X

< >
& >
Sustinere

Journal of Environment and Sustainability
Volume 8 Number 2 (2024) 214-229

Print ISSN: 2549-1245 Online ISSN: 2549-1253
Website: https://sustinerejes.com E-mail: sustinere.jes@uinsaid.ac.id

RESEARCH PAPER
Materials characterization for Refuse Derived Fuel
(RDF) production as renewable energy resources

[ Made Wahyu Wijaya™, [ Gusti Ngurah Made Wiratama?, I Kadek Ardi Putra?
'Regional and Rural Planning Study Program, Postgraduate Program, Universitas Mahasaraswati Denpasar,
Jalan Kamboja No. 11A, Denpasar, Bali, Indonesia 80233
2Environmental Engineering Study Program, Faculty of Engineering, Universitas Mahasaraswati Denpasar,
Jalan Kamboja No. 11A, Denpasar, Bali, Indonesia 80233

Article history:
Received 3 June 2024 | Accepted 15 August 2024 | Available online 31 August 2024

Abstract. This study offers a comprehensive analysis of key parameters—volatile matter,
carbon content, ash content, and gross energy—across various material samples intended for
Refused Derived Fuel (RDF) briquette production. Through meticulous examination, promising
trends emerge, highlighting optimal material combinations for efficient combustion and heat
generation. Samples rich in volatile matter and carbon content, notably those incorporating
wood powder, demonstrate elevated calorific values, indicating their potential for effective
energy production. Conversely, material combinations with low ash content suggest cleaner
combustion and reduced environmental impact. The gross energy analysis further validates
the substantial heat generation potential of specific sample combinations, rendering them
suitable for diverse heating applications. These findings emphasize the critical role of precise
raw material selection and meticulous manufacturing process optimization in producing RDF
briquettes with desirable properties. Such briquettes not only offer economic viability but also
contribute to environmental sustainability by providing an alternative fuel source with
reduced emissions. This research underscores the importance of continued exploration and
refinement in the development of RDF briquettes, aiming to meet growing energy demands
while mitigating environmental concerns.
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1. Introduction

Bali island is renowned for its vibrant cultural and religious traditions, which are deeply
rooted in Hinduism. These traditions often involve elaborate ceremonies and offerings, resulting
in the generation of substantial amounts of organic waste (Rajendra, 2012; Martana, 2019). While
these offerings serve as expressions of gratitude to the gods, their disposal poses significant
environmental challenges. Proper management of temple waste is imperative to mitigate adverse
environmental impacts, aligning with sustainable development goals and the principles of
environmental stewardship (Wijaya et al., 2021; Yadav et al., 2015). Hindu religious ceremonies
in Bali involve the offering of various natural materials, such as flowers, leaves, straw, and fruits
to the gods. These offerings, while symbolic of devotion, result in the generation of waste, which
poses challenges for waste management (Jain, 2016; Singh et al. 2013; Singh et al., 2017). Notably,
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not all organic waste degrades rapidly, leading to environmental concerns such as odor, aesthetic
disruption, and limited land capacity for disposal (Balachander, 2015).

The characterization of temple waste is essential to understand its composition and devise
effective waste management strategies (Gargiulo et al., 2023; Makwana et al., 2023). Previous
studies have indicated that organic waste constitutes a significant portion of temple waste, with
compositions varying based on the types of offerings and ceremonies conducted. Biodegradable
waste, including leaves, flowers, fruit, and food scraps, constitutes most of the temple waste
(Yadav et al., 2015; Das & Baishya, 2017; Samadhiya et al., 2017; Yadav et al., 2018). Additionally,
non-biodegradable components, such as bamboo, hard leaves, and coconut shells, contribute to
the waste stream. The improper disposal of temple waste not only impacts terrestrial
environments but also poses risks to aquatic ecosystems when waste is discarded in rivers or
coastal areas (Singh, 2013; Suantara et al., 2020).

Traditionally, the management of organic temple waste in Bali has involved collection by
sanitation personnel and transport to landfills. While composting has been employed to manage
organic waste, its effectiveness in waste reduction remains limited (Wiyono et al., 2021). To
address this challenge, alternative methods for waste management and resource recovery are
being explored. These methods aim to convert organic waste into valuable products, thereby
reducing environmental impacts and promoting resource efficiency (Khammee etal., 2019; Schritt
& Pleissner, 2022; Wijaya et al., 2021). One promising approach is the conversion of organic waste
into biomass-based energy resources, such as Refuse-Derived Fuel (RDF) (Bras et al., 2017;
Shehata et al., 2022; Wijaya, Wiratama, Putra, & Atmaja, 2023; Wijaya, Wiratama, Putra, & Aris,
2023). RDF is produced by shredding and drying organic waste to remove moisture content,
resulting in a fuel source with high calorific value.

The utilization of RDF offers several advantages, including reduced greenhouse gas (GHG)
emissions, decreased reliance on fossil fuels, and opportunities for decentralized energy
production (Nobre et al., 2019). The characterization of diverse materials from daily production
activities as potential RDF material is crucial for assessing its suitability for energy production.
This involves analyzing the chemical composition, calorific value, moisture content, and ash
content of the several materials. Additionally, physical properties such as particle size distribution
and bulk density play a role in determining the handling and combustion characteristics of RDF
(Alsulaili et al., 2024; Calin et al., 2021; Paolo & Paola, 2015; Zhou et al.,, 2016).

Research studies have demonstrated the feasibility of utilizing some materials such as dried
coffee husks, corn husks, corn cobs, eggshells, sawdust, and rice husks as RDF material for energy
production. These studies have highlighted the calorific value of these materials, making them
suitable feedstocks for RDF production. Moreover, come materials exhibit favorable combustion
properties and can be effectively utilized as RDF material. The utilization of RDF for sustainable
energy production offers a viable solution to the management of organic waste. RDF can be
utilized in various applications, including steam generation, brick manufacturing, and power
generation (Edo et al., 2016; Sieradzka et al., 2020).

The combustion of RDF produces heat energy, which can be used for steam production in
industrial processes or electricity generation in power plants. Furthermore, RDF can serve as a
substitute for fossil fuels such as coal, thereby reducing GHG emissions and mitigating climate
change impacts. By harnessing RDF as a renewable energy resource, we can achieve energy
security, reduce environmental pollution, and promote sustainable development. Additionally, the
decentralized production of RDF offers opportunities for community-based energy projects,
empowering local communities and enhancing economic resilience.

2. Material and method

The RDF was engineered from a unique blend of six materials: dried coffee husks, corn husks,
corn cobs, eggshells, sawdust, and rice husks as fundamental constituents. There were 16 samples,
including the six materials alone and 10 mixed compositions with 50%:50% ratio. Previous
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investigations, including the study by Wijaya and Putra (2021); Wijaya et al., 2021; Patent No.
IDS000006518, 2023; Wijaya, Wiratama, Putra, & Atmaja, 2023) highlight that such waste

typically accumulates in the vicinity of temples following ceremonial activities or most domestic
activities. The samples are labeled as follow: temple waste and wood dust (S1), corn husk with
wood dust (S2), dried coffee husk (S3), corn cobs and corn husk (54), wood dust (S5), corn cobs
and wood dust (S6), temple waste and corn cobs (S7), dried coffee husk and temple waste (S8),
temple waste and corn husk (S9), dried coffee husk and wood dust (S10), dried coffee husk and
corn husk (511), corn cobs (S12), corn husk (S13), rice husk (S14), dried coffee husk and corn cobs
(S15) and eggshells (S16). Samples are showed on Figure 1.

s9 | | s10 | | s11 | | s12 |

| s13 | | s14 | | s15 | | S16

Figure 1. Raw material for RDF production material

2.1. RDF briquette production

The fabrication of biomass briquettes was meticulously executed through the compression
of biomass into cylindrical pellets, each measuring between 5-10 cm in length and 1 cm in
diameter. The process commenced with the initial size reduction of the dried temple waste using
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a MCC series 6-200 chaft cutter machine, powered by a GC-200 engine of 6.5 horsepower. This
was followed by a finer milling stage, employing a FFC 23 machine integrated with a GX 270 engine
of 9 horsepower. The resultant temple waste powder was subsequently compressed into pellets
utilizing a vertical pellet press machine, SLD 150 MPK, equipped with a JF 180 engine. Additional
materials, chosen for their relevance and availability, included dried coffee husks, corn husks, corn
cobs, eggshells, sawdust, and rice husks. Each of these organic samples was subjected to the same
rigorous analysis criteria as the initial materials, encompassing moisture content, ash content,
organic matter, and calorific value, among others. This expansive selection of materials was
intended to broaden the study's scope in identifying viable sources of biomass for RDF production,
thereby contributing to the diversification of renewable energy resources.

2.2. Preparation of crab shell for chitosan extraction
2.3. Characteristic analysis of RDF

The analytical phase for RDF was expansive, embracing both the primary temple waste-
derived fuels and the sixteen additional organic materials identified in the study's second year.
The physical and chemical properties of RDF's and other organic were meticulously examined,
focusing on moisture, ash, and organic content, and caloric potential. Moisture content was
determined by oven drying at 103 + 5°C until a constant mass was achieved, a critical step in
ensuring the accuracy of subsequent analyses. Gravimetric methods were employed to quantify
ash and organic matter, following protocols established by the Association of Official Agricultural
Chemists (AOAC). Nutrient content, specifically nitrogen, was quantified using the semi-micro
Kjeldahl technique, whereas phosphorus and calcium concentrations were measured through
spectrophotometry and atomic absorption spectroscopy (AAS), respectively. The calorific value
was evaluated using a Gallenkamp Ballistic Bomb Calorimeter, with combustion in an oxygen-rich
atmosphere to measure energy content (Gatko et al., 2023; Rezaei et al., 2020; Widyatmoko et al.,
2021). This comprehensive approach aimed to provide a robust dataset on the potential energy
contributions of various organic materials when processed into RDF, offering valuable insights for
the development of renewable energy solutions.

3. Result and discussion

The study's exploration of the moisture content of various RDF briquette samples unveils
critical insights into the suitability and efficiency of these materials for fuel applications. Moisture
content, representing the percentage of water mass within the briquettes, significantly influences
the combustion process, energy yield, and overall feasibility of RDF briquettes as a renewable
energy source.

3.1. Moisture content analysis

The analysis revealed a wide range of moisture contents across the different materials tested,
as depicted in the accompanying graph (Figure 2). The moisture content varied significantly, from
as low as 1.6% in eggshell samples to as high as 23.01% in corn stalk samples. Most materials
maintained a moisture content below 15%, aligning with the optimal range for the efficient
combustion of RDF briquettes. Eggshells exhibited the lowest moisture content at approximately
1.6%, indicating their potential as an excellent material for RDF briquette production due to
minimal drying requirements and higher calorific value retention. In contrast, corn stalks, with a
moisture content of 23.01%, highlighted the challenges in using high-moisture materials,
necessitating extensive drying to prevent energy loss during combustion. The majority of the
materials tested fell below the recommended 15% moisture content threshold, suggesting their
general suitability for RDF briquette production without extensive pre-drying.
High moisture content hampers combustion efficiency as a substantial portion of the generated
energy is consumed to evaporate the water content before the material can ignite. This results in
lower heat output and potentially incomplete combustion, contributing to higher emissions and
lower energy efficiency (Lietal., 2023; Nobre et al., 2019). Materials with higher moisture content
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weigh more and occupy greater volume, which can adversely affect transportation costs and
storage requirements. In contrast, dryer materials are more cost-effective to transport and store
due to their reduced weight and density. The combustion of high-moisture content materials tends
to produce higher exhaust emissions because the energy used to evaporate the water reduces the
efficiency of combustion, leading to incomplete burning and the release of uncombusted gases
(Rania et al., 2019). The energy value or calorific value of RDF briquettes decreases with
increasing moisture content. Dry materials combust more completely and efficiently, releasing
more energy and thus providing a higher calorific value (Nowak, 2023).
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Figure 2. Moisture content percentage

The study underscores the pivotal role of moisture content in determining the quality and
combustion efficiency of RDF briquettes. Materials such as eggshells, with inherently low moisture
content, are highly favorable for briquette production, offering higher calorific values and
requiring less energy for drying (Shumal et al., 2020). In contrast, materials like corn stalks
require significant drying, highlighting the need for efficient moisture management strategies in
RDF production to ensure high-quality fuel output (Schwarzbéck et al., 2018).

The findings advocate for a meticulous selection of raw materials based on moisture content
to optimize the RDF briquette manufacturing process. Implementing effective drying techniques
prior to briquetting can enhance fuel quality, combustion efficiency, and environmental
performance of RDF briquettes, contributing to the broader adoption of this renewable energy
source.

3.2. Organic content analysis

The analysis of organic content highlighted the potential of various biomass materials in
contribute to the high calorific value of RDF briquettes (Figure 3). Wood sawdust emerged as the
material with the highest organic content (99.08%), underscoring its viability as a primary or
supplementary material in briquette formulation due to its high energy content and combustion
efficiency. Most samples demonstrated organic content above 90%, suggesting a broad suitability
of these materials for RDF production based on their inherent energy potential. The notable
exception was eggshells, with had a significantly lower organic content, indicating their limited
contribution to the briquette's calorific value but potential benefits for other properties, like
structural integrity.
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Figure 3. Organic content percentage

High moisture content in briquettes necessitates greater energy expenditure to evaporate
the water before combustion can occur, thereby reducing the overall energy output. In contrast,
high organic content correlates with a higher calorific value, enhancing the briquette's energy
efficiency and combustion quality (Rajca et al, 2020; Sarc & Lorber, 2013). While organic
materials generally contribute positively to the calorific value, the type of organic matter is crucial.
For example, materials like plastics, despite their high energy content, can produce toxic
emissions when burned. The selection of organic materials must balance energy output with
environmental impact.

The moisture content directly impacts the briquette's transportation and storage costs.
Lower moisture content materials require less drying, reducing production costs and potentially
lowering the environmental footprint of the manufacturing process. Our findings emphasize the
importance of careful material selection and preparation in RDF briquette production. By
optimizing moisture and organic content, manufacturers can improve the efficiency,
environmental sustainability, and economic viability of RDF briquettes (Bras et al., 2017).

In conclusion, the successful production of high-quality RDF briquettes hinges on a nuanced
understanding and control of both moisture and organic content within the raw materials.
Strategies to reduce moisture content to within the optimal range and maximize organic content
without compromising environmental standards are essential for the development of efficient,
sustainable, and economically viable RDF briquettes.

3.3. Volatile content analysis

Volatile content, expressed as a mass percentage, represents the portion of a material that readily
evaporates at low to medium temperatures, encompassing compounds like water vapor and light
organic compounds. Achieving the optimal volatile content is crucial for ensuring efficient
combustion processes. While high volatile content can facilitate faster ignition, excessively volatile
materials may lead to unstable combustion and excessive emissions (Bras et al., 2017; Porshnov
et al, 2018). Precise control over the briquette manufacturing process temperature is
instrumental in regulating volatile content. High volatile content facilitates prompt ignition, as
volatile compounds readily evaporate at low temperatures, supporting the initial combustion
process. This contributes to combustion efficiency and helps maintain stable burning. Proper
volatile content levels aid in sustaining consistent combustion. Excessive volatile compounds may
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induce fluctuations, while insufficient volatiles can disrupt ignition and stability (Maj et al., 2022;
Mlonka-Medrala et al., 2021).Volatile compounds released during combustion can generate
exhaust gases such as carbon dioxide (CO2), water vapor, and other compounds. These emissions
can impact environmental quality and air pollution levels, necessitating careful consideration of
volatile compound composition during briquette manufacturing (Liedmann at al., 2017). Optimal
volatile content enhances combustion efficiency by ensuring that most of the energy generated
during combustion is utilized effectively. However, excessively high volatile content may result in
unstable combustion and increased emissions. Materials with high volatile content may require
careful handling and management, particularly concerning safety and fire prevention protocols

(Jiang et al., 2024; Tihin et al., 2023).
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Figure 4. Volatile content percentage

Samples such as dry coffee husks and the combination of pure waste with wood sawdust
exhibit notably high volatile contents, ranging from 28.07% to 29.09% (Figure 4). This indicates
their potential for rapid ignition and substantial contribution to the combustion process of RDF
briquettes. The presence of these highly volatile materials enhances the ignition phase, promoting
efficient combustion. Conversely, materials with lower volatile content, such as eggshells with
only 1.9% volatile content, have limited potential for evaporation and combustion at lower
temperatures. This characteristic may be attributed to their denser composition and structural
complexity, which impedes rapid evaporation and combustion.

Certain combinations of raw materials, such as coffee husks with wood sawdust and pure
waste with wood sawdust, exhibit increased volatile contents compared to individual materials.
This suggests a synergistic effect in volatile content enhancement, potentially leading to improved
combustibility and energy release during RDF briquette combustion (Hayashi & Ohsawa, 2015;
Kaniowski et al., 2022). The volatile content analysis reveals variability across different types of
raw materials, when can significantly influence combustion behavior, heat generation, and the
substitutability of RDF briquettes for conventional fuels. Understanding this variability is crucial
for optimizing the composition of raw materials in RDF briquette production to achieve desired
combustion characteristics and energy output.

Information derived from volatile content analysis is instrumental in designing optimal raw
material compositions for RDF briquette production. By balancing volatile content, manufacturers
can enhance combustion efficiency, reduce emissions, and ensure the overall quality and
performance of RDF briquettes (Garcia et al., 2021; Nasiri et al., 2023; Smolinski et al., 2022).
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Optimization efforts may involve adjusting production parameters such as temperature, pressure,
and processing time to achieve desired volatile content levels tailored to specific applications of
RDF briquettes. Analyzing volatile content provides valuable insights into the combustion
behavior and efficiency of RDF briquettes, guiding production strategies towards improved
performance, environmental sustainability, and energy utilization (Alsulaili et al., 2024).

3.4. Carbon content analysis

Carbon content measurement quantifies the percentage of carbon mass present in briquettes
(Figure 5). Carbon is a primary component in fuels that generates energy upon combustion.
Therefore, high carbon content enhances the calorific value of briquettes. However, excessively
high carbon content may also elevate carbon dioxide (COz) emissions during combustion. Thus, a
balance between calorific value and GHG emissions is essential.
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Figure 5. Carbon content percentage

The influence of carbon content on briquette quality includes: Calorific value: The carbon
content directly correlates with the calorific value, or energy produced, upon complete
combustion. Higher carbon content results in a greater calorific value, meaning briquettes with
higher carbon yield more heat when used as fuel. Combustion efficiency: High carbon content
contributes to better combustion efficiency. Since carbon is readily combustible, high carbon
content fosters stable and consistent combustion processes. Greenhouse gas emission: Although
carbon is a primary component of combustion, it is also producing exhaust gases like CO..
Therefore, high carbon content in briquettes can escalate GHS emissions if not effectively
controlled. Reduction in fossil fuel use: Utilizing briquettes with high carbon content can reduce
the reliance on fossil fuels, thereby mitigating GHG emissions and air pollution. Sustainability:
High carbon content in organic waste raw materials supports sustainability by utilizing waste as
an alternative energy source (Egan et al., 2022; Materazzi et al., 2016; Paolo & Paola, 2015).

The analysis of carbon content in various raw material samples for RDF briquette production
indicates the percentage of carbon components in each sample. This carbon content significantly
affects the calorific value and combustion efficiency of RDF briquettes, influencing their overall
energy contribution. For example, wood sawdust samples exhibit high carbon content
percentages, ranging from 56.08% to 57.47%, indicating a high potential for energy generation
during combustion, as carbon is the primary heat-producing component.

Conversely, materials with lower carbon content, such as eggshells with 5.79% carbon
content, contribute less energy during combustion. This lower energy output may be due
proportions of non-carbon organic components in these samples. Combinations of raw materials,
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such as coffee husks with wood sawdust and corn husks with wood sawdust, demonstrate
sufficiently high carbon content, ranging from 56.12% to 56.91%. These combinations integrate
the desirable characteristics of materials with good energy potential, enhancing the efficiency of
RDF briquette combustion.

The carbon content in RDF briquettes is a vital indicator of their energy potential through
combustion. Briquettes with higher carbon content generally possess higher calorific values,
which significantly contributes to energy applications and heating. Understanding carbon content
helps in selecting appropriate raw materials to produce RDF briquettes with optimal quality
concerning calorific value and combustion performance. However, utilizing fuels with high carbon
content can also increase CO; emissions, which is a critical factor in climate change
(Chalermcharoenrat et al., 2015). Therefore, the use of RDF briquettes with high carbon content
must be balanced with environmental considerations and GHG emission management.

Selecting the appropriate types and compositions of raw material and precise production
processes are key to optimizing carbon content in RDF briquettes (Suryawan et al., 2024). By
considering both environmental impacts and economic value, briquette manufacturers can
achieve an optimal balance between calorific value, combustion efficiency, and exhaust gas
emissions.

3.5. Ash content analysis

Ash content measurement quantifies the percentage of mineral and residual mass remaining
after briquettes are burned. Ash can affect combustion in several ways. High ash content can
disrupt the combustion process and form deposits on combustion equipment, reducing efficiency
and causing increased wear. Therefore, briquettes with low ash content are preferred. Reduction
ash content can be achieved through selective raw material selection and proper manufacturing
process control (Isaac & Bada, 2020; Zaini et al., 2021).
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Figure 6. Ash content percentage

Low ash content in briquettes is desirable because ash does not burn and can disrupt efficient
combustion. Accumulated ash can form deposits inside combustion equipment, reducing
efficiency and causing increased wear. Low ash content helps create cleaner and more stable
combustion, as minimal ash production during combustion results in fewer harmful particles and
pollutant emissions. Briquettes with low ash content also tend to produce less residual ash after
combustion, making combustion equipment use and maintenance easier and reducing the
frequency of required maintenance activities.
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In contrast, high ash content in briquettes can contribute to increased particle emissions into
the air during combustion, which can negatively impact air quality and human health
(Jamradloedluk & Lertsatitthanakorn, 2015; Siddiqi et al., 2021). Additionally, briquettes with low
ash content produce less ash waste, reducing the cost and environmental impact of ash waste
handling.

The analysis of ash content in various briquette material samples indicates the percentage of
ash components present in each sample (Figure 6). Ash content is a crucial indicator when
evaluating the quality of RDF briquettes, as it affects both the calorific value and combustion
performance. Samples like wood sawdust exhibit low ash content, with only 0.92% ash. This low
ash content suggests that wood sawdust has the potential to produce briquettes with higher
calorific values and cleaner combustion, as ash contributes little to calorific value and can increase
impurities during combustion.

Conversely, materials with high ash content, such as eggshells with 90.71% ash content,
indicate that ash components are dominant in the sample. High ash content tends to reduce the
calorific value of briquettes and negatively affects combustion performance by increasing ash
production during the combustion process. Raw material combinations containing wood sawdust,
such as coffee husks with wood sawdust and corn husks with wood sawdust, demonstrate
relatively low ash content, ranging from 1.88% to 2.36%. This indicates the potential for
briquettes with good calorific values and more efficient combustion.

Ash content in RDF briquettes significantly affects combustion cleanliness and
environmental impact. Briquettes with low ash content tend to produce fewer ash emissions
during combustion, supporting efforts to reduce environmental impact. Analyzing ash content is
eesential for selecting suitable raw materials to produce RDF briquettes of desired quality,
especially in terms of calorific value, combustion performance, and environmental impact.

To improve RDF briquette quality, manufacturers should strive to reduce ash content in raw
materials and optimize their composition (Jiang et al., 2024; Sikarwar et al., 2022). The use of
cleaner, more selective raw materials, along with precise temperature control and manufacturing
processes, can help minimize ash content in briquettes. However, it is essential to note that a
minimum level of ash content is unavoidable, as some mineral components will always remain as
residues after combustion. Overall, RDF briquettes with low ash content provide higher
combustion efficiency, lower emissions, and better overall quality.

3.6. Calorific value analysis

Calorific value represents the amount of heat energy produced when briquettes are
completely burned. It is directly related to the chemical composition of the briquettes, especially
the carbon and organic content. The higher the carbon and organic content, the higher the calorific
value of the briquettes (Kijo-Kleczkowska et al., 2022). A high calorific value indicates greater
efficiency in generating heat energy, meaning the briquettes will produce more heat when burned.
This indicates that the briquettes can provide higher combustion efficiency, as more energy is
generated from each unit of briquette (Munshi et al., 2024; Pardo et al., 2023).
Briquettes with high calorific value offer more effective and robust heating, making them suitable
for various applications, such as industrial heating, household heating, or as an alternative energy
source. Additionally, high calorific-value briquettes can reduce fuel requirements over time, which
can lower energy costs and increase resource utilization efficiency (Bassey et al., 2022;
Papastefanatos et al., 2022; Zhang et al., 2023). These briquettes tend to produce fewer unburned
fuel residues and emit fewer toxic or hazardous gases when burned. Moreover, briquettes with
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high calorific value generate more energy per unit mass, requiring less space for storage and
transportation, thereby reducing logistical costs (Tihin et al., 2023; Zajemska et al., 2022).
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Figure 7. Calorific value analysis

The analysis of gross energy on various briquette material samples measures the energy
value produced when each sample is completely burned. This value is crucial for evaluating fuel
efficiency and the potential of briquettes to generate heat during combustion. Here is an overview
of the gross energy analysis results for these samples. Samples with high gross energy values, such
as dry coffee husks with a value of 4280.9 k]/kg and wastepaper combined with wood powder
(1:1) with a value 0f 4390.7 k] /kg, indicate a strong potential to produce heat when burned (Figure
7). This suggests that briquettes made from these materials can serve as an efficient energy source.
Corn stalks, with a gross energy value of 3675 kJ/kg, also have reasonable energy potential,
although this value is lower compared to some other samples. Nevertheless, corn stalks can still
be considered a useful energy source.

Briquettes made from materials with low gross energy values, such as eggshells (300.8 k] /kg)
and coffee husks and corn cob (1:1) (3060.9 k] /kg), may have lower heat efficiency when burned.
This suggest that these materials may not be suitable as primary fuels but could have potential
when combined with other materials. Raw material combinations containing wood powder, such
as corn husks mixed with wood powder (1:1) with a value of 4379.1 kJ/kg and corn cob mixed
with wood powder (1:1) with a value of 4094 k] /kg, demonstrate good energy potential. The wood
powder content contributes positively to the energy value of the briquettes.

The gross energy analysis provides insights into the potential of raw materials to produce
heat energy. High energy values indicate that briquettes from these materials have good calorific
values and can be used as efficient alternative fuels. Compared to the SNI standards for RDF
briquettes (Brunner et al., 2021), the analysis results show that the calorific values of the tested
briquette samples vary in meeting the criteria for the designated classes. For Class 1, which has
the highest calorific value requirement above 4777 kcal/kg, no briquette sample successfully
reached this threshold. Some samples meet the criteria for Class 2, which requires a calorific value
above 3583 kcal/kg, while fall below this threshold. However, all briquette samples in this analysis
meet the standard for Class 3, which has a calorific value limit above 2389 kcal/kg. Overall, the
analysis results indicate that these briquettes are generally suitable for use in Class 3, where the
lower calorific value still meets the established requirements. Although a high calorific value is
desirable, it is important to note that calorific value is not the only factor affecting briquette
quality.
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Other parameters such as moisture content, organic content, volatile matter content, carbon
content, and ash content, should also be considered together. The selection of raw material types,
manufacturing process control, and environmental considerations are important aspects in
achieving high calorific value while maintaining overall briquette quality (Deshannavar et al.,
2018; Makwana et al., 2023; OzyugUran & Yaman, 2017). In conclusion, high calorific value in RDF
briquettes contributes to better combustion efficiency, improved heating performance, and
greater economic benefits. However, optimization of other parameters must also be done to
achieve optimal briquette quality.

4. Conclusion

In conclusion, the comprehensive analysis of volatile matter, carbon content, ash content, and
gross energy across various material samples for RDF briquettes provides valuable insights into
their combustion characteristics and energy potential. Certain material combinations exhibit
promising volatile matter percentages conducive to efficient combustion and heat generation,
while samples rich in carbon content, particularly those incorporating wood powder, demonstrate
potential for high calorific values and effective energy production. Conversely, low ash content in
select material combinations indicates clean combustion and reduced environmental impact.
Gross energy analysis further underscores the heat generation potential of different samples, with
specific combinations showing favorable energy values suitable for efficient heating applications.
These findings highlight the importance of meticulous raw material selection and manufacturing
process optimization in producing RDF briquettes with desirable properties, thus contributing to
both economic viability and environmental sustainability in the realm of alternative fuel sources.
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