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ABSTRACT

The fish processing industry is one of the main contributors to regional economic activity in
coastal areas. However, its dependence on fossil fuels, especially coal, poses significant
environmental problems, especially related to greenhouse gas (GHG) emissions. This study
aims to assess the carbon footprint resulting from coal combustion in a fish processing plant in
Bali during the operational period. Parameters observed include daily coal consumption, coal
ash residue, total CO: emissions, and specific carbon footprint. Data analysis revealed a total
coal consumption of 765,430 kg, resulting in total CO- emissions of 1,382,964.3 kg. The
average specific carbon footprint was calculated to be 3.98 kg CO-/kg product, indicating high
carbon intensity relative to industry energy efficiency benchmarks. The study also analyzed the
relationship between production output and emissions, as well as the correlation between coal
ash production and carbon efficiency. Findings showed inconsistencies between energy use
and production levels, with several examples of high emissions accompanied by low output,
indicating operational inefficiencies. The results highlight the urgent need for mitigation
strategies, including improving boiler efficiency, transitioning to low-carbon fuels,
implementing emission control systems, and utilizing coal ash as a secondary feedstock. This
research provides baseline data for environmental management planning and contributes to
broader efforts in industrial decarbonization and sustainable fish processing practices.

Key words: Carbon Footprints, CO. Emissions, Coal, Energy Management, Fish Processing
Industry

ABSTRAK
Industri pengolahan ikan merupakan salah satu penyumbang utama kegiatan ekonomi regional
di wilayah pesisir. Namun, ketergantungannya pada bahan bakar fosil, khususnya batu bara,

e-ISSN : , p-ISSN : 1984


https://issn.lipi.go.id/terbit/detail/1525490649
https://issn.lipi.go.id/terbit/detail/1349235820
http://jperairan.unram.ac.id/index.php/JP/index
https://sinta.kemdikbud.go.id/journals/detail?id=8037

Fisheries Journal, 15 (4), 1984-1997. http://doi.org/10.29303/jp.v1514.1695

Nugraha et al., (2025)
______________________________________________________________________________________________________________________________|
menimbulkan masalah lingkungan yang signifikan, terutama terkait emisi gas rumah kaca
(GRK). Studi ini bertujuan untuk menilai jejak karbon yang dihasilkan dari pembakaran batu
bara di pabrik pengolahan ikan di Bali selama periode operasional. Parameter yang diamati
meliputi konsumsi batu bara harian, residu abu batu bara, total emisi CO:, dan jejak karbon
spesifik. Analisis data mengungkapkan total konsumsi batu bara sebesar 765.430 kg, yang
menghasilkan total emisi CO: sebesar 1.382.964,3 kg. Jejak karbon spesifik rata-rata dihitung
sebesar 3,98 kg CO2/kg produk, yang menunjukkan intensitas karbon yang tinggi relatif
terhadap tolok ukur efisiensi energi industri. Studi ini juga menganalisis hubungan antara hasil
produksi dan emisi, serta korelasi antara produksi abu batu bara dan efisiensi karbon. Temuan
menunjukkan ketidakkonsistenan antara penggunaan energi dan tingkat produksi, dengan
beberapa contoh emisi tinggi disertai dengan hasil rendah, yang menunjukkan inefisiensi
operasional. Hasilnya menekankan kebutuhan mendesak akan strategi mitigasi, termasuk
peningkatan efisiensi boiler, transisi ke bahan bakar rendah karbon, penerapan sistem
pengendalian emisi, dan pemanfaatan abu batu bara sebagai bahan baku sekunder. Penelitian
ini menyediakan data dasar untuk perencanaan pengelolaan lingkungan dan berkontribusi pada
upaya yang lebih luas dalam dekarbonisasi industri dan praktik pengolahan ikan yang
berkelanjutan.

Kata Kunci: Jejak Karbon, Emisi CO, Batubara, Manajemen Energi, Industri Pengolahan
Ikan

INTRODUCTION

The fisheries processing industry plays a strategic role in supporting food security,
increasing the added value of fisheries commodities, and providing employment in various
coastal areas of Indonesia, including Bali Province (Nugraha et al., 2025; Nugraha et al., 2025).
As an area with quite large potential for fish catching and cultivation, Bali has a number of fish
processing units (UPI) that produce processed products such as dried fish, smoked fish, fish
floss, as well as frozen and canned products that are marketed locally or exported abroad (Putri
et al., 2023; Utari et al., 2024).

However, behind its contribution to the regional economy, fish processing industry
activities also have an impact on the environment, especially through the use of fossil energy
sources such as coal. This is also almost found in several other marine and fisheries activities
(Nugraha, 2020; Suryanto et al., 2017, 2019). In the processing process, coal is generally used
as fuel for drying, heating, and sterilization processes due to its high availability and relatively
low operational costs (Arrieta & Gonzdlez, 2019; Cao et al., 2023; Chen et al., 2024;
Drewnowski et al., 2015; MOJA et al., 2023; Shabir et al., 2023; Xu et al., 2015; Yudhistira et
al., 2023; Zeng et al., 2022). The use of this coal produces greenhouse gas (GHG) emissions,
especially carbon dioxide (CO:z), which contribute significantly to increasing the industry's
carbon footprint and global climate change (Arrieta & Gonzélez, 2019; Beyer et al., 2024; Cao
et al., 2023; Mazzetto et al., 2023; Rosalina et al., 2023).

Environmental problems due to coal combustion are becoming increasingly crucial to
examine, considering that Bali as a world tourist destination has a high commitment to
sustainable and environmentally friendly industrial practices (Kurniawan et al., 2024;
Wiratama et al., 2016). The local government has also encouraged business actors, including
the fisheries sector, to implement green economy principles and reduce dependence on fossil-
based energy.

In this context, the study of the carbon footprint of the coal-based energy system in the
fisheries processing industry is very important. The carbon footprint is a quantitative measure
of the total GHG emissions produced directly or indirectly from an activity or process, usually
expressed in carbon dioxide equivalent (CO:) (Admaja et al., 2020; Dapas, 2015; Mubekti,
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2016; Rahayu et al., 2023; Zuhria & Azmi, 2023). Through this approach, it can be seen how
much each stage of the production process contributes to carbon emissions, as well as strategies
that can be applied to reduce it (Grealey et al., 2022; Herawati et al., 2024; Ismail, 2020; Kiehle
et al., 2023; Kohli et al., 2023; Mancini et al., 2016).

Given the urgency of the climate change issue and demands for efficiency and industrial
shortages, this study aims to analyze the magnitude of the carbon footprint generated from the
coal-based energy system in the fisheries processing industry in Bali. The results of this study
are expected to be the basis for taking carbon emission mitigation policies in the fisheries
sector, as well as encouraging the transition to a cleaner and more sustainable energy system.

METHODS

This research is a quantitative descriptive study with a case study approach. This
approach is used to provide a systematic and factual description of the carbon footprint
resulting from the use of coal as an energy source in the fishery product processing process,
especially in the boiler system. The research focuses on the identification and quantification of
carbon dioxide (CO:) emissions resulting from coal combustion, as well as an analysis of the
potential for combustion waste generated.

This research was conducted in the Province of Bali, which has a number of fishery
product processing units that still use coal as the main energy source in the production process,
such as drying and sterilization. The research location was selected purposively based on the
criteria for using a coal-fired boiler system in its production activities. The research
implementation time is planned to take place during the period February to March 2025, which
includes field observation activities, data collection, and laboratory analysis if necessary.

Sample of fishery product processing units in Bali that use coal in their production
process. The sample was selected using a purposive sampling technique, with the criteria of
processing units that actively use coal-fired boilers, have well-documented operational data,
and are willing to provide access to the data needed by researchers. With these criteria, it is
expected that the data collected truly reflects the real conditions of coal-based energy use in
the fishery processing industry.

The types of data collected consist of primary data and secondary data. Primary data
include the amount of coal consumption per day or per batch process, the type and volume of
coal combustion waste (such as ash and fuel residue), daily or monthly production volume, and
the technical characteristics of the boiler system used. Primary data collection is carried out
through direct observation in the field, structured interviews with operators or officers, and
operational records of the production process. Meanwhile, secondary data is obtained from
company documents, production reports, technical references, and literature related to emission
factors and energy efficiency standards that apply nationally and internationally.

Data analysis is carried out in two main stages. First, the calculation of carbon dioxide
emissions is carried out using the Tier 1 method from the Intergovernmental Panel on Climate
Change (IPCC), with formula 1. The standard emission factor used is 2.86 kg CO-/kg coal,
according to the IPCC reference, but can be adjusted if specific characteristic data is available
from the type of coal used at the research location. Second, a specific carbon footprint
calculation is carried out, namely the amount of carbon emissions produced per kilogram of
processed fish products, using formula 2. This result is used for the efficiency and
environmental impact of the fossil energy-based production process.

In addition to greenhouse gas emissions, this study also analyzes the characteristics of
coal combustion waste generated from the boiler system. The waste in question includes coal
ash (bottom ash and fly ash), which is weighed and analyzed descriptively to identify potential
contamination and the possibility of its reuse as a construction material, binder, or adsorbent.
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This waste data was collected through direct observation and measurement during the
combustion process and after the process was completed.

To ensure the validity of the data, triangulation was carried out by comparing the
operational ecosystem of coal use with the results of observations in the field. Validation of the
emission factor was carried out by comparing the values used with references from the IPCC,
the Ministry of Energy and Mineral Resources (ESDM), or relevant scientific journals. In
addition, interviews with field operators, boiler technicians, and production managers were
used as a form of cross-validation of the quantitative data obtained.

With this systematic approach and method, it is hoped that the study will be able to
provide a comprehensive picture of the magnitude of the carbon footprint generated from the
use of coal in the fishery processing industry in Bali, as well as provide appropriate
recommendations for emission mitigation efforts and the transition to more environmentally
friendly energy.

CO,Emissions (kg) = Coal Consumption (kg) x CO, Emissions Factor (kgC0,/kg of coal) 1

Total CO, Emissions
Total Processed Product (kg)

Specific Carbon Footprint =

RESULTS
Daily Energy Consumption

This study examines greenhouse gas (GHG) emissions resulting from the use of sub-
bituminous coal in a boiler system in a fishery product processing industry unit in Bali.
Observations were conducted for 17 consecutive days to obtain a representative picture of
energy consumption and combustion waste. The data collected included the amount of coal
used each day and solid waste in the form of ash from combustion.

The results of the observations showed that daily coal consumption varied between
38,000 kg and 50,500 kg per day. Total consumption for 17 days was recorded at 792,130 kg
of coal, with a daily average of 46,654.71 kg/day. Meanwhile, solid waste generated from the
combustion process was around 10% of the total fuel used, resulting in a total ash waste of
79,213 kg or around 4,665 kg/day.

Type of Coal and Emission Factor Used

The type of coal used in the production process in this company is sub-bituminous coal,
which has the characteristics of medium calorific value and high relative humidity. Based on
the Intergovernmental Panel on Climate Change (IPCC) guidelines, the CO: emission factor
for sub-bituminous coal is 96,100 kg CO: per terajoule of energy. With an average calorific
value of 18.8 MJ/kg, the factor obtained is the actual emission. This factor is used as a reference
in calculating the total carbon dioxide emissions produced from coal combustion activities
during 17 days of observation.

96,100 x 18.8

CO, Emissions per kg of coal = 1,000,000

) = 1.80668 kgCO,/kg
Greenhouse Gas Emission Estimation

The calculation results show that during 17 days of production activities, this processing
industry produced a total of 1,382,964.3 kg of CO: from the combustion of 765,430 kg of sub-
bituminous coal. With a total processed product of 347,330 kg, a specific carbon footprint of
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3.98 kg CO:2 per kg of product was obtained. This value shows the large contribution of GHG
emissions from one production facility in a relatively short time.

This value means that every 1 kg of processed fish product produced from the production
process produces almost 4 kg of carbon dioxide released into the atmosphere. This figure is
quite high for the fishery processing industry, especially when compared to renewable energy
or gas-based processing processes, which can produce a carbon footprint of <2 kg CO2/kg of
product in an efficient system.

This high carbon footprint is due to the full dependence on coal as the main energy
source, which is known to have a high carbon emission intensity compared to other fossil fuels
such as natural gas. In addition, variations in combustion efficiency and production ratios can
also affect the carbon footprint per unit of product.

This specific carbon footprint has a significant impact on the company's environmental
hatred and reputation. In the context of global regulations and sustainable industry trends, this
value can be the basis for evaluating and justifying the energy transition towards a more
efficient and low-carbon system. For example, replacing part of the coal consumption with
biomass, biogas or renewable energy sources, optimizing boiler efficiency and utilizing waste
heat to increase output per unit of energy.

Total CO, Emission = 765.430 x 1.80668 = 1,382,964.3 kg(CO,

1,382,964.3

Specific Carbon Footprint = 347330

= 3.98 kgCO, per product

The graphical analysis in this study provides a comprehensive overview of the energy
performance, carbon emissions, and solid waste generated from coal-based production
processes in the fishery processing industry during a 17-day observation period. Figure 1
presents data on the total daily carbon dioxide (CO:) emissions generated from coal combustion
in the boiler industry. The graph shows that the total CO: emissions per day fluctuate quite
significantly, with the lowest value recorded on the 13th day at 71,725 kg CO., while the
highest value was recorded on the 10th day at 91,237 kg CO.. This variation reflects differences
in the volume of coal burned each day and indicates that the intensity of carbon emissions is
highly dependent on the level of production activity and the efficiency of the combustion
process carried out. Furthermore, Figure 2 displays the specific carbon footprint value, namely
the amount of CO. emissions produced per kilogram of product produced each day. This graph
provides a deeper perspective on the efficiency of energy use in producing output. There is a
fairly sharp reflection from day to day, where the highest value was recorded on day 9 at 6.49
kg CO: per kg of product, while the lowest value was found on day 13 at 2.52 kg CO: per kg
of product. This shows that although the total emissions on day 9 were not the highest, the low
production volume caused the emissions per unit of product to increase drastically. Conversely,
on day 13, high production accompanied by relatively low energy consumption resulted in an
optimal specific carbon footprint value. This graph illustrates the importance of maintaining
consistent production efficiency to control the overall carbon footprint. Figure 3 shows a
comparison between coal consumption and daily production output in the form of a double bar
graph. This graph shows that energy consumption is not always linear to production results.
The most striking example can be seen on day 10, where the amount of coal used reached
50,500 kg but only produced an output of 15,250 kg, indicating a very inefficient energy
conversion. On the other hand, the 13th day shows a more ideal condition, namely with coal
consumption of 39,700 kg capable of producing an output of 28,508 kg. This analysis helps
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identify days with the highest and lowest operational efficiency, and provides an important
basis for starting equipment performance and operational strategies implemented. Meanwhile,
Figure 4 illustrates the relationship between total CO: emissions and daily production output
in the form of a scatter plot. From the distribution pattern of data points, it can be seen that the
relationship between the two variables is not always linear. Several points indicate low
production but accompanied by high emissions, indicating energy waste and potential
inefficiencies in the combustion system. Conversely, there are also points that show a balance
between the amount of emissions and output, indicating better system efficiency. This analysis
is important in producing whether increased production is followed by a proportional increase
in emissions or actually produces unnecessary emissions because the combustion system is not
optimal.

S0000
50000
000
Hoo00
50000
S0000
0000
20000
10000

0

1 i J A s 0 ! L] i L 1n n n 14 15 1 1
Duy

Figure 1. Total CO2 Emissions per Day

/ <
s wania

v

€O, Emisvions (ky)

i
/s

Specific Carbion Feotprint (kg CO /Ry of preduct)

Oay

Figure 2. Specific Carbon Footprint per Day

e-ISSN : 2622-1934, p-ISSN : 2302-6049 1989


https://issn.lipi.go.id/terbit/detail/1525490649
https://issn.lipi.go.id/terbit/detail/1349235820

Fisheries Journal, 15 (4), 1984-1997. http://doi.org/10.29303/jp.v1514.1695
Nugraha et al., (2025)

&0000 30000
50000 25000
= 40000 20000 %
i‘ DOOL X g
§ £
-4 ) |
£ 30000 15000 ©
: &

ol
i H
& 20000 10000 £

10000 5000
0 0
1 | 3 4 S [ 7 8 9 10 11 3 14 1 & 1
Day
= Production Output (kg) = Coaf Consumption (g}

Figure 3. Coal Consumption vs Production Output

100000 30000

90000

25000

BDO0O

70000

20000
60000
5000 15000 3
40000 §

10000
30000 .
20000

5000
10000

o Q0
12 13 14 15 15 17

{ 3 3 & § B T3 8§ W i3
Day

Output (kg)

€O, Emissions (kg)
2
(=]

w—Production Output [kg) - OOy Emissions (kg

Figure 4. CO: Emissions vs Production Output

Combustion Ash Waste

Coal ash waste is a solid residue from the combustion process of fossil fuels, in this case
sub-bituminous coal, in the boiler industry. This type of waste is generally divided into two
main forms, namely fly ash (fine particles carried by exhaust gas) and bottom ash (coarse
residue left at the bottom of the combustion furnace). The ash waste contains a number of
inorganic compounds such as silica (S10:), alumina (Al20Os), and heavy metals such as arsenic,
chromium, and mercury in low to moderate concentrations.

During the 17-day observation period, the total coal consumption was recorded at
765,430 kg, and the total solid waste from combustion reached 76,543 kg. This shows that
around 10% of the mass of coal burned turns into ash, which is consistent with the general
characteristics of sub-bituminous coal which produces solid residues in the range of 8—12%.
The daily average ash waste reached 8,505 kg/day, with variations following the daily fuel
consumption pattern.

The production of large amounts of ash waste can pose environmental risks if not
managed properly. Fly ash, if not effectively captured by emission control devices such as
electrostatic precipitators (ESPs) or baghouse filters, can be released into the air and cause
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particulate air pollution (PM10 and PM2.5) to humans, which has adverse effects on health.
Meanwhile, the disposal of bottom ash to open land or rivers can pollute the soil and air,
especially if the ash contains heavy dissolved metals. In addition to direct contamination, the
accumulation of ash waste also requires a large enough space. If left to pile up without
processing or utilization, this ash can cause long-term problems such as damage to
environmental aesthetics and potential material landslides.

Figure 5 presents data on the amount of coal ash waste produced each day. Given that
ash waste is a direct result of coal combustion, this graph pattern shows a very strong
correlation with coal consumption graph. The value of ash waste ranges from 3,800 kg to 5,050
kg per day. Although it looks consistent, broadcasting on the amount of waste should be
considered as an indicator of increasing pollution loads and potential environmental risks. This
graph is very useful for preparing solid waste management plans, including fly ash utilization
strategies for building material industries such as alternative bricks and cement, while
supporting a circular economy approach. Meanwhile, Figure 6 contains two important
indicators, namely the specific carbon footprint and the amount of coal ash waste, in one graph
with two different axes. This graph provides a simultaneous analysis of two forms of
environmental impacts: greenhouse gas emissions and solid waste pollution. In several days of
observation, it can be seen that the high amount of direct ash waste with an increase in the
specific carbon footprint indicates inefficient combustion in terms of both energy and
environment. However, there are also several days where the high amount of waste is not in
line with the carbon footprint, indicating that operational efficiency is influenced by other
factors such as boiler load settings, fuel quality, and production intensity. This graph is
important to understand the trade-offs that occur in fossil fuel-based production processes, as
well as being a starting point for designing a cleaner and more sustainable production system.
Biorefinery from the use of fly and bottom ash can be seen in Table 1. The use of fly ash and
bottom ash as alternative raw materials in various applications shows significant potential in
supporting sustainable development and more efficient industrial waste management. Fly ash
is widely used as a substitute for cement in the manufacture of concrete and geopolymers
because of its pozzolanic properties that can increase the strength and durability of concrete,
while reducing carbon emissions. In addition, fly ash is also used in soil stabilization and the
production of environmentally friendly bricks. Meanwhile, bottom ash is used as a base
material for roads, embankments, and covers for final disposal sites (TPA), because its physical
and geotechnical properties support these functions. Findings from various studies
accompanied by references and source links show that the use of this combustion ash not only
reduces the environmental impact of waste accumulation, but also contributes to reducing the
use of conventional natural resources. Therefore, the integration of fly ash and bottom ash in
technical applications is a strategic step in realizing a circular economy in the construction and
infrastructure sector.
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DISCUSSION
Carbon Footprint and Solid Waste Evaluation from Coal Use in the Fisheries Processing
Industry

The study results show that the use of sub-bituminous coal as the primary energy source
in fishery product processing in Bali results in a relatively high carbon footprint. During the
17-day observation period, total carbon dioxide (CO-) emissions reached 1,382,964.3 kg from
the combustion of 765,430 kg of coal. This value equates to a specific carbon footprint of 3.98
kg CO: for every kilogram of processed product produced. This figure is relatively high,
especially when compared to production systems using low-carbon energy sources such as
natural gas or renewable energy, which in efficient systems generally produce emissions below
2 kg CO2/kg of product. These high emissions reflect the complete dependence on coal as a
fuel, which is known to have a high carbon intensity.

Significant fluctuations in coal consumption and daily production output during the
observation period indicate variations in combustion efficiency and the effectiveness of the
production process. For example, on the 10th day, the volume of coal used reached a peak of
50,500 kg, yet only 15,250 kg of product was produced, indicating highly inefficient energy
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conversion. Conversely, on the 13th day, with coal consumption of 39,700 kg, the industry was
able to produce 28,508 kg of product, demonstrating significantly improved operational
efficiency. This underscores the importance of consistent operational management and optimal
boiler load management to minimize emissions per unit of product.

Analysis of the specific carbon footprint also shows that low production volumes on
certain days, even though emissions do not significantly increase, can lead to an increase in the
carbon footprint per kilogram of product. This occurs because combustion continues at high
capacity while product output decreases, resulting in disproportionate energy consumption and
emissions. In other words, energy efficiency significantly determines the environmental impact
of the production process.

In addition to greenhouse gas emissions, this study also highlights the impact of solid
waste from coal combustion, namely fly ash and bottom ash. During the research period, coal
ash waste reached 76,543 kg, or approximately 10% of the total coal used. This waste contains
inorganic compounds such as silica (SiO2), alumina (Al2Os), and heavy metals in low to
moderate concentrations, which can pose environmental risks if not managed properly. Fly ash
that is not captured by emission control systems can be released into the air and cause
particulate matter pollution (PM10 and PM2.5), while bottom ash disposed of in the open
environment has the potential to pollute soil and water.

However, the potential use of coal ash waste within a circular economy approach opens
up opportunities for environmental impact mitigation. Fly ash can be used as a cement
substitute in concrete and geopolymer production, as well as as a soil stabilization material.
Bottom ash can be used as a base material for road construction and landfill cover. This
utilization not only reduces waste accumulation but also helps reduce conventional natural
resource consumption and carbon emissions from the construction industry.

Taking the overall findings into account, it is clear that the coal-based fisheries
processing sector contributes significantly to carbon emissions and the potential for solid waste
pollution. Therefore, a comprehensive mitigation strategy is needed, ranging from optimizing
boiler combustion efficiency and implementing emission control technologies such as
electrostatic precipitators (ESPs) and flue gas desulfurization (FGD), to a gradual transition to
low-carbon energy sources such as biomass or compressed natural gas (CNG). Furthermore,
regular carbon audits, sustainable waste management, and employee training and engagement
in environmentally friendly practices are also crucial elements in driving the transformation
towards a greener industry.

These mitigation measures will not only reduce immediate environmental impacts but
also provide long-term benefits for companies, such as increased energy efficiency, compliance
with environmental regulations, and a strengthened reputation with consumers and business
partners. With an integrated approach that encompasses technical, managerial, and social
aspects, the fisheries processing industry in Bali can begin to move towards a sustainable and
globally competitive production system.

Environmental Implications and Mitigation Strategies

The results of the study show that in a relatively short period of time, namely 17 days,
this industry has produced more than 1,383 tons of carbon dioxide emissions from the use of
coal as the main fuel. This figure reflects a fairly large carbon footprint for one unit of
production, and has the potential to increase sharply if calculated on a monthly or annual scale.
Thus, the use of coal in the fishery processing industry in Bali has real consequences for the
environment, especially regarding its contribution to the acceleration of global climate change.

Therefore, mitigation steps are needed that are not only technical, but also strategic and
sustainable. The mitigation strategy must include changes in the energy system, management
of the production process, and regular monitoring and reporting of carbon footprints. Overall,
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the mitigation strategy for the carbon footprint from coal use must be carried out in an
integrated manner, covering technical, managerial, and social aspects. This approach not only
reduces the burden of carbon emissions, but can also improve the company's reputation, energy
efficiency, and presentation to environmental regulations. With commitment and gradual
implementation, the industry. Here are some mitigation strategies that can be implemented
gradually:

1.

Optimizing boiler combustion efficiency

The first step that can be taken is to increase the efficiency of fuel combustion in the
boiler system. Efficiency results in lower consumption of higher coal and produces
greater emissions. Optimization efforts can be carried out with routine boiler
maintenance, the use of fuel with low air content, and appropriate temperature and
pressure settings. For example, installing an automatic control system to maintain
optimal temperature and air flow during the combustion process.

Use of emission control technology

The application of emission control devices such as electrostatic precipitators (ESP) or
baghouse filters can help reduce the amount of fine particulates and fly ash released into
the air. This technology is able to capture solid particles before the gas is released into
the atmosphere, so that in addition to reducing air pollution, it can also reduce the impact
of GHG indirectly. In addition, technologies such as flue gas desulfurization (FGD) can
be used to capture SO2 and NO, emissions which also contribute to global warming.
Energy substitution towards low-carbon fuels

The medium to long-term mitigation step is to reduce dependence on coal and switch to
low-carbon energy sources such as biomass, compressed natural gas (CNG), or electricity
from renewable energy. For example, the use of biomass from agricultural waste such as
rice husks, coconut shells, or sawdust can replace some of the coal consumption. In
addition to being more environmentally friendly, local biomass can also support the
circular economy in the local area.

Utilization of coal ash waste (fly ash & bottom ash)

Instead of disposing of ash waste into the open environment or landfill, companies can
apply a waste-to-resource approach. Ash from coal combustion (especially fly ash) can
be used as a mixture of cement, paving blocks, bricks, or mine reclamation materials.
This not only reduces the potential for pollution, but also creates added value from
previously unused waste.

Carbon audit and implementation of environmental management systems

Companies should periodically conduct carbon audits to determine emission trends over
time. This audit can be conducted internally or involving an independent third party, as
part of the company's environmental responsibility. In addition, the implementation of
an environmental management system based on ISO 14001:2015 will help companies in
formulating policies, procedures, and real actions to manage environmental impacts
comprehensively and systematically.

Employee education and training

One important aspect in mitigating emissions is building employee awareness and
competence. Training and socialization programs on energy efficiency, waste
management, and environmentally friendly operational practices need to be carried out
routinely. For example, training on efficient combustion techniques or handling of ash
residue from combustion can improve environmental performance as well as operational
efficiency.

Cooperation with local government and communities

Mitigation measures will also be more effective if supported by local government policies
and community involvement. Companies can collaborate with environmental agencies,
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academics, or environmental NGOs in order to develop community-based emission
reduction programs. For example, companies can participate in CSR tree planting
programs as a form of measurable and documented carbon offsets.

CONCLUSION

This study shows that the use of sub-bituminous coal as the main energy source in the
fishery processing industry produces significant carbon dioxide (CO:) emissions. During the
17-day operational period, the total coal consumption was recorded at 765,430 kg with total
CO: emissions reaching 1,382,964.3 kg. This value shows the high contribution of greenhouse
gas emissions from one industrial unit in a relatively short time. The average specific carbon
footprint calculated at 3.98 kg CO: per kg of product indicates that the production process is
still classified as carbon intensive and requires increased efficiency.

Analysis of the relationship between energy consumption, production output, CO:
emissions, and combustion ash waste shows a collapse on several days, where high energy
consumption is not matched by comparable production output. This indicates inefficiencies in
the combustion system and production management. On the other hand, the coal ash waste
produced directly follows the fuel consumption pattern, indicating the potential for
environmental pollution that needs to be managed sustainably.

Based on these findings, it is recommended to implement mitigation strategies such as
increasing boiler efficiency, gradually switching to low-carbon energy sources, implementing
emission control systems, and utilizing ash waste as a secondary raw material. This study
provides a strong basis for more sustainable energy and environmental management policies
in the fishery processing industry sector.

ACKNOWLEDGEMENT
Thank you to the Ministry of Marine Affairs and Fisheries and the Institute of Business
and Technology Indonesia for all the support that has been given.

REFERENCES

Admaja, W. K., Nasirudin, N., & Sriwinarno, H. (2020). Identifikasi dan analisis jejak karbon
(carbon footprint) dari penggunaan listrik di Institut Teknologi Yogyakarta. Jurnal
Rekayasa Lingkungan, 18(2), 1-10. https://doi.org/10.37412/jrl.v18i2.28

Arrieta, E. M., & Gonzilez, A. D. (2019). Energy and carbon footprints of food: Investigating
the effect of cooking. Sustainable Production and Consumption, 19(2019), 44-52.
https://doi.org/10.1016/j.spc.2019.03.003

Beyer, B., Chaskel, R., Euler, S., Gassen, J., GroBkopf, A. K., & Sellhorn, T. (2024). How does
carbon footprint information affect consumer choice? A field experiment. Journal of
Accounting Research, 62(1), 101-136. https://doi.org/10.1111/1475-679X.12505

Cao, Q., Song, J., Liu, C., & Yang, W. (2023). Evolving water, energy and carbon footprints
in China’s food supply chain. Journal of Cleaner Production, 423(2), 138716.
https://doi.org/10.1016/j.jclepro.2023.138716

Chen, Y., You, L., & Sun-Waterhouse, D. (2024). Effects of processing on the physicochemical
characteristics and health benefits of algae products: Trade-offs among food carbon
footprint, nutrient profiles, health properties, and consumer acceptance. Trends in Food
Science and Technology, 147(2024), 1-14. https://doi.org/10.1016/].tifs.2024.104375

Dapas, F. (2015). Analisis jejak ekologis melalui studi jejak karbon pada transportasi darat.
Jurnal llmiah Sains, 17(1), 117-123. https://doi.org/10.35799/jis.15.2.2015.9405

Drewnowski, A., Rehm, C. D., Martin, A., Verger, E. O., Voinnesson, M., & Imbert, P. (2015).
Energy and nutrient density of foods in relation to their carbon footprint. American
Journal of Clinical Nutrition, 101(1), 184—191. https://doi.org/10.3945/ajcn.114.092486

e-ISSN : , p-ISSN : 1995


https://issn.lipi.go.id/terbit/detail/1525490649
https://issn.lipi.go.id/terbit/detail/1349235820
https://doi.org/10.37412/jrl.v18i2.28
https://doi.org/10.1016/j.spc.2019.03.003
https://doi.org/10.1111/1475-679X.12505
https://doi.org/10.1016/j.jclepro.2023.138716
https://doi.org/10.1016/j.tifs.2024.104375
https://doi.org/10.35799/jis.15.2.2015.9405
https://doi.org/10.3945/ajcn.114.092486

Fisheries Journal, 15 (4), 1984-1997. http://doi.org/10.29303/jp.v1514.1695

Nugraha et al., (2025)

______________________________________________________________________________________________________________________________|

Grealey, J., Lannelongue, L., Saw, W. Y., Marten, J., McRossed D Sign©ric, G., Ruiz-
Carmona, S., & Inouye, M. (2022). The carbon footprint of bioinformatics. Molecular
Biology and Evolution, 39(3), 1-15. https://doi.org/10.1093/molbev/msac034

Herawati, P., Adriansyah, E., Marhadi, M., & Fadli, M. (2024). Analisis kualitas jejak karbon
akibat penambahan bangunan gedung di pondok pesantren miftahun najah muaro Jambi.
Jurnal Ilmiah Universitas Batanghari Jambi, 24(1), 551-555.
https://doi.org/10.33087/jiubj.v24i1.4629

Ismail, A. (2020). Potensi penurunan emisi gas rumah kaca (grk) dalam kegiatan belajar di
rumah secara on-line: Analisis jejak karbon (carbon footprint analysis). Jukung (Jurnal
Teknik Lingkungan), 6(2), 195-203. https://doi.org/10.20527/jukung.v6i2.9262

Kiehle, J., Kopsakangas-Savolainen, M., Hilli, M., & Pongracz, E. (2023). Carbon footprint at
institutions of higher education: The case of the University of Oulu. Journal of
Environmental Management, 329(2023), 1-14.
https://doi.org/10.1016/j.jenvman.2022.117056

Kohli, V., Chakravarty, S., Chamola, V., Sangwan, K. S., & Zeadally, S. (2023). An analysis
of energy consumption and carbon footprints of cryptocurrencies and possible solutions.
Digital Communications and Networks, 9(1), 79-89.
https://doi.org/10.1016/j.dcan.2022.06.017

Kurniawan, R., Nugroho, N. A. A., Fudholi, A., Purwanto, A., Sumargo, B., Gio, P. U., &
Wongsonadi, S. K. (2024). The ecological footprint of industrial value added and energy
consumption in Indonesia. International Journal of Energy Sector Management, 18(5),
1127—-1153. https://doi.org/10.1108/IJESM-05-2023-0006

Mancini, M. S., Galli, A., Niccolucci, V., Lin, D., Bastianoni, S., Wackernagel, M., &
Marchettini, N. (2016). Ecological footprint: Refining the carbon footprint calculation.
Ecological Indicators, 61(2), 390—403. https://doi.org/10.1016/j.ecolind.2015.09.040

Mazzetto, A. M., Falconer, S., & Ledgard, S. (2023). Carbon footprint of New Zealand beef
and sheep meat exported to different markets. Environmental Impact Assessment Review,
98(2023), 1-12. https://doi.org/10.1016/j.eiar.2022.106946

Moja, A., Canja, C., & Parureanu, V. (2023). Carbon footprint in the food industry. Case study
—meat industry. "Annals of the University of Craiova - Agriculture Montanology Cadastre
Series ", 53(1), 182—189. https://doi.org/10.52846/aamc.v53i1.1460

Mubekti, M. (2016). Estimasi jejak karbon industri minyak kelapa sawit. Jurnal Teknologi
Lingkungan, 15(1), 35-42. https://doi.org/10.29122/jtl.v15i1.1455

Nugraha, I. M. A. (2020). Penggunaan pembangkit listrik tenaga surya sebagai sumber energi
pada kapal nelayan: Suatu kajian literatur. Jurnal Sumberdaya Akuatik Indopasifik, 4(2),
101-110. https://doi.org/10.46252/jsai-fpik-unipa.2020.vol.4.n0.2.76

Nugraha, I. M. A., Budiadnyani, I. G. A., Utari, S. P. S. D., Astiana, 1., Farida, 1., Cesrany, M.,
Khairunnisa, A., Juniarta, I. N., & Desnanjaya, I. G. M. N. (2025). Optimization of
occupational health and safety implementation in the lemuru fish processing process in
the modern industry of Jembrana Bali. Fisheries Journal, 15(1), 454-465.
https://doi.org/10.29303/jp.v15i11.1436

Nugraha, I. M. A., Budiadnyani, 1. G. A., Utari, S. P. S. D., Astiana, L., Farida, I., Juniarta, 1.
N., & Desnanjaya, I. G. M. N. (2025). Enhancing occupational health and safety practices
in the modern lemuru fish processing industry: an evaluation of the quality control unit.
Fisheries Journal, 15(3), 1220—1231. https://doi.org/10.29303/jp.v15i3.1509

Putri, N. N. F. M., Salampessy, R. B., & Sayuti, M. (2023). Karakteristik mutu, rantai dingin,
rendemen dan produktivitas pengolahan tuna (Thunnus sp.) cube beku di cv. satu tuna
nusantara, Denpasar-Bali. Buletin Jalanidhitah Sarva Jivitam, 5(1), 11-21.
https://doi.org/10.15578/bjsj.v5il.12142

e-ISSN : , p-ISSN : 1996


https://issn.lipi.go.id/terbit/detail/1525490649
https://issn.lipi.go.id/terbit/detail/1349235820
https://doi.org/10.1093/molbev/msac034
https://doi.org/10.33087/jiubj.v24i1.4629
https://doi.org/10.20527/jukung.v6i2.9262
https://doi.org/10.1016/j.jenvman.2022.117056
https://doi.org/10.1016/j.dcan.2022.06.017
https://doi.org/10.1108/IJESM-05-2023-0006
https://doi.org/10.1016/j.ecolind.2015.09.040
https://doi.org/10.1016/j.eiar.2022.106946
https://doi.org/10.52846/aamc.v53i1.1460
https://doi.org/10.29122/jtl.v15i1.1455
https://doi.org/10.46252/jsai-fpik-unipa.2020.vol.4.no.2.76
https://doi.org/10.29303/jp.v15i1.1436
https://doi.org/10.29303/jp.v15i3.1509
https://doi.org/10.15578/bjsj.v5i1.12142

Fisheries Journal, 15 (4), 1984-1997. http://doi.org/10.29303/jp.v1514.1695

Nugraha et al., (2025)

______________________________________________________________________________________________________________________________|

Rahayu, P., Andini, I., Mukaromah, H., Rahayu, M. J., Astuti, W., Putri, R. A., & Rini, E. F.
(2023). Jejak karbon mahasiswa: Perbandingan sebelum dan saat diberlakukan kebijakan
belajar dari rumah. Region: Jurnal Pembangunan Wilayah Dan Perencanaan
Partisipatif, 18(2), 580-593. https://doi.org/10.20961/region.v18i2.56143

Rosalina, T., Priyana, Y., & Kamal, D. M. (2023). Investigate the relationship between tourism,
economic growth, carbon emissions and employment in West Java Province. Jurnal
Geosains West Science, 1(02), 44-53. https://doi.org/10.58812/jgws.v1i02.392

Shabir, 1., Dash, K. K., Dar, A. H., Pandey, V. K., Fayaz, U., Srivastava, S., & R, N. (2023).
Carbon footprints evaluation for sustainable food processing system development: A
comprehensive review. Future Foods, 7(2023), 1-13.
https://doi.org/10.1016/].fuf0.2023.100215

Suryanto, S., Adi, T. R., Watupongoh, N., Nugroho, D., & Akbar, M. A. (2017). Kebijakan
peningkatan efisiensi energi usaha penangkapan tuna cakalang tongkol (tct) di Indonesia
Timur. Jurnal Kebijakan Perikanan Indonesia, 8(2), 65-76.
https://doi.org/10.15578/1kpi.8.2.2016.65-76

Suryanto, S., Wibowo, S., Triharyuni, S., & Nugroho, D. (2019). Pengaruh aspek teknis-
operasional pada jejak karbon kapal perikanan huhate Indonesia. Jurnal Penelitian
Perikanan Indonesia, 25(2), 103—115. https://doi.org/10.15578/jppi.25.2.2019.103-115

Utari, S. P. S. D., Khairunnisa, A., & Agustin, N. (2024). Physical, chemical and sensory
quality of canned lemuru (Sardinella sp.) during the storage period at pt x, Pengambengan,
Bali.  Jurnal Pengolahan  Hasil  Perikanan  Indonesia, 27(6), 526-535.
https://doi.org/10.17844/jphpi.v2716.52502

Wiratama, I. G. N. M., Sudarma, I. M., & Adhika, I. M. (2016). Jejak karbon konsumsi Ipg dan
listrik pada aktivitas rumah tangga di kota Denpasar, Bali. Ecotrophic : Jurnal Ilmu
Lingkungan (Journal of  Environmental Science), 10(1), 68-74.
https://doi.org/10.24843/ejes.2016.v10.i01.p11

Xu, Z., Sun, D. W, Zeng, X. A., Liu, D., & Pu, H. (2015). Research developments in methods
to reduce the carbon footprint of the food system: a review. Critical Reviews in Food
Science and Nutrition, 55(9), 1270-1286. https://doi.org/10.1080/10408398.2013.821593

Yudhistira, B., Punthi, F., Gavahian, M., Chang, C. K., Hazeena, S. H., Hou, C. Y., & Hsieh,
C. W. (2023). Nonthermal technologies to maintain food quality and carbon footprint
minimization in food processing: A review. In Trends in Food Science and Technology
(Vol. 141, p. 104205). https://doi.org/10.1016/.tifs.2023.104205

Zeng, Q., Zhen, S., Liu, J., Ni, Z., Chen, J., Liu, Z., & Qi, C. (2022). Impact of solid digestate
processing on carbon emission of an industrial-scale food waste co-digestion plant.
Bioresource Technology, 360(2022), 1. https://doi.org/10.1016/j.biortech.2022.127639

Zuhria, S. A., & Azmi, S. (2023). Strategi peningkatan produktivitas dari penggunaan listrik
dengan analisis jejak karbon pada produksi tepung karagenan. Jurnal Optimalisasi, 9(1),
1-6. https://doi.org/10.35308/jopt.v911.5761

e-ISSN : , p-ISSN : 1997


https://issn.lipi.go.id/terbit/detail/1525490649
https://issn.lipi.go.id/terbit/detail/1349235820
https://doi.org/10.20961/region.v18i2.56143
https://doi.org/10.58812/jgws.v1i02.392
https://doi.org/10.1016/j.fufo.2023.100215
https://doi.org/10.15578/jkpi.8.2.2016.65-76
https://doi.org/10.15578/jppi.25.2.2019.103-115
https://doi.org/10.17844/jphpi.v27i6.52502
https://doi.org/10.24843/ejes.2016.v10.i01.p11
https://doi.org/10.1080/10408398.2013.821593
https://doi.org/10.1016/j.tifs.2023.104205
https://doi.org/10.1016/j.biortech.2022.127639
https://doi.org/10.35308/jopt.v9i1.5761

