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Abstract

Marine debris, a global environmental issue today, is a major threat to Bali seas
which are famous for its natural beauty and aggravated by the spread of COVID-19
pandemic. This study aimed to determine the characteristics of marine debris in
Bali Island, especially in the southern region and to analyze the feasibility of
incineration as one of the waste treatment processes. This research was conducted
by utilizing secondary data and literature reviews from related previous studies.
Water content and caloric value were measured directly using the ASTM E 790-15
and ASTM D 5865-11a standards. Marine debris generation from 2013 to 2019
tends to decrease from 1.22 kg/km.day to 0.46 kg/km.day. Organic waste (59.4%)
comprised the largest marine debris followed by plastic waste (13.4%) and diapers
(11.9%). Thermal technology such as incineration can be introduced to treat marine
debris. The standard application of incinerator technology is moisture content and
caloric value. The water content of marine debris is reportedly 54.56%, therefore,
further preliminary processing is needed, especially for waste with high moisture
content, such as diapers and organic waste. The potential calorific value of marine
debris during the COVID-19 pandemic obtained from calculating the total waste
was 12.05 MJ/kg which still did not meet the incinerator application’s standard

criteria.
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1. Introduction

Bali Island is one of the most iconic tourism site
globally, one of which provides marine tourism. The
island is the centre of economic growth in which hotels,
restaurants, and various trade and business facilities
are world-class. One of the impacts is the increase
of marine debris that will consequently deteriorate
seawater quality. The seawater quality at several points
in Bali Island does not meet quality standard, which is
caused by poor waste management around the coastal
area (Putra and Husrin, 2017; Septiariva and Suryawan,
2021). The effects of poor waste management on
humans, wildlife, and the environment.

The sea contains a diversity of various
biological resources whose survival is primarily
determined by water quality conditions. The ocean also
provides environmental services, a tourist attraction
whose value depends on water quality. Seawater quality
can be assessed by organic parameters such as organic
hydrophobics (Bakir ez a/., 2016; Endo and Koelmans,
2016) as well as non-hydrophobic ones. Organic
hydrophobics such as plastic bags, polyethylene
terephthalate (PET) bottles, plastic cups, and styrofoam
are huge seawater problems (Roman er al., 2020).
Aside from plastic’s durability and persistence, plastic
production continues to increase while the recovery
rate is low. This causes the accumulation of plastic
debris along the coastline, on the surface of the water,
at various depths of water, and in sediments (Barmnes et
al., 2009).

Overall, natural resources and marine
environmental services have enormous potential to
contribute to current and future development. The
sea, which is a natural resource, needs to be protected
by controlling pollution as part of environmental
management. The transition between land and sea in
coastal areas has formed diverse and highly productive
ecosystems that provide tremendous economic value for
society. One example of the impacts is that it can enter the
digestive tract of organisms and increase the mortality
rate of organisms living in rivers (Vermaire e a/., 2017).
In the ocean, plastic polymers are less biodegradable but
are broken down into smaller pieces due to UV radiation
and water currents. During COVID-19, an emerging
problem that needs to be addressed today is the use of
plastic-made personal protective equipment (PPE) such
as N95 masks and face shields.

Improperly disposed PPE such as N95 masks
has reportedly produced marine debris (Vanapalli ef
al., 2021). The N95 mask consists of a layer derived
from polypropylene on the outer layer and charged
polypropylene on the middle layer. This hazardous waste
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can be treated with incinerator technology to eliminate
infectious properties. According to the Head of the
Center for Education and Training for Roads, Housing,
Settlements, and Regional Infrastructure Development
in Indonesia, the criteria for minimum calorific value in
waste is 7 MJ/kg, and moisture content is below 50%
(BPSDM, 2019). If the caloric value of the waste is less
than 7 MJ / kg, then pre-treatment or additional fuel is
needed so that the caloric value is increased, and the
incineration process can continue. Waste is categorized
as capable of being incinerated without using auxiliary
fuel if the waste has an ash content below 60% and
a moisture content below 50%. The operational
requirements required if the raw material is outside
this limit is the need for an air pre-heater if the calorific
value of the raw material is low and the reserve steam
capacity if the heating value exceeds the heating value.

This research examines the potential
application of incineration in marine debris based
on the characteristic of waste in several coastlines of
Bali Island. The theoretical calculation of the moisture
content and calorific value for marine debris was also
carried out.

2. Materials and Methods

2.1 Waste Generation and Composition

The waste generation and composition samples
were collected using primary and secondary data from
various observation and sources. The estimation of
waste generation was carried out based on an inventory
by the Regional Corporate Affairs Manager of Coca
Cola Amatil East Indonesia from 2013-2019. For ease
of presentation, the waste generation data were then
converted to tones/km.day using equation 1. The study
locations in this research are Jimbaran, Kedonganan,
Legian, Kuta, and Seminyak. The above locations
were selected because they are considered as the most
extensive beaches in Bali (Yusdantara and Rahanatha,
2015). The secondary data were then analyzed using
statistical means to see the trend of waste generation
during the COVID-19 pandemic.

Coastline waste generation (ton/km.day) =

waste generation (ton/day)/ coastline length (km)......(1)
2.2 Waste Characterization

Waste characterization data is collected by
taking proportional random sampling in Jimbaran,
Kedonganan, Legian, Kuta, and Seminyak. Each
waste with the same component was collected and
then homogenized through a shredding machine and
hammer mill. The type of waste collected was based on
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Figure 1. Marine debris generation from 2013 to 2019
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the composition of the World Bank (2018) study.
The moisture content was measured by drying in
an oven at 105° C until a constant weight had been
achieved (Novita and Damanhuri, 2009). A bomb

calorimeter each was experimentally determined using
calorific value. Measurement of moisture content and
caloric value referred to the ASTM E 790-15 and ASTM
D 5865-11a standards.

Table 1. Results of measurements and calculations of marine debris water content

Component Component Water content (%) Dry weight (kg) Wet weight (kg) Water content (%)
Diaper 75,94% 129,1 407,5
t(;:ii:ls, metal, inert ma- 0% 207.4 0
Plastic bottles 0,90% 53,6 0,5
Plastic cups 0% 40,6 0 54.56
Plastic bags 8,60% 5523 52
Plastic packaging 21,60% 251 69,2
Other plastics 23,50% 51,7 15,9
Other Organics 71,52% 763.,2 1915,5

Table 2. Measurement results and calculation of the calorific value of marine debris

Composition Waste generation (kg/day) Composition (%) Caloric value (MJ/kg) Potential Caloric value (MJ/kg)
Diaper 536,65 11,90% 22,6
Glass and metal 207,44 4,60% 0
Plastic bottles 54,14 1,20% 22,5
Plastic cups 40,64 0,90% 49,8
Plastic bags 604,34 13,40% 39,7
Plasti K 12.05
; astic packag 320,24 7,10% 21,7
ing
Other plastics 67,645 1,50% 34,1
Other Organics 2678,74 59,40% 2,1
Total 4509,6 100,00% -
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Figure 3. Composition of Marine Debris in Denpasar City (a) World Bank Data (World Bank, 2018) (b) Widyar-
sana et al. (Widyarsana et al., 2020)
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2.3 Potential of Incineration Technology

Potential measurements were carried out to
determine the percentage of water content and the amount
of energy possessed from the thermal incineration
process. Water content and caloric value were then
calculated using equation 2 and equation 3 respectively
(Tchobanoglous ef al., 1993). The calculation of water
content and caloric value were then compared with
standard incineration in Indonesia. The standard for
water content is below 50% and the calorific value is
higher than 7 MJ/kg (BPSDM, 2019).

Water content (%) =

> (water content waste component (%) x waste
generation component (kg/day) / total waste
generation (Kg/day) ....ccccoveeveenienienieeeenn (2)

Caloric value (MJ/kg) =
Y'(caloric value waste component (%) x waste
generation component (kg/day) / total waste
generation (Kg/day)......ccceveeveenienienieneeene (3)

3. Results and Discussion

3.1 The Emergence of Marine Debris in the
Southern Region of Bali Island

The seasonal waste generation in the southern
coastal area of Bali Island has decreased through 2013
to 2019. Waste generation value on the coast is obtained
from processed data from Tribun News (Tribun News,
2019) (Figure 1). The reported study areas are Jimbaran,
Kedonganan, Legian, Kuta, and Seminyak (Figure 2).
The length of the coastline of the area is 9.7 km. The
five beaches mentioned above are the most extensive
beaches on the island of Bali (Lasaliesanti, 2019).
Yusdantara and Rahanatha (2015) stated that since
2008 to 2015, 21 million kg of waste was generated.
The waste could reach 4 tons/day at Gili Terawangan,
1-2 tons/day at Gili Meno, 2 tons/day at Gili Air, while
during year-end holidays it peaked to 14 tons/day at
Gili Terawangan (Darwati, 2019). This shows that the
waste in coastal areas can increase by about four times
the usual quantity during holidays. Apart from holidays,
more trashes were sent to those five beaches during the
rainy season (Lasaliesanti, 2019).

Marine debris generation results from
ineffective collection and transportation patterns along
the coastline. This condition because marine debris is
affected by the tides; at low tide, the marine debris gets
trapped on land and during high tide, the waste is carried
along with the currents of the ocean waves. Not all waste
is carried away; some waste settles and remains on the

Copyright ©2021 Faculty of Fisheries and Marine Universitas Airlangga

beach sand (Enggara er al., 2019). Opfer et al. (2012)
stated that the high and low water levels (tides) affect
the volume/amount of waste in a coastal area.

Indonesia is the world’s second-largest
contributor to plastic waste to the ocean after China,
with an estimated 0.48-1.29 million metric tons per
year (Jambeck, ef al., 2015). According to Barboza et
al., (2019), global marine debris will keep increasing
in 2025. In contrast to the above reported prediction,
the measurement results of waste generation from year
to year tend to decline. The government issued the
Governor of Bali Regulation N0.97/2018 concerning
the Limitation of Single-Use Plastic Waste Generation
(Governor of Bali, 2018). This is to protect the marine
ecosystem; in general, the plastic waste that possibly
enters the sea through existing rivers was predominantly
caused by anthropogenic activities on land (Lebreton ef
al., 2017).

3.2 Composition of Marine Debris in the Southern
Region of Bali Island

A study by Jambeck er al. (2015) assumes
that the composition of plastic waste in Indonesia is
11%, while the World Bank, (2018) estimates that the
percentage of plastic waste in East Asia and the Pacific
region is 13% and 12% in Indonesia. An interesting
finding from the World Bank (World Bank, 2018) is the
significant incidence of disposable diapers in the waste
samples taken. On average, 11.9% of the waste consists
of disposable diapers. Although disposable diapers
are not classified as plastic in the World Bank study
(Figure 3), they contain plastic components such as
styrofoam. Styrofoam waste is often digested by birds,
turtles, whales, and other marine animals, and adversely
impacts these marine animals (Katsanevakis, 2008).

During the COVID-19 pandemic, various
preventive efforts were taken to avoid contracting the
COVID-19 virus. As an individual preventive measure,
PPE use such as masks for health workers is echoed
massively. The disposal of PPE leads to a higher
number of medical waste and detrimentally impacts
the environment. Unfortunately, Indonesia still has
limited medical waste treatment services. In the end,
many medical wastes frequently end up in rivers, or
even worse, at sea. Recent reports from Republika
(2020) stated that during the Covid-19 pandemic, the
composition of waste has shifted to face masks and face
shields.

The Ministry of National Development
Planning/Bappenas had previously prepared a plan for
implementing SDGs from 2020 to 2030. However, the
COVID-19 pandemic urged Bappenas to formulate

November 2021 194



Suryawan et al. / JIPK, 13(2):190-198

a new strategy for implementing SDGs in Indonesia
(Kompas, 2020). Social restrictions and lockdown
policies in several countries have helped to conserve
flora and fauna biodiversity. Reported marine debris
types during the COVID-19 pandemic are disposable
masks, plastic gloves, personal protective clothing, and
plastic food packaging (Farhani, 2020). In Jakarta, PPE
waste generation reaches 15—-16% of the collected river
debris (Cordova et al., 2021), this indicates a change
in the composition of waste generation during and
before the pandemic. Similar to Jakarta, the generation
of urban waste in Bali Province has also experienced
changes in characteristics during the COVID-19
pandemic (Suryawan et al., 2021). These findings tend
to change the characteristics of waste due to limited
community activities, especially tourism activities
in Bali Province. The opening of tourism must also
support good management updates. Our findings show
that some communities disposed of medical mask
waste during the pandemic (Figure 4). The support for
sustainable tourism and environment must carry out
further management and policies for this medical mask.
Medical mask waste is classified as Polypropylene plastic
waste (Jain e al., 2020). Previously, Widyarsana et al.
(2020) stated that plastic waste is the dominant waste,
hence the emergence of mask waste will reintroduce the
increasingly complex problem of plastic waste.

3.3 Marine Debris Reduction Policy

The selection of thermal technology for
marine debris is currently linked to several related
regulations, namely the Minister of Public Works
Regulation No. 03/PRT/M/2013 concerning the

Implementation of Infrastructure and Facilities for
Handling Household Waste and Household-like Waste
(Menteri Pekerjaan Umum RI, 2013) and Circular of the
Minister of Environment No. SE.2/MENLHK/PSLB3/
PLB.3/3/2020 concerning Management of Infectious

Waste (B3) and Household Waste from Handling Corona
Virus Disease (COVID-19) (Menteri Lingkungan
Hidup, 2020). The alternative waste management
currently being researched and developed is converting
plastic waste into fuels. The prevention of infectious
waste and marine debris treatment, waste processing
can be carried out using an incinerator. The parameters
reviewed are based on the Head of the Center for
Education and Training for Roads, Housing, Settlements,
and Indonesian Regional Infrastructure Development.
The minimum calorific value requirement in waste is 7
MJ/kg, and the water content is below 50% (BPSDM,
2019).

Diapers waste has the highest water content,
which reaches 75.94% and is followed by an organic
waste of 71.52%. Organic marine debris is based on
seaweed waste, microalgae, leaves, wood, and twigs.
During the pandemic on March 18, 2020, around 10
tons of seaweed debris were found on the shoreline
along 250 meters (Nusa Bali, 2020). In processing
marine debris, especially diapers and organics, the
water content must be taken into consideration to meet
the standard (BPSDM, 2019). The estimation of the
theoretical value of wastewater is calculated where
plastic waste is seen including waste that represents the
composition of marine debris (Table 1). Furthermore,
Polypropylene medical masks are also included in other
waste categories having a water content of 23.5% which
affects the calorific value.

The calorific value of glass and metal is not
considered due to their high ash content. The overall
calorific value of marine debris can attain 12.05 MJ/
kg (Table 2). Based on prior research, plastic waste
management of converting into oil on Kuta Beach
Bali could obtain a calorific value of 41.86 MJ/kg
(Wedayani, 2018). In addition, due to its low water
content, PPE plastic could provide a high calorific
value (Jain er al., 2020). Overall, the plastic waste
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present can be potentially converted to optimum
energy. Although thermal waste processing can cause
air emissions, it can be monitored through air pollution
control. One effort that can be made is water filtration
(Subekti et al., 2020). Destroying marine debris with
thermal processing will become a consideration in
choosing policies by the government. The management
of marine debris during COVID-19 is one way to
support sustainable development, especially for clean
energy and to save underwater life. Properly processed
and controlled PPE COVID-19 waste does not interfere
with aquatic life. PPE waste which is a new category will
increase the amount of marine debris. The increasing
amount of marine debris will have an impact on the life
of coral reefs (Putra ez al., 2021).

4. Conclusion

Marine debris generation from 2013 to 2019
decreased from 1.22 kg/km.day to 0.46 kg/km.day
respectively, with an organic waste composition of
59.4% at 2019. The water content of 54.56% exceeds the
maximum standard, therefore, the use of an incinerator
may not be directly suitable for marine debris. However,
the pre-treatment could be performed for marine debris
with high water content, such as organic and diapers.
The existence of mask waste made of polypropylene
plastic can change marine debris characteristics during
the COVID-19 pandemic. The PPE plastic waste must
be managed properly so that it does not add to aquatic
life, one of which is through thermal processing. The
overall calorific value complies during the COVID-19
pandemic with the standard incineration value of 12.05
MlJ/kg.
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