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Abstract 

This study evaluates the techno-economic feasibility of LNG regasification alternatives, including 
offshore platform conversion, floating storage and regasification unit (FSRU) retrofit, and onshore 
LNG terminals, under conceptual design conditions at a capacity of 100 MMSCFD. The analysis 
integrates cost estimation, project schedule, and technical maturity within a multi-criteria decision-
making framework based on the Analytic Hierarchy Process (AHP), combining quantitative techno-
economic results with expert judgment to support structured comparison of alternatives. Cost 
estimation is conducted using two approaches, namely cost–capacity scaling and analogous 
estimation, to examine their influence on feasibility outcomes. The results indicate that the 
conventional scaling method, using an exponent of 0.6, produces inconsistent results across 
configurations, overestimating costs for offshore-based systems while underestimating costs for 
onshore LNG terminals. Back-calculation of effective scaling exponents yields values of 
approximately 0.43 for offshore platform conversion, 0.37 for FSRU retrofit, and 0.78 for onshore LNG 
terminals, demonstrating that cost–capacity relationships are configuration-dependent and cannot 
be represented using a single uniform exponent. The AHP evaluation, conducted under two scenarios 
based on the applied cost estimation methods, shows that offshore platform conversion consistently 
achieves the highest feasibility ranking, followed by FSRU retrofit and onshore LNG terminals. While 
the ranking remains unchanged, the choice of cost estimation method influences the magnitude of 
score differences, affecting the strength of preference among alternatives. These findings highlight 
the limitations of conventional scaling approaches and demonstrate that offshore platform 
conversion can serve as a cost-competitive and time-efficient alternative for LNG infrastructure 
development, particularly in regions with existing offshore assets. 

Keywords: LNG regasification; offshore platform conversion; cost–capacity scaling; analogous cost 
estimation; techno-economic analysis; analytic hierarchy process 
 

1. Introduction 

Liquefied natural gas (LNG) regasification infrastructure plays a critical role in ensuring reliable 
natural gas supply, particularly in regions where domestic production is declining, demand is 
geographically dispersed, or pipeline connectivity is limited [1–3]. In such contexts, LNG imports 
provide a flexible alternative to conventional pipeline-based systems and have become an integral 
component of modern energy supply strategies. 

In the early stages of LNG infrastructure development, decision-making typically focuses on key 
factors such as capital cost, project schedule, and technical feasibility rather than detailed process 
optimization. During the conceptual design phase, multiple technological alternatives with distinct 
characteristics are evaluated to support strategic planning and investment decisions [4–6]. 
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Indonesia provides a particularly relevant context for comparative evaluation of LNG 
regasification solutions due to its archipelagic geography and dispersed gas demand. The country 
has developed a diverse portfolio of LNG infrastructure, including onshore terminals and FSRUs, 
primarily to support power generation and address regional supply–demand imbalances [7,8]. In this 
setting, solution selection is strongly influenced by cost efficiency, rapid deployment, and 
adaptability to local conditions [9,10]. 

At the same time, Indonesia faces structural challenges related to the decommissioning of aging 
offshore oil and gas facilities. More than 70% of installed offshore platforms have reached or are 
approaching the end of their design life, leading to increasing financial and regulatory burdens 
associated with decommissioning obligations [11–13]. In response, alternative strategies such as 
repurposing offshore platforms have been explored to extend asset utilization while reducing 
decommissioning costs [14–16]. 

One emerging approach involves converting existing offshore platforms located near demand 
centers into LNG regasification terminal integrated within the gas supply chain. Previous studies 
have demonstrated the technical feasibility and cost competitiveness of such conversions at a capacity 
of 20 MMSCFD, showing promising results compared to onshore terminal and FSRU solutions at the 
conceptual level [17]. 

However, the validity of these findings under larger capacity conditions remains uncertain. In 
practice, LNG infrastructure projects in Indonesia are often designed with higher capacities to ensure 
long-term supply reliability across multiple demand centers [8]. Under such conditions, capital costs, 
project schedules, and system configurations may change significantly, potentially altering the 
relative competitiveness of different regasification alternatives. 

This study addresses this gap by conducting a comparative techno-economic evaluation of LNG 
regasification solutions at a capacity of 100 MMSCFD. The analysis includes offshore platform 
conversion, FSRU retrofit, and onshore LNG terminal alternatives, with particular emphasis on cost 
estimation, project schedule considerations, and technical maturity. Furthermore, by comparing 
results between 20 MMSCFD and 100 MMSCFD cases, this study investigates the scalability and 
robustness of offshore platform conversion concepts. 

To achieve this objective, a comparative techno-economic framework is developed for LNG 
regasification systems at a capacity of 100 MMSCFD using representative data from Indonesia, 
covering offshore platform conversion, FSRU retrofit, and onshore LNG terminal configurations. 
Cost estimation is performed in accordance with AACE International guidelines using both cost–
capacity scaling and analogous estimation approaches. This enables a systematic assessment of how 
different system configurations influence cost behavior, particularly under capacity expansion where 
structural and installation characteristics may exhibit non-linear effects. 

The main contributions of this study are threefold. First, it evaluates the feasibility of multiple 
LNG regasification alternatives at a higher capacity level, extending previous work beyond single-
case analysis. Second, it examines the limitations of conventional cost–capacity scaling by comparing 
it with analogous estimation, demonstrating that cost behavior is configuration-dependent rather 
than uniform. Third, it integrates techno-economic results with a multi-criteria decision-making 
framework based on the Analytic Hierarchy Process to assess how variations in cost estimation 
influence the overall feasibility ranking of LNG regasification alternatives. 

2. Literature Review 

2.1. LNG Regasification Technologies and Evaluation Frameworks 

LNG regasification infrastructure is generally classified into three main types: onshore LNG 
terminal, floating storage and regasification units (FSRUs), and offshore or nearshore regasification 
facilities. These alternatives differ in terms of configuration, environmental conditions, permitting 
requirements, and offshore interface complexity, leading to variations in cost, project schedule, and 
operational risks [9,18–21]. 
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As a result, decision-making in LNG infrastructure development typically relies on multi-
criteria evaluation frameworks that integrate economic, technical, and scheduling considerations. 
Rather than identifying a single optimal solution, existing studies emphasize comparative feasibility 
assessments to evaluate the relative suitability of each alternative. However, most previous studies 
focus on onshore terminals and FSRUs, while offshore platform–based regasification solutions 
remain underexplored, particularly under varying capacity conditions. 

2.2. Comparative Characteristics of LNG Regasification Alternatives 

Onshore LNG terminals are the most mature solution, offering high operational stability and 
scalability. However, they require substantial capital investment and long development timelines 
due to extensive civil works and permitting processes [19,22–26]. 

FSRUs provide greater flexibility and shorter deployment times, with lower initial capital 
requirements due to reduced onshore infrastructure. Nevertheless, they introduce operational risks 
related to offshore transfer, process stability, and long-term cost variability associated with charter 
agreements [27–33]. 

Offshore platform conversion has emerged as a potential alternative in response to increasing 
decommissioning obligations. Existing offshore structures may be reused to reduce capital costs and 
leverage proximity to demand centers. However, feasibility depends on structural constraints and 
integration complexity, and remains less studied compared to conventional solutions [34–38]. 

2.3. Research Gap 

Previous studies have demonstrated the feasibility of LNG regasification solutions, including 
offshore platform conversion, at a capacity of 20 MMSCFD, showing competitive cost performance 
compared to onshore LNG terminal and FSRU systems [17]. However, these findings are limited to 
a single capacity scenario and do not provide insight into scalability under higher capacity 
conditions. 

Existing comparative analyses of LNG regasification infrastructure remain largely focused on 
conventional alternatives, with limited inclusion of offshore platform–based systems within a 
consistent evaluation framework. In addition, most studies rely on simplified cost estimation 
approaches without critically examining their validity as system configuration, installation 
complexity, and process design evolve with increasing capacity. 

At larger scales, these factors may introduce non-linear cost behavior, which may significantly 
influence economic feasibility. However, limited studies have systematically evaluated how 
variations in cost and capacity scaling affect the comparative feasibility and overall ranking of LNG 
regasification alternatives. 

This gap highlights the need for an integrated evaluation approach that combines techno-
economic analysis with structured decision-making to assess how capacity scaling and cost 
estimation methods influence the overall feasibility ranking of LNG regasification alternatives. 

3. Methodology 

3.1. Research Framework 

This study adopts a structured techno-economic evaluation framework to assess the feasibility 
of LNG regasification solutions at the conceptual design stage. The analysis begins with a review of 
LNG regasification technologies, followed by the definition of three development alternatives: 
offshore platform conversion, floating storage and regasification unit (FSRU) retrofit, and onshore 
LNG regasification terminal. 

Subsequently, cost estimation is conducted using two approaches, namely capacity scaling and 
cost–analogous estimation, to capture potential variations in cost behavior under increased capacity 
conditions. The techno-economic results are then integrated into a multi-criteria decision-making 
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framework based on the Analytic Hierarchy Process (AHP), which is used to systematically compare 
the alternatives and determine their overall feasibility ranking. 

3.2. Case Study Description and Assumptions 

This study investigates the feasibility of converting an existing offshore platform into an LNG 
regasification facility at a conceptual design level. The analysis focuses on three primary evaluation 
metrics: project cost, development schedule, and technical maturity. 

To ensure a consistent comparison, all alternatives are evaluated under equivalent design 
capacity, operational requirements, and system boundaries. The regasification capacity is set at 100 
MMSCFD, representing a typical scale for regional gas supply development. 

The offshore platform conversion concept is based on representative platform characteristics 
observed in Indonesia. Existing topside systems are partially removed, while structurally viable 
components are retained for reuse. The available deck space is assumed to accommodate two 50 
MMSCFD regasification modules and two LNG buffer tanks. This configuration reflects a typical 
offshore reuse scenario and forms the basis for the conceptual design. 

To ensure comparability across alternatives, consistent system boundaries (battery limits) and 
interface definitions are applied. Key differences in scope among the three alternatives are 
summarized in Table 1. 

Table 1. Scope Comparison of LNG Regasification Alternatives. 

Category 
Offshore Platform 

Conversion FSRU Retrofit Onshore LNG Terminal 

Overall Description 

Repurposing existing 
offshore platform into 

LNG regas facility with 
modular regas system 

Conversion of 
LNG carrier into 

FSRU with 
integrated storage 
and regasification 

Full greenfield LNG 
terminal with storage, 

regas, and delivery 
system 

Key Construction / 
Installation Scope 

Removal of legacy 
topside, deck 

reinforcement, modular 
regas installation, reuse 

of subsea pipeline 

Vessel retrofit, 
regas module 

installation, utility 
upgrade, subsea 

pipeline 
connection 

Civil works, LNG tank 
construction, regas 
installation, utility 

systems, pipeline to grid 

Storage System 
LNG supplied via FSU, 

with buffer tanks on 
platform 

Integrated LNG 
storage and regas 

system 

Onshore LNG storage 
tanks (full containment) 

Battery Limits 
(Upstream–

Downstream) 

LNG transfer from FSU 
to existing subsea 

pipeline tie-in 

LNG transfer 
system with 

subsea pipeline to 
onshore facility 

LNG unloading via jetty 
to national gas grid 

connection 

Key Interfaces 
FSU, offshore 

installation contractor, 
subsea pipeline operator 

Shipyard, subsea 
contractor, 

mooring and 
utility systems 

Marine EPC contractor, 
utilities, permitting 

authorities 

Scope Exclusions Mooring system 
installation 

Mooring system 
installation 

Jetty and marine 
infrastructure handled 

separately 

All alternatives are designed under a common technical basis, including send-out capacity and 
pressure conditions, process safety requirements, pipeline design criteria, and LNG transfer system 
configuration in accordance with standard industry practices and international guidelines. 
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Detailed engineering specifications and EPC-related assumptions are provided in Appendix A. 

3.3. Cost Estimation Methods 

Cost estimation is performed to evaluate the economic feasibility of each LNG regasification 
alternative at the conceptual design stage. The estimation follows the guidelines of AACE 
International for early-stage project evaluation, where Class 4–5 estimates are typically applied [6]. 

Two complementary cost estimation methods are employed in this study: 
• analogous estimation, and 
• cost–capacity scaling. 

3.3.1. Cost–Capacity Scaling Method 

The cost–capacity scaling method is used to estimate cost variations associated with changes in 
facility capacity. This method assumes a power-law relationship between cost and capacity. 𝐶𝑜𝑠𝑡஻ =   𝐶𝑜𝑠𝑡஺ × ൬𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦஻𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦஺൰ ௡ (1)

Where: 

• CostA and CostB represent facility costs,  
• CapacityA and CapacityB represent respective capacities,  
• n is the cost–capacity scaling exponent. 

A commonly applied exponent value of 0.6 is adopted in this study, consistent with conventional 
preliminary estimation practices [39–41]. 

3.3.2. Analogous Estimation 

Analogous estimation is a top-down approach that derives project costs based on data from 
similar projects. This method is particularly suitable for early-stage feasibility studies where detailed 
engineering information is limited [42]. 

The estimation process involves identifying reference projects with comparable characteristics 
and adjusting cost values to reflect differences in capacity, location, and system configuration. 

3.4. Multi-Criteria Decision Analysis (AHP) 

To evaluate the relative feasibility of LNG regasification alternatives, the Analytic Hierarchy 
Process (AHP) is applied [43]. The decision problem is structured into three hierarchical levels 
consisting of: 

• the goal (selection of the optimal LNG regasification alternative), 
• evaluation criteria (cost, project schedule, and technical maturity), and 
• alternatives (offshore platform conversion, FSRU retrofit, and onshore LNG terminal). 

3.4.1. AHP Using Expert Judgment 

Expert judgment is employed within the AHP framework to determine both the relative 
importance of evaluation criteria and the technical maturity of each LNG regasification alternative. 
Pairwise comparisons are conducted using Saaty’s fundamental scale, ranging from 1 (equal 
importance) to 9 (extreme importance), to express the relative preference between elements. 

The comparisons are structured into a reciprocal pairwise comparison matrix, where each 
element represents the relative importance of one element over another [43]. 
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𝐴 = ⎣⎢⎢⎢
⎢⎡ 1 𝑎ଵଶ 𝑎ଵଷ1𝑎ଵଶ 1 𝑎ଶଷ1𝑎ଵଷ 1𝑎ଶଷ 1 ⎦⎥⎥⎥

⎥⎤
 (2)

The priority weights are derived through normalization of the pairwise comparison matrix, 
resulting in a weight vector that reflects the relative importance of each criterion or alternative. 

𝑤௜ = 1𝑛෍ 𝑎௜௝∑ 𝑎௜௝௡௜ୀଵ
௡
௝ୀଵ  (3)

For technical maturity, pairwise comparisons are conducted among the alternatives (offshore 
platform conversion, FSRU retrofit, and onshore LNG terminal) to evaluate their relative 
performance in terms of technology readiness, integration complexity, operational reliability, and 
implementation feasibility. 

For criteria weighting, pairwise comparisons are performed among the evaluation criteria (cost, 
project schedule, and technical maturity) to determine their relative contributions to the overall 
decision. 

The expert judgments are obtained through a focused group discussion (FGD) involving 
professionals from academia, engineering companies, oil and gas companies, government 
institutions, and research organizations. All experts possess more than 15 years of experience in the 
energy sector, covering both upstream and midstream domains. 

To ensure the reliability of the judgments, the consistency of the pairwise comparison matrix is 
evaluated using the Consistency Ratio (CR). 𝐶𝐼 = 𝜆௠௔௫ − 𝑛𝑛 − 1  (4)

𝐶𝑅 = 𝐶𝐼𝑅𝐼 (5)

A CR value below 0.1 indicates that the comparisons are logically consistent and acceptable [43]. 

3.4.2. Integration of Quantitative Data into AHP 

Quantitative criteria, including cost and project schedule, are incorporated into the AHP 
framework using a ratio-based transformation approach. In this method, pairwise comparison values 
are constructed directly from numerical data by calculating relative ratios between alternatives [44]. 

Since both cost and project schedule are minimization-type criteria, an inverse ratio is applied 
to ensure that lower values correspond to higher preference in the pairwise comparison matrix. 
Specifically, alternatives with lower cost or shorter project duration yield larger relative values, 
reflecting their superior performance within the AHP framework. 

This approach enables the objective integration of techno-economic results into the AHP 
structure while maintaining consistency with the fundamental preference interpretation of AHP, 
without relying solely on subjective judgment. 𝑎௜௝ = 𝑥௝𝑥௜ (6)

𝐴 =
⎣⎢⎢
⎢⎢⎡ 1 𝑥ଶ𝑥ଵ 𝑥ଷ𝑥ଵ𝑥ଵ𝑥ଶ 1 𝑥ଷ𝑥ଶ𝑥ଵ𝑥ଷ 𝑥ଶ𝑥ଷ 1 ⎦⎥⎥

⎥⎥⎤ (7)
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3.4.3. Overall Evaluation and Synthesis 

The overall evaluation is performed by synthesizing the priority weights of each criterion with 
the corresponding performance scores of alternatives [43]. 

𝑆௜ = ෍𝑤௞ .𝑝௜௞௠
௞ୀଵ  (8)

The final ranking of LNG regasification alternatives is obtained by aggregating the weighted 
scores across all criteria. 

3.4.4. Sensitivity Analysis 

A sensitivity analysis is conducted to assess the robustness of the AHP results with respect to 
variations in criteria weights. The analysis applies a one-at-a-time approach, where the weight of a 
single criterion is varied while the remaining weights are proportionally adjusted to maintain 
normalization. 

Several variation levels are considered to represent deviations from the baseline weights. For 
each scenario, the AHP synthesis is repeated to obtain updated priority scores and rankings. This 
approach enables evaluation of the stability of the decision results and identification of criteria that 
significantly influence the overall ranking [45]. 

4. Results and Discussion 

4.1. Cost Estimation Results 

4.1.1. Reference Cost at 20 MMSCFD 

As a baseline for cost estimation, reference cost data at a capacity of 20 MMSCFD are adopted 
from a previous study. These values represent conceptual-level estimates and serve as the starting 
point for evaluating cost behavior under capacity expansion. 

The cost breakdown includes major components such as engineering, project management, 
platform modification, LNG infrastructure, utilities, and EPC-related costs. The detailed cost 
structure for all LNG regasification alternatives at this capacity is presented in Table 2. 

Table 2. Cost Breakdown of LNG Regasification Alternatives (20 MMSCFD). 

Category 

LNG 
Platform-

Based 
Modificatio

n 

Cost 
(USD) 

Onshore 
LNG 

Terminal 

Cost 
(USD) 

Floating 
Regasificatio

n Unit 
(FSRU) 

Cost 
(USD) 

Engineering Engineering 420,000 Engineering 1,500,000 Engineering 350,000 
Project 

Managemen
t 

Project 
Management 

Team 
500,000 

Project 
Management 

Team 
750,000 

Project 
Management 

Team 
750,000 

Platform / 
Infrastructur

e 

Topside & 
Structure 

4,500,000 Jetty (0.5 km) 
& Dredging 

8,000,000 
FSRU 

(Conversion 
from Barge) 

30,000,00
0 

Platform / 
Infrastructur

e 

Conductor, 
Pipeline, 
Umbilical 
and Riser 

1,500,000 
Marine 

Loading 
Arm 

5,340,000 

Mooring 
System 
(Spread 

Mooring) 

2,100,000 
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LNG 
Infrastructur

e 

Mooring 
System 
(SPM) 

8,000,000 Cryogenic 
Pipeline 1,105,000 Flexible Hose 

(Cryogenic) 2,400,000 

LNG 
Infrastructur

e 

Flexible 
Hose 

(Cryogenic) 
2,400,000 LNG Storage 5,000,000 

Subsea Gas 
Export 

Pipeline (10 
km) 

11,200,00
0 

LNG 
Infrastructur

e 

LNG Storage 
(Type C) 5,000,000 Regasificatio

n System 1,960,000 Gas Export 
Pipeline 7,000,000 

LNG 
Infrastructur

e 

Regasificatio
n System 

(IFV) 
2,400,000 Utilities 4,032,500 EPC Cost 

11,737,50
0 

Utilities Utilities 8,900,000 
Gas Export 

Pipeline 7,000,000 
Permit & 

Social Cost 1,000,000 

Other EPC Cost 8,175,000 Land 
Requirement 

18,000,00
0 

EPC Cost 16,296,87
5 

Other Permit & 
Social Cost 

1,000,000 EPC Cost 5,838,750 Permit & 
Social Cost 

3,000,000 

Other - - 
Permit & 

Social Cost 2,300,000 - - 

Total Total Cost 
42,795,00

0 Total Cost 
60,826,25

0 Total Cost 
85,834,37

5 
              

As shown in Table 2, the offshore platform conversion alternative exhibits the lowest cost (42.8 
MUSD), followed by the onshore LNG terminal (60.8 MUSD) and the FSRU-based system (85.8 
MUSD). The lower cost of the offshore platform alternative is primarily attributed to the utilization 
of existing infrastructure, while the onshore LNG terminal requires extensive civil works and land 
development. The FSRU alternative reflects higher costs associated with vessel conversion and 
offshore integration. 

4.1.2. Cost Estimation Using Cost–Capacity Scaling 

To estimate the cost at a larger capacity, the cost–capacity scaling method is applied to 
extrapolate the cost from the 20 MMSCFD baseline to 100 MMSCFD. This method assumes that cost 
follows a power-law relationship with capacity, as expressed in Equation 9. 𝐶𝑜𝑠𝑡ଵ଴଴௠௠௦௖௙ௗ =   𝐶𝑜𝑠𝑡ଶ଴௠௠௦௖௙ௗ × ൬100 𝑚𝑚𝑠𝑐𝑓𝑑20 𝑚𝑚𝑠𝑐𝑓𝑑 ൰ ଴.଺ (9)

Using a commonly adopted scaling exponent of 0.6, the estimated cost for each LNG 
regasification alternative at 100 MMSCFD is calculated based on the 20 MMSCFD reference case. The 
results of the scaling-based estimation for all alternatives are presented in Table 3. 

Table 3. Cost Estimation Results using Cost–Capacity Scaling (100 MMSCFD). 

Alternatives Cost (20 MMSCFD) Cost (100 MMSCFD) 
Offshore Platform Conversion 42.80 112.40 

FSRU Retrofit 60.83 159.76 
Onshore LNG Terminal 83.83 220.19 

As shown in Table 3, the scaling method provides estimated costs for offshore platform 
conversion, FSRU retrofit, and onshore LNG terminal based on extrapolation from the baseline 
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capacity. These values reflect the assumption of consistent cost–capacity behavior across different 
system configurations. 

4.1.3. Cost Estimation Using Analogous Method 

In addition to the scaling-based approach, cost estimation at 100 MMSCFD is conducted using 
an analogous estimation method. This approach directly estimates project cost based on 
representative LNG projects with similar capacity and system characteristics, without relying on 
extrapolation from lower-capacity data. 

The analogous estimation incorporates major cost components, including engineering, 
procurement, construction, commissioning, and project indirect costs. In addition, system-specific 
elements such as vessel acquisition, offshore integration, and infrastructure requirements are 
explicitly considered, allowing the method to better reflect actual project conditions. 

The detailed cost estimation results for all LNG regasification alternatives at 100 MMSCFD are 
presented in Table 4. 

Table 4. Cost Estimation Based on Analogous Method (100 MMSCFD). 

Category Medium 
Classification 

Case A) 
Platform 

Retrofit LNG 
Terminal 

Case B) 
FSRU 

Retrofit 

Case C) 
Onshore LNG 

Terminal 

Engineering Design, Safety, Permits 
& Project Management 4.3 6.5 12 

Procurement 
Regas System, Utilities, 
Structure & Materials 20.2 30.7 83.7 

Construction & 
Commissioning 

Site Prep, Civil Works, 
Installation & Tie-in 

4.6 13.1 175 

Commissioning Pre-commissioning, 
Testing & Materials 

0.6 1.4 2.5 

Direct Cost 
Subtotal 

 29.7 51.7 273.2 

Project Indirect 
Supervision, Insurance 

& Admin 0.9 1.6 8.2 

Contingency 
Design Changes, 
Weather Delay & 

Permitting 
1.5 2.6 13.7 

Indirect Cost 
Subtotal 

 2.4 4.1 21.9 

EPC Total  32.1 55.8 295.1 
Vessel Purchase¹  40 40 NA 
FSU Conversion  12 NA NA 

Pipeline Cost  NA 12 Included in 
EPC 

Mobilization / 
Transition 

 2 2 NA 

Total CAPEX 
(MUSD) 

 86.1 109.8 295.1 

As shown in Table 4, the offshore platform conversion alternative results in a total CAPEX of 
86.1 MUSD, followed by 109.8 MUSD for FSRU retrofit and 295.1 MUSD for onshore LNG terminal. 
The offshore platform alternative demonstrates the lowest cost among the evaluated alternatives, 
primarily due to the utilization of existing infrastructure, which reduces the need for extensive new 
construction and civil works. 
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In contrast, the onshore LNG terminal exhibits significantly higher costs, driven by large-scale 
civil works, land acquisition, and permitting requirements. The FSRU retrofit alternative shows 
moderate cost levels, reflecting the balance between vessel-based infrastructure and offshore 
installation requirements. 

Overall, the analogous estimation provides a direct cost representation at the target capacity, 
capturing variations in system configuration and infrastructure requirements across different LNG 
regasification alternatives. These results serve as a reference for subsequent comparison with scaling-
based estimation in the following section. 

4.2. Comparative Analysis of Cost Estimation Methods 

A comparative analysis is conducted to evaluate the consistency between the cost–capacity 
scaling method and the analogous estimation approach for LNG regasification systems at a capacity 
of 100 MMSCFD. The comparison is based on the scaling results presented in Table 5. 

Table 5. Comparison of Cost Estimation Methods at 100 MMSCFD. 

Alternative Cost–Capacity 
Scaling (MUSD) 

Analogous Method 
(MUSD) 

Offshore Platform 
Conversion 112.4 86.1 

FSRU Retrofit 159.76 109.8 
Onshore LNG Terminal 220.19 295.1 

For the offshore platform conversion alternative, the scaling method yields an estimated cost of 
112.40 MUSD, while the analogous estimation results in 86.10 MUSD. This corresponds to an absolute 
difference of 26.30 MUSD, or approximately 30.6%, indicating that the scaling method overestimates 
the cost for this configuration. 

For the FSRU retrofit alternative, the scaling-based estimate is 159.76 MUSD compared to 109.80 
MUSD from the analogous method. The resulting difference of 49.96 MUSD, or approximately 45.5%, 
further confirms the tendency of the scaling approach to overestimate costs for offshore-based 
systems. 

In contrast, for the onshore LNG terminal, the scaling method produces a lower estimate of 
220.19 MUSD, whereas the analogous estimation results in 295.10 MUSD. This corresponds to an 
absolute difference of −74.91 MUSD, or approximately −25.4%, indicating that the scaling method 
underestimates the cost for this alternative. 

These results reveal a clear inconsistency in the performance of the cost–capacity scaling method 
across different LNG regasification configurations. The method tends to overestimate costs for 
offshore-based systems while underestimating costs for onshore LNG terminal. 

The observed variation suggests that the use of a single scaling exponent assumes a uniform 
cost–capacity relationship that does not adequately capture differences in system configuration, 
infrastructure requirements, and construction scope. In contrast, the analogous estimation approach 
reflects these variations through the use of representative project data, resulting in a more realistic 
estimation of cost at the target capacity. 

4.3. Analysis of Cost–Capacity Scaling Behavior 

4.3.1. Back-Calculation of Effective Scaling Exponent 

To further investigate the discrepancy between the cost–capacity scaling method and the 
analogous estimation results, a back-calculation approach is applied to derive the effective scaling 
exponent for each LNG regasification alternative. 

Based on the cost–capacity relationship presented in Equation (1), the scaling exponent can be 
derived as: 
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𝑛∗ = ቆln𝐶ଵ଴଴௔௡௔௟௢௚௢௨௦ ௘௦௧௜௠௔௧௘ 𝐶ଶ଴ൗlnሺ100 20⁄ ሻ ቇ  (10)

In this analysis, the reference cost at 20 MMSCFD is used as 𝐶ଶ଴, while the cost at 100 MMSCFD 
obtained from the analogous estimation is used as 𝐶ଵ଴଴. This approach allows the identification of 
the implied scaling behavior based on empirical data. 

The calculated effective scaling exponents for each LNG regasification configuration are 
summarized in Table 6. 

Table 6. Effective Scaling Exponent for LNG Regasification Alternatives. 

Alternative Effective Scaling Exponent (n*) 

Offshore Platform Conversion 0.43 
FSRU Retrofit 0.37 

Onshore LNG Terminal 0.78 

4.3.2. Interpretation of Alternative-Specific Scaling Behavior 

The variation in effective scaling exponents indicates that cost–capacity relationships differ 
across LNG regasification configurations. 

Offshore platform conversion exhibits a lower exponent (≈0.43) due to infrastructure reuse, 
which reduces additional construction requirements. The FSRU retrofit shows an even lower 
exponent (≈0.37), reflecting its modular vessel-based system that enables relatively efficient capacity 
expansion. In contrast, the onshore LNG terminal demonstrates a higher exponent (≈0.78), driven by 
the dominance of civil works and site-specific infrastructure that scale more aggressively with 
capacity. 

These results indicate that the assumption of a uniform scaling exponent does not adequately 
represent different system configurations. Instead, scaling behavior is configuration-dependent and 
influenced by the degree of infrastructure reuse and construction intensity. 

Based on these findings, this study identifies alternative-specific effective scaling exponents that 
may serve as indicative references for similar LNG regasification projects at the conceptual design 
stage. 

4.4. Schedule Estimation Results 

The project schedule for each LNG regasification alternative is estimated using a top-down 
approach at the conceptual design stage, considering key factors such as engineering complexity, 
long-lead equipment procurement, offshore installation constraints, and construction sequencing. 

Key activities influencing the project timeline include the procurement of major equipment such 
as vaporizers, LNG pumps, and utility systems, as well as installation constraints related to offshore 
operations and weather conditions. In addition, onshore LNG terminal development involves 
extensive civil works and permitting processes, which significantly affect the overall project duration. 

The estimated project durations for each LNG regasification alternative are summarized in Table 
7. 

Table 7. Schedule Comparison of LNG Regasification Alternatives. 

Alternative Estimated Duration 
Offshore Platform Conversion 19 months 

FSRU Retrofit 26 months 
Onshore LNG Terminal 36 months 
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As shown in Table 7, offshore platform conversion provides the shortest development timeline, 
followed by the FSRU retrofit, while the onshore LNG terminal requires significantly longer 
construction time. 

The shorter schedule for offshore platform conversion is primarily attributed to the reuse of 
existing infrastructure, which reduces the need for extensive construction and installation activities. 
The FSRU retrofit alternative also benefits from relatively faster deployment due to its modular 
nature, although additional time is required for vessel conversion and offshore integration. 

In contrast, the onshore LNG terminal exhibits the longest project duration, driven by large-scale 
civil works, land preparation, and more complex permitting requirements. These factors contribute 
to extended construction timelines and higher exposure to project delays. 

To further illustrate the sequencing of major project activities, the detailed master schedules for 
each alternative are presented in Figures 1–3. 

 

Figure 1. Gantt Chart of Project Schedule for Offshore Platform Conversion. 

 

Figure 2. Gantt Chart of Project Schedule for FSRU Retrofit. 

 
Figure 3. Gantt Chart of Project Schedule for Onshore LNG Terminal. 
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4.5. Technical Maturity Assessment 

To incorporate qualitative aspects that cannot be directly quantified through techno-economic 
analysis, the technical maturity of each LNG regasification alternative is evaluated using expert 
judgment through a focused group discussion (FGD). 

The assessment considers factors such as technology readiness, system complexity, operational 
reliability, and ease of implementation. Experts are asked to perform pairwise comparisons between 
alternatives using the AHP scale to determine which alternative is more technically mature and easier 
to implement. The results of these evaluations are structured into a pairwise comparison matrix, as 
shown in Table 8. 

Table 8. Expert Pairwise Comparison Results for Technical Maturity. 

Criteria Offshore FSRU Onshore 
Offshore 1.000 0.794 0.581 

FSRU 1.260 1.000 0.822 
Onshore 1.721 1.217 1.000 

The pairwise comparison results are aggregated using the geometric mean method to obtain a 
representative judgment across all experts. The resulting comparison matrix is then normalized to 
derive the priority weights for each alternative, as presented in Table 9. 

Table 9. Normalized Priority Weights for Technical Maturity. 

Criteria Offshore FSRU Onshore Overall Score 

Offshore 0.251 0.264 0.242 0.252 
FSRU 0.316 0.332 0.342 0.330 

Onshore 0.432 0.404 0.416 0.418 

The results indicate that the onshore LNG terminal achieves the highest technical maturity score 
(41.76%), followed by the FSRU retrofit (33.02%) and offshore platform conversion (25.22%). 

This ranking reflects the maturity level of each system configuration. Onshore LNG terminals 
are widely implemented and supported by established engineering practices, resulting in higher 
confidence in their operability and reliability. The FSRU retrofit alternative demonstrates moderate 
technical maturity due to its proven deployment in various regions, although it involves offshore 
integration challenges. 

In contrast, offshore platform conversion shows the lowest technical maturity, primarily due to 
its dependence on platform-specific conditions, structural constraints, and integration complexity. 
As a relatively less established approach, it introduces higher uncertainty compared to conventional 
LNG regasification systems. 

The results satisfy the consistency requirement, indicating that the pairwise comparisons are 
consistent. 

4.6. Multi-Criteria Evaluation Using AHP 

4.6.1. AHP Framework and Hierarchical Structure 

To complement the techno-economic analysis, a multi-criteria evaluation is conducted using the 
Analytic Hierarchy Process (AHP) to assess the overall feasibility of LNG regasification alternatives. 

The evaluation is based on three main criteria, namely cost, project schedule, and technical 
maturity, as defined in Section 3.4. Quantitative criteria, including cost and schedule, are derived 
from the techno-economic analysis results presented in Sections 4.1 and 4.4, respectively, while 
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technical maturity is assessed based on expert judgment as discussed in Section 4.5. The hierarchical 
structure of the AHP model used in this study is illustrated in Figure 4. 

 

Figure 4. AHP Hierarchical Structure. 

4.6.2. Scenario Definition for AHP Evaluation 

To evaluate the influence of cost estimation methods on the overall feasibility assessment, two 
evaluation scenarios are defined based on different cost estimation approaches applied to the 100 
MMSCFD case. 

• Case 1: Cost estimation derived using the cost–capacity scaling method.  
• Case 2: Cost estimation derived using the analogous estimation method.  

These scenarios are incorporated into the AHP evaluation to assess how differences in cost 
estimation influence the overall feasibility ranking of LNG regasification alternatives. 

4.6.3. Cost Pairwise Construction 

To incorporate cost as a quantitative criterion within the AHP framework, the cost estimation 
results presented in Section 4.1 are transformed into pairwise comparison matrices using a ratio-
based approach. In this method, the relative preference between alternatives is determined based on 
the ratio of their estimated costs, where lower cost indicates higher preference. 

Given that two cost estimation approaches are applied in this study, namely cost–capacity 
scaling and analogous estimation, the pairwise comparison for cost is constructed separately for each 
scenario. This allows the evaluation to capture how differences in cost estimation methods influence 
the relative preference between LNG regasification alternatives. 

For the scaling-based scenario, the pairwise comparison matrix is derived from the estimated 
costs obtained using the cost–capacity scaling method. The resulting matrix reflects the relative cost 
efficiency among offshore platform conversion, FSRU retrofit, and onshore LNG terminal, as shown 
in Table 10. 

Table 10. Pairwise Comparison Matrix for Cost Criterion Based on Scaling Method. 

Criteria Offshore FSRU Onshore 
Offshore 1.000 1.421 1.959 

FSRU 0.704 1.000 1.378 
Onshore 0.510 0.726 1.000 
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The normalized priority weights obtained from the scaling-based pairwise matrix indicate that 
offshore platform conversion has the highest cost preference, followed by the FSRU retrofit and the 
onshore LNG terminal, as detailed in Table 11. 

Table 11. Cost Priority Weights (Scaling Method). 

Alternatives Offshore FSRU Onshore Overall Score 
Offshore 0.452 0.452 0.452 0.452 

FSRU 0.318 0.318 0.318 0.318 
Onshore 0.231 0.231 0.231 0.231 

Similarly, for the analogous estimation scenario, the pairwise comparison matrix is constructed 
using cost values derived from representative project data at 100 MMSCFD. This approach captures 
system-specific cost characteristics that are not reflected in the scaling-based method, as summarized 
in Table 12. 

Table 12. Pairwise Comparison Matrix for Cost Criterion Based on Analogous Method. 

Alternatives Offshore FSRU Onshore 
Offshore 1.000 1.275 3.427 

FSRU 0.784 1.000 2.688 
Onshore 0.292 0.372 1.000 

The resulting priority weights from the analogous-based matrix show a similar ranking pattern, 
with offshore platform conversion remaining the most cost-efficient alternative, followed by the 
FSRU retrofit, while the onshore LNG terminal exhibits the lowest cost preference, as documented in 
Table 13. 

Table 13. Cost Priority Weights (Analogous Method). 

Alternatives Offshore FSRU Onshore Overall Score 
Offshore 0.482 0.482 0.482 0.482 

FSRU 0.378 0.378 0.378 0.378 
Onshore 0.141 0.141 0.141 0.141 

It is noted that the normalized values across columns in the cost priority weights are identical. 
This occurs because the pairwise comparisons are constructed directly from quantitative cost ratios, 
resulting in a perfectly consistent matrix. Consequently, the normalization process yields uniform 
values across columns, reflecting the deterministic nature of the data-driven comparison. 

Overall, the transformation of cost data into pairwise comparisons enables consistent integration 
of quantitative cost information into the AHP framework, while also allowing the influence of 
different cost estimation methods to be explicitly evaluated in the decision-making process. 

4.6.4. Schedule Pairwise Construction 

To incorporate project schedule as a quantitative criterion within the AHP framework, the 
estimated project durations presented in Section 4.4 are transformed into pairwise comparison 
matrices using an inverse ratio-based approach. In this method, alternatives with shorter project 
durations are assigned higher preference, reflecting their advantage in faster implementation. 

The pairwise comparison values are derived by comparing the relative project durations among 
offshore platform conversion (19 months), FSRU retrofit (26 months), and onshore LNG terminal (36 
months). The resulting ratios indicate that offshore platform conversion is preferred over both FSRU 
and onshore alternatives, while FSRU is preferred over onshore due to its shorter development 
timeline, as established in Table 14. 
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Table 14. Schedule Pairwise Matrix. 

Alternatives Offshore FSRU Onshore 
Offshore 1.000 1.368 1.895 

FSRU 0.731 1.000 1.385 
Onshore 0.528 0.722 1.000 

The normalized priority weights derived from the schedule pairwise matrix indicate that 
offshore platform conversion has the highest preference in terms of schedule efficiency, followed by 
the FSRU retrofit and the onshore LNG terminal, as displayed in Table 15. 

Table 15. Schedule Priority Weights. 

Alternatives Offshore FSRU Onshore Overall 
Score 

Offshore 0.443 0.443 0.443 0.443 
FSRU 0.324 0.324 0.324 0.324 

Onshore 0.234 0.234 0.234 0.234 

Similar to the cost criterion, the normalized values across columns are identical. This is due to 
the use of direct ratio-based transformation from quantitative schedule data, resulting in a perfectly 
consistent pairwise comparison matrix. As a consequence, the normalization process yields uniform 
values across columns, reflecting the deterministic nature of the schedule evaluation. 

Overall, this approach enables the integration of schedule performance into the AHP framework 
in a consistent and objective manner, ensuring comparability with other evaluation criteria while 
preserving the underlying quantitative characteristics of project duration. 

4.6.5. Criteria Weighting 

The AHP evaluation incorporates expert judgment obtained through a focused group discussion 
(FGD) to determine the relative importance of the evaluation criteria. This approach enables the 
inclusion of qualitative considerations, such as technology readiness, integration complexity, and 
implementation feasibility, which cannot be directly quantified at the conceptual design stage. 

Through pairwise comparisons among criteria, the corresponding weights are derived within 
the AHP framework, as presented in Table 16. 

Table 16. AHP Criteria Weights and Descriptions. 

Criteria Description Weight (%) 
Cost Relative CAPEX requirement and cost efficiency 43.17% 

Schedule Construction duration and exposure to delays 31.91% 
Technical Maturity Engineering complexity, integration effort, and operability 24.92% 

The calculated CR value is 0.031, indicating acceptable consistency of the pairwise comparisons. 

4.6.6. Overall Evaluation Results and Ranking 

The overall evaluation results for Case 1 and Case 2 are presented in Tables 17 and 18, which 
summarize the aggregated scores of each LNG regasification alternative based on the weighted 
criteria of cost, schedule, and technical maturity. 
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Table 17. Overall AHP Evaluation Results and Ranking (Case 1). 

Alternatives Cost 
(43.17%) 

Schedule 
(31.91%) 

Technical maturity 
(24.92%) 

Overall 
results 

Offshore Platform 
Conversion 0.452 0.443 0.252 0.399 

FSRU Retrofit 0.318 0.324 0.330 0.323 
Onshore Terminal 0.231 0.234 0.418 0.278 

Table 18. Overall AHP Evaluation Results and Ranking (Case 2). 

Alternatives Cost  
(43.17%) 

Schedule  
(31.91%) 

Technical maturity 
(24.92%) 

Overall 
results 

Offshore Platform 
Conversion 

0.482 0.443 0.252 0.412 

FSRU Retrofit 0.378 0.324 0.330 0.349 
Onshore Terminal 0.141 0.234 0.418 0.239 

4.6.7. Interpretation of Scenario-Based Results 

The evaluation results for Case 1 and Case 2 consistently identify offshore platform conversion 
as the most feasible alternative, followed by the FSRU retrofit, while the onshore LNG terminal 
remains the least favorable alternative. This consistency indicates that the overall ranking is robust 
with respect to the cost estimation approach. 

However, the influence of cost estimation methods becomes evident in the magnitude of the 
evaluation scores. Under Case 1, where cost is derived using the cost–capacity scaling method, the 
overall score of offshore platform conversion is relatively lower (0.399), resulting in a narrower gap 
with the FSRU retrofit (0.323). In contrast, under Case 2, where cost is estimated using the analogous 
method, the offshore alternative achieves a higher overall score (0.412), increasing its separation from 
the FSRU alternative (0.349). 

These results indicate that the cost–capacity scaling method tends to reduce the relative 
advantage of offshore platform conversion, whereas the analogous estimation approach enhances its 
competitiveness. The difference arises from how each method captures cost behavior at higher 
capacity: the scaling method applies a uniform assumption that does not capture infrastructure reuse 
effects, while the analogous method incorporates system-specific characteristics more explicitly. 

As a result, although the ranking remains unchanged, the strength of preference varies across 
scenarios. This highlights that cost estimation methods influence not only absolute cost values but 
also the degree of confidence in the decision outcome. 

4.6.8. Sensitivity Analysis  

A sensitivity analysis is performed by varying the criteria weights (cost, schedule, and technical 
maturity) while maintaining normalization through proportional adjustment. The analysis is based 
on the analogous estimation case presented in Table 18, and the results are summarized in Tables 19–
21. 

Table 19. Sensitivity Analysis Results (Cost). 

Sensitivity 
Criteria Variable 

Initial 
Weight 

Weight Change Alternative 
Ranking 
Change 

Increase 
10% 

Increase 
30% 

Increase 
50% 

Decrease 
10% 

Weight 

Cost Cost 43.17% 53.17% 73.17% 93.17% 33.17% No change in 
ranking Schedule 31.91% 26.30% 15.07% 3.84% 37.53% 
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Technical 
Maturity 24.92% 20.54% 11.77% 3.00% 29.30% 

Alternative 
Offshore 0.406 0.424 0.449 0.473 0.400 

FSRU 0.338 0.354 0.364 0.374 0.343 
Onshore 0.257 0.222 0.187 0.152 0.257 

Table 20. Sensitivity Analysis Results (Schedule). 

Sensitivity 
Criteria Variable Initial 

Weight 

Weight Change Alternative 
Ranking 
Change 

Increase 
10% 

Increase 
30% 

Increase 
50% 

Decrease 
10% 

Schedule 

Cost 43.17% 36.83% 24.15% 11.47% 49.51% 

No change in 
ranking 

Schedule 31.91% 41.91% 61.91% 81.91% 21.91% 
Technical 
Maturity 24.92% 21.26% 13.94% 6.62% 28.58% 

Alternative 
Offshore 0.406 0.417 0.426 0.435 0.408 

FSRU 0.338 0.345 0.338 0.330 0.352 
Onshore 0.257 0.238 0.237 0.235 0.240 

Table 21. Sensitivity Analysis Results (Technical Maturity). 

Sensitivity 
Criteria 

Variable Initial 
Weight 

Weight Change Alternative 
Ranking 
Change 

Increase 
10% 

Increase 
30% 

Increase 
50% 

Decrease 
10% 

Technical 
Maturity 

Cost 43.17% 37.42% 25.92% 14.42% 48.92% 

There is a 
change in 
ranking 

Schedule 31.91% 27.66% 19.16% 10.66% 36.16% 
Technical 
Maturity 

24.92% 34.92% 54.92% 74.92% 14.92% 

Alternative 
Offshore 0.406 0.391 0.348 0.306 0.433 

FSRU 0.338 0.346 0.341 0.336 0.351 
Onshore 0.257 0.263 0.311 0.358 0.216 

In contrast, variations in technical maturity significantly affect the ranking. As its weight 
increases, the onshore LNG terminal, which has the highest technical maturity score, improves its 
position and eventually surpasses the offshore alternative. This indicates that the evaluation is 
sensitive to changes in technical maturity. 

4. Conclusions 

This study presents an integrated techno-economic and multi-criteria evaluation of LNG 
regasification alternatives at the conceptual design stage, comparing offshore platform conversion, 
FSRU retrofit, and onshore LNG terminal under a 100 MMSCFD capacity scenario. By combining cost 
estimation, project schedule assessment, and technical maturity evaluation within an AHP 
framework, the study provides a structured basis for comparing alternative infrastructure solutions. 

The results demonstrate that the conventional cost–capacity scaling approach, when applied 
using a uniform exponent of 0.6, does not adequately capture the cost behavior of different LNG 
regasification configurations. The method tends to overestimate costs for offshore-based systems 
while underestimating costs for onshore terminal. Through back-calculation, this study identifies 
alternative-specific effective scaling exponents, approximately 0.43 for offshore platform conversion, 
0.37 for FSRU retrofit, and 0.78 for onshore LNG terminal. These results indicate that cost–capacity 
relationships are strongly influenced by system characteristics such as infrastructure reuse, 
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modularity, and construction intensity. While these values are not intended to be universally 
applicable, they provide indicative references that highlight the limitation of applying a single 
uniform scaling exponent across different system configurations. 

The multi-criteria evaluation results indicate that offshore platform conversion consistently 
achieves the highest feasibility ranking across both evaluation scenarios, followed by FSRU retrofit, 
while the onshore LNG terminal ranks lowest. Although the ranking remains unchanged, the 
analysis shows that the choice of cost estimation method affects the magnitude of score differences, 
thereby influencing the strength of preference among alternatives. In particular, the use of analogous 
estimation enhances the relative competitiveness of offshore-based solutions, whereas the scaling 
method tends to reduce this advantage. 

From a methodological perspective, this study demonstrates the importance of integrating 
quantitative techno-economic data with structured decision-making tools in early-stage project 
evaluation. The findings highlight that cost estimation methods influence not only absolute cost 
values but also decision outcomes within multi-criteria frameworks. From a practical standpoint, 
offshore platform-based LNG regasification emerges as a competitive alternative, particularly in 
regions with existing offshore assets and decommissioning pressures. 

Nevertheless, this study is limited by its reliance on conceptual-level cost estimates based on 
AACE Class 5 and case-specific assumptions related to system configuration and input data. The 
derived scaling exponents should therefore be interpreted as indicative rather than universally 
applicable. Future research should incorporate higher-accuracy cost estimates, detailed engineering 
design, and broader datasets to further validate the observed scaling behavior and improve the 
robustness of decision-making frameworks. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

AACE Association for the Advancement of Cost Engineering International 
AHP Analytic Hierarchy Process 
BOG Boil-Off Gas 
CAPEX Capital Expenditure 
CI Consistency Index 
CR Consistency Ratio 
EPC Engineering, Procurement, and Construction 
ESD Emergency Shutdown 
FGD Focused Group Discussion 
FSRU Floating Storage and Regasification Unit 
FSU Floating Storage Unit 
HP High Pressure 
IFV Intermediate Fluid Vaporizer 
LNG Liquefied Natural Gas 
LNGC Liquefied Natural Gas Carrier 
MMSCFD Million Standard Cubic Feet per Day 
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MUSD Million US Dollars 
ORV Open Rack Vaporizer 
PRU Platform Regasification Unit 

Appendix A. Supporting Technical Data 

Appendix A.1 Specification Comparison of LNG Regasification Alternatives 

The detailed technical specifications of the LNG regasification alternatives considered in this 
study are summarized in Table A1. 

Table A1. Specification Comparison of LNG Regasification Alternatives. 

Category Rig Conversion (PRU + FSU) FSRU Retrofit (Conversion) Onshore LNG Termina
l 

Overall Con
cept 

Existing offshore platform conver
ted into a Platform Regas Unit (P
RU) with LNG supply from a sep

arate FSU. 

Second-
hand LNGC retrofitted to fu
nction as a Floating Storage 
& Regasification Unit (FSRU

). 

Full greenfield EPC dev
elopment for LNG recei
ving storage, regasificati

on, and delivery. 

Key Regasifi
cation Equip

ment 

•Modular Regas skids installed o
n deck 

• 2 × 50 m³/hr HP pumps 
• 2 × SW/GW heaters 

• 2 × GW pumps 

• Modular Regas skids insta
lled on deck 

• 2 × 50 m³/hr HP pumps 
• 2 × SW/GW heaters 

• 2 × GW pumps 

• ORV-
based regasification syst

em 
• 2 × SW pumps 

NG Transfer
 System 

Cryogenic hose transfer from FS
U via QCDC/ESD-capable system 

Cryogenic hose transfer fro
m FSU via QCDC/ESD-

capable system 

Jetty-
mounted MLA (liquid + 
vapor arms) for LNG un

loading 

Storage Syst
em 

• FSU: full LNG storage 
• two 1,000 m³ buffer tanks on de
ck for flow/temperature stability 

• Combined LNG storage a
nd regas capability 

• BOG management system 

• Two full-
containment onshore ta
nks (130,000 m³ total) 

Power / Utili
ty Systems 

Reuse of existing power, utilities,
 and safety systems  

Dedicated power generation
 sized for regas + utilities; ad
ditional BOG management 

Onshore power supply, 
instrument air, water, dr

ain, flare systems 

Pipeline Syst
em 

Reuse of existing subsea export p
ipeline, reinstated for continuous 

gas send-out 

New subsea gas export pipel
ine to onshore tie-in 

Onshore cryogenic & se
nd-

out pipeline to national 
grid 

Constructio
n & Installati
on Character

istics 

• Removal of legacy topside 
• Deck reinforcement 

• Modular installation via offsho
re lift-and-hook-up 

• Shipyard retrofit of hull an
d systems 

• Nearshore spread moorin
g installation 

• Extensive civil works (
roads, drainage, buildin

gs) 
• Tank foundation & ere

ction 
• Marine infrastructure 

package (jetty/trestle) 

Major Exclu
ded Scope 

Mooring system installation (sep
arate package) 

Mooring installation (separa
te marine package) 

Jetty & trestle civil work
s (separate marine pack

age) 

Appendix A.2. Engineering Overview 

The engineering characteristics of each LNG regasification alternative, including design type, 
complexity, and duration, are presented in Table A2. 

Table A2. Engineering comparison of LNG regasification alternatives. 

Aspect Rig Conversion FSRU Conversion Onshore Terminal 
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Type Retrofit  Retrofit Greenfield 
Engineering Foc

us 
Interface & modular

 integration 
Shipyard retrofit & power

/safety upgrade 
Civil, marine & tank desi

gn 
Design Complexi

ty 
Low–Medium High Very High 

Class / Permit Re
quirement MODU re-approval 

IGC & hull modification a
pproval 

Full national civil constru
ction approval 

Engineering Dur
ation Shortest (6 months) Moderate (11 months) Longest (17 months) 

Appendix A.3. Procurement Data and Equipment Specification 

Detailed procurement requirements, including key equipment specifications and lead times, are 
summarized in Table A3. 

Table A3. Procurement comparison of LNG regasification systems and equipment. 

Equipment Category Rig Conversio
n FSRU (Conversion) Onshore LNG Ter

minal 
Lead Tim

e (M) 

LNG Vaporizers 

2 × 50 MMSCF
D S/T Type wi
th SW/GW he

ating 

2 × 50 MMSCFD S/T 
Type with SW/GW h

eating 

2 × 50 MMSCFD O
RV systems with se

awater heating 

Rig 10M 
FSRU 10
M Onsho

re 15M 

HP LNG Pumps 

2 × 100 m³/h H
P Pump (75 ba

rg send-
out), skid-
mounted 

2 × 100 m³/h HP Pum
p (75 barg send-

out), skid-mounted 

2 × 100 m³/h HP Pu
mp (tank to vapori

zer) 
12M 

LNG Storage 

2 × 1,000 m³ S
uction Tanks +
 135,000 m³ FS

U capacity 

135,000 m³ Storage ca
pacity 

2 × 65,000 m³ Full C
ontainment Tanks (

130,000 m³ total) 

Rig 14M 
FSRU 14
M Onsho

re 24M 

BOG Compressor & 
Recondenser 

Reuse existing
 compressor 

3 Sets LP BOG Comp
ressor + LNG Recond
enser 900 kg/h (8 bar

g) 

3 Sets LP BOG Com
pressor + LNG Rec
ondenser 900 kg/h (

8 barg) 

FSRU 12
M Onsho

re 12M 

Cryogenic Transfer S
ystem 

Cryogenic hos
e system (QC

DC, ESD-
capable) conn
ected to FSU 

Cryogenic hose (QC
DC, ESD-

capable) for LNGC S
TS loading 

Marine loading ar
ms at jetty (MLA se

t) 

Rig 9M F
SRU 9M 
Onshore 

16M 

Power Generation 

Use existing ri
g power syste
m (no new ge

nsets) 

2 × Dual-
Fuel Gensets (gas/die

sel, 2 MW total) 

Grid connection + 1
 × ESG (Emergency 
Standby Generator) 

FSRU 16
M Onsho

re 9M 

Seawater System 

2 × SW Pumps
 (1,400 m³/h) + 
plate heat exc

hanger 

2 × SW Pumps (1,400 
m³/h) + plate heat exc

hanger 

2 × SW Intake Pum
ps + filtration unit o

n structure 
12M 

GW Circulation Syst
em 

2 × GW Pump
s (900 m³/h) + 

closed-
loop piping 

2 × GW Pumps (900 
m³/h) + closed-

loop piping 

Not applicable (OR
Vs used) 

Rig 6M F
SRU 6M 
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Send-out Pipeline 
Reuse existing
 subsea export

 line 

New subsea pipeline 
to shore 

New onshore cryog
enic and send-

out pipeline 

FSRU 12
M Onsho

re 9M 

Metering System 
Reuse existing

 system 
New NG metering sy

stem 
New NG metering 

system 

FSRU 8M
 Onshore 

8M 

Safety Equipment 

Modify and re
use HVAC, ES
D, F&G, and n
itrogen system

s 

New F&G, Nitrogen, 
Air Compressor, Fire

fighting System 

Firewater, HVAC, 
Nitrogen Skid, Inst
rument Air, Flare S

ystem 

Rig 6M F
SRU 8M 
Onshore 

12M 

Other Utility System
s 

Reuse Sewage,
 FW, FW Supp

ly 

Add Sewage Treatm
ent for Crew 

Service Water, Fire 
Water, Sanitary, Di
esel Tank for ESG 

Rig 6M F
SRU 9M 
Onshore 

12M 

C&I System 
Modify existin
g IAS, add PS

D/ESDS 

Modify existing IAS, 
add PSD/ESDS 

New ICSS System 

Rig 8M F
SRU 8M 
Onshore 

10M 

Telecommunication 
System 

Modify and re
use PAGA, C
CTV, Radio, S

SL 

Add PAGA, CCTV, 
Radio, SSL 

PAGA, CCTV, SSL 
System 

Rig 6M F
SRU 8M 
Onshore 

12M 

Appendix A.4. Construction Characteristics 

The construction philosophies, locations, and implementation approaches for each LNG 
regasification alternative are presented in Table A4. 

Table A4. Construction characteristics of LNG regasification alternatives. 

Category Rig Conversion (FRU + FSU) FSRU Conversion Onshore LNG Terminal 

Constructio
n Philosoph

y 

Modular pre-
fabrication with offshore lift-

and-hook-
up; reuse of existing structure a

nd pipeline. 

Shipyard retrofit of hull, 
utilities, safety, and Rega
s system; short offshore 

hook-up. 

Greenfield civil-
first development with tank, u
tility, and Regas installation. 

Constructio
n Location 
& Accessibi

lity 

Modules fabricated onshore; ins
tallation at offshore site with li
mited access and weather depe

ndency. 

Retrofit performed in shi
pyard (good accessibility

); offshore tie-
in afterward. 

Work executed mainly at onsh
ore site with broad access; hea
vy equipment logistics require

d. 

Offshore / 
Onshore Int

erface 

Interfaces: FRU–
FSU SBS transfer, subsea send-

out tie-
in; limited marine works. 

Interfaces: FSRU–
shore subsea pipeline + o
nshore receiving facility. 

Interfaces: MLA–jetty–
cryogenic pipe; marine and la
nd interfaces throughout const

ruction. 

Safety Cons
iderations 

Offshore SIMOPS, heavy lifting,
 weather window control. 

Shipyard hot-
work control, confined-

space retrofit, class-
supervised safety review

. 

Wide-
area civil works, heavy transp
ort, marine jetty operations, ex

tensive HSE management. 

Constructio
n Sequenci

ng 

Module transport → heavy lift 
→ hook-

up → commissioning (shortest). 

Shipyard retrofit → trans
port → offshore connecti

on → commissioning. 

Civil works → tank foundatio
n/erection → utilities/regas ins
tallation → commissioning (lo

ngest). 
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