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ABSTRACT

This study evaluates the effectiveness of integrating local wisdom with the use of Alat Pemecah, Peredam
Ombak, dan Sedimen Traps (APPOSTRAPS) or Breakers, Wave Dampers, and Sediment Traps in empowering
coastal communities in Karawang, Indonesia, as a strategic response to climate change, coastal erosion, and
sustainable ecotourism development. The research aims to assess the combined impact of APPOSTRAPS
technology and the Jaga Alam Melalui Pemberdayaan Masyarakat Pesisir (JAM PASIR) or Protecting Nature

Through Coastal Community Empowerment program in reducing coastal abrasion, restoring mangrove
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ecosystems, and fostering sustainable livelihoods. A mixed methods approach was applied, combining
quantitative analysis of coastline changes using Geographic Information System (GIS) with Landsat and Sentinel-2
imagery (2022-2024), field surveys using differential GPS (2 m accuracy), and qualitative methods including
150 interviews, 18 months of participant observation, and community documentation. Results show a coastline
extension of about 400 m (+15 m), increased ecotourism revenue from IDR 11.25 million per month in 2019 to
IDR 90 million in 2024, women’s participation rising from 12% to 68%, and livelihood diversification reaching
110% of the target with 98 families involved. APPOSTRAPS, a patented breakwater and sediment trap made
from repurposed tires, combined with the JAM PASIR program covering mangrove-based ecotourism, MSMEs for
fishermen’s wives, waste management, and the Masyarakat Sadar Lingkungan and Bencana (MASDARLINA) or
Environmentally and Disaster Aware Society system, effectively mitigates erosion and supports economic growth.

The study concludes that integrating indigenous knowledge and technology strengthens community resilience

and provides a replicable model for sustainable coastal adaptation.
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1. Introduction

Global climate change has emerged as a significant
threat to the sustainability of coastal ecosystems world-
wide, including those in Indonesia "\ The impacts
of climate change, such as rising sea levels, increased
wave intensity 31 and changes in extreme weather
patterns, have resulted in progressively severe coastal
abrasion *”!. Indonesia, as an archipelagic nation with
the second-longest coastline in the world, faces con-
siderable challenges in managing coastal areas that are
highly vulnerable to erosion *°. The northern coastal
region of Java Island, particularly Karawang Regency,
is among the most severely affected by this phenom-
enon """ Coastal communities that rely on marine
resources for their livelihoods experience substantial
economic and social losses due to the reduction of pro-
ductive land and the threat posed to residential areas
by abrasion. These conditions require the implementa-
tion of innovative solutions that integrate modern tech-
nological approaches with the traditional knowledge of
local coastal communities to develop sustainable and
effective adaptation strategies. Globally, a variety of in-
terventions have been implemented to address coastal
challenges, including Living Shorelines in the United
States, which integrate natural and artificial infra-
structure "?; the Building with Nature program in the
Netherlands, which combines nature-based solutions
with engineering techniques *; and Community-Based

Mangrove Restoration in Bangladesh, which emphasiz-

es the active participation of local communities "%, In
contrast, the Indonesian context necessitates specific
adaptations due to the unique oceanographic condi-
tions of the Java Sea, the substrate characteristics, and
the socio-economic structures of coastal communities.

Coastal erosion has become a widespread phenom-
enon across Indonesia’s extensive coastline, exhibiting
varying degrees of severity and impacts on local com-
munities "*'*. The issue is characterized by progressive
shoreline retreat, loss of productive land, and threats to
coastal settlements. Affected communities often face a
range of interconnected challenges, including displace-
ment, disruption of traditional livelihoods, and damage
to coastal infrastructure """, The complexity of coastal
erosion extends beyond physical land loss, encompass-
ing broader socio-economic consequences, particularly
for communities whose economic activities are closely
tied to marine and coastal resources. These impacts call
for intervention strategies that integrate both immedi-
ate protective measures and long-term sustainable de-
velopment approaches %!,

Despite facing severe abrasion challenges, the
coastal areas of Karawang Regency in Republic of Indo-
nesia, particularly Sukajaya Village, possess significant
economic potential in the marine and fisheries sector.
Pasir Putih Hamlet in Sukajaya Village is recognized as
the largest crab-producing area in West Java, with ap-
proximately 80% of men of productive age engaged in
crab fishing activities “***. The productivity of the crab

fishery reaches 96 tons per month, or approximately
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4.8 tons per day, indicating considerable economic po-
tential. However, this potential has not been fully real-
ized due to several constraints, including the limited
diversification of processed fishery products **. The
wives of fishermen, who represent a socio-economical-
ly vulnerable group, currently lack access to productive
economic activities that could contribute to enhancing
household welfare. Furthermore, the issue of coastal
waste management, particularly the prevalence of plas-
tic waste, presents an additional challenge to efforts
aimed at ensuring the sustainability of the coastal envi-
ronment *°,

Effective coastal community empowerment re-
quires an approach that integrates local wisdom with
modern technological innovations to develop sustain-
able and contextually appropriate solutions ***”), The
local wisdom of the Karawang coastal community,
which has evolved over generations, such as knowledge
of weather patterns, environmentally friendly fishing
practices, and the tradition of cooperation in respond-
ing to natural disasters, needs to be revitalized and
synergized with contemporary technological advance-
ments. This empowerment framework must also incor-
porate active community participation at all stages of
the program, including planning, implementation, mon-
itoring, and evaluation ***°\, A participatory approach
is essential to ensure that empowerment initiatives are
not merely charitable or short-term interventions, but
rather sustainable efforts that generate long-term im-
pact. Moreover, effective empowerment should include
the identification and development of local champions
or community leaders who can serve as catalysts for
change within the community ®°.

The community empowerment initiatives described
in this research were implemented by PT Pertamina
Hulu Energi Offshore North West Java (PHE ONW]), a
subsidiary of PT Pertamina Hulu Energi. The first pro-
gram introduced the APPOSTRAPS technology innova-
tion, which comprises Alat Pemecah, Peredam Ombak,
and Sedimen Traps or Breakers, Wave Dampers, and
Sediment Traps developed from the repurposing of
used tire waste as an innovative solution to coastal
abrasion. It applies to the structural model of a fixed

offshore platform adapted to nearshore conditions, uti-

lizing a tripod piling installation system. APPOSTRAPS
not only functions as an effective wave breaker but
also enhances the natural sedimentation process, con-
tributing to the formation of new land in coastal areas.
The advantages include the use of readily available tire
waste materials, relatively low implementation costs,
and a reduction in air pollution associated with tire
burning. This innovation has received formal recogni-
tion from the Indonesian Ministry of Law and Human
Rights, with a patent certificate IDS000007668 issued
on March 8, 2024, thereby affirming the novelty and va-
lidity of the innovation '\

Furthermore, the second innovation program, Jaga
Alam Melalui Pemberdayaan Masyarakat Pesisir or Pro-
tecting Nature Through Coastal Community Empower-
ment (JAM PASIR), represents one of the flagship initia-
tives undertaken by PT Pertamina Hulu Energi Offshore
North West Java (PHE ONW]) in Karawang Regency
to address the complex challenges confronting coast-
al communities. This program is built upon the “New
Land, New Hope” concept, which integrates abrasion
management via APPOSTRAPS technology, mangrove
ecotourism development, the empowerment of fisher-
men’s wives through micro, small, and medium enter-
prises (MSMEs) support, and coastal waste manage-
ment into a cohesive, mutually reinforcing system. This
approach facilitates sustainable social transformation
by enabling the use of sediment accumulated through
APPOSTRAPS technology as a foundation for new
economic activities within coastal communities. The
JAM PASIR program also incorporates the Masyarakat
Sadar Lingkungan and Bencana or Environmentally
and Disaster Aware Society (MASDARLINA) system,
designed to enhance community awareness of and pre-
paredness for climate change and natural disaster risks.
The program’s demonstrable economic, social, environ-
mental, and well-being outcomes establish it as a repli-
cable model for other coastal regions in Indonesia.

The novelty of integrating local wisdom with AP-
POSTRAPS technology is reflected in three key aspects.
First, offshore platform technology is adapted to near-
shore conditions by incorporating traditional commu-
nity knowledge of currents and sedimentation patterns.

Second, a participatory approach is applied by engaging
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traditional leaders and community representatives in
both the design and implementation processes. Third,
a synergy is established between customary conserva-
tion practices and modern innovations to generate con-
text-specific and sustainable solutions.

Although various abrasion control technologies
have been developed previously, including convention-
al concrete and stone breakwaters, as well as hybrid
green-grey infrastructure approaches, there is a sig-
nificant gap in the development of economical, envi-
ronmentally friendly, and easily replicable solutions
for resource-constrained coastal communities. This
research specifically addresses this gap by developing
APPOSTRAPS technology that utilizes waste tires as the
primary material, in contrast to conventional approach-
es that require high investment costs and greater en-
vironmental impacts. The unique contribution of this
research lies in the development and implementation
of APPOSTRAPS technology that has never been tested
before in Indonesian coastal areas, as well as its holistic
integration with a comprehensive community empow-
erment program. The novelties added in this case in-
clude empirical validation of the effectiveness of waste
tire-based technology under the specific oceanographic
conditions of the Java Sea, development of a community
empowerment model integrated with climate change
adaptation technology, and demonstration of the solu-
tion’s scalability for replication in other coastal areas in
Indonesia.

The selection of Sukajaya Village as the study loca-
tion was guided by several criteria. It has the highest
abrasion rate in Karawang Regency, with an average
shoreline retreat of 10 m per year between 1989 and
2018. The village also hosts a concentration of vulner-
able populations, with 3,365 residents at risk of losing
their homes. Additionally, it possesses significant ma-
rine economic potential as the largest crab producer in
West Java, with a yield of 96 tons per month. The com-
munity demonstrates strong local knowledge in coastal
resource management, and the substrate conditions are
well-suited for the installation of tripod pile technology.

2. Literature Review

Indonesia’s coastal areas encounter multifaceted

challenges resulting from climate change, environmen-
tal degradation, and socio-economic pressures, there-
by requiring a sustainable approach to community
empowerment **. This literature review examines a
range of coastal community empowerment strategies
that integrate local wisdom, climate change adaptation,
disaster risk reduction, and sustainable ecotourism de-
velopment as comprehensive solutions to address the
multidimensional issues faced by coastal regions.

Local wisdom practices play a vital role in the
sustainable empowerment of coastal communities. A
relevant study conducted in Lawang Agung Village,
North Musi Rawas Regency, identified local commu-
nities as possessing conservation traditions rooted in
local wisdom, such as “nakul” and “bekarang iwak,”
which have been passed down through generations.
However, the rise of modernization and the spread
of individualistic values have contributed to the ero-
sion of mutual cooperation and social cohesion within
these communities. This study highlights the need for
empowerment strategies that are grounded in a com-
prehensive understanding of local wisdom, the iden-
tification of community assets, the implementation
of participatory programs, and the establishment of
continuous evaluation mechanisms. The integration
of modern technology with traditional knowledge, the
enhancement of community educational capacity, and
the internalization of spiritual values are essential for
optimizing environmental conservation efforts and re-
inforcing a collective commitment to maintaining the
balance of coastal ecosystems **.

Climate change adaptation through local commu-
nity empowerment has proven to be an effective ap-
proach in addressing coastal erosion. A related study
conducted at Bungin Beach, Bekasi, highlights the stra-
tegic role of the Kelompok Sadar Wisata or Tourism
Awareness Group (Pokdarwis) in implementing climate
change adaptation initiatives during the COVID-19
pandemic. Pokdarwis engaged in mangrove plant-
ing and monitoring activities, which served both as a
form of bioengineering for abrasion control and as a
mechanism for promoting local economic recovery. An
analysis of shoreline changes between 2017 and 2021

revealed complex dynamics, including land loss due
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to abrasion amounting to -1.93 km?. This communi-
ty-based approach demonstrates the effectiveness of
active participation by coastal communities in environ-
mental conservation and disaster risk management,
reinforcing its viability as a sustainable strategy for cli-
mate change adaptation **,

Community institutions play a fundamental role in
the abrasion disaster mitigation system within coastal
regions. A related study evaluated the contribution of
the Disaster Preparedness Group in Rembang in de-
livering education and outreach programs on disaster
preparedness to residents. The study further empha-
sized the importance of structural mitigation measures,
including gabion installations and concrete barriers, as
integral components of non-structural strategies aimed
at preventing erosion and further coastal damage ©**',
The integration of both structural and non-structural
approaches in abrasion disaster mitigation highlights
the necessity of fostering synergy between community
empowerment initiatives and the provision of adequate
infrastructural support.

Sustainable ecotourism development constitutes
an innovative model for empowering coastal communi-
ties by aligning environmental conservation objectives
with the enhancement of economic well-being. A study
conducted in the coastal border area of Sambas Regen-
cy, West Kalimantan, demonstrates that a participatory
and enduring approach to ecotourism development ne-
cessitates the active engagement of youth as facilitators
of community learning, together with robust support
from local leadership. The ecotourism potential derived
from mangrove conservation, turtle protection initia-
tives, and the scenic value of the coastline has emerged
as a major attraction capable of stimulating the region-
al economy. This empowerment model illustrates how
coastal communities can harness their natural assets
in a sustainable manner while ensuring the long-term
preservation of coastal ecosystems *°.

The literature review demonstrates that effective
coastal community empowerment necessitates a mul-
tidimensional approach integrating local wisdom, cli-
mate change adaptation, disaster risk mitigation, and
sustainable economic development. The success of

such empowerment programs relies heavily on active

community participation, robust institutional support,
and the harmonious integration of traditional practices
with contemporary technologies. The theoretical impli-
cations underscore the critical role of a participatory
empowerment paradigm in addressing the multifacet-
ed challenges confronting coastal regions amid climate
change. Future research should investigate in great-
er depth the mechanisms for integrating indigenous
knowledge with technological innovation and should
develop comprehensive long-term impact evaluation
models for coastal community empowerment programs
to ensure the sustainability of ecosystems and the
well-being of local populations.

A critical review of the literature reveals three ma-
jor gaps in existing approaches to coastal community
empowerment. First, there is limited integration of ap-
propriate technology with community participation in
addressing coastal abrasion. Second, existing models
show constraints in linking disaster mitigation with
conservation-oriented economic development. Third,
there is an absence of a comprehensive framework
for evaluating social impacts. The Jaga Alam Melalui
Pemberdayaan Masyarakat Pesisir or Protecting Na-
ture Through Coastal Community Empowerment (JAM
PASIR) model seeks to address these gaps through a
holistic strategy that combines Alat Pemecah, Peredam
Ombak, and Sedimen Traps or Breakers, Wave Dampers,
and Sediment Traps (APPOSTRAPS) technological in-
novation, gender-responsive economic empowerment,
and Masyarakat Sadar Lingkungan and Bencana or
Environmentally and Disaster Aware Society (MASDAR-
LINA) as a community capacity-building system. The
theoretical contribution of this model lies in demon-
strating that community-based adaptation can achieve
a level of technical effectiveness comparable to top-
down interventions while offering greater sustainabili-

ty and lower implementation costs.

3. Materials and Methods

3.1.Study Area

Sukajaya Village is a coastal settlement, it is located
in Cilamaya Wetan District, Karawang Regency, West

Java Province, Indonesia, located on the north coast of
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Java Island facing the Java Sea. This village is geograph-
ically positioned at approximately 6°15'S and 107°45'E,
encompassing a total administrative area of 12.5 km?,
The village’s coastal zone extends for approximately 8.2
km along the shoreline, with Pasir Putih Hamlet desig-
nated as the primary site for the implementation of Alat
Pemecah, Peredam Ombak, and Sedimen Traps or Break-
ers, Wave Dampers, and Sediment Traps (APPOSTRAPS)
technology. The defined study area also incorporates
a coastal buffer zone extending 500 m inland from
the high-tide line, covering an estimated 410 hectares
within the village’s coastal territory. Monitoring data
spanning 1989 to 2018 indicate a shoreline retreat of
290.13 m, corresponding to an average annual change
rate of 10.00 m. The total area affected by abrasion en-
compasses 56.96 hectares throughout the wider coastal
zone, placing 3365 residents at imminent risk of losing
their homes.

To link the effects of APPOSTRAPS and Jaga Alam
Melalui Pemberdayaan Masyarakat Pesisir or Protect-
ing Nature Through Coastal Community Empowerment
(JAM PASIR) interventions, three control sites were
established along the Karawang coast at 2-5 km from
the implementation area with similar geomorphologi-
cal characteristics, substrates, and wave conditions but
without the installation of coastal protection technolo-
gy. These three control sites are: Tanjung Pakis Beach (2
km east), Muara Baru Beach (3.5 km west), and Sedari
Beach (5 km west), with simultaneous monitoring of
shoreline changes conducted from 2019 to 2024.

The APPOSTRAPS installation site encompasses a
390-meter beach segment, situated at an average dis-
tance of 25-50 m from the original shoreline under
low-tide conditions. The implementation zone is char-
acterized by a sandy-clay substrate with water depths
ranging from 0.5 to 2.5 m at mean sea level, rendering
it suitable for tripod pile deployment. The coastal geo-
morphology exhibits a gently sloping beach profile with
gradients ranging from 1:20 to 1:30, a configuration
typical of micro-tidal environments with tidal ranges of
0.8-1.2 m.

The principal environmental features of the study
area include remnant mangrove stands covering ap-

proximately 15 hectares, predominantly composed of

Rhizophora apiculata and Avicennia marina. The region
is situated within a tropical monsoon climatic regime,
characterized by a distinct wet season (November-
March) and dry season (April-October). Wave dynam-
ics are defined by significant wave heights ranging from
0.3 to 1.5 m during calm periods and reaching up to 2.5
m during the monsoon season, with prevailing wave
directions oriented primarily from the north and north-
west.

The socio-economic structure of the study area is
predominantly shaped by marine-based livelihoods,
with approximately 80% of the productive male pop-
ulation engaged in crab fisheries. Pasir Putih Hamlet
is recognized as the largest crab-producing center in
West Java, with an average monthly yield of 96 tons.
Settlement patterns comprise a mixture of traditional
stilt houses and modern concrete dwellings, with the
closest residential structures situated approximately 2
m from the high-tide line prior to the installation of AP-
POSTRAPS.

The strategic location of Sukajaya Village along the
northern coast of Java renders it highly susceptible to
the compounded impacts of sea-level rise, intensifying
wave energy, and anthropogenic coastal alterations.
Its exposure to seasonal monsoonal forcing, combined
with its positioning within the fetch-limited environ-
ment of the Java Sea, generates complex coastal dynam-
ics necessitating the application of innovative erosion
mitigation strategies. Several critical considerations,
including the severity of shoreline retreat, the con-
centration of vulnerable populations, the suitability of
substrate conditions, and the feasibility of communi-
ty-based implementation and participatory monitoring,
informed the designation of this site for the implemen-
tation of APPOSTRAPS technology. Figure 1 illustrates
the location and physical condition of the study area in
Karawang Regency. Figure 1a shows the geographic
position of Sukajaya Village along with nearby coast-
al sites and Figure 1b presents a detailed view of the
coastal abrasion threat in Sukajaya Village before im-
plementation of APPOSTRAPS technology.
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Figure 1. (a) Location map of Karawang Regency with the position of the study area in Sukajaya Village, Tanjung Pakis Beach,
Muara Baru Beach, and Sedari Beach; and (b) Detailed map of the threat of coastal abrasion in Sukajaya Village with a scale of

1:10,000, showing the implementation zone.

3.2.Data Collection

This study employed a mixed methods approach
that combined quantitative and qualitative techniques.
The use of mixed methods enabled the validation of
findings through data triangulation *”**. Quantitative
data on changes in coastal physical conditions were
confirmed and enriched with qualitative data on com-
munity perceptions and experiences. This approach
increased the credibility and reliability of the research
findings.

Data collection was systematically undertaken in
three sequential phases: the pre-implementation base-
line assessment (2018-2019), the implementation
monitoring phase (2019-2022), and the impact evalua-
tion phase (2022-2024). Baseline shoreline configura-
tions were delineated using historical satellite imagery
spanning the years 2011-2018. Annual monitoring
surveys were then conducted from 2019 to 2024 to
document coastal morphological dynamics. The Alat
Pemecah, Peredam Ombak, and Sedimen Traps or Break-
ers, Wave Dampers, and Sediment Traps (APPOSTRAPS)
system was initially deployed in March 2019, and mon-
itoring was sustained throughout the five-year imple-
mentation period (2019-2024) to capture both short-
term and long-term coastal response trajectories.

The quantitative method was implemented by mea-
suring and recording data on abrasion, sedimentation,
and tidal flooding in coastal areas before and after the
implementation of the Jaga Alam Melalui Pemberdayaan
Masyarakat Pesisir or Protecting Nature Through Coast-

al Community Empowerment (JAM PASIR) Program.

Shoreline change measurements were undertaken us-
ing a range of complementary methodologies, includ-
ing satellite image analysis (employing Landsat 8 and
Sentinel-2 datasets), high-precision GPS field surveys,
and unmanned aerial vehicle (UAV) photogrammetry,
to enhance data reliability and spatial resolution. Abra-
sion dynamics were assessed through the application of
the Digital Shoreline Analysis System (DSAS) integrat-
ed with ArcGIS, facilitating the evaluation of shoreline
change from multi-temporal satellite imagery:.

Sedimentation data were obtained through the
deployment of fifteen pipe-type sediment traps (10
cm in diameter), systematically positioned along the
390-meter APPOSTRAPS zone at 26-meter intervals.
Sediment volumes were quantified at 30-day intervals
using a gravimetric approach, with collected samples
oven-dried at 105 °C for 24 hours prior to measure-
ment. Tidal flood monitoring was conducted using a
combination of eight HOBO U20L-04 ultrasonic sensors
installed at varying elevations (0.5 m, 1.0 m, 1.5 m, and
2.0 m above mean sea level) to record air column height
at 15-minute intervals throughout tidal fluctuations.
Variations in water level and tidal inundation extent
were further documented through the use of pressure
transducers and automated data loggers strategically
positioned across the study area.

These measurements were designed to provide
an objective assessment of changes in the coastal en-
vironment following technological interventions and
community-based empowerment initiatives. Comple-
mentary qualitative methods were employed by gath-

ering descriptive data through semi-structured inter-
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views, participant observation, and documentation of
empowerment activities involving socially vulnerable
groups, particularly the elderly and youth. A total of
156 respondents participated, consisting of 89 elder-
ly individuals (aged = 60 years) and 67 youth (aged
18-35 years). The achieved response rate was 94.5% of
the intended 165 respondents, with the majority (78%)
reporting a high level of satisfaction with the program,
18% indicating moderate satisfaction, and 4% express-
ing limited satisfaction. Subsequently, focus group dis-
cussions were conducted with fishermen’s associations,
women’s cooperatives, and local government represen-
tatives to triangulate community perspectives on pro-
gram effectiveness. Additionally, participatory mapping
exercises were implemented to document traditional
ecological knowledge and to capture community per-
ceptions of coastal change. This process aimed to devel-
op a comprehensive understanding of the social trans-
formations and empowerment outcomes resulting from

the intervention.

3.3.Technical Studies and Community Em-
powerment

Subsurface soil investigations were conducted
through geotechnical drilling to a depth of 10 m at 12
locations with 30-meter intervals, using the Standard
Penetration Test (SPT) method. SPT is an in-situ testing
procedure that measures the number of blows required
to press a split-barrel sampler 30 cm into the soil us-
ing a 63.5 kg hammer dropped from a height of 76 cm,
ASTM D1586-11 %, The N-SPT values obtained ranged
from 8 to 25, indicating a soil consistency ranging from
moderate to hard, according to the classification (401,

Subsurface soil investigations were undertaken
through geotechnical drilling to a depth of 10 m at 12
locations spaced at 30-meter intervals, employing the
Standard Penetration Test (SPT) method. The analytical
results indicated that the soil stratigraphy comprised
silty clay (0-3 m), fine sand (3-6 m), and hard clay (6-
10 m), with a soil bearing capacity ranging from 150 to
200 kN/m? at depths of 4-6 m. Sediment source anal-
ysis, based on sediment traps and current meter mea-
surements, revealed a natural sediment supply of 0.8-

1.2 kg/m?/day derived from upstream coastal erosion

and longshore transport associated with the Citarum
River estuary. The sediment composition consisted of
65% fine sand, 25% clay, and 10% organic matter. Sed-
iment transport monitoring, conducted over 18 months
(2019-2020), demonstrated an average accumulation
within the APPOSTRAPS zone of 2.3 m*/day, equivalent
to 839 m3/year.

The stability of the Alat Pemecah, Peredam Ombak,
and Sedimen Traps or Breakers, Wave Dampers, and
Sediment Traps (APPOSTRAPS) pile structure was eval-
uated through a combination of laboratory experimen-
tation and numerical modeling. Laboratory analyses
included compressive strength testing of 20 concrete
cube specimens (15 x 15 x 15 ¢cm) incorporating varied
proportions of recycled tire aggregates, conducted us-
ing a Universal Testing Machine (UTM) with a capacity
of 2000 kN. A 1:25 scale flume tank experiment was
further employed to assess structural response under
wave conditions ranging from 0.1 to 0.4 m, generated
using a mechanical wave generator. Numerical simu-
lations were performed using ANSYS Workbench for
three-dimensional structural analysis and MIKE 21 for
hydrodynamic modeling. Model outputs were validated
against field observations, yielding predictive accura-
cies of 87.3% for structural deformation and 91.2% for
flow pattern simulations surrounding the APPOSTRAPS
installation.

A technical study was conducted to analyze the sta-
bility of the APPOSTRAPS pile structure, an innovative
adaptation of the offshore tripod platform. Laboratory
tests and model simulations were conducted to evalu-
ate the effectiveness of the technology in capturing sed-
iment and deflecting ocean waves, which was expected
to significantly reduce coastal erosion. The study ex-
plained how a specially designed tire waste structure
functioned as both a wave-retaining medium and a nat-
ural sediment trap.

The social impact evaluation was conducted using
the Social Return on Investment (SROI) framework,
which incorporated five primary indicators. First, in-
creased community capacity was assessed through
pre- and post-program tests of knowledge and skills,
employing a five-point Likert scale. Second, changes in

economic productivity were calculated based on com-
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parative measurements of average monthly household
income before and after program implementation.
Third, the level of community participation was eval-
uated through attendance records at empowerment
activities and the extent of voluntary contributions.
Fourth, access to and control over local resources were
analyzed using a modified Harvard Matrix tailored to
the coastal context. Finally, program sustainability was
measured by the community’s demonstrated ability to
independently continue activities following the conclu-
sion of external mentoring.

At this stage, an analysis of the Jaga Alam Melalui
Pemberdayaan Masyarakat Pesisir or Protecting Na-
ture Through Coastal Community Empowerment (JAM
PASIR) program was conducted as a form of social in-
novation aimed at empowering coastal communities.
A social impact evaluation was conducted to measure
changes within local communities, particularly re-
garding the enhancement of capacity and productivity
among vulnerable groups, such as the elderly. Disaster
risk management training was conducted, covering
early warning systems, evacuation techniques, and first
aid. Ecotourism programs covered homestay manage-
ment, tour guiding, and culinary tourism. Training and
engagement activities in disaster risk management and
ecotourism management were implemented as part of
the program, contributing to increased community par-
ticipation, awareness of environmental conservation,
and capacity building. The impact of empowerment on
vulnerable groups was reflected in improved productiv-
ity and changes in their access to and control over local
resources. JAM PASIR activities encompassed disaster
preparedness training for 156 participants, ecotourism
initiatives involving 28 fishermen’s wives, crab-based
micro, small, and medium enterprises (MSMEs) devel-
opment with 28 actors, mangrove cultivation with 35
farmers, household waste management with 25 fam-
ilies, and the establishment of Disaster Preparedness
and Response School (Sigap School) across three insti-

tutions.

3.4.Data Analysis

Quantitative data were analyzed using statistical

software, employing descriptive statistics, normality

testing, and paired t-tests to compare conditions be-
fore and after program implementation. Multiple linear
regression analysis was conducted to identify factors
influencing sedimentation dynamics, yielding a coeffi-
cient of determination (RZ) of 0.84, which indicates a
strong explanatory power of the model. Qualitative data
were examined using a thematic analysis approach, in-
corporating open, axial, and selective coding to extract
and synthesize key themes. To ensure validity and reli-
ability, data triangulation was undertaken by cross-ver-
ifying findings from interviews, field observations, and
focus group discussions.

The integrated analysis combined quantitative
measurements of coastal physical parameters such
as abrasion, sedimentation, and tidal inundation with
qualitative insights derived from surveys, interviews,
and observations, thereby enabling an evaluation of
program effectiveness from both technical and social
dimensions. This mixed-methods approach provided a
comprehensive and nuanced understanding of the JAM
PASIR Program’s effectiveness and long-term sustain-
ability.

4. Results

4.1.Abrasion Control Results with AP-
POSTRAPS Technology

Coastal erosion in the coastal areas of Karawang
Regency constitutes a critical environmental challenge
that necessitates concerted attention and management
from all relevant stakeholders, due to its severe impli-
cations for the livelihoods of thousands of coastal resi-
dents. The phenomenon of abrasion has become wide-
spread, impacting nearly all coastal villages within the
regency.

In 2019, the Karawang Regency Government,
through the Public Works and Spatial Planning Agency,
in collaboration with PHE ONW]J, undertook the con-
struction of a 390-meter stone breakwater in one of
the affected coastal villages, with a budget allocation
of IDR 1.3 billion. Under the prevailing environmental
conditions, the conventional stone breakwater was con-
structed in a different location, about 10 km east of the
APPOSTRAPS implementation site in Pasir Putih Ham-
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let, ensuring that it does not influence the assessment
of APPOSTRAPS technology effectiveness. However,
the implementation of this intervention exhibited low
cost-efficiency, as indicated by the high construction
expenditure, amounting to IDR 3.3 million per meter
of breakwater. Beyond the economic inefficiencies, the
effectiveness of the conventional breakwater structure
in mitigating coastal abrasion was also considered sub-
optimal. Moreover, the structure failed to stimulate the
anticipated sedimentation processes along the shore-
line.

Analysis of individual transects revealed substan-
tial spatial variability in coastal progradation. The max-
imum advancement of 400 m was observed at transect
T-23, located at the central axis of the APPOSTRAPS
installation, whereas the minimum progradation of
156 m occurred at transects T-01 and T-47, positioned
at the lateral boundaries of the installation zone. Sed-
imentation distribution exhibited a logarithmic trend,
with the highest accumulation recorded within a 0-100
meter radius from the APPOSTRAPS structure (mean 3.8

m?3/m? /year), which progressively declined to an aver-

age of 0.9 m*/m?/year within a 300-400 meter radius.

Furthermore, the cost analysis indicated that 45%
of total expenditure was allocated to stone materials
(IDR 585 million), 30% to transportation and heavy
equipment (IDR 390 million), 15% to labor (IDR 195
million), and 10% to installation (IDR 130 million).
Based on a 20-year life cycle and an 8% discount rate,
the equivalent annual cost was calculated at IDR 132.4
million.

In this context, the Alat Pemecah, Peredam Ombak,
and Sedimen Traps or Breakers, Wave Dampers, and
Sediment Traps (APPOSTRAPS) technological innova-
tion, which repurposes used tire waste as a breakwater,
wave attenuator, and sediment trap, has demonstrated
effectiveness in mitigating the rate of coastal abrasion
in the Karawang Regency. This technology presents a
more sustainable and cost-efficient alternative for ad-
dressing coastal erosion. The installation method for
APPOSTRAPS piles is derived from the tripod pile sys-
tem used in offshore platform construction (tripod 94
platform). Figure 2 illustrates the adaptation of the
three-legged platform structure in the design of AP-
POSTRAP.
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Figure 2. Adaptation of the three-legged platform pillars on APPOSTRAPS: (a) Three-legged platform pillar; and (b) Three-

legged APPOSTRAPS pillar.

The cost components of APPOSTRAPS comprise
used tire materials (15%, IDR 58.5 million), steel tri-
pod structures (40%, IDR 156 million), transportation
(20%, IDR 78 million), installation labor (15%, IDR
58.5 million), and miscellaneous expenses (10%, IDR
39 million). Based on a projected 15-year life cycle and
applying the same discount rate, the equivalent annual
cost is estimated at IDR 45.6 million. Nonetheless, it is

essential to recognize that the long-term durability of
APPOSTRAPS warrants continued monitoring. Potential
risks include tire degradation resulting from ultraviolet
radiation and salinity exposure, biofouling accumula-
tion that may compromise structural effectiveness, and
the possibility of tripod failure under extreme wave
conditions exceeding 3 m in height.

Figure 2 presents the offshore platform infrastruc-
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ture in the form of a tripod, which has been adapted for
use in the APPOSTRAPS innovation. The APPOSTRAPS
structure, utilizing tripod supports, enhances resistance
to extreme wave activity and improves the effectiveness
of sediment traps transported by ocean currents.
APPOSTRAPS technology represents a fixed and sta-
ble structural system specifically engineered to endure
the impact of ocean waves. The system employs a tri-
pod, or three-legged pillar configuration, as its primary
foundation, thereby maximizing structural stability un-
der wave-induced pressure and forces. The implemen-
tation of this technology necessitates a comprehensive
analytical approach, commencing with an in-depth
investigation of subsurface soil conditions at the desig-
nated site. This includes soil sampling to a depth of 10

the geotechnical properties and load-bearing capacity
of the soil. The outcomes of these tests inform the se-
lection of appropriate pillar dimensions and the deter-
mination of the minimum installation depth necessary
to ensure optimal performance of the APPOSTRAPS
structure.

Subsequent stages involve the evaluation of the
model’s effectiveness in influencing wave dynamics,
employing both laboratory-scale experiments and ad-
vanced technical modeling. This phase aims to assess
the structure’s capacity to resist shear forces generat-
ed by wave action and to establish the optimal orien-
tation and positioning of the APPOSTRAPS system rel-

ative to the predominant wave direction, as depicted

m, followed by a series of laboratory analyses to assess in Figure 3.
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Figure 3. Laboratory test of APPOSTRAPS model: (a) Tripod structure stability testing using a 1:25 scale wave flume tank
with a mechanical wave generator, wave height 0.1-0.4 m; and (b) Hydrodynamic analysis using a current meter and pressure

transducer for flow pattern validation.

The “Structural Model of Fixed Offshore Plat-
form” technology, employed in the installation of AP-
POSTRAPS, enhances the structural capacity and re-
silience of APPOSTRAPS against wave-induced shear
forces. Consequently, the installed APPOSTRAPS system
exhibits improved durability and optimized perfor-

mance in capturing sedimentation. Following the analy-
sis of pile requirements, the subsequent phase involves
the implementation of the APPOSTRAPS technology,
tailored to the specific environmental and geotechnical
conditions of the installation site, as illustrated in Fig-
ure 4.

Figure 4. APPOSTRAPS technological innovation utilizes waste tires to overcome abrasion.
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The implementation of the APPOSTRAPS technolog-
ical innovation has produced significant geomorpho-
logical effects, evidenced by coastal progradation and
sediment deposition extending up to 400 m horizontal-
ly from the original shoreline. The intervention timeline
is delineated as follows: baseline conditions in 2011
(pre-intervention), initiation of mangrove planting in
2019, APPOSTRAPS installation from 2020 to 2021, and
outcome assessments conducted in 2024. Causality
analysis indicates that 60% of the observed progra-
dation is attributable to the APPOSTRAPS installation,

From a hydrological perspective, this expanded
zone functions as a natural breakwater and flood reten-
tion area. The resulting shoreline changes have altered
tidal inundation patterns, markedly reducing their fre-
quency. Concurrently, a rise in ecological awareness
among local communities regarding coastal sediment
conservation is positively associated with enhanced
coastal ecosystem stability.

The observed socio-economic outcomes include the
diversification of land use for productive economic ac-

while the remaining 40% is associated with the com-
bined effects of mangrove planting and natural factors,
including ENSO-driven seasonal variations influencing
sediment supply from the Citarum River. This transfor-
mation is driven by hydrodynamic processes that alter
seawater flow patterns and enhance the accumulation
of suspended sediment by attenuating wave and cur-
rent energy. Spatial analysis indicates that the buffer
zone between coastal settlements and the shoreline has
expanded substantially, from 2 m to 400 m, as illustrat-
ed in Figure 5.

(b)

Figure 5. Comparison of shoreline conditions: (a) Baseline in 2011 shows a buffer zone distance of 2 m from the high
tide line, analyzed using Landsat 8 imagery with a spatial resolution of 30 m; (b) Conditions in 2024 after APPOSTRAPS
implementation show a progradation of 400 m, verified using UAV photogrammetry and differential GPS. Coordinate grid:
UTM Zone 48S, datum WGS84. Scale: 1:5000.

tivities, a reduction in economic losses linked to hydro-
meteorological hazards, and an overall increase in the
adaptive capacity of coastal communities to respond to
environmental changes.

The subsequent section presents a comparison be-
tween the use of conventional breakwater structures
and APPOSTRAPS technology in addressing coastal
abrasion. The results of the comparative analysis are

presented in Table 1.

Table 1. Comparative analysis of conventional breakwater and APPOSTRAPS technology.

Indicator Conventional Breakwater APPOSTRAPS
Initial Cost IDR 1.3 billion for the construction of a 390-meter- IDR 390 million for the construction of a 390-meter-
long concrete breakwater long APPOSTRAPS
Benefit Holding back the waves Resist waves and can produce sedimentation
Materials Concrete Used Tires

Annual Maintenance IDR 45 million (annual inspection, crack repair, rock

Cost armor replacement)

IDR 25 million (tripod structure inspection,
replacement of damaged tires, biofouling cleaning)

Lifespan

20-25 years with intensive maintenance

15-20 years (further research needed)
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Table 1. Cont.

Indicator Conventional Breakwater APPOSTRAPS
. Structural damage due to extreme waves, scouring, Tire degradation due to UV, tripod joint failure, debris
Failure Modes :
settlement accumulation

Heavy equipment is required to construct concrete
breakwaters. The breakwater construction process can
only be conducted by a few individuals.

Installation

The assembly process is relatively simple and
does not necessitate the use of heavy machinery,
thereby enabling community members to conduct it
independently.

Life cycle analysis shows that although AP-
POSTRAPS have a shorter service life, the Net Present
Value (NPV) remains 65% more favorable than conven-
tional breakwaters when considering maintenance and
replacement costs.

Based on the data presented in Table 1, AP-
POSTRAPS technology exhibits substantial advantages
over conventional breakwater systems. The implemen-
tation cost of APPOSTRAPS is approximately 70% lower
(IDR 390 million compared to IDR 1.3 billion), while
simultaneously offering additional benefits, such as the
facilitation of natural sedimentation, the utilization of
recycled materials (specifically used tires), and the po-
tential for community-led installation without the need
for heavy machinery. The effectiveness and originality
of this abrasion mitigation method have been formal-
ly recognized through the issuance of a patent by the
Ministry of Law and Human Rights of the Republic of
Indonesia, under patent number IDS000007668. This
official recognition underscores the technological valid-
ity and innovative nature of the APPOSTRAPS system ™',

Moreover, the APPOSTRAPS method outperforms
conventional technologies in its function as a wave at-
tenuator. From a materials standpoint, the use of used
tires as the core structural component provides several
strategic advantages: (1) abundant and easily accessi-
ble material supply, (2) relatively low implementation
costs, and (3) significant contributions to environmen-
tal waste management, particularly by reducing air pol-
lution associated with the open burning of discarded
tires.

The scalability of APPOSTRAPS is subject to several
limitations that must be carefully considered. First, the
technology demonstrates optimal effectiveness in wave
climates where significant wave heights remain below
2.5 m. Second, a sufficient sediment supply is required

to support the formation of accretion. Third, sustained

operation necessitates robust community governance
capacity to ensure ongoing maintenance. Fourth, the
system is unsuitable for locations characterized by very
strong ocean currents exceeding 1.5 m/s. Consequently,
replication in other sites must account for local ocean-
ographic conditions as well as socio-economic factors
to ensure both technical feasibility and community en-
gagement.

Comparative analysis with three control sites (Tan-
jung Pakis Beach, Muara Baru Beach, and Sedari Beach)
demonstrated the validity of the APPOSTRAPS technolo-
gy attribution. The control site experienced an average
of 2.3 m of erosion/year without intervention, while the
APPOSTRAPS implementation zone recorded 400 m of
progradation over 5 years. Statistical significance test-
ing using a paired t-test showed a p-value <0.001 for
the difference between the implementation and control
sites. Multiple regression analysis (R? = 0.84) identified
the relative contributions of APPOSTRAPS technology
(60% * 8%), mangrove planting (35% * 6%), and natu-
ral factors/ENSO (5% * 3%) to total progradation.

4.2.Social and Economic Transformation
Through the JAM PASIR Program

The Jaga Alam Melalui Pemberdayaan Masyarakat
Pesisir or Protecting Nature Through Coastal Commu-
nity Empowerment (JAM PASIR) program is a flagship
Corporate Social Responsibility (CSR) initiative of PT
Pertamina Hulu Energi Offshore North West Java (PHE
ONW]J), implemented in Pasir Putih Hamlet, Sukajaya
Village, Cilamaya Wetan District, Karawang Regency.
This program was developed in response to critical
challenges faced by coastal communities, particularly
the threat of abrasion, which has caused the coastline
to retreat by 290.13 m between 1989 and 2018 at an

average rate of 10 m per year, thereby threatening the
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residences of 3365 inhabitants. In addition to address-
ing coastal abrasion, the program also targets the accu-
mulation of coastal waste, with a specific focus on plas-
tic debris that accounts for 60 to 80 percent of global
marine litter and exhibits prolonged decomposition
periods in the marine environment.

The JAM PASIR program adopts the principles of
sustainable development by integrating various as-
pects of coastal area management, including eco-edut-
ourism education, mangrove planting, environmental
protection, waste management, and the diversification
of local fishery-based products. The uniqueness of this
program lies in its ability to utilize the local potential of
the Pasir Putih Hamlet community, which is recognized

as the largest producer of crabs in West Java. It involves

the participation of fishermen’s wives, who were previ-
ously categorized as socially vulnerable women, in the
development of micro, small, and medium enterprises
(MSMEs) based on fishery products. By applying the
Masyarakat Sadar Lingkungan and Bencana or Environ-
mentally and Disaster Aware Society (MASDARLINA)
concept, the program ensures active community partic-
ipation at all stages, including planning, implementa-
tion, monitoring, and evaluation. This approach ensures
that the program is not merely a temporary charitable
initiative but a sustainable effort with long-term im-
pacts on the welfare of coastal communities and envi-
ronmental sustainability. The conceptual design of the
JAM PASIR Program and the MASDARLINA System Inno-

vation is presented in Figure 6.
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Figure 6. Scheme of the JAM PASIR Program with the MASDARLINA system innovation.

Based on Figure 6, the MASDARLINA System rep-
resents an innovation designed to cultivate public
awareness of environmental stewardship and disaster
risk mitigation. This program was developed through
an integrated approach that engaged multiple societal
levels, ranging from educational institutions to the pro-
ductive economic sector. In its implementation, MAS-
DARLINA incorporates four interrelated components
that collectively support the creation of a sustainable
and disaster-resilient ecosystem.

The Disaster Preparedness and Response School

(Sigap School) component functions as the educational

foundation for fostering a generation that is both disas-
ter-aware and responsive. Through this initiative, edu-
cational institutions were equipped with the requisite
knowledge, practical skills, and procedural protocols to
effectively address various types of natural disasters.
Students and educators were trained to identify warn-
ing signs, execute evacuation procedures, and adminis-
ter basic first aid, thereby transforming schools into not
only centers of learning but also hubs for community
preparedness.

The Eco-Friendly Waste Management System (Si

Kasep), an environmentally sustainable waste manage-
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ment initiative, addresses the persistent challenges of
waste accumulation that can intensify disaster impacts.
This component promotes the development of inno-
vative and sustainable waste management practices,
including waste sorting, processing, and recycling. By
fostering active community engagement, Si Kasep culti-
vated a culture of responsible waste management while
simultaneously generating economic opportunities
through the recycling and production of environmen-
tally friendly goods.

The Sukajaya Fishermen’s Wives MSME program
(UIN SUKA) focused on economic empowerment
through the development of micro, small, and medium
enterprises (MSMEs) involving fishermen’s wives in the
Sukajaya area. This initiative recognized the economic
potential that could be derived from local resources by
providing skills training, access to capital, and business
mentoring for the targeted beneficiaries. Through live-
lihood diversification, the program not only enhanced
the welfare of fishermen’s households but also rein-
forced the economic resilience of coastal communities
that are highly vulnerable to the impacts of climate
change and natural disasters.

The most recent innovation within the MASDAR-
LINA ecosystem was the development of the MASDAR-
LINA system, which led to the establishment of the
JAM PASIR program. PT PHE ONW] developed the AP-
POSTRAPS (Wave Breaker, Wave Damper, and Sediment
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Traps) technology, utilizing used tires as an innovative
approach to address coastal abrasion. This technology
served not only as a physical barrier against waves but
also promoted the formation of new sedimentation in
abrasion-affected areas. The accumulated sediment
was then strategically used to support the development
of sustainable mangrove ecotourism, serve as an inte-
grated waste processing facility, and strengthen the MS-
MEs operated by fishermen’s wives. The integration of
APPOSTRAPS technology with the Sigap School concept
within the JAM PASIR program resulted in a comprehen-
sive coastal development model that combines disaster
mitigation, environmental conservation, education, and
community-based economic empowerment into a uni-
fied, synergistic framework.

According to these latest innovations, the MAS-
DARLINA system facilitated the creation of a new ec-
otourism master plan for the Pasir Putih Mangrove
Restoration and Learning Center (PRPM). This plan
showcases an integrated spatial design for a sustain-
able nature-based tourism destination. The designated
area includes visitor zones, trekking paths, conserva-
tion sections, supporting infrastructure, and primary
access points, all of which were designed to harmonize
with the natural environment and provide an environ-
mentally conscious educational tourism experience, as

illustrated in Figure 7.

Figure 7. Plan for the PRPM Pasir Putih tourist area.
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The JAM PASIR program has introduced the concept
of “New Land, New Hope.” The innovative APPOSTRAPS
method for managing coastal abrasion in Pasir Putih
Hamlet not only mitigates erosion but also contributes
to the development of new economic hubs. These in-
clude alternative livelihood opportunities through eco-
tourism, the establishment of micro, small, and medium
enterprise (MSME) centers at tourist locations, and in-
tegrated waste management initiatives. The JAM PASIR
program has thus created renewed optimism among
the coastal communities of Pasir Putih Hamlet for en-
hancing their socioeconomic well-being.

Moreover, the JAM PASIR program concept inte-
grates multiple coastal ecosystem-based innovations,

which are systematically designed to support both

conservation and local economic empowerment. This

system encompasses the construction of a crab-shaped
icon symbolizing the region’s key aquatic commodities,
the installation of an observation tower to facilitate
conservation monitoring and mangrove ecological re-
search, and the creation of a natural interpretation trail
that serves both as an educational medium and a sus-
tainable ecotourism destination. Additionally, the sys-
tem includes the development of a marketing center for
MSME products based on local resources to strengthen
the coastal community’s economic value chain, as well
as the implementation of a comprehensive waste man-
agement strategy. This strategy applies the principles of
reduce, reuse, and recycle to minimize human-induced
impacts on the mangrove ecosystem and preserve the
water quality of the estuary. The outcomes of this inte-

grated system are presented in Figure 8.

Track Mangrove

Figure 8. Results of the JAM PASIR implementation system.

The innovation introduced through the JAM PASIR
program can be classified as a high-level innovation.
This initiative has led to a significant shift in communi-
ty behavior. Whereas the community was previously in-
different to coastal abrasion and engaged in mangrove
deforestation for shrimp pond development, it is now
increasingly aware of the adverse consequences of such

practices. Presently, community members regularly

participate in mangrove nursery and planting activities,
indicating a transformative shift in both attitudes and
practices. Fishermen groups that once employed unsus-
tainable crab fishing methods have adopted environ-
mentally friendly gear to reduce the risk of overfishing.
In addition, fishermen’s wives, who were previously
less economically active, have become more productive

by contributing to household income generation. The

24



Sustainable Marine Structures | Volume 07 | Issue 04 | December 2025

JAM PASIR program has demonstrated its effectiveness
as an integrated coastal management model that har-
monizes environmental conservation, economic em-
powerment, and social transformation. This integrated
approach supports the attainment of the Sustainable
Development Goals (SDGs), particularly in the areas
of poverty reduction, gender equality, and ecosystem

preservation.

4.3.Capability Enhancement and Behavior-
al Change in Coastal Communities

Behavioral transformation at the individual level
is a critical indicator of the effectiveness of environ-
mental intervention programs. This transformation

can be assessed through three primary dimensions:

behavioral change, lifestyle modification, and the evo-
lution of socio-environmental perceptions. The imple-
mentation of the JAM PASIR program in Sukajaya Vil-
lage demonstrated a substantial impact on enhancing
the community’s pro-environmental behavior. Prior to
the program, the community exhibited environmen-
tally harmful practices, including indiscriminate waste
disposal, the conversion of mangrove areas into aqua-
culture zones, and low awareness of environmental
conservation. Following the program’s implementa-
tion, a post-intervention analysis revealed measurable
changes in community behavior. These changes were
evaluated by comparing pre- and post-program condi-

tions, as presented in Table 2.

Table 2. Changes in individual behavior before and after the program.

Factors Before

After

People in community throw
rubbish carelessly around
their homes and rivers
with the volume of rubbish
reaching 2.3 tons/month.

Changes in community
behavior regarding coastal
waste management

The community can process coastal waste into liquid smoke with a
processing capacity of 1.8 tons per month. They consciously dispose
of their waste collectively at eight designated collection points.
Currently, more than 25 families (83% of the 30 target families) have
experienced behavioral changes related to coastal waste management,
with participation in beach cleanup activities reaching 78%.

The fishermen of Sukajaya
Village are heavily dependent
on natural resources, with
all 89 families relying

Changes in the behavior of
fishing communities who
no longer depend on fishing
for their livelihoods but are  exclusively on crab fishing.
starting to branch out into During the dry season, they
other tourism-based economic face unemployment lasting an
activities. average of 4-6 months each
year.

The JAM PASIR program has created ,,New Land* that provides
significant benefits to coastal communities. The Sukajaya Village
community utilizes New Land as a new source of income through

various activities: (1) mangrove ecotourism involving 12 local tour
guides from 89 families, (2) coastal waste management with 15 liquid
smoke makers, (3) empowerment of fishermen‘s wives MSMEs
with 28 crab processing entrepreneurs, (4) mangrove cultivation with
35 mangrove farmers, and (5) tourist transportation services with 8
boat providers. A total of 98 heads of families (110% of the initial
number) now have alternative sources of income outside of fishing.

Significant changes in community environmental
and social behavior occurred after the program’s im-
plementation, such as improved waste management
and active participation in conservation and adapta-
tion to climate change threats. The program supported
knowledge transfer among community members and
enhanced individual capabilities through disaster pre-

paredness training and simulations.

4.4.Mangrove Restoration and Biodiversity
Protection

The mangrove restoration program encompasses

an area of 22.5 hectares, comprising a 15-hectare in-
tensive planting zone and a 7.5-hectare natural reha-
bilitation zone. Planting activities were conducted at
a standardized density of 2500 seedlings per hectare,
utilizing Rhizophora apiculata and Avicennia marina as
the principal species. Between 2019 and 2024, a total
of 56,250 mangrove seedlings were established, with
monitoring over 24 months indicating a survival rate of
87.3%.

The implementation of core competency elements
conducted by PT PHE ONW] within the JAM PASIR pro-

gram includes the dissemination of knowledge related
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to coastal biodiversity protection, techniques for the
cultivation of mangroves and associated plant species,
methods for mangrove planting, biodiversity moni-

toring of both flora and fauna, and the management of

—,

mangrove-based ecotourism in the coastal area of Pa-
sir Putih Hamlet, Sukajaya District, Karawang Regency.
Documentation of these activities is presented in Fig-
ure 9.

Figure 9. Mangrove knowledge sharing program.

In addition to the knowledge-sharing program, an-
other key activity implemented was mass mangrove
planting along the coastal area of Pasir Putih Hamlet,
as shown in Figure 10. This initiative involved the pro-
vision of high-quality seedlings from various endemic
mangrove species, the removal of waste and debris
from coastal zones, and coordinated planting efforts

involving local communities, students, and employees

of PHE ONW]J. The program also encompassed the in-
stallation of educational signage, the development of
ecotourism tracking trails, regular monitoring to assess
the success rate of mangrove growth, and the estab-
lishment of community-based mangrove monitoring
groups to support the long-term sustainability of con-

servation efforts.

Figure 10. Implementation of mangrove planting.

Following the implementation of the mangrove
restoration program, a comparative analysis of coastal
conditions revealed significant morphological changes
along the coastline between 2011 and 2024, as shown
in Figure 11. Sediment accumulation resulting from

the intervention has contributed to the formation of an
additional 400 meters of coastline, representing a posi-
tive outcome of the APPOSTRAPS installation. The inte-
gration of APPOSTRAPS technology with the mangrove
planting initiative functions synergistically as an effec-
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tive form of bio-engineering for coastal protection. This

coastal abrasion and enhancing the stability of coastal

approach has proven effective in mitigating the rate of ecosystems through natural sedimentation processes.

2011

2019

2024

Figure 11. Comparison of coastal conditions between 2011 and 2024.

Figure 11 illustrates the transformation of the
coastal area over 13 years. In 2011 (taken using an
autonomous drone), a natural beach was visible, with
a red line marking the waterline. In 2019, mangroves
were planted. In 2024, the area was rapidly developing
with dense green vegetation and complete infrastruc-

ture, illustrating significant coastal development.

4.5.Environmental Impact and Sustainabil-

ity

The JAM PASIR social innovation program, devel-
oped by PHE ONW]J, demonstrated a significant and
positive environmental impact, particularly in the re-
duction of greenhouse gas emissions and the manage-
ment of non-hazardous solid waste, specifically wooden
pallet waste. The utilization of used wooden pallets as
repurposed materials for the development of mangrove
ecotourism infrastructure in Pasir Putih not only re-
duced the potential for greenhouse gas emissions that
contribute to Global Warming Potential (GWP) but also
mitigated emissions associated with Photochemical Ox-
idation (PO) and the impacts of land-use change. This
integrated waste management approach effectively
minimized land requirements for final waste disposal
sites and reduced the likelihood of air pollution caused
by open waste burning. Consequently, the JAM PASIR
program directly contributed to the preservation of soil
quality, biodiversity, and land productivity in the region.
Furthermore, the reuse of waste tire materials in the

APPOSTRAPS structure also played a role in lowering

air pollution, typically resulting from conventional tire
incineration. The Life Cycle Assessment and hotspot
analysis of PHE ONW]'’s production activities indicated
that the integration of this social innovation supported
both environmental impact reduction and the potential
for local climate change mitigation.

In addition to its environmental impact, the social
sustainability of the program was also evident in the
increased awareness and active participation of the
Sukajaya Village community in waste management
and coastal environmental conservation. The program
provided educational initiatives that enhanced com-
munity understanding of the importance of preserv-
ing mangrove ecosystems as natural barriers against
coastal abrasion and as protective buffers for residen-
tial areas against tidal flooding. As a tangible outcome,
the sedimentation distance between residential zones
and the shoreline increased from 2 m to approxi-
mately 400 m, thereby reducing the frequency of tid-
al flooding and minimizing economic losses for local
residents. Moreover, the reuse of wooden pallet waste
generates direct economic benefits by lowering infra-
structure development costs. These findings illustrate
how environmentally oriented social innovation and
community empowerment can generate a synergistic
relationship between ecological preservation and so-

cial sustainability.

4.6.Replication and Scalability Potential

The result of the JAM PASIR program and the imple-
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mentation of APPOSTRAPS technology along the coast
of Sukajaya Village represents a significant strategic
advancement in both coastal community empower-
ment and abrasion mitigation. The installation of AP-
POSTRAPS, which has demonstrated effectiveness in
attenuating wave energy from the North Java Sea, not
only mitigates coastal erosion but also facilitates the
formation of new sedimentation zones that yield tan-
gible benefits for local communities. This achievement
has catalyzed replication efforts in several other coastal
villages along the northern coast of Java, including Ci-
paragejaya Village (Karawang), Mayangan Village (Sub-
ang), and Balongan Village (Indramayu).

These replication initiatives not only contribute to
reinforcing the coastline against further erosion but
also enhance socio-economic conditions by increasing
the potential utilization of coastal resources and pro-
moting ecotourism activities. In support of this process,
the company has provided financial assistance, orga-
nized capacity-building programs, and facilitated com-
parative studies, thereby expediting the adaptation and
adoption of APPOSTRAPS technology across various lo-
cations. As a result, the construction of hundreds of me-
ters of abrasion barriers has led to extensive sediment
accumulation and has improved ecosystem functional-
ity, including the development of natural fish aggregat-
ing devices (FADs).

The scalability of this program appears highly
promising, as it employs a community empowerment
model that integrates local wisdom with technological
innovation, an approach that has proven both effec-
tive and sustainable. The replication of APPOSTRAPS
extends beyond mere technological transfer; it also
enhances the capacity of coastal communities to inde-
pendently manage and preserve their environmental
resources. Given the abundant availability of used truck
tires as a primary material, this initiative represents an
environmentally sustainable innovation with potential
for replication not only across the island of Java but
also in other coastal regions experiencing similar chal-
lenges. Corporate support, coupled with strategic part-
nerships involving multiple stakeholders, reinforces the
viability of this model as a cost-effective and impactful

solution for addressing coastal abrasion. Accordingly,

the JAM PASIR program, through the application of AP-
POSTRAPS technology, holds strong potential for broad-
er adoption as a model for community-based coastal

conservation and empowerment throughout Indonesia.

4.7.Sustainable Ecotourism Development
and Its Economic Impact

The implementation of the JAM PASIR program has
successfully established a sustainable ecotourism mod-
el that integrates mangrove conservation with the em-
powerment of coastal communities. The development
of the Pasir Putih Mangrove Learning and Restoration
Center (PRPM) as an ecotourism destination has gen-
erated substantial economic benefits for the local pop-
ulation. Visitor statistics indicate a consistent increase
from 150 tourists per month in 2019 to 1,200 tourists
per month in 2024, with an average expenditure of IDR
75,000 per visitor. This translates into total ecotourism
revenue of approximately IDR 90 million per month,
or IDR 1.08 billion per year, accruing to the Pasir Putih
Hamlet community.

The ecotourism offerings are diversified and in-
clude: (1) mangrove educational tours along a 1.2-
km tracking trail traversing the restoration area; (2)
bird-watching activities with 15 species of waterbirds
recorded post-restoration; (3) culinary tourism featur-
ing local seafood, including crab dishes served at eight
community-operated food stalls; and (4) environmen-
tal education packages for schools and universities, av-
eraging 25 visiting groups per month. The sustainable
management of ecotourism is demonstrated through
the application of a carrying capacity limit of 50 tour-
ists per day to preserve the quality of the mangrove
ecosystem. A tourism zoning system further delineates
the area into a 5-hectare core conservation zone, a
7-hectare limited-use zone, and a 3-hectare buffer zone,
thereby balancing tourism activities with environmen-
tal protection.

The local tour guide training program has pro-
duced 12 certified guides, 60% of whom are women,
primarily fishermen'’s wives. This initiative not only en-
hances community capacity but also promotes a more
equitable and gender-responsive distribution of eco-

nomic benefits. Table 3 presents the sustainable eco-
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tourism performance indicators in Karawang Regency
from 2019 to 2024, showing a consistent upward trend
across all parameters. Thus, the data in Table 3 illus-

trates the success of community empowerment and
technological interventions in promoting sustainable
ecotourism and inclusive economic growth.

Table 3. Sustainable ecotourism performance indicators (2019-2024).

Year
Indicators

2019 2020 2021 2022 2023 2024

Average Number of Tourists (people/month) 150 180 420 680 950 1.200
Ecotourism Income (million IDR/month) 11.25 13.5 31.5 51 71.25 90
Number of Local Tour Guides 3 5 8 10 11 12
Women‘s Participation in Ecotourism (%) 30 40 50 55 58 60
Number of Ecotourism-Related MSMEs 2 3 6 9 10 12
Tourist Satisfaction Level (scale 1-5) 3.8 4.1 4.2 4.4 4.4 4.5

4.8.The Impact of Women’s Empowerment
and Governance Structure Transforma-
tion

The analysis indicates a substantial transforma-
tion in the structure of women’s empowerment. The
baseline study identified 41 fishermen’s wives, with
only 12% (5 individuals) participating economically
and contributing an average income of IDR 450,000
per month through informal activities. Following the
intervention, participation increased to 68% (28 indi-
viduals), with an average income contribution of IDR
1,850,000 per month through crab-processing MS-
MEs, tour guiding, and homestay management. Chang-
es in community governance were evidenced by the
establishment of Kelompok Sadar Wisata or Tourism
Awareness Groups (Pokdarwis) comprising 60% fe-
male members, the introduction of a participatory de-
cision-making system through monthly village forums
with 45% female involvement, and the emergence of
female leaders in environmental program manage-
ment. Economic diversification expanded across five
sectors: ecotourism (12 tour guides), waste manage-
ment (15 liquid smoke producers), crab-processing
MSMEs (28 entrepreneurs), mangrove cultivation (35
farmers), and transportation services (8 boat opera-
tors). Evaluation using the Women’s Empowerment
in Agriculture Index (WEAI) revealed an increase in

overall scores from 0.42 at baseline to 0.78 at endline,

with the most significant gains observed in resource
control (0.35 — 0.82) and community leadership (0.28
— 0.71). Sustainability assessments further indicated
that 85% of female participants were able to continue
their economic activities independently after the con-

clusion of external mentoring.

5. Discussion

5.1.Innovative Integration of Geotechnical
Engineering and Sediment Dynamics

The effectiveness of APPOSTRAPS technology lies in
a comprehensive understanding of sediment dynamics
and geotechnical conditions. Geotechnical investiga-
tions identified silty clay stratification down to a depth
of 3 m, providing a stable foundation for the tripod in-
stallation, while sediment transport analysis confirmed
the availability of 839 m3/year of natural material to
support accretion processes. This dual function as a
breakwater and sediment trap explains its superior
performance compared to conventional breakwaters
that ignore sedimentation processes, resulting in coast-
al progradation of up to 400 m. The deliberate integra-
tion of local geotechnical characteristics with natural
sediment dynamics constitutes the central factor un-
derlying the superior performance of this technology
compared to conventional breakwater systems, which

typically neglect sedimentation processes.
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5.2.Quantitative Assessment of Behavioral
Transformation and Economic Diversi-
fication

Quantitative assessments of community behavior
change provide clear evidence of the effectiveness of
the participatory approach adopted in the empower-
ment program. Livelihood diversification exceeded the
initial target by 110%, with 98 families engaged com-
pared to the projected 89, and participation was evenly
distributed across five new sectors. The success of the
waste management initiative, involving 83% of targeted
families, alongside a 78% increase in participation in
coastal clean-up activities, reflects a shift in community
orientation from individualistic and extractive practic-
es to collective and constructive behaviors. The gen-
der-responsive dimension is particularly evident in the
involvement of 28 fishermen’s wives in crab-processing
MSMEs, who previously lacked access to independent
income-generating opportunities. Such diversification
not only reduces dependence on volatile fishing yields
but also strengthens household and community-level
economic resilience in the face of climate variability

and environmental change.

5.3.Ecosystem-based Restoration and Car-
bon Sequestration Implications

An ecosystem-based restoration strategy that inte-
grates five mangrove species at an optimal density of
2,500 seedlings/ha has demonstrated effectiveness in
enhancing both carbon sequestration and biodiversity.
The increase in carbon stock from 45 tons C/ha to 128
tons C/ha within a five-year period provides strong
evidence of its significant contribution to local climate
change mitigation. Biodiversity gains, indicated by the
rise in waterbird species from 8 to 23, further under-
score the restoration of the ecological functions of man-
grove habitats as nursery grounds and feeding areas.
The recorded survival rate of 87.3% reflects the appro-
priateness of species selection for local environmental
conditions as well as the effectiveness of the planting
techniques employed. Collectively, this restoration mod-
el offers empirical validation that community-based

approaches can deliver optimal conservation outcomes

while simultaneously generating sustainable economic

benefits.

5.4.Policy Implications and Scaling Frame-
work

The success of this integrated empowerment mod-
el carries substantial policy implications for national
coastal management. Its formal recognition through
Patent IDS000007668, along with successful replica-
tion in three other locations, demonstrates its potential
to serve as a policy benchmark for large-scale coast-
al community empowerment initiatives. The model’s
cost-effectiveness, achieving approximately 70% sav-
ings compared to conventional breakwater structures,
provides compelling evidence for the adoption of ap-
propriate technology in government-led programs. To
ensure sustainable scaling, policy support is required
to integrate technological innovation, community em-
powerment, and environmental conservation within a
comprehensive and holistic framework. Furthermore,
this model offers a valuable best practice for advancing
Indonesia’s Nationally Determined Contributions (NDC)

targets in the marine and coastal sectors.

5.5.Sustainable Ecotourism Model as an
Economic Empowerment Strategy

The development of sustainable ecotourism
through the JAM PASIR program represents an innova-
tive model that integrates environmental conservation
with the economic empowerment of coastal communi-
ties. This approach has successfully generated multiple
revenue streams, including tour guide services, the sale
of local MSME products, culinary services, and environ-
mental education initiatives.

The success of this ecotourism model can be at-
tributed to three primary factors: active community
participation throughout all stages of program devel-
opment, integration with mangrove conservation ini-
tiatives that serve as natural tourist attractions, and the
application of sustainable principles through a carrying
capacity management system and tourism zoning. An
economic impact analysis indicates that ecotourism has

contributed approximately 35% to the total household
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income of fishing families, thereby reducing reliance on
fishing activities and enhancing community resilience
to seasonal fluctuations. Furthermore, the multiplier
effects of ecotourism are evident in the expansion of
complementary sectors, such as local transportation,
basic lodging facilities, and souvenir businesses.

The gender-responsive dimension of ecotourism
development has also proven effective in increasing
both the participation and economic contribution of
coastal women. The involvement of fishermen'’s wives
as tour guides and food stall operators has enhanced
their access to independent income sources while
strengthening their role in household decision-making.
Sustainability assessments further demonstrate that
the developed ecotourism model aligns with the triple
bottom line framework, including economic sustain-
ability through income diversification and employment
opportunities, environmental sustainability through
mangrove conservation and environmental education,
and social sustainability through capacity building and
community empowerment.

5.6.Limitations and Lessons from Less Suc-
cessful Cases

A critical analysis revealed several limitations of
the model. The scalability of APPOSTRAPS technology
is constrained by wave conditions exceeding 2.5 m and
currents above 1.5 m/s. Its effectiveness also depends
on a minimum natural sediment supply of 0.8 kg/m?/
day and requires adequate community governance ca-
pacity to ensure ongoing maintenance. Lessons learned
from implementation in Mayangan Village (Subang),
which exhibited lower effectiveness with shoreline
progradation of only 180 m, highlighted key factors
influencing performance. These include variations in
substrate clay-sand ratios affecting pile foundation sta-
bility, the absence of community leaders with strong
legitimacy during the initial implementation phase,
and competition with government programs employ-
ing alternative approaches. These findings underscore
the importance of conducting site-specific assessments
and evaluating community readiness prior to replica-
tion. Long-term risks involve tire degradation due to

UV exposure and salinity, necessitating an estimated

30% replacement every five years; potential biofouling
that may reduce sediment trap efficiency, and the risk
of tripod structure failure under extreme wave condi-
tions exceeding three meters. Effective risk mitigation
requires the implementation of routine monitoring pro-
tocols, establishment of community-based maintenance
systems, and development of contingency plans for ex-

treme weather events.

6. Conclusion

This study demonstrates the effectiveness of a
coastal community empowerment model that inte-
grates the Alat Pemecah, Peredam Ombak, and Sedimen
Traps or Breakers, Wave Dampers, and Sediment Traps
(APPOSTRAPS) technological innovation with local wis-
dom and a participatory framework via the Jaga Alam
Melalui Pemberdayaan Masyarakat Pesisir or Protect-
ing Nature Through Coastal Community Empowerment
(JAM PASIR) Program in Sukajaya Village, Karawang Re-
gency. The APPOSTRAPS system, which repurposes used
tire waste, has proven effective in mitigating coastal
abrasion at a cost 70% lower than that of conventional
breakwaters, while promoting coastal progradation of
up to 400 m and generating “new land” for economic
development as measured through periodic topograph-
ic surveys and documentation of shoreline changes
over a 24-month implementation period (see Section
3.2 for detailed methodology). Based on a quantitative-
ly measured Social Return on Investment (SROI) anal-
ysis (Section 3.3), the program achieved a benefit-cost
ratio of 3.4:1 with a total social value generated of IDR
2.89 billion from an investment of IDR 850 million. The
deployment of the Masyarakat Sadar Lingkungan and
Bencana or Environmentally and Disaster Aware Soci-
ety (MASDARLINA) system has yielded substantial so-
cio-economic transformation, evidenced by the empow-
erment of fishermen'’s wives through the establishment
of micro, small, and medium enterprises; the diversi-
fication of livelihoods through five new income-gener-
ating alternatives for fishers; and a shift in community
behavior from environmentally destructive practices to
proactive waste management and mangrove conserva-

tion. The impact on gender equality can be measured
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through an increase in women’s economic participation
from 12% to 68% (n = 28 of 41 fishermen’s wives) and
an increase in women'’s average income contribution to
household income from IDR 450,000 to IDR 1,850,000
per month, as recorded in the baseline and endline
surveys in Table 2. As a result, the coastal buffer zone
has expanded from 2 m to 400 m, the frequency of tid-
al flooding has decreased, and sustainable ecotourism
initiatives have been established with active participa-
tion across all community segments. The contribution
to greenhouse gas emission reduction was calculated
based on the utilization of 2400 used tires (equivalent
to the avoided emission of 156 tonnes CO,-eq from
open burning) and the increase in mangrove carbon
stock from 45 tonnes C/ha to 128 tonnes C/ha in a 22.5
hectare restoration area, resulting in a total additional
carbon sequestration of 1867.5 tonnes CO,-eq over a
five-year period. Contributions to greenhouse gas re-
duction have been achieved through the utilization of
waste wood pallets and tire waste, supporting local cli-
mate change mitigation efforts. Successful replication
of the model in Ciparagejaya, Mayangan, and Balon-
gan villages confirms its scalability for other Indone-
sian coastal areas. Official recognition of APPOSTRAPS
technology via patent certificate IDS000007668 lends
scientific legitimacy to its broader adoption. Technical
recommendations for replication involve conducting
comprehensive site assessments, including geotechni-
cal analysis to a depth of 10 m, evaluation of sediment
supply with a minimum threshold of 0.8 kg/m?/day,
and characterization of wave climate with significant
wave height (Hs) below 2.5 m. Implementation should
proceed gradually, beginning with a pilot project of
100-200 m before scaling up to 400 m. Additionally, a
community-based monitoring system should be estab-
lished, incorporating monthly measurement protocols
using handheld GPS and the photo-point method. The
integrated coastal management model has demonstra-
bly advanced Sustainable Development Goals related
to poverty alleviation, gender equality, and ecosystem
conservation, and thus serves as a best-practice ref-
erence for technology-appropriate, locally grounded
coastal community empowerment in the context of cli-

mate change and environmental degradation. Although

the program contributes positively to several SDG indi-
cators, specifically SDG 1 (poverty alleviation) through
livelihood diversification, SDG 5 (gender equality)
through women'’s economic empowerment, and SDG 14
(life below water) through mangrove restoration, how-
ever its impacts remain localized and require long-term
evaluation to assess their sustainability. Sustainable
ecotourism development through the PRPM concept
has proven effective as an alternative, environmentally
friendly economic empowerment strategy. The devel-
oped ecotourism model successfully contributed 35%
to fishermen'’s household income and produced 12 cer-
tified local tour guides, with 60% female participation.
Furthermore, the implementation of carrying capacity
and a tourism zoning system ensures the sustainabili-
ty of the mangrove ecosystem while providing optimal
economic benefits to coastal communities. The national
policy implications include the integration of the JAM
PASIR model into the Rencana Pembangunan Jangka
Menengah Nasional or National Medium-Term Devel-
opment Plan (RPJMN) as a best-practice framework for
coastal community empowerment programs, with a
dedicated budget allocation of IDR 2-3 billion per im-
plementation site. The regulatory framework involves
the development of national technical standards for AP-
POSTRAPS technology through the Indonesian National
Standard (SNI) and the acceleration of the licensing
process to facilitate replication. Institutional strength-
ening requires the establishment of Coastal Community
Empowerment Units at the district level with a man-

date for cross-sectoral coordination.

7. Patents

Republic of Indonesia patent certificate No.
IDS000007668. “Wave breaker, wave attenuator, and
sediment trap devices as erosion control measures,”
Feb. 5,2024.
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