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Abstract: Abstract:

Freshwater availability is a critical operational requirement for liveaboard phinisi vessels, particularly on
routes where shore-based supply is limited or costly. This study evaluates the technical feasibility, financial
viability, and business-model implications of installing a 15 m3/day marine seawater reverse osmosis (SWRO)
system on the tourism phinisi vessel KLM GT 255. The assessment integrates seven-day freshwater balance
analysis, engine-room integration and risk assessment using a 5 x 5 risk matrix and Bow-Tie method, financial
evaluation using NPV, IRR, BCR, and Payback Period, and strategic analysis using the Business Model Canvas.
The results show that the SWRO system can meet the vessel’s estimated freshwater demand of 4.7 m3/day
and eliminate deficits during seven-day trips under controlled operation. Product-water TDS was measured at
450 mg/L, while identified integration risks can be reduced to acceptable levels through appropriate
operational controls. With a CAPEX of Rp214 million, the Sorong-plus-delivery scenario produced an NPV of
Rp344.49 million, an IRR of 41.1%, a BCR of 2.61, and a payback period of 2.35 years. However, financial
performance is strongly routing dependent and becomes less attractive where low-cost port freshwater is
readily available. The BMC analysis indicates that SWRO primarily strengthens operational self-sufficiency,
freshwater security, and service continuity rather than creating a new revenue stream. Overall, onboard
SWRO is technically feasible and economically attractive for liveaboard operations exposed to high freshwater
logistics costs.

Keywords: sustainable maritime supply chain; twin transition; digitalization; green shipping; smart port;
maritime logistics.

1. Introduction

Indonesia's extensive archipelagic
geography and abundant marine tourism
resources have made this sector a major driver
of the national economy, and wooden-hulled
phinisi vessels operating as liveaboards have
become both a transport mode and a premium
tourism icon within this sector [1]-[3], [5]. The
tourism phinisi vessel KLM GT 255 is one such
vessel, operating across the Borobudur,
Received: 2026-08-11; Accepted: 2026-10-01

Lombok, and Labuan Bajo tourism corridors,
with a capacity of 10 guests and 14 crew and trip
durations of 3-7 days. Freshwater availability is
critical to these operations, supporting guest
and crew consumption, galley operations,
sanitation, and diving-related activities.
However, most phinisi vessels still depend
on freshwater supplied from shore or port
sources, which exposes operators to high
logistics costs, supply uncertainty, and route
restrictions when vessels are far from a port
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offering water services. As a wooden-hulled
vessel, KLM GT 255 additionally faces
engineering constraints in integrating modern
high-pressure  piping, seawater pumps,
generators, and intake systems compared with
steel-hulled vessels [4].

Seawater Reverse Osmosis (SWRO)
desalination has been widely adopted as an
independent freshwater production method,
including in marine applications, allowing
vessels to produce freshwater directly from
seawater during a trip and thereby reduce
dependence on port supply [6]-[10], [11]-[13],
[25]. While SWRO adoption on commercial and
cruise vessels is well documented, its technical
and financial feasibility on wooden liveaboard
tourism vessels, which have markedly different
space, structural, and electrical-load
characteristics remains understudied.
Increasing system complexity onboard also
raises the risk of integration problems between
the SWRO unit and existing machinery,
electrical, and utility systems, requiring careful
engineering and risk assessment before
installation [26]-[28].

This study therefore evaluates the installed
Marine SWRO system on KLM GT 255 as a post-
installation case study. The analysis uses the
pre-installation condition as the operational
baseline and evaluates the installed 15 m3/day
system through technical performance, water
balance, engine-room risk, financial scenarios,
and business-model implications. The study
aims to: (1) evaluate technical feasibility from
freshwater production, electrical load, engine-
room integration, and technical risk; and (2)
evaluate financial feasibility under alternative
freshwater procurement conditions and identify
the operating-route conditions under which
SWRO adoption is economically justified.

2. Materials and Methods

This study is a quantitative engineering
case study of the installed Marine SWRO system
on the tourism phinisi vessel KLM GT 255,
operating in Labuan Bajo, Raja Ampat, and
Denpasar waters with trip durations of 3-7 days.
The study is framed as a post-installation
evaluation: the condition before installation is
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used as the baseline, while the 15 m3/day SWRO
unitis evaluated as the installed system. Primary
data were obtained through semi-structured
interviews with five key respondents: a technical
sales/application engineer, the Chief Engineer

(KKM), a fleet superintendent, a marine
surveyor, and a naval architect/marine
engineer. The risk assessment was cross-

checked through expert review. Secondary data
were obtained from the SWRO manufacturer's
technical specifications, freshwater and fuel
cost data, relevant standards, and academic
literature.

2.1 Technical Analysis

Daily freshwater demand was calculated
from 10 guests and 14 crew. Guest demand was
estimated from drinking, galley, toilet, bathing,
laundry, post-dive shower, and diving-
equipment rinsing requirements, giving 2.6
m3/day; crew demand was calculated at 150
L/person/day, giving 2.1 m3/day. Total demand
was therefore 4.7 m3/day. SWRO production
was evaluated from the nominal 15 m?3/day
capacity (0.625 m3/h) across 8-, 10-, and 12-hour
operating scenarios. The minimum operating
time was calculated as 4.7/0.625 = 7.52 h/day
and rounded to 8 h/day for the minimum
operating scenario. A seven-day water-balance
simulation was then performed using a 15 m3
tank capacity, 4.7 m3/day consumption, and a
maximum 5.0 m3/day production at the 8-hour
scenario, with production suspended when the
tank reaches its upper operating level. Electrical
energy was calculated as P x t using the reported
6.8 kW SWRO load. Annual fuel use was
calculated from 54.4 kWh/day, an SFC of 0.283
L/kWh, seven days per trip, and 12 trips/year.
Product-water quality was assessed using
measured TDS; TDS is reported as a dissolved-
solids indicator rather than as a complete
drinking-water compliance test [14]. Engine-
room accessibility was evaluated using the 15-
item manufacturer checklist and the cited BKI
access requirements.

2.2 Risk Assessment and Bow-Tie Analysis
Technical risks were identified from the 15-

item installation checklist and assessed using

the documented 5x5 matrix with Likelihood (L,
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1-5) x Severity (S, 1-5) [27], [28]. Risk categories
were Low (1-4), Medium (5-9), High (10-16),
and Extreme (17-25). The five expert
respondents provided the technical basis for the
judgement, and the assessment was cross-
checked through expert review. The two
highest-scoring gap items, C1 (restricted engine-
room access, score 16) and C12

(difficult high-pressure-pump oil-change
access, score 9), were taken forward to Bow-Tie
analysis. Residual risk was re-scored after the
stated administrative and operational barriers
were applied.

2.3 Financial Analysis

CAPEX includes SWRO equipment
procurement, mechanical/electrical installation,
fabrication, and commissioning. Annual OPEX is
based on the documented fuel/energy cost of
Rp31,036,723, maintenance cost of
Rp21,200,000, and consumables of
Rp2,480,000, giving Rp54,716,723/year. The
financial benefit is treated as avoided
freshwater-procurement cost rather than new
sales revenue. The model uses 12 seven-day
trips/year, a 10-year analysis horizon, and a 10%
discount rate. Documented freshwater
procurement costs are Rp9,870,000/trip for
water delivery, Rp5,264,000/trip for Sorong port
supply, Rp3,290,000/trip for Denpasar, and
Rp3,948,000/trip for Labuan Bajo. NPV, IRR,
BCR, and PP are reported [15]-[24]. For
scenarios with negative annual net benefit, BCR
is reported as not meaningful rather than as a
negative ratio. Sensitivity analysis is limited to
the variables and threshold results that can be
directly reconstructed from the documented
thesis model; no unsupported numerical
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assumptions are introduced for freshwater-
price, fuel-price, or component-replacement
sensitivity.

2.4 Business Model Canvas

The Business Model Canvas (BMC) was
used [29], [30] with a single unit of analysis: the
tourism vessel operator of KLM GT 255. The nine
BMC elements therefore represent the vessel's
tourism business rather than SWRO equipment
supplier. SWRO is treated as a key
physical/technological resource that modifies
the operator's activities, partnerships, cost
structure, and service value proposition.

3. Results

3.1 Existing Conditions and Freshwater
Demand

KLM GT 255 has a 15 m3 freshwater tank.
Before the current SWRO installation, the vessel
had no functioning freshwater-production
system; a previous 3 m3/day SWRO unit was
already non-operational and was notincluded in
the baseline production calculation. The
available documentation indicates that the
older unit was aged, had frequent operational
problems, and was in a completely non-
functional condition when the new unit was
installed; a systematic root-cause failure
analysis of the old unit was not available. For the
representative complement of 10 guests and 14
crew, daily freshwater demand is 4.7 m3/day. A
full 15 m® tank therefore provides
approximately 3.2 days of supply without
additional production, consistent with the
observed need for replenishment from ports or
water-delivery sources during longer trips.

Table 1. Simulated Daily Water Balance Without Marine SWRO (7-Day Trip)

Day Opening Stock (m3) Consumption (m3)  Remaining (m?3)
Day 1 15.0 4.7 10.3
Day 2 10.3 4.7 5.6
Day 3 5.6 4.7 0.9
Day 4-7 Deficit 4.7 Insufficient

3.2 Marine SWRO Capacity Analysis

The installed SWRO unit has a nominal
capacity of 15 m3/day (0.625 m3/h). The
minimum operating time required to meet 4.7

m3/day is 7.52 h/day, rounded to 8 h/day. The
corresponding theoretical production is 5.00
m3/day at 8 h/day, 6.25 m3/day at 10 h/day, and
7.50 m3/day at 12 h/day. The previously stated
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'effective capacity' of 12.8 m3/day is not
retained in this revised manuscript because its
derivation is not consistent with the nominal
capacity and operating-hour calculations. The
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technical feasibility conclusion is instead based
directly on the documented production
scenarios and the seven-day water balance.

Table 2. Marine SWRO Production vs. Demand Across Operating Scenarios

Operating Duration  Production (m3/day)

Demand (m3/day)  Surplus (m3/day)

8 hours 5.00
10 hours 6.25
12 hours 7.50

4.7 +0.30
4.7 +1.55
4.7 +2.80

Using the 8-hour operating scenario, the
seven-day water balance was recalculated
from the documented 15 m3 tank capacity, 4.7
m3/day consumption, and 5.0 m3/day
theoretical production. The operating logic
assumes level-controlled SWRO operation:
production is stopped when the tank reaches

its upper operating level. With an initial full
tank of 15 m3, the system therefore maintains
the tank at or below 15 m?® while preventing
any daily freshwater deficit. The table reports
the conservative storage outcome under this
level-control assumption.

Table 3. Recalculated seven-day freshwater balance with Marine SWRO (8-hour scenario)

Day Opening stock

Consumption (m3)

SWRO production (m3)  Storage (m?3)

(m?)
Day 1 15.0 4.7 4.7* 15.0
Day 2 15.0 4.7 4.7* 15.0
Day 3 15.0 4.7 4.7* 15.0
Day 4 15.0 4.7 4.7* 15.0
Day 5 15.0 4.7 4.7* 15.0
Day 6 15.0 4.7 4.7* 15.0
Day 7 15.0 4.7 4.7* 15.0

* Although the 8-hour theoretical production is 5.0 m3/day, only 4.7 m3/day is required to replace daily consumption;
level control therefore limits actual production to the demand when the tank is full.

3.3 Energy Consumption and Water Quality
The total electrical load of the SWRO
system is 6.8 kW (5.5 kW high-pressure pump,
0.75 kW low-pressure pump, and 0.55 kW high-
pressure switch). At the 8-hour operating
scenario, energy consumption is 6.8 x 8 =54.4
kWh/day. Relative to the 5.0 m3/day theoretical
production at that operating duration, the
corresponding SEC is 10.9 kWh/m3. Using the
documented Specific Fuel Consumption of 0.283
L/kWh, fuel use is 15.40 L/day, approximately
107.8 L per seven-day trip, and 1,293 L/year for
12 trips/year. At Rp24,000/L, annual fuel cost is
approximately Rp31.04 million. The 6.8 kW
SWRO load is below the reported 65 kW
generator capacity; concurrent vessel loads
remain a separate operational consideration.
The measured product-water TDS was 450

mg/L. This indicates a dissolved-solids
concentration below the 500 mg/L reference
value used in the study; however, TDS alone
does not establish full drinking-water
compliance.

3.4 Engine-Room Access and Risk Assessment

Because engine-room space aboard the
wooden-hulled phinisi is limited, the installed
SWRO uses a modular configuration. Thirteen of
the 15 manufacturer checklist items were met,
while C1 (restricted access) and C12 (difficult
high-pressure-pump oil-change access)
remained technical gaps. C1 scored 16 (High)
and C12 scored 9 (Medium). These scores were
derived from the five-expert assessment
described in Methods. The complete 15-item
assessment is provided in Table 7.
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Table 4. Complete 15-item risk assessment
Code Risk item Status L S Score Category
Cc1 Restricted engine-room access Gap 4 4 16 High
C2 SWRO leakage near access stairs Compliant 2 2 4 Low
C3 Incorrect operation of inlet valve Compliant 1 3 3 Low
ca Water lock/flooding due to inlet position Compliant 2 3 6 Medium
C5 Pre-filter/strainer blockage Compliant 3 2 6 Medium
C6 Product-water contamination by brine Compliant 1 4 4 Low
c7 Booster-pump priming loss above waterline Cqmpllant 2 4 8 Medium
with note
c8 Pre-filter dripping onto work floor Compliant 2 1 2 Low
9 Electrical panel above main access route Compliant 2 3 6 Medium
c10 Operat-or contact with panel/valve during routine Compliant 3 2 6 Medium
operation
C11 Work hose across clearance below panel Compliant 2 1 2 Low
C12 Difficult HPP oil-change access Gap 3 3 9 Medium
Cc13 Long-term motor-cable insulation degradation Compliant 2 4 8 Medium
Cl4 Undetected grounding degradation Compliant 1 4 4 Low
C15 Generator overload under simultaneous loading Compliant 1 3 3 Low

The Bow-Tie analysis focuses on the
restricted-access top event: worker injury or
delayed emergency evacuation in the engine
room. The identified causes include the narrow
access way, low headroom, single access route,
and component congestion. Administrative and
operational barriers include handrails and floor
markings, protective padding, buddy-system
work procedures, housekeeping, PPE, safety

briefings, emergency lighting, and evacuation
drills. After mitigation, the residual score for C1
falls from 16 (High) to 6 (Medium). This residual
risk does not eliminate the physical access
limitation; it indicates that the risk is reduced
through continued operational control. A
permanent engineering improvement remains
possible during future dry-docking or layout
modification.

THREATS (CAUSES)

PREVENTION BARRIERS

C1 - Narrow access gangway

Access gangway width of 500 mm —
below BKI Vol. Il Sec. 1 A2 standard
(2600 mm for main passageways)

P1

Layout is final (no further

[T modification possible): install

handrails & floor markings along
the access route as an
administrative control

C2 - Low headroom clearance

Headroom of 1,200 mm — below BKI
Vol. lll R2 standard (21,800 mm})

P2

Install padding/guards on the low
ceiling; “limited headroom”
warning signage

MITIGATION BARRIERS

CONSEQUENCES

C3 - Single access route

Only one access route, located in the
corner of the engine room

P3

Buddy-system work practice;
access route always kept clear;
periodic evacuation drills

TOP EVENT

Worker injury / hindered
emergency evacuation in the
engine room

M1

Mandatory PPE (helmet, safety
shoes); routine safety briefing
before working in the engine
room

11 - Worker injury

Worker strikesitrips, resulting in
minor-moderate injury

C4 - Dense component layout

Clearance around the access route is
below BKI Vol. Il standard (2600 mm)

Pa

Component layout is final;
enforce strict housekeeping rules
(no temporary placement of
toolsfitems in the access route)

M2

Emergency lighting & dedicated
evacuation procedure for
confined spaces; periodic
evacuation drills; onboard
emergency response team

12 - Delayed evacuation

Emergency evacualion hindered
during an emergency (fire/leak)

Figure 1. BOW-TIE ANALYSIS Restricted Engine Room Access, Marine SWRO Installation

3.5 Financial Feasibility

Total CAPEX for the 15 m3/day Marine
SWRO installation is Rp214,000,000.
Documented annual OPEX is Rp54,716,723,

comprising fuel/energy Rp31,036,723,
maintenance Rp21,200,000, and consumables
Rp2,480,000. The financial benefit represents
avoided freshwater-procurement cost. The
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seven scenarios differ according to the
freshwater source and whether water delivery is
required. The financial assumptions are
summarized in Table 7.

The Sorong-plus-delivery scenario gives the
strongest reported result (NPV approximately
+Rp344.5 million, IRR 41.1%, BCR 2.61, PP 2.35
years). Sorong-only remains economically
unattractive over the 10-year horizon despite a
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positive annual net saving because its payback
period is approximately 25.3 years. Denpasar-
only and Labuan Bajo-only produce negative
annual net savings and negative NPV; their BCR
is therefore reported as not meaningful rather
than as a negative ratio. The results
demonstrate that financial attractiveness is
driven primarily by the freshwater logistics cost
that SWRO displaces.

Table 5. Financial Feasibility Summary by Operational Scenario (CAPEX = Rp214,000,000; 10-year
horizon, 10% discount rate)

Scenario Net Saving NPV (Rp) BCR IRR PP (years)
(Rp/yr)
Water delivery only 63,723,277 +177,554,048 1.83 27.1% 3.36
Sorong port only 8,451,277 -162,070,283 0.24 <10% 25.3
Denpasar port only -15,236,723 -307,623,568 n/a n/a n/a
Labuan Bajo port only -7,340,723 -259,105,807 n/a n/a n/a
Sorong + delivery 90,891,277 +344,490,541 2.61 41.1% 2.35
Denpasar + delivery 67,203,277 +198,937,256 1.93 28.9% 3.18
Labuan Bajo + 75,099,277 +247,455,017 2.16 33.1% 2.85

delivery

Note: For scenarios with negative annual net saving, conventional BCR is not meaningful because the benefit term is not

a positive present value of benefits.

3.5.1 Sensitivity Analysis

A one-way sensitivity analysis was
reconstructed from the documented Sorong-
plus-delivery financial model. The baseline
avoided freshwater-procurement cost is derived

as annual net saving plus annual OPEX
(Rp90.891 million + Rp54.717 million =
Rp145.608 million/year). Freshwater

procurement cost and fuel price were varied by
+20%; discount rate was varied from 8% to 12%;
and annual trip frequency was varied from 8 to

16 trips/year. For trip frequency, documented
fuel and consumables were treated as trip-
dependent while maintenance was held fixed.
These assumptions are stated explicitly so that
the sensitivity analysis remains reproducible
from the reported cost components.
Component-replacement  cost was not
numerically varied because the source model
does not document a replacement schedule and
cost.

Table 6. Sensitivity analysis for the Sorong-plus-delivery baseline

Sensitivity case

Annual net saving (Rp million)

NPV (Rp million)

Freshwater procurement —20%
Freshwater procurement baseline
Freshwater procurement +20%
Fuel price -20%

Fuel price baseline
Fuel price +20%
Discount rate 8%
Discount rate 10%
Discount rate 12%

8 trips/year
10 trips/year
12 trips/year
14 trips/year
16 trips/year

61.8 165.5
90.9 344.5
120.0 523.4
97.1 382.6
90.9 344.5
84.7 306.3
90.9 395.9
90.9 344.5
90.9 299.6
53.5 114.9
72.2 229.7
90.9 344.5
109.6 459.3
128.3 574.1
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Sensitivity case Annual net saving (Rp million) NPV (Rp million)

Component replacement

Not quantified No documented
schedule/cost

Table 7. Main financial and cost input

Input Value Basis

CAPEX Rp214,000,000 Equipment, installation, fabrication and
commissioning

Annual OPEX Rp54,716,723 Fuel Rp31,036,723; maintenance Rp21,200,000;
consumables Rp2,480,000

Trip frequency 12 trips/year Seven-day representative trip

Discount rate 10% Financial model assumption

Analysis horizon 10 years Financial model assumption

Water delivery cost Rp9,870,000/trip  Avoided freshwater procurement

Sorong port water Rp5,264,000/trip  Avoided freshwater procurement

Denpasar port water Rp3,290,000/trip
Labuan Bajo port water Rp3,948,000/trip

Avoided freshwater procurement
Avoided freshwater procurement

Fuel price Rp24,000/L Used for annual SWRO energy cost
SFC 0.283 L/kWh Documented generator-based assumption
Replacement cost Not specified No documented timing/cost in source model;
excluded from quantitative sensitivity
The Sorong-plus-delivery scenario and crew competency as additional activities

produced the best result across every indicator
(BCR 2.61; NPV +Rp344.5 million; IRR 41.1%; PP
2.35 vyears). By contrast, the Denpasar and
Labuan Bajo port-only scenarios generated
negative net savings, indicating that SWRO's
annual OPEX exceeded the cost of simply buying
water locally where port water prices are low.
This confirms that the economic benefit of
Marine SWRO is not determined by the
desalination technology itself, but chiefly by the
route's freshwater logistics cost structure.

3.6 Business Model Canvas

The Business Model Canvas (BMC) was
developed by integrating the technical,
operational, and financial findings presented in
the preceding analyses. Rather than
representing a new business activity, the canvas
illustrates how the installation of the SWRO
system modifies the existing operating model of
the KLM GT 255. The technical characteristics
reported in the previous tables, including the 15
m3 freshwater storage capacity, 15 m3/day
SWRO production capacity, 65 kW generator,
and associated operating requirements, form
the basis of the Key Resources and Key Activities
presented in Figure 8. Similarly, the operational
assessment identifies freshwater production,
system monitoring, preventive maintenance,

required to maintain reliable onboard
freshwater supply.

The Cost Structure in Figure 8 is directly
derived from the financial analysis presented in
the preceding tables. The SWRO installation
requires a capital investment of Rp214 million,
while estimated annual SWRO operating
expenditure is approximately Rp54.72 million.
However, the economic analysis demonstrates
that these additional costs may be offset by
reductions in freshwater procurement and
delivery expenses, particularly on routes with
high shore-based freshwater logistics costs.
Accordingly, SWRO-related economic benefits
are classified as cost avoidance rather than a
separate revenue stream. Tourism and trip
income therefore remain the principal Revenue
Streams of the vessel, while the economic
contribution of SWRO is reflected through
reduced operating dependence on external
freshwater supply.

From the customer perspective, the
installation does not fundamentally alter the
vessel's Customer Segments, Channels, or
Customer Relationships. The primary customers
remain liveaboard tourism guests, reached
through direct booking, travel agents, digital
tourism platforms, and the operator's existing
marketing channels. Instead, SWRO primarily
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strengthens the Value Proposition by increasing
freshwater security, reducing the likelihood of
supply-related interruptions, and supporting
continuity of onboard hospitality services. Thus,
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the technical and economic findings
summarized in the previous tables are

translated into an operating-model perspective
through the BMC shown in Figure 2.

"a" Key Partners

SWRO supplier and
technicians

Shipyard
Maintenance
providers

Backup freshwater
suppliers

Relevant maritime
service partners

o Key Activities

e Tourism trip operations
¢ Freshwater production
* SWRO monitoring

e Maintenance

e Crew training

] Key Resources

FoN

v Value Propositions

e Reliable onboard
freshwater availability

e Reduced dependence
on freshwater logistics

e Greater operational
continuity

e Improved freshwater
security and service
reliability

& Customer
@‘ Relationships
* Hospitality service

e Onboard service
continuity

e Trip support

+®, Customer
@ Segments

* Tourism/liveaboard
guests

e Premium marine-
tourism customers
served by KLM GT 255

» KLM GT 255

e 15 m?* freshwater tank
e 15 m*day SWRO unit
* 65 kW generator

e Trained crew

e Operating procedures

.c Channels

* Direct bookings

e Travel agents

e Digital tourism platforms

* Existing operator
marketing channels

-
= Cost Structure

 CAPEX: Rp214 million

e Annual SWRO OPEX: Rp54.72 million
e Backup freshwater logistics

e Routine vessel operating costs

.ll Revenue Streams

* Tourism/trip revenue

e SWRO-related savings treated as cost avoidance, not water sales

Figure 2. Business Model Canvas for the KLM GT 255

Figure 2 demonstrates that the primary
impact of SWRO occurs within the internal
operational components of the business model.
Key Resources, Key Activities, Key Partners, and
Cost Structure experience the most direct
changes because the vessel must accommodate
new equipment, operating procedures,
maintenance activities, technical support, and
energy requirements. In contrast, the market-
facing components, including Customer
Segments, Channels, Customer Relationships,
and Revenue Streams, remain largely
unchanged. The relationship between the
preceding technical-economic tables and Figure
8 therefore shows that the feasibility of SWRO
should not be evaluated solely through
investment returns; its contribution also
includes improved freshwater autonomy,
operational resilience, and continuity of tourism
services.

4, Discussion

The technical results indicate that the
principal integration constraint is the physical

configuration of the engine room rather than
the nominal desalination capacity. The modular
arrangement enabled the installed system to fit
the irregular and constrained machinery space,
while 13 of 15 checklist items were met. The
remaining access limitations are structural and
cannot be fully removed through administrative
controls alone. The residual C1 score of 6 should
therefore be interpreted as a controlled residual
risk requiring continuous supervision, training,
housekeeping, and emergency preparedness,
with engineering improvement considered
during future dry-docking.

The financial results demonstrate strong
route dependence. The investment is attractive
where the avoided freshwater cost includes
expensive delivery, but it is not attractive where
the vessel can obtain low-cost port water. This
finding is consistent across NPV, IRR, payback
period, and the corrected BCR interpretation.
The sensitivity evidence available from the
thesis also indicates that trip frequency
materially affects the low-cost port-only cases:
substantially more annual trips would be
required for those cases to approach economic
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feasibility. The results therefore support an
itinerary-specific investment decision rather
than a universal recommendation.

The BMC analysis indicates a shift from

external  freshwater-logistics  dependence
toward greater onboard control of a critical
operating resource. Potential effects on
itinerary flexibility, service reliability, and guest
experience are strategically plausible, but they
are not directly measured economic outcomes
in this study. Increased asset value, higher
charter rates, investor attractiveness, and
willingness-to-pay were not measured and are
therefore treated as potential benefits rather
than confirmed results.
The previous 3 m3/day SWRO unit is relevant as
operational history. The available
documentation indicates that the old unit was
aged, frequently problematic, and completely
non-functional when the new unit was installed.
Because no systematic failure investigation was
documented, the present study does not
attribute the failure to a specific root cause. The
current installation addresses the operational
requirement through a new 15 m3/day unit,
modular configuration, documented operating
scenarios, and explicit risk controls; whether
these changes improve long-term reliability
should be verified through continued operating
data.

This study is limited to a single vessel case,
a 10-year financial horizon, documented
freshwater and fuel prices, and the available
technical/risk data. The sensitivity analysis
covers freshwater procurement cost, fuel price,
discount rate, and annual trip frequency using
explicit, source-derived assumptions;
component-replacement sensitivity remains a
limitation because supplier-specific
replacement timing and cost were not
documented in the source model. The study
does not establish full drinking-water
compliance from TDS alone, nor does it quantify
guest willingness-to-pay, asset-value changes,
charter-price effects, carbon emissions, or life-
cycle environmental impacts. Future work
should incorporate these parameters and verify
long-term SWRO performance across additional
vessels and routes.
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5. Conclusions

A 15 m3/day Marine SWRO system installed
on KLM GT 255 is technically feasible for the
documented operating case. The nominal
capacity of 15 m3/day corresponds to 0.625
m3/h, while the 4.7 m3/day freshwater demand
requires approximately 7.52 h/day of operation.
At 8 h/day, theoretical production is 5.0 m3/day
and the recalculated seven-day water balance
shows no freshwater deficit when production is
controlled according to tank level. The
measured product water had a TDS of 450 mg/L,
which is below the dissolved-solids value used in
this study, but this result alone does not
demonstrate full drinking-water compliance.
The engine-room assessment identified two
residual physical access limitations;
administrative controls reduced the C1 risk
score from 16 to 6, but the underlying access
constraint remains and should be considered
during future dry-docking. Financial feasibility is
route specific. The Sorong-plus-delivery
scenario provides the strongest reported result
(NPV approximately +Rp344.5 million, IRR
41.1%, BCR 2.61, PP 2.35 years), whereas low-
cost port-only scenarios are not financially
attractive. The study therefore does not
recommend universal SWRO adoption;
adoption is most appropriate where freshwater
procurement and delivery costs are sufficiently
high to offset SWRO capital and operating costs.
The revised BMC supports a shift in the vessel
operator's resource and cost structure toward
greater freshwater self-sufficiency, while
strategic benefits such as increased asset value,
competitiveness, or willingness-to-pay should
be treated as potential rather than measured
outcomes.
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