence played a central role. The
research methods employed in these studies were diverse, reflecting the multidisciplinary nature of waste-
to-energy research. Common methods include techno-economic analysis, waste characterization,
combustion testing, experimental design, simulations, and case study analyses. Some studies combined
methods, such as literature reviews and survey analyses, to enrich the scope and depth of their findings.
Kristanto and Rachmansyah [33] employed simulation-based approaches to model RDF applications [33],
while Wijaya et al. [34] focused on direct experimental testing in laboratory settings.

Geographically, Indonesia emerged as the most represented country, with nine of the 18 reviewed
studies conducted in various regions across the nation, reflecting a strong academic and policy commitment
to sustainable waste management and alternative energy development. Other countries identified in the
analysis include Ghana, Poland, Austria, Portugal, China, Madagascar, Thailand, and South Korea,
indicating a broad international engagement in RDF and waste-to-energy research. The distribution of these
studies illustrates the adaptability of RDF technologies across a range of socio-economic contexts, from
emerging economies to industrialized nations. Insights from each country are shaped by differing waste
characteristics, energy needs, infrastructure capacities, and regulatory landscapes. Figure 2 provides a
comparative overview of the methodological approaches and data types used in the selected studies.

The reviewed literature consistently emphasizes the integration of RDF into municipal solid waste
management systems, industrial co-firing processes—particularly in cement manufacturing—and renewable
energy applications. Across the studies, reported benefits include reductions in greenhouse gas emissions,
decreased reliance on landfill disposal, and improvements in overall energy efficiency. These advantages
position RDF as a critical component in achieving circular economy goals and advancing decarbonization
efforts. In rapidly urbanizing regions, RDF adoption offers practical solutions for managing increasing waste
volumes while simultaneously contributing to cleaner and more resilient energy systems.
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No. Author(s) (Year) Quantitative | Qualitative | Primary Data | Secondary Data Main Method Location
1 | Robietal. (2025) [30] Y N Y N Experimental analysis Indonesia
2 | Natvaree Chommontha et al. (2024) [42] Y N Y N Co-Gasification Study Thailand
3 | Do-Won Shun et al. (2024) [41] Y N Y N Combustion Testing South Korea
4 | Ting Li et al. (2024) [38] Y N Y N Case study analysis China
5 | Anna Janda & Weronika Urbanska (2024) [36] N Y N Y Policy Analysis Poland
6 1;33;551 T;i; (Iz)géjl)ag%r]l & Bambang Y N Y N Techno-Economic Analysis | Indonesia
7 | Suherman Yahya et al. (2024) [27] Y N Y N Cost-Benefit Analysis Indonesia
8 | Maria Margarida Mateus et al. (2023) [35] Y N Y N iisrsceuslsi]earff homy Portugal
9 | I Made Wahyu Wijaya et al. (2023) [34] N Y Y N Experimental analysis Indonesia
10 | Diananto Prihandoko et al. (2022) [29] N Y N Y Techno-economic analysis Indonesia
11 | Mochamad Arief Budihardjo et al. (2022) [37] Y N Y N RDF Characterization Indonesia
12 | Putu Chandra Mandala et al. (2022) [43] Y N Y N Waste composition analysis | Indonesia
13 | Khadija Sarquah et al. (2022) [1] Y N Y N Waste Characterization Ghana
14 ;l;zr;r;le[lilgiz Weerasak & Sompop Sanongraj Y N Y N Waste Composition Analysis | Thailand
15 E}zaz)bzr(i)sl[??)n]dari Kristanto & E Rachmansyah Y N Y N Simulation analysis Indonesia
16 | Mudassar Azam et al. (2019) [32] Y N Y N Combustion Testing Austria
17 | Piotr Krawczyk et al. (2018) [31] Y N Y N Comparative analysis Poland
18 | Jordy Charly Isidore et al. (2015) [39] Y N Y N {;;:;astil;re review and survey Madagascar
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Figure 2. Schematic diagram

Table 2 summarizes various findings related to RDF processing and utilization, as well as its

contributions to waste management and the sustainability of green production systems, as outlined by the
relevant authors.

Table 2. Summary of authors' findings on RDF technology and its applications.

No. Author(s) (Year) Response
Investigates the application of RDF biomass pellets in a
gasification process to produce syngas for dual-fuel diesel engines,
1 Robi et al. (2025) evaluating technical performance, economic feasibility (payback
period under two years), and CO- emission reduction for electricity
generation [30]
) Natvaree Chommontha et al. Investigates co-gasification of RDF, offering insights into
(2024) optimizing RDF for higher energy yields [42]
Analyzes RDF combustion in fluidized boilers, highlighting
3| Do-Won Shun et al. (2024) technological and environmental benefits [41]
. . Examines RDF integration in industrial waste management,
4 | Ting Lietal. (2024) focusing on technical and policy challenges [38]
5 Anna Janda & Weronika Case study on RDF production in Poland, exploring energy
Urbanska (2024) recovery and landfill waste reduction [36]
R Presents techno-economic analysis of biomass waste conversion
6 Robi Fajerin Darmawan & into energy, contributing to RDF and renewable energy integration
Bambang Sudarmanta (2024) 130] gy, & gy mteg
Analyzes financial feasibility of RDF in cement production,
7 | Suherman Yahya et al. (2024) highlighting economic and sustainability considerations [27]
] Maria Margarida Mateus et al. Analyzes RDF's role in circular economy, focusing on waste
(2023) reduction and energy transition in production processes [35]
I Made Wahyu Wijaya et al. Invespgates RDF' production from temple and coconut wgste,
9 focusing on sustainable energy and waste management practices
(2023) [34]
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No. Author(s) (Year) Response
Diananto Prihandoko et al. Dlscusges RDF technology for. municipal wast; management, focusing
10 (2022) on environmental and economic benefits, and its role in sustainable

supply chains [29]
Mochamad Arief Budihardjo et | Studies RDF from landfill waste, emphasizing renewable energy

1 al. (2022) potential and environmental benefits [37]

Putu Chandra Mandala et al. Optimizes RDF production at landfills, addressing environmental,
12 . )

(2022) economic, and policy aspects [43]

Studies RDF valorization from municipal solid waste, focusing on

13 | Khadija Sarquah et al. (2022) technological, environmental, and economic benefits [1]

14 Tiammanee Weerasak & Focuses on municipal waste composition for RDF production,
Sompop Sanongraj (2021) highlighting raw material quality for green production [40]

15 Gabriel Andari Kristanto & E Studies RDF production from commercial waste for cement, reducing
Rachmansyah (2020) CO: emissions and evaluating sustainability [33]

Analyzes RDF combustion, providing insights into energy content and

16 | Mudassar Azam et al. (2019) environmental benefits compared to traditional fuels [32]

Investigates RDF co-combustion with lignite, offering environmental

17| Piotr Krawczyk et al. (2018) comparisons and advantages over traditional fuels [31]

Jordy Charly Isidore et al. Discusses gasification of household waste, focusing on process

18 (2015) complexities and RDF's role in energy recovery [39]

3.1. Technological aspects of RDF production

Refuse-Derived Fuel (RDF) production is a multistage process that transforms municipal solid waste
(MSW) and other types of waste into usable fuel for energy generation, especially in energy-intensive
industries such as cement manufacturing and power generation. The technological processes involved in
RDF production are crucial for determining the fuel quality, energy yield, environmental impact, and
economic feasibility.

At its core, RDF production begins with waste collection and segregation, where recyclable and non-
combustible materials, such as metals, glass, and inert materials, are removed. The remaining waste, typically
composed of plastics, paper, cardboard, and organic residues, serves as the feedstock for RDF. The quality
of this feedstock significantly affects the efficiency and performance of RDF as an energy source. Weerasak
and Sanongraj emphasized the importance of analyzing municipal waste composition to ensure the raw
material’s suitability for RDF production, as higher calorific values are typically associated with plastic and
paper-rich waste streams [40]. Figure 3. depicts the waste management practices implemented on campus.

Following segregation, waste undergoes mechanical processing, which includes shredding, drying,
and sometimes pelletizing. Drying technology plays a critical role in this stage. The moisture content of RDF
must be reduced to enhance its calorific value and combustion performance. As described by Zamrudy et al.
[30] optimized drying techniques are essential for making RDF viable for use in cement kilns, where
consistent fuel quality is crucial for process stability and emissions control. In addition, RDF biomass pellets
produced through optimized drying and pelletizing can also be utilized in gasification processes to generate
syngas as an alternative fuel for dual fuel diesel engines, supporting waste-to-electricity applications and
promoting decarbonization efforts [44].

Another technological pathway explored in RDF research is gasification, a process in which organic
waste is thermochemically converted into synthetic gas (syngas) through controlled oxygen or steam
conditions. This gas can then be used for electricity generation or as a precursor in other chemical processes.
Budihardjo et al. and Chommontha et al. highlighted how co-gasification — the simultaneous gasification
of RDF with other fuels or biomass — can improve energy efficiency and reduce the environmental footprint
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of waste management systems [37, 42]. Gasification offers a cleaner alternative to direct combustion by
producing fewer harmful emissions, provided that the process is carefully controlled.

(d) | Municipal Solid Waste |
I 5 ]

| Recyclable | l Non-Recyclable |

I I

Metal : Iron wire, cans, Combustible
metal parts Paper : Packaging, cardboard, office paper,
Glasse : Glass fragments, toilet paper, ewsprint, magazines
glass bottles, mirrors, Plastic : Plastic film, polyethylene bag,
glass balls food packaging foam
Plastic products : plastic bottles, Textile : clothes, shoes, cotton, chemical fiber
tubes, plastic toys, Food residue : Rice, food residue, meat,
plastic containers vegetables, fruit residue
bottles Rubber : rubber shoes, waste tires

Non-combustible : inert material such as soil, rock

Figure 3. Waste management practices at Rajamangala University of Technology Isan, Surin Campus,
Thailand: (a) municipal solid waste classification system; (b) open dumpsite and sampling location.
Adapted from [40].

Combustion technologies have also been widely applied and studied. RDF is often burned in industrial
boilers or cement kilns to replace traditional fossil fuels, such as coal. Studies such as those by Mudassar
Azam et al. and Do-Won Shun et al. examined how RDF combustion in fluidized bed boilers can achieve
higher combustion efficiency and more stable thermal performance due to better mixing and heat transfer
[32, 41]. The volatile matter content in RDF, which is higher than that in conventional coal, contributes to
more complete combustion and can result in lower emissions of certain pollutants, assuming optimal
combustion conditions are maintained.

Simulation technologies and techno-economic analyses also play important roles in RDF technology
development. Researchers like Gabriel Kristanto & Rachmansyah used simulation methods to evaluate the
efficiency of RDF production from commercial waste streams and its integration into existing energy
systems [33]. These analyses help stakeholders predict the performance and economic outcomes of RDF
projects prior to implementation.

In summary, RDF production is a technologically intensive process involving multiple stages, from
waste segregation and drying to combustion or gasification, each requiring careful optimization.
Advancements in these technologies not only improve fuel quality and energy efficiency, but also support
environmental goals, such as greenhouse gas reduction and landfill diversion. The integration of RDF into
industrial energy systems reflects the intersection of engineering innovation, environmental management,
and circular economy principles.

3.2. Integration of RDF into supply chain processes

The incorporation of Refuse-Derived Fuel (RDF) into industrial supply chains, particularly in sectors
such as cement manufacturing and thermal energy generation, has been recognized as a strategic pathway
for enhancing sustainability and resource efficiency. RDF serves as a partial substitute for conventional fossil
fuels, especially coal, which remains the primary energy source in many industrial applications. Empirical
findings by Krawczyk et al. [ 14]. and Kristanto & Rachmansyah [16] demonstrate that the co-combustion of
RDF in cement kilns and power plants can significantly reduce lignite or coal consumption without
compromising thermal performance or energy output.

This substitution is not merely a technical improvement but a systemic shift in how industrial
operations manage their inputs and outputs. In cement production, RDF integration supports both the thermal
energy requirements of kilns and environmental performance goals. When properly managed, the
combustion of RDF emits fewer greenhouse gases than coal, thereby contributing to lower carbon footprints
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and helping industries meet climate targets. Moreover, the high-temperature environment in cement kilns
ensures the safe thermal destruction of potential contaminants in RDF, minimizing risks to air quality and
public health [45-47].

Beyond environmental advantages, RDF integration plays a crucial role in closing material loops,
which is a foundational concept in the circular economy. By diverting large volumes of municipal and
commercial waste from landfills and converting them into fuel, RDF production transforms waste into a
valuable resource. Maria Margarida Mateus et al. emphasized this role, noting that RDF promotes waste
valorization and supports the shift from a linear to a circular production model, particularly in industrial
processes where waste-to-energy pathways are viable [35].

However, infrastructure readiness and stakeholder coordination are essential for the successful
integration of RDF into supply chains [48]. First, upstream systems, such as waste segregation, sorting, and
collection, must be well established. Effective segregation at the source—whether at the household,
commercial, or municipal level—ensures that the RDF feedstock has a high calorific value and minimal
contamination. Following collection, waste must undergo mechanical treatment processes, such as
shredding, drying, and sometimes pelletizing, before it becomes suitable for use in industrial settings.

The integration process also necessitates investments in technology and logistics, including RDF
production facilities, storage systems, transportation networks, and combustion technologies adapted to RDF
characteristics. Industries must upgrade or retrofit their boilers, kilns, or incinerators to accommodate RDF's
variable composition of RDF, which differs significantly from that of traditional fossil fuels in terms of
moisture, ash content, and volatile matter.

Furthermore, collaboration among stakeholders is critical to achieve this goal. Local governments
must enact supportive policies and regulations that promote the adoption of RDF while ensuring
environmental safety. Waste management companies play a central role in maintaining consistent RDF
quality and supply, and industries must commit to adopting and investing in RDF-compatible technologies.
These collaborations ensure not only the technical feasibility of RDF integration, but also its long-term
economic and environmental sustainability.

3.3.  Environmental and economic benefits of RDF utilization

RDF offers notable environmental and economic advantages [49]. From an ecological and
environmental perspective, RDF utilization reduces dependence on landfilling and significantly mitigates
methane emissions, a greenhouse gas with a global warming potential far greater than that of CO2. Moreover,
the displacement of conventional fossil fuels, particularly in cement production, contributes to substantial
reductions in CO: emissions, aligning with broader climate change mitigation goals [33].

Economically, RDF enhances resource efficiency by transforming municipal waste into marketable
fuel alternatives. The financial viability of RDF has been affirmed by Yahya et al.[27] and Sarquah et al. [1],
who report favorable cost-benefit outcomes in energy recovery and fuel substitution scenarios. Moreover,
RDF adoption reduces dependence on conventional landfill systems, thereby lowering disposal costs and
supporting the advancement of circular economy practices [35, 50, 51].

3.4.  Challenges and policy implications

Despite these benefits, there are several challenges to the widespread adoption of RDF. One major
issue is the variability in waste composition, which can affect the quality and calorific value of the RDF.
This challenge necessitates advanced sorting and pretreatment processes, which require additional
investment in technology and infrastructure [23]. Furthermore, the regulatory framework surrounding RDF
production and utilization is still developing, particularly regarding quality control, environmental standards,
and waste segregation policies [26].
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Policy implications are also critical for supporting RDF development. Governments must provide
clear regulations and incentives to encourage the adoption of RDF in industrial processes. This includes
supporting technological advancements in waste segregation, treatment and quality control. Additionally,
policies that promote the use of renewable energy and reduce reliance on fossil fuels can enhance the
integration of RDF into green production systems [11].

3.5. Comparative analyses with traditional fuel or waste management systems

RDF demonstrates clear advantages over conventional waste management and fossil fuel-based
energy systems. RDF offers a more sustainable alternative to fossil fuels by reducing the reliance on coal
and lowering the environmental impact of waste disposal. Krawczyk et al. [31] and Mudassar et al. [32]
emphasized the environmental benefits of RDF compared to traditional fuels, including reduced CO:
emissions and lower energy consumption in certain industrial applications. Notably, the heating value of
RDF closely matches that of low-rank coal, whereas municipal solid waste (MSW) exhibits significantly
lower calorific potential [31]. The ultimate analysis also showed a high sulfur content in the coal
sample. Figure 4 illustrates the potential energy recovery from 5,000 tons/day of MSW and RDF in
Lahore, underscoring RDF’s role of RDF in narrowing the city’s energy supply demand gap through
waste-to-energy conversion.
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Figure 4. Combustion comparison of coal, MSW, and RDF: (a) average composition of Lahore MSW; (b)
TG curves at four heating rates; (c) energy recovery potential via incineration. Adapted from Ref. [40].

RDF's role of RDF in replacing or complementing traditional waste management systems is also
significant. Traditional methods, such as landfilling or incineration without energy recovery, contribute to
environmental degradation. In contrast, RDF utilizes waste as a resource, converting what would otherwise
be discarded into an energy source. This not only addresses waste disposal challenges but also contributes to
a more sustainable and economically viable waste management system [1].

3.6. Future directions and recommendations

While this study highlights the potential of integrating refuse-derived fuel into sustainable supply
chain practices, further empirical validation and large-scale pilot projects are needed to confirm its feasibility
and scalability across diverse industrial contexts. Future research should explore advanced waste
characterization methods to improve feedstock quality, as well as policy and economic incentive models to
encourage broader adoption. In line with the global trend toward digitalization and Industry 4.0, advanced
technological tools such as artificial intelligence (Al) are increasingly relevant for enhancing green supply
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chain strategies and optimizing waste-to-energy processes, including refuse-derived fuel (RDF) production.
Additionally, the implementation of artificial intelligence—driven methods — such as Al-powered sorting
systems, predictive analytics, and machine learning — has shown the potential to significantly improve
waste-to-energy conversion efficiency and operational performance in solid waste management systems,
achieving accuracy rates up to 99.95% and reducing costs by over 13% [52, 53]. By leveraging these digital
tools, stakeholders can achieve higher levels of operational performance, circularity, and environmental
impact minimization in the construction industry. Future investigations integrating these advanced
approaches will provide valuable insights into sustainable production, waste management, and
green supply chain innovations. Figure 5 shows the future direction of RDF integration in green
supply chains.

Regulatory frameworks
Artificial Intelligence (Al) g ¥

* RDF classification as
renewable energy

= National standards for
RDF quality &
emissions

= Al-powered waste
sorting

= Predictive analytics for
STE efficiency

= Machine learning for
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\ value

Improved Feedstock
Management

Advanced Waste
Characterization

Pilot Projects & Empirical

5 . Validation
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"= Urban RDF integration
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Use of spectrometry/Al heating or microgrids
vision tools ) Cross-sector Collaboration
Source Segregation * Industry-academia-
Enhancement

\\o" / government
partnerships

= Knowledge-sharing
platforms

= Public education
= Smart bins or smart
waste stations

Figure 5. Future directions for RDF integrations in green supply chains

4. Conclusions

Based on the integrative review, the integration of Refuse-Derived Fuel (RDF) into sustainable supply
chain management demonstrates significant potential in supporting green production through environmental,
economic, and technological benefits. RDF not only reduces reliance on fossil fuels and mitigates greenhouse
gas emissions, particularly in energy-intensive industries such as cement production, but also contributes to
circular economy practices by converting municipal solid waste into valuable energy sources. Despite these
promising advantages, challenges such as inconsistent waste composition, technological requirements, and
underdeveloped regulatory frameworks must be addressed through coordinated stakeholder collaboration
and supportive policy interventions. Overall, RDF presents a viable and sustainable alternative that, when
effectively integrated into supply chain processes, can enhance energy efficiency, reduce environmental
impact, and promote more resilient and eco-friendly industrial systems. Future studies should explore the
optimization of RDF production technologies and develop comprehensive policy frameworks to facilitate
wider adoption. In addition, examining consumer acceptance and market readiness is recommended to ensure
the successful implementation and long-term sustainability of RDF within green supply chains.
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