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ABSTRACT

Maritime transport faces escalating decarbonization pressure, prompting ports and shipping lines to
evaluate onshore power supply (OPS) as a near-term abatement option for hoteling (at-berth) emissions. This
study assesses the feasibility of implementing OPS for ship berthing at Bangkok Port, Thailand, using a sequential
mixed-methods design. Qualitative evidence from semi-structured interviews with 26 shipping lines and 3
Port Authority of Thailand (PAT) respondents, combined with a Strengths, Weaknesses, Opportunities, and
Threats (SWOT)-based contextual assessment, identifies readiness conditions and adoption constraints. A 30-
year discounted cash-flow appraisal evaluates investor-side performance (NPV, IRR, and payback) for a pilot at
container berths 20A and 20F and tests tariff mark-up sensitivity under 2022-2024 fuel and electricity price
conditions. A socio-economic appraisal monetizes avoided air pollutants (PM,., NO,, SO,) and CO, using AIS-
based hoteling profiles and recognized emission-factor approaches, and reports EIRR. Results show that OPS is
financially unattractive for the port operator in all scenarios (base case: NPV = -4.61 million USD; IRR = -3.38%));
breakeven would require an ~115% tariff mark-up, which may reduce uptake. In contrast, the economic case is
positive (EIRR = 7.78% at a 7% social discount rate), yielding an estimated net social benefit of 417,885 USD/
year and avoiding 885.46 tCO,/year for a pilot demand of ~1.25 GWh/year. These findings indicate a coordination
gap between infrastructure investment and vessel uptake, implying a need for targeted public co-financing,
transparent tariff design, and phased deployment linked to demonstrated demand. The study contributes policy-
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relevant evidence for medium-scale ports in emerging policy settings where social benefits may exceed private

returns.

Keywords: Onshore Power Supply (OPS); Feasibility Study; Green Port; Sustainable Port; Port Decarbonization;

Shore-to-Ship Power; Thailand

1. Introduction

Maritime transport underpins international trade
and port-centric logistics networks, yet it remains a
material source of greenhouse gas (GHG) emissions and
air pollutants ", Recent maritime research continues
to reaffirm the sector’s systemic importance to trade
and logistics performance, while highlighting accelerat-
ing technology adoption and decarbonization pressure
across shipping and ports **.. International shipping
contributes approximately 3% of global greenhouse gas
emissions, reinforcing the urgency of credible mitiga-
tion pathways in both ship operations and port inter-
faces *. In response, the International Maritime Orga-
nization (IMO) adopted the IMO 2023 ! GHG Strategy,
articulating a sectoral trajectory toward net-zero GHG
emissions around mid-century.

Decarbonization research and practice have large-
ly emphasized at-sea propulsion and fuel transitions(e.
g., Very Low Sulphur Fuel 0il (VLSFO), Low Sulphur
Marine Gas Oil (LSMGO), Liquid Natural Gas (LNG), and
emerging low-/zero-carbon fuels such as biofuels, hy-
drogen, ammonia, and methanol) **. However, emis-
sions are not only a function of the main engines during
navigation. Hoteling (at-berth) operations, where ves-
sels rely on auxiliary engines to supply onboard elec-
tricity, can generate concentrated nitrogen oxides (NO,),
sulfur dioxide (SO,), fine particulate matter (PM,5), and
GHG emissions in port areas, with disproportionate ex-
posure risks for nearby communities *. Methodolog-
ical advances in emission quantification from ship-lev-
el time-series modeling ' to AIS-based evaluation of
emission-control policy impacts in the Gulf of Thailand
"} further indicate that robust feasibility assessments
should explicitly address berth-level emission sources
and local policy contexts.

Onshore Power Supply (OPS), referred to as
shore-side electricity or cold ironing, enables a vessel
to switch off auxiliary engines at berth and draw elec-

tricity from the onshore grid through standardized
connections, thereby reducing at-berth emissions and
local nuisance impacts “*". Global regulatory momen-
tum has strengthened OPS relevance; for example, the
European Union has introduced regulatory instruments
to accelerate shore-side electricity readiness and op-
erational uptake in ports, alongside fuel/energy com-
pliance frameworks for shipping decarbonization "\
Nevertheless, outside leading regions, OPS deployment
remains uneven, and Thailand has not yet implemented
OPS for commercial vessels, creating a distinct empiri-
cal and policy gap for Thai ports.

This gap is particularly relevant for Bangkok Port,
an urban river port adjacent to dense residential and
commercial districts. Official air-quality monitoring in
Bangkok indicates recurrent episodes of elevated par-
ticulate concentrations; across Bangkok’s monitoring
network, 24 h mean PM, ; exceeded 37.5 pg/m’ on ap-
proximately 9.7%-18.4% of station-days during 2020-
2024 ", While ambient PM levels are driven by multi-
ple sources beyond port activity, this evidence supports
the policy salience of localized emission mitigation in
dense urban contexts ",

Thailand’s principal container gateways, i.e.,
Bangkok Port and Laem Chabang Port (deep-sea gate-
way supporting the Eastern Seaboard/EEC industri-
al hinterland), provide two contrasting operational
and spatial contexts for OPS considerations. Figure
1 presents the location of major ports under the Port
Authority of Thailand ™, including Bangkok Port and
Laem Chabang Port, to support international readers
unfamiliar with the Thai port system. Despite being
smaller than global mega-hubs, these ports represent
consequential national gateways and a policy-relevant
setting for berth-level emission reduction and OPS in-
vestment appraisal "*. Accordingly, this study assesses
the feasibility and implications of OPS implementation

in Thailand through a case-driven evaluation anchored
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in Bangkok Port, while situating findings against recent
international evidence.

Recent OPS studies, including Amaral et al. '),
have primarily focused on estimating port-side power
needs using historical berth/call data and vessel-type
energy profiling. In this respect, our study converg-
es with prior literature in the technical planning ob-
jective of OPS deployment. However, it diverges by
extending the analysis beyond power sizing to an
integrated three-phase framework that combines
stakeholder-based operational diagnosis, technical-
economic feasibility assessment, and private and so-
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Bangkok Port

Ranong Port o
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cial viability evaluation using Net Present Value (NPV),
Internal Rate of Return (IRR), and Economic Internal
Rate of Return (EIRR), under Thai port conditions.
This interpretation is consistent with recent green-
port transition literature showing that financial, in-
stitutional, and coordination barriers jointly shape
implementation outcomes "*. Accordingly, this paper
contributes a context-specific feasibility framework
for medium-scale ports in emerging policy environ-
ments and provides empirical evidence on when OPS
may be socially desirable yet financially constrained
without targeted policy support.

Ll Chiang Khong Port

A

© Laem Chabang Port

Figure 1. Location of the Bangkok Port and Laem Chabang Port in Thailand.

Source: Natural Earth 3],

2. Materials and Methods

This study employed a sequential mixed-methods
design, integrating qualitative and quantitative evidence
to assess the feasibility of implementing Onshore Pow-
er Supply (OPS) for ship hoteling (at-berth) operations
in Thailand. The methodology comprised three phases

aligned with the study objectives: (i) desk-based contextu-
al analysis, (ii) primary stakeholder feasibility assessment;
and (iii) quantitative financial and economic appraisal.
Bangkok Port (operated by the Port Authority of
Thailand: PAT) was selected as the primary case study
because it is an urban river port adjacent to dense res-

idential and commercial districts. The quantitative ap-
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praisal was structured around a proposed OPS pilot at layout and pilot locations

[16]

container berths 20A-20F, with berths 20A and 20F The overall research workflow and the linkage be-
treated as representative installation points for pilot siz- tween the three phases and objectives are summarized in

ing and investment appraisal. Figure 2 shows the berth Figure 3.
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Figure 2. Bangkok Port berth layout highlighting the pilot berths (20A and 20F) within the 20A-20F berth group.

Source: Port Authority of Thailand ¢\,

Scope of secondary data analysis

Study of the )
1. Review of general information on OPS
current status [ Qualitative Research Using Secondary Data 2. Assessment of the current problem situation
of OPS 3. Review of policy and legal frameworks
4. SWOT analysis of the OPS installation project at the port
Study of the
feasibility of [ Qualitative Research Using Primary Data ]—P[ In-depth stakeholder interviews ]
using OPS
Study of the Cost and investment estimation
. L. Investment cost of OPS installation
ceonomic [ Quantilative Research 2. Cost of clectricity from shipboard generators while at berth
viability of 3. Comparison of costs berween shore-side power and onboard
OPS generation
installation for . - .
Economic Feasibility Analysis
the port

[ Discussion and Interpretation of Finding ]

Figure 3. Framework of the research approach.

Source: Authors Developed.
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2.1. Phase 1: Secondary Qualitative Analy-
sis and Contextual Study

To address the first objective (assessing the cur-
rent situation and readiness for OPS), a systematic
desk-based synthesis of secondary sources was con-
ducted. The review covered: national strategy and pol-
icy documents (e.g., the 20-Year National Strategy """
and the BCG Economy Model); relevant legislation and
power-sector planning documents (e.g., power devel-
opment plans); international maritime decarbonization
instruments and OPS-related policy frameworks (e.g.,
IMO GHG Strategy 2023 Bl'and EU Fuel EU Maritime [8]);
existing academic literature on OPS; and critical tech-
nical standards (e.g., the IEC/IEEE 80005 series) "%
The synthesized evidence was analyzed using a SWOT
(Strengths, Weaknesses, Opportunities, Threats) frame-
work to evaluate policy alignment, institutional read-
iness, technical constraints, and implementation gaps
for OPS in Thailand.

2.2. Phase 2: Primary Qualitative Analysis
and Stakeholder Feasibility

The second phase considered practical feasi-
bility and stakeholder acceptance through in-depth,
semi-structured interviews with purposively select-
ed decision-makers from two principal stakeholder
groups. A total of N = 29 interviews were completed,
including: (1) 3 PAT senior executives and engineering/
operations personnel (investor/operator perspective)
and (2) 26 executives and operations managers from
26 shipping lines that regularly call at Bangkok Port
(end-user perspective) '\, The interview guide was
designed about feasibility dimensions commonly used
in OPS appraisal market demand, technical feasibility,
environmental impacts, financial considerations, legal
compliance, and stakeholder acceptance, and focused
on decision conditions for OPS uptake (e.g., OPS readi-
ness, berth-operational constraints, and tariff expecta-
tions).

Interviews were conducted in Thali, either in-per-
son or via online meetings as appropriate. To support
structured responses for selected factual items (e.g.,
fleet readiness and operational practices), a Microsoft

Forms questionnaire (QR-code access) was used as a
supplementary instrument where needed. With par-
ticipant consent, interviews were audio-recorded and
transcribed. Transcripts were analyzed using qualita-
tive content analysis to identify recurring themes, bar-
riers (technical, financial, organizational), enabling fac-
tors, and required policy or commercial arrangements.
Findings from Phase 2 were used to parameterize the
quantitative scenarios and to interpret the feasibility
results. Interview transcripts were coded into conver-
gent themes (shared across both groups) and divergent
themes (group-specific differences). The resulting the-
matic synthesis is presented in Section 3.1.

Ethics and confidentiality: This study was ap-
proved by the Human Research Ethics Committee,
Burapha University (approval no. IRB3-169/2567; ap-
proved on 13 December 2024). All participants provid-
ed informed consent and could withdraw at any time.
Interview data were anonymized at source and stored
securely; the manuscript does not disclose personally
identifiable information or commercially sensitive de-

tails.

2.3. Phase 3: Quantitative Cost-Effective-
ness Analysis

The third phase quantified the cost-effectiveness
of an OPS pilot at Bangkok Port using a structured ap-
praisal comprising: (i) baseline energy cost compari-
son; (ii) investor-side financial appraisal; and (iii) soci-

etal economic appraisal.

2.3.1.Baseline Cost Comparison

A baseline comparison was developed between
the unit cost of onboard electricity generation (USD/
kWh) using marine fuels (VLSFO and LSMGO) and the
unit cost of shore electricity supplied under PAT’s pub-
lished electricity tariff structure "*. Fuel-price inputs
were taken from the study’s referenced market series
for 2022-2024, and the shore electricity cost reflected
the applicable tariff components during the same peri-
od. This baseline “price gap” assessment establishes the
economic context for shipping-line adoption decisions
and for feasible tariff setting.
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2.3.2.Financial Analysis (Project Viability)

A discounted cash-flow model was developed
from the investor perspective (PAT) over a 30-year
project life. Key financial indicators were calculated, in-
cluding Net Present Value (NPV) *!, Internal Rate of Re-
turn (IRR) ¥, and Payback Period (PB), using a 7.00%
discount rate (WACC). The revenue model reflects elec-
tricity sales to vessels using OPS, while costs include
capital expenditure (CAPEX) and recurring operating
expenditure (OPEX) required to operate and maintain
the system. CAPEX inputs were derived from aggregat-
ed project-level estimates provided by PAT and relevant
suppliers; where detailed itemized breakdowns were
constrained by confidentiality, CAPEX was modelled as
a single up-front investment. OPEX was represented
using annual allowances consistent with typical utili-
ty-interface operation and maintenance activities (e.g.,
routine inspections, preventative maintenance, and ad-
ministration).

Scenario analysis (Base/Best/Worst) was used
to test sensitivity to key uncertainties (e.g., CAPEX lev-
el, achievable tariff mark-up under competitive con-
straints, and fuel-electricity price differentials). A ded-
icated sensitivity analysis examined the relationship

between service price mark-up and payback perfor-

and greenhouse gas emissions (CO,) attributable to
reduced auxiliary-engine use during hoteling. At-berth
activity reports were derived from AlS-based hotel-
ing durations for vessel calls at Bangkok Port, togeth-
er with recognized emission-factor approaches used
in the ship-emission literature. The emission reduc-
tions were valued using monetary factors reported in
peer-reviewed studies and policy analyses cited in the
manuscript, and the Economic Internal Rate of Return
(EIRR) was calculated to determine whether total soci-

etal benefits justify public investment.

3. Results

3.1. Stakeholder Sample and Representa-
tiveness

This section reports empirical evidence from the
sequential mixed methods design, covering (i) stake-
holder interview evidence and (ii) the quantitative
financial and economic appraisal of the OPS pilot. To
maintain confidentiality, shipping lines are anonymised
(SL-01 to SL-26), and Port Authority respondents are
reported at an aggregated role level (Tables 1-3).

Table 1. Profile of shipping-line interview respondents (n =
26).

mance, reflecting the central role of tariff competitive- Attribute Category Count
ness in OPS uptake. Gender Male 23
Gender Female 3
2.3.3. Economic Analysis (Societal Viability) Position Operation Manager 15
Position General Manager 5
The authors conducted an economic appraisal to Position Manager 4
evaluate societal viability by monetizing positive ex- Position Owner 1
ternalities from reduced air pollutants (PM,5, NO,, SO,) Position President 1

Table 2. Vessel-call coverage of interviewed shipping lines (anonymised) (n = 26).

Line ID Respondent Position Call Share (%) Cumulative (%) Rank Group
SL-01 Operation Manager 58.01 58.01 Top-10
SL-02 Operation Manager 5.53 63.54 Top-10
SL-03 Manager 4.72 68.26 Top-10
SL-04 Operation Manager 4.24 72.50 Top-10
SL-05 Manager 2.73 75.23 Top-10
SL-06 Manager 2.65 77.88 Top-10
SL-07 Manager 2.31 80.19 Top-10

2
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Table 2. Cont.

Line ID Respondent Position Call Share (%) Cumulative (%) Rank Group
SL-08 Operation Manager 2.24 82.43 Top-10
SL-09 Operation Manager 2.12 84.55 Top-10
SL-10 Owner 1.80 86.35 Top-10
SL-11 Operation Manager 1.61 87.96 Others
SL-12 President 1.51 89.47 Others
SL-13 Operation Manager 1.44 90.91 Others
SL-14 Operation Manager 1.12 92.03 Others
SL-15 Operation Manager 1.05 93.08 Others
SL-16 General Manager 0.90 93.98 Others
SL-17 Operation Manager 0.80 94.78 Others
SL-18 Operation Manager 0.73 95.51 Others
SL-19 Operation Manager 0.68 96.19 Others
SL-20 General Manager 0.66 96.85 Others
SL-21 Operation Manager 0.63 97.48 Others
SL-22 General Manager 0.61 98.09 Others
SL-23 General Manager 0.58 98.67 Others
SL-24 General Manager 0.54 99.21 Others
SL-25 Operation Manager 0.44 99.65 Others
SL-26 Operation Manager 0.34 99.99 Others

Note: Call-share represents the proportion of vessel calls attributable to each interviewed shipping line during the study period used in the OPS appraisal. The top
10 lines account for approximately 86.35% of calls, indicating strong coverage of dominant traffic.

Table 3. Port Authority of Thailand (PAT) interview respondent profile (aggregated) (n = 3).

Respondent ID Role Level Functional Domain Notes (Aggregation)
PAT-1 Director, Bangkok Port Executive Management Reported in aggregated form (no personal
identifiers)
PAT-2 Director, Ship and Cargo Opera- Port/Terminal operations  Reported in aggregated form (no personal
tions Department identifiers)
PAT-3 Director, Support Services De-  Strategy/Sustainability Reported in aggregated form (no personal

partment

identifiers)

3.2. Interview Findings: Convergences and
Divergences across Feasibility Dimen-
sions

Qualitative findings are presented as a struc-
tured thematic synthesis aligned with the semi-struc-
tured interview guide (Q1-Q10) and the feasibility di-
mensions (market, technical, environmental, financial,
legal, and acceptance). Because the evidence base is
reported as consolidated interview synthesis to pro-
tect commercial confidentiality, results are expressed

» o«

using qualitative prevalence terms (e.g., “most”, “some”,

“a minority”) rather than respondent-level frequency

counts (Table 4).

3.3. Quantitative Appraisal: Baseline Costs,
Financial Viability, and Economic Via-
bility
The quantitative appraisal evaluates an OPS pilot

at Bangkok Port (berths 20A and 20F as representative

installation points within the 20A-20F berth group)
under a 30-year life and a 7.00% discount rate (WACC).

Scenario and sensitivity analyses are used to reflect un-

certainty in CAPEX, achievable service mark-up under

competitive constraints, and fuel-electricity price dif-

ferentials (Figure 4, Tables 5 and 6).
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Table 4. Thematic synthesis of stakeholder evidence (Q1-Q10) with qualitative prevalence tags.

Interview . . Lo . . . Prevalence
Prompt Cross-Cutting Synthesis Shipping-Line Emphasis PAT Emphasis Tag

Q1: Current prac- Hoteling electricity is primarily supplied by aux- Operational constraints; Baseline for emissions Most (AE
tice for onboard iliary engines; OPS use was mainly reported for compatibility; prior expo-  and service design. baseline); some
electricity while  overseas calls where shore power is available and  sure in EU/US. (OPS experi-
at berth mandated/incentivised. ence abroad)
Q2: Currentand Current demand is low and contingent on tariff Willingness-to-use depends Demand-risk is central Mixed; gen-
potential demand competitiveness; potential demand is higher among on delivered price per kWh to investment justifica- erally low at
for OPS international services and vessel types facing strict- and operational certainty.  tion. present

er environmental requirements.

Q3: Technical

Key constraints include voltage/frequency com-

Onboard retrofit readiness  Grid interface, safety,

Most raised

feasibility and patibility (50/60 Hz), standardised connection varies; operational down-  and infrastructure (technical +
constraints interfaces, berth space, and integration with port  time for connection matters. reliability. CAPEX linkage)
operations; frequency converter requirements are
a dominant cost driver.
Q4: Environmen- Stakeholders consistently recognised local air Reputation and compliance Urban exposure and  Most (local

tal impacts and
perceived benefits

quality and noise benefits from eliminating auxilia-
ry engine emissions at berth; some noted that net

value, especially for global

services. around Bangkok Port.

GHG benefits depend on grid generation mix.

public-health relevance

benefits); some
(grid-mix cave-
at)

Q5: Financial
feasibility and
pricing conditions

Economic attractiveness depends on a stable price
gap where shore electricity is at or below onboard
generation cost (VLSFO/LSMGO-based). A tariff

Inability to recover
high CAPEX under
competitive tariffs.

Adoption conditional on
tariff parity or savings vs.
fuel-based generation.

band broadly equivalent to roughly 4-6 THB/kWh
(context-specific) was discussed as a practical
threshold.

Most condition-
al on tariff

Q6: Preferred pol-
icy instruments
and incentives

Suggested instruments include capital subsidies/
grants, transitional tariff support, tax incentives,
and/or port dues discounts linked to OPS use, to

Prefer predictable incen- Need public funding
tives; avoid operational

disruption. mandate.

overcome demand investment interdependence.

justification and policy

Several conver-
gent proposals

Q7: Legal/regula- Absence of a domestic OPS mandate and local Concern about uneven play- Need alignment with  Most (stan-
tory feasibility technical standards was viewed as a barrier; stake- ing field if costs rise. national green-port dards/mandate
holders emphasised the need for phased regulatory policy and utility regu- gap)
pathways to maintain competitiveness. lation.
Q8: Stakeholder  Acceptance is conditional on reliability, safety Operational reliability and Risk management and Mixed (condi-
acceptance and  assurance, berth assignment practicality, and clear berth scheduling are deci-  service continuity. tional accep-
adoption risk responsibility allocation among port, utility, and sive. tance)

ship operators.

Q9: Thailand-spe-
cific implementa-
tion requirements

Implementation must reflect Bangkok Port’s space Need operational simplicity
constraints, river port operations, and coordination and minimal turnaround
with the metropolitan grid utility; phased pilots

Need institutional co-
ordination and public

impact. communication.

and learning by doing were emphasised.

Several consis-
tent points

Q10: Strategic
implications for

OPS was framed as a strategic enabler for green-
port positioning and future compliance, but

Public infrastructure
framing and policy

Competitiveness and cus-
tomer requirements.

Most (strategic
value; finance

Thai ports requiring public sector support to resolve financial leadership. constraint)
feasibility constraints under competitive tariffs.
0.26 p259 LSMGO Cost
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Figure 4. Comparison of Fuel Costs (VLSFO, LSMGO) versus Electricity Cost (Base) (USD/kWh).

Source: Authors’ processing of market price data retrieved from Ship & Bunker (https://shipandbunker.com/prices).
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Table 5. Baseline unit-cost comparison (USD/kWh), 2022-2024.

Energy Source Min Max Interpretation
Shore electricity (PAT tariff) 0.134 0.157 Benchmark for OPS pricing
Onboard generation using VLSFO 0.140 0.197 Close to shore electricity (narrow price gap)
Onboard generation using LSMGO 0.173 0.259 Consistently higher than shore electricity

Table 6. Summary of financial appraisal results (NPV, IRR, and Payback) under scenario analysis (30-year project life; dis-
count rate 7.00%).

Scenario NPV (Million USD) IRR (%) Payback Period

Base Case -4.61 -3.38 Not reached

Best Case -3.38 -2.06 Not reached
Worst Case -5.83 -4.41 Not reached

A sensitivity analysis on service-price mark- materially more expensive than onboard generation
up indicates that the project only reaches a break- and is therefore inconsistent with stakeholder tar-
even payback point at approximately 115% mark- iff-competitiveness conditions (Figure 5 and Table

up. Such a mark-up would make OPS electricity 7).

S
&
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S 800t
2
°
Q
9 600f »
x &
% @
3 3
g400' 2
©°
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g 3 o
”Sg2§$g£$8gggmggmmqﬁ
55 6 $ 5 g 802 e 2l g o
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o-l 1 1 1 1 1 1 1 1 1 1 1
80 90 100 110 120 130 140 150 160 170 180 190 200

Markup (%)

Figure 5. Sensitivity analysis of payback period (years) versus service price mark-up (%).
Source: Authors’ processing of primary operational/project data provided by the Port Authority of Thailand (PAT).

Table 7. Economic Appraisal (Societal) Results for the Best Case Scenario (Externality Monetisation Included).

Metric Value Unit
Economic Internal Rate of Return (EIRR) 7.78 %
Social discount rate 7.00 %
Annual net benefit (monetised externalities—costs) 417,885.30 USD/Year
Avoided CO, emissions 885.46 Tonnes/Year
Avoided PM, ; emissions 0.1952 Tonnes/Year
Avoided SO, emissions 2.61 Tonnes/Year
Avoided NO, emissions 7.77 Tonnes/Year
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The EIRR exceeds the assumed 7.00% social dis-
count rate, indicating positive societal viability under
the Best Case scenario when externalities are valued.
Sensitivity tests show the EIRR is most responsive to
CAPEX assumptions and the social cost values used for

monetising emissions (Tables 8 and 9).

3.4. SWOT Analysis: Readiness and Imple-
mentation Context for OPS in Thailand

The SWOT analysis synthesizes the contextual
evidence (policy alignment, technical constraints, and
institutional readiness) known as Phase 1 outputs, and

is presented to complement the interview and quanti-

tative appraisal results (Tables 10 and 11).

Table 8. Sensitivity of EIRR to CAPEX assumptions (Best
Case).

CAPEX Case EIRR (%)
-20% CAPEX 9.12
Base CAPEX 7.78
+20% CAPEX 6.55

Table 9. Sensitivity of EIRR to Social Cost (Externality) Valua-
tion (Best Case).

Social Cost Case EIRR (%)
SCC -20% 7.12
Base SCC 7.78
SCC +20% 8.45

Table 10. SWOT analysis of OPS implementation in Thailand (internal factors: Strengths and Weaknesses).

Category Key Factors

Implications for OPS Implementation

Strengths 1) Existing high-voltage grid infrastructure serving the Bangkok Enables baseline technical feasibility and insti-

Port area.

tutional leadership for a pilot.

2) PAT (state-owned enterprise) can lead a policy-driven pilot

project.
Weak- 1) High initial investment cost (CAPEX), CAPEX barrier and standardisation gap reduce
nesses 2) Lack of domestic OPS technical standards and institutional bankability and operational readiness.
experience.
Table 11. SWOT analysis of OPS implementation in Thailand (external factors: Opportunities and Threats).
Category Key Factors Implications for_OPS Implemen-
tation
Opportunities 1) International regulatory pressure and decarbonisation trajectories Creates policy rationale and com-
(IMO/EU) increase OPS relevance. petitiveness drivers for OPS readi-
2) Alignment with the national Green Port/sustainability agenda ness.
supports reputational and policy benefits.
Threats 1) Volatility in fuel and electricity prices; narrowing of the “price gap” Requires robust tariff/incentive de-

can remove user incentives.

2) Risk of low utilization without mandate or adequate incentives,

sign and phased scaling to manage
utilization risk.

reinforcing demand-investment interdependence.

4. Discussion

4.1. Interpreting Feasibility Evidence: In-
vestor-User Coordination and Adop-
tion Conditions

The results indicate that OPS implementation
at Bangkok Port is shaped less by a lack of technical
awareness and more by a structural interdependence

between the investor/operator (PAT) and the end users

(shipping lines). Across stakeholder evidence (Tables
1-3) and the integrated synthesis (Table 4), the dom-
inant adoption condition expressed by shipping lines
is tariff competitiveness relative to onboard auxilia-
ry generation using VLSFO/LSMGO. In parallel, PAT’s
investment decision is constrained by high up-front
capital expenditure, particularly for grid-interface and
frequency-conversion assets, combined with uncer-
tainty about sustained utilization. This pattern is con-

sistent with a classic coordination failure in infrastruc-
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ture adoption: demand cannot be credibly committed
without a competitive tariff, while a competitive tariff
cannot be offered without a level of investment that the
investor cannot justify under commercial returns %%,
Importantly, the qualitative evidence suggests
that ‘technical readiness’ is a necessary but insuffi-
cient condition for utilization. Several shipping lines
reported OPS-ready capability on newer vessels driven
by overseas regulatory readiness requirements; how-
ever, readiness does not automatically translate into
use at Bangkok Port. Adoption is instead mediated by
berth-assignment practices, operational flexibility (con-
nection time and reliability), and the price gap between
shore electricity and marine-fuel-based generation
(23241 These findings imply that OPS uptake in Thailand
should be evaluated as a system-of-systems decision
involving port operations, utility-interface governance,
and tariff design, rather than as a stand-alone engineer-

ing investment.

4.2. Explaining the Financial-Economic Di-
vergence and the Role of Scale

The quantitative appraisal identifies a clear diver-
gence between investor-side financial performance and
societal economic performance. Under the scenarios
evaluated for the Bangkok Port pilot, the financial indi-
cators remain negative (Table 6): the Base Case yields
an NPV of -4.61 million USD and an IRR of -3.38%,
and even the Best Case remains financially unattractive
(NPV -3.38 million USD; IRR -2.06%). The sensitivity
analysis further shows that a breakeven payback would
require an approximately 115% service price mark-up,
a level that would undermine the tariff competitiveness
required by end-users. This outcome is closely linked to
scale and utilization intensity. The pilot demand profile
used in the appraisal is anchored in observed vessel call
volumes and hoteling electricity demand assumptions
(Table 7), yielding an annual energy throughput on the
order of 1.25 GWh/year (417 calls x 3000 kWh/call).
In such a demand regime, the revenue base is limited,
while the capital cost of OPS infrastructure—substation
upgrades, switchgear, cable management, safety sys-
tems, and (where needed) frequency conversion exhib-

its substantial fixed-cost characteristics. For ports with

modest throughput and/or low OPS utilization rates,
these fixed costs can dominate the commercial business
case “"*? This provides a direct response to Reviewer
concerns regarding the implications of Bangkok Port’s
operational scale (approximately 1.5-1.7 million TEU/
year): smaller or medium-sized ports may face stronger
financial headwinds unless utilization is high, CAPEX
is subsidized, or tariff competitiveness is supported
through policy instruments. This interpretation is con-
sistent with evidence from small and medium ports
showing that cold-ironing implementation faces dis-
tinct economic and operational constraints compared
with large hub ports *°.

Nevertheless, the scale effect does not preclude
generalizability; rather, it clarifies the boundary con-
ditions under which OPS projects can be financially
viable **. Where other studies have reported more fa-
vorable commercial outcomes, the enabling conditions
typically include one or more of the following: (i) larg-
er and more concentrated berth-level demand (higher
connection hours and higher kW loads); (ii) mandated
usage for specific vessel categories, which reduces de-
mand uncertainty; (iii) grant-funded or shared cost
CAPEX structures that reduce the investor’s capital
burden; and/or (iv) a wider and more stable fuel elec-
tricity price spread '*’. The Bangkok Port case there-
fore, provides a transferable insight for similarly sized
ASEAN ports: commercial viability is unlikely without
explicit measures that address fixed-cost recovery and

demand-risk allocation.

4.3. OPS as Urban Environmental Infra-
structure: Externalities and Socio-Eco-
nomic Justification

When externalities are monetised, the appraisal
supports OPS as a socially justified intervention in an
urban-port context. The economic assessment reports
an EIRR of 7.78%, exceeding the applied social discount
rate of 7.00% (Table 7). The estimated annual net ben-
efit (monetised externalities minus costs) is 417,885
USD /year, associated with avoided emissions of ap-
proximately 885.46 tCO,/year and reductions in local
pollutants (PM,;, SO,, NO,). These magnitudes, while

subject to uncertainty, indicate that the societal value of
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emission reductions in a dense urban environment can
offset the financial deficit observed from the investor
perspective.

This finding is particularly salient for Bangkok
Port because urban proximity increases exposure and
health-damage valuation per unit of emission reduc-
tion, compared with ports located in less densely pop-
ulated industrial zones M. The results, therefore, sup-
port reframing OPS from a profit-seeking utility service
to a form of ‘green public infrastructure’ whose prima-
ry return is improved air quality and climate-aligned
port operation. This reframing also aligns with the
stakeholder evidence: PAT interviewees characterized
OPS as policy-driven and contingent on public support
mechanisms, while shipping lines emphasised low tar-
iff thresholds rather than willingness to pay for broader
public benefits.

At the same time, the economic valuation relies
on internationally sourced damage-cost values for pol-
lutants and greenhouse gases. While this approach is
consistent with common practice in port externality
appraisal, its application to Thailand introduces trans-
ferability and parameter uncertainty. The implication
for the manuscript is twofold: (i) the economic result
is best interpreted as evidence of positive societal po-
tential rather than a precise point estimate; and (ii)
further work, such as a Thailand-specific health impact
assessment and locally calibrated valuation parame-
ters, would strengthen the robustness of the externality

component.

4.4. Positioning against International OPS
Literature and Methodological Contri-
bution

The study’s findings are consistent with a broad
strand of OPS feasibility literature that identifies high
CAPEX, tariff competitiveness, and utilization uncer-
tainty as recurrent constraints on commercial viabil-
ity [***. However, the Bangkok Port case contributes
by explicitly integrating three evidence layers: policy
and readiness assessment (SWOT), stakeholder deci-
sion conditions, and financial/economic appraisal into
a single feasibility narrative anchored at berth group

20A-20F, where implementation decisions are made.

Compared with studies that focus primarily on pow-
er-needs estimation and infrastructure sizing (e.g.,
quay-level electrical demand planning) *, the present
approach places greater emphasis on adoption dynam-
ics and investment appraisal under emerging market
governance constraints. In particular, the integration of
interview-derived decision thresholds with the sensi-
tivity analysis of tariff mark-up provides an operational
mechanism linking qualitative feasibility to quantitative
outcomes: it shows that the tariff required for commer-
cial payback is incompatible with the tariff required for
utilization, thereby evidencing a structural mismatch
rather than a parameter-choice artefact. This helps
explain why studies may reach differing conclusions
about OPS “need” versus OPS “viability,” since demand
estimation alone does not resolve financing feasibility
when demand is price-elastic, and investment costs are
front-loaded.

Therefore, the principal methodological contri-
bution is not merely the calculation of NPV/IRR/EIRR,
but the design of a feasibility logic that (i) captures
berth-level hoteling profiles, (ii) makes adoption con-
straints explicit, and (iii) distinguishes investor returns
from societal returns in a policy-relevant manner. This
positioning also supports the transferability claim to
other medium-sized ports facing similar coordination

and tariff-competitiveness constraints *.

4.5. Policy Implications for Practical Imple-
mentation

Given that the OPS pilot is financially unattractive
under base-case assumptions but economically benefi-
cial from a societal perspective, implementation should
be designed as a coordinated public-private transition
rather than a purely market-driven investment %?, For
the Port Authority of Thailand (PAT), a practical near-
term pathway is to proceed with a pilot at berths 20A
and 20F while testing tariff structures (including time-
of-day or dynamic elements) to identify a commercially
acceptable pricing range that remains competitive with
onboard generation costs. In parallel, reducing unit
electricity cost (USD/kWh) through long-term power
procurement arrangements and/or renewable integra-

tion (e.g., warehouse rooftop solar) could improve proj-
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ect performance, as variable cost management emerges
as a key financial lever in the sensitivity results.

For public agencies (e.g., Ministry of Transport,
Ministry of Energy, and BOI), the evidence supports
treating OPS as green public infrastructure with mea-
surable external benefits; targeted CAPEX support (full
or partial), tax incentives, or blended financing can
help close the investor-user coordination gap identi-
fied in this study. Accelerating national OPS technical
standards and legal frameworks aligned with IEC/IEEE
80005 would reduce interoperability uncertainty and

181 while

improve long-term investment confidence
non-financial instruments (e.g., priority berthing or fee
differentiation for OPS-using vessels) may support ear-
ly utilization *”\. For shipping lines, transition planning
should include OPS-ready specifications for newbuilds
and phased retrofitting for vessels serving routes linked
to ports with stricter environmental requirements;
active participation in pilot programs and structured
feedback to PAT can improve operational practicality.
A joint roadmap between port authorities and ship-
ping lines, covering acceptable tariff bands, retrofit
constraints, and support mechanisms, which would im-
prove adoption conditions and reduce implementation
risk. Overall, these implications are consistent with the
study’s core finding that OPS in Bangkok Port is social-
ly desirable but financially constrained, and therefore
requires coordinated policy design, cost-sharing mech-
anisms, and phased execution linked to demonstrated

demand ™**#

4.6. Limitations and Future Research Pri-
orities

Several limitations must be recognized. First,
CAPEX was modelled as an aggregated project estimate
due to confidentiality constraints, and OPEX was rep-
resented using annual allowances rather than itemized
maintenance and staffing schedules. While this ap-
proach is appropriate for early-stage feasibility apprais-
al, it limits engineering-level validation and complicates
benchmarking against international cost structures.
Second, the demand profile is based on AlS-derived ac-
tivity and an assumed hoteling electricity requirement

(3000 kWh per call); variation across vessel sizes and

auxiliary loads may materially change throughput and,
therefore, financial outcomes. Third, the externality val-
uation uses international damage-cost values; applying
these values to the Thai context introduces uncertainty
and may over- or under-estimate benefits. Finally, the
analysis focuses on container berths and does not di-
rectly assess other vessel segments (e.g., passenger, Ro-
Ro), which may have different load profiles and policy
salience.

Future research should prioritize: (i) an engi-
neering prefeasibility design to produce a transparent
CAPEX/OPEX breakdown (including frequency conver-
sion alternatives, cable management, and substation
upgrade scope); (ii) a Thailand specific health impact
assessment to calibrate pollutant damage costs and
strengthen the economic appraisal; (iii) extended sce-
narios for utilization growth under phased policy up-
take or conditional mandates; and (iv) comparative
application to Laem Chabang Port to test how spatial
context and vessel mix affect both financial and exter-
nality outcomes.

Overall, the Discussion supports a clear conclu-
sion for policy: in an urban port setting such as Bang-
kok Port, OPS can be socially justified yet commercially
unattractive under market conditions. Implementing
OPS, therefore, requires explicit risk-sharing and poli-
cy support mechanisms that align tariffs with adoption
conditions while recognizing the societal value of emis-
sion reductions. The subsequent Conclusions section
should translate these findings into concise, actionable
recommendations and a forward-looking agenda for
Thailand and comparable ASEAN ports.

5. Conclusions

This study developed a Bangkok Port assessment
of the feasibility of Onshore Power Supply (OPS) for
ship hoteling (at-berth) operations in Thailand. The
results show that Thailand’s major ports have not yet
implemented OPS in formal commercial operation, and
vessels calling at Bangkok Port still rely on auxiliary
engines using fossil fuels during berthing. Although na-
tional policy directions support clean energy transition

and greenhouse gas reduction, practical policy and im-
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plementation gaps for OPS in maritime operations re-
main.

The findings indicate that OPS at Bangkok Port is
technically feasible, but adoption is constrained by high
upfront investment, demand uncertainty, interopera-
bility requirements, and strong price sensitivity among
shipping lines. In the financial appraisal, the pilot proj-
ect is not commercially viable under base-case assump-
tions (negative NPV and IRR, with no payback within 30
years). Analysis shows that break-even would require
an approximately 115% service mark-up, which may
reduce tariff competitiveness and weaken user uptake.

In contrast, the socio-economic appraisal is pos-
itive (EIRR = 7.78%), suggesting that broader pub-
lic-health and environmental benefits can outweigh
project costs even when private returns are weak.
Overall, the evidence suggests that OPS in Thailand is
socially desirable but financially constrained. A prac-
tical pathway is targeted public co-financing for initial
CAPEX, transparent and competitive tariff design, and
phased implementation linked to demonstrated de-
mand. This conclusion aligns with recent green port
barrier evidence highlighting financial, institutional,
and coordination constraints in implementation =
and with recent OPS policy literature emphasizing co-
ordinated deployment strategies and supportive pol-
icy design "%, It is also consistent with Bangkok-area
air-quality concerns reported in prior regional evidence

2 supporting the relevance of berth-level mitigation.
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