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I. Research Motivation and Objectives

“Korea is approaching 50,000 FCEVs, yet refueling capacity is lagging—calling for strong national support to 
close the gap.” (Industry reports, 2025)

• Thanks to steady FCEV roll-outs and expanded purchase subsidies from the Ministry of Environment, Korea is on track to 
surpass 50,000 vehicles this year, maintaining the world’s highest market share.

• Yet infrastructure has stalled for years— Seoul has only nine HRS in operation.

• Investment remains hard to mobilize due to high upfront CAPEX, uncertain profitability, safety regulations, and local 
community opposition
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I. Research Motivation and Objectives

“On-site HRS can cut logistics and improve operational efficiency; early-stage build 
support is still crucial.” (Industry reports, 2025)

• Off-site HRS: Receives hydrogen produced at external plants and delivered by tube trailers or pipelines.

• On-site HRS: Produces hydrogen on site (e.g., electrolysis/SMR) and dispenses it directly to vehicles; higher 
CAPEX but lower hydrogen cost.
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I. Research Motivation and Objectives
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 Research Objectives

• To select candidate HRS sites in Seoul by objectively evaluating social, technical, and economic factors 
using a multi-criteria decision-making (MCDM) approach.

• To quantify the economic value and optimal investment timing at each site by explicitly modeling the 
option to convert from off-site supply to on-site production.

Candidate Site Selection Off-site Build Option On-site Conversion Option
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I. Research Motivation and Objectives

 Key Prior Studies
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Ⅱ.  Selection of Candidate HRS Sites

Multi-Criteria Evaluation System

• Urban HRS siting must reflect diverse social and economic factors. We therefore build a multi-criteria 
evaluation system for Seoul’s 423 administrative districts, with four factor blocks: Safety, Population, 
Demand, and Geography.

• We apply CRITIC to derive objective weights and TOPSIS to obtain the final composite ranking and shortlist 
candidate sites.
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Ⅱ.  Selection of Candidate HRS Sites

Multi-Criteria Evaluation System

78%
1,580만명

Factor blocks*

Seoul’s 423 
administrative 

districts

Safety

Population

Demand

Geography

Objective weights via 
CRITIC

Final ordering 
via TOPSIS

* Factor blocks follow commonly used criteria in HRS siting studies: safety buffers and sensitive receptors, population exposure, refueling demand, and land-price constraints (e.g., Li, 2023; Kim, Eom, & Kim, 2020; Zhao, 2024)
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Ⅱ. Selection of Candidate HRS Sites
2.1 Factor Selection Criteria

 Safety factor: 

- Anticipated public opposition and accident risk near hazardous facilities.
- Count of Type-1 protective facilities (hospitals + schools) within each administrative district.

 Population factor: 

- Resident population ratio by administrative district (monthly average, 2024).

 Demand factor:

- Registered hydrogen vehicles by district (as of Dec 2024).

 Geography factor:

- Average land price by district (Seoul Open Data Plaza, Official Land Price). 
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Ⅱ. Selection of Candidate HRS Sites

2.2 Factor Weighting

CRITIC (Criteria Importance Through Intercriteria Correlation) 

• Computes objective weights from (i) standard deviation of each criterion and (ii) its correlation with other 
criteria. Criteria with high dispersion and low redundancy receive larger weights.

Standard deviation Inter-criterion correlation Information content for criterion
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Ⅱ. Selection of Candidate HRS Sites

2.3 Ranking by Suitability

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) 

• Ranks each district by its closeness to the positive-ideal solution and distance from the negative-ideal 
solution, using the CRITIC-weighted criteria.

Step 1. Normalization

Step 2. Determine the Positive-Ideal and Negative-Ideal

Step 3. Compute Separation Measures

Step 4. Compute Relative Closeness and Rank
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2.4 Final Candidate Set

• Prior work suggests roughly 1 HRS per 100–150 FCEVs (Kim, Eom & Kim, 2020). With ≈2,200 FCEVs in Seoul, 
about 14 stations are needed as a planning benchmark.

• We exclude candidates within 2.5 km of existing HRS or of top-ranked newly sited stations (to avoid spatial 
clustering).

• Final five candidates selected:
Guro 3-dong, Gayang 1-dong, Jingwan-dong, Gangil-dong, Gil-dong.

5
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Ⅲ. Optimal Investment Strategy by Site

 Compound Real Option
• Under uncertain future cash flows, determine when and how to invest to maximize economic value, leading to 

staged decisions.

In this study: two embedded options

Stage 1 — Off-site HRS Build Option

Stage 2 — On-site Production Upgrade 
Option

5

• Dynamic decisions are solved by an LSMC scheme 
with backward induction along 20-year price–
demand paths.
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Ⅲ. Optimal Investment Strategy by Site

5

78%
1,580만명

1. Basic assumptions

1-1. Hydrogen Market Price

1-2. Station Throughput (Demand)

1-3. Investment Costs with Technological Progress
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Ⅲ. Optimal Investment Strategy by Site

5
5

78%
1,580만명

2. Annual Cash-Flow (CF) Definitions

2-1. Off-site Cash Flow

2-2. On-site Cash Flow
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

78%
1,580만명

78%
1,580만명

Value Function

NPV of On-site Upgrade

Value of the Second-Stage Option

Upgrade now Next year’s expected F2 (wait-and-see value)

• By backward induction, we start from the second-
stage upgrade option 𝐹𝐹2and then feed this value 
into the first-stage build option 𝐹𝐹1.
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

NPV of Off-site Entry

Value of the First-Stage Option
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

Case Analysis
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

Case Analysis
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

Case Analysis
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

• Compute the present expected compound option value 𝐸𝐸 𝐹𝐹1 0 for each candidate site using 
an LSMC Monte Carlo scheme.

• Apply backward induction along simulated price–demand paths to obtain the optimal exercise 
policy (Invest/wait).

• Define investment timing as the modal exercise year across 10,000 paths: off-site start year and, 
if exercised, on-site upgrade year.

Option value if on-
site upgrade 
considered

Off-site start year 
(mode)

Year of on-site 
upgrade (mode)

Option value if 
upgrade ignored

Optimal start year 
w/o upgrade

Guro-3-dong 5.6 2025 2031 3.1 2026

Gayang-1-dong 5 2026 2032 2.3 2027

Jingwan-dong 2.6 2027 2034 1.6 2029

Gangil-dong 3.1 2027 2033 2 2029

Gil-dong 2.3 2028 2035 1.8 2031

Result
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

Sensitivity Analysis: Hydrogen Price & Demand Growth
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• Higher price/demand growth increases option value at all sites, with larger marginal 
gains at lower-ranked sites (Jingwan-dong, Gil-dong).
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Ⅲ. Optimal Investment Timing by Candidate Site

78%
1,580만명

Sensitivity Analysis: Subsidy

• The off-site build subsidy S₁
shifts the optimal start year 
more strongly than the on-
site upgrade subsidy S₂.

• Subsidies mainly accelerate 
investment at marginal sites
(Jingwan-dong, Gil-dong), 
while top-ranked sites (Guro-3, 
Gayang-1) are built early even 
without strong subsidies
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Ⅳ. Conclusion 

• Candidate screening: Using a CRITIC–TOPSIS MCDM system with four factor blocks (Safety, Population, 
Demand, Geography), we ranked Seoul’s 423 administrative dongs and identified five economically and 
socially balanced candidate sites.

• Compound real-options framework: For each candidate, a two-stage option (off-site build → on-site upgrade)
was valued via LSMC Monte Carlo with backward induction, yielding implementable decision rules for build 
and upgrade timing

• Value of flexibility: Relative to a one-stage off-site investment, the compound option delivers higher expected 
value and earlier optimal start/upgrade years, illustrating the economic benefit of retaining on-site upgrade 
flexibility under price and demand uncertainty.

Key findings
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