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ABSTRACT

As South Korea relies entirely on overseas imports for bituminous coal used in power generation, establishing a stable and
environmentally sustainable procurement portfolio has become a core challenge for national energy security. This study
identifies optimal import countries by comprehensively considering empirical measured data on import volume, proximate
analysis, and ultimate analysis of bituminous coal actually used in five major domestic thermal power plants, together with
marine transportation distance as an indicator of environmental sustainability and sovereign credit-based geopolitical risk as
an indicator of energy security. The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), a
multi-criteria decision-making (MCDM) method, was applied to analyze four scenarios: Standard, Environment Priority,
Efficiency Priority, and Security Priority. The results show that Australia and Canada ranked highest in most scenarios,
indicating that they are the most stable import options. In the Environment Priority scenario, however, Indonesia ranked first
because of its geographical proximity. Notably, Russia, despite showing the highest apparent economic feasibility owing to
its short transportation distance and excellent calorific value, ranked at the bottom (7th) in virtually all scenarios because of
its extremely high geopolitical risk. These findings indicate that, beyond conventional procurement practices focused solely
on cost and quality, the environmental burden of transportation and uncertainty in international affairs act as critical constraints
on supply chain optimization. Based on empirical field data, this study proposes a realistic and diversified bituminous coal
import strategy that can simultaneously enhance energy security and reduce carbon emissions, offering meaningful academic

and policy implications.
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Table 1. Top 7 bituminous coal import countries

Rank Country Import Volume (MT)
1 Australia 31,360,603
2 Indonesia 26,527,274
3 Russia 17,349,716
4 Canada 9,903,246
5 Colombia 9,537,915
6 South Africa 6,181,794
7 United States 4,531,689
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Table 2. Basic data of bituminous coal by import

country

. Carbon
Net Calorific L

Import Volume Emission

Country Value
(ton) Factor
(kcal/kg)

(ton C/TJ)
South Africa 3,572,483 5,603.97 26.37
Russia 3,660,203 5,850.52 25.46
Indonesia 1,851,834 4,827.65 26.24
Australia 7,226,286 5,606.94 25.83
Colombia 4,291,657 5,599.55 25.62
United States 469,638 5,125.64 26.48
Canada 706,904 5,170.30 25.55

Table 3. Marine transportation distance and
geopolitical risk by import country

Marine o
Country Transportation | Reference Port (%eopolltlcal
Distance (km) Risk (Grade)
South Africa 15,046 Cape town 4
Russia 946 Vladivosotok 7
Indonesia 4,434 Balikpapan 3
Australia 8,575 Sydney 1
Colombia 15,692 Puerto prodeco 4
United States 9,684 Los angeles 1
Canada 8,623 Vancouver 1
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Table 4. TOPSIS analysis scenarios and weights
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Table 5. TOPSIS decision matrix

X Energy Energy . Energy Energy
Environment . - Environment . .
Efficiency Security Efficiency Security
Criteria Carbon Marine Net . Carbon ) Net o
o . . Geopolitical L Marine . Geopolitical
Emission | Transportation | Calorific . Emission . Calorific .
. Risk Country Transportation Risk
Factor Distance Value Factor . Value
Distance (km) (Grade)
Standard (tC/T)) (kcal/kg)
. 0.167 0.167 0.333 0.333
Scenario South
. 26.33 15,046 5,603.97 4
Environment Africa
Priority 0.3 0.3 0.2 0.2 Russia 25.46 946 5,850.52 7
Scenario Indonesia 26.24 4,434 4,827.65 3
Efficiency Australia 25.83 8,575 5,606.94 1
Priority 0.1 0.1 0.6 02 Colombia | 25.62 15,692 5,599.55 4
Scenario United
Security States 26.48 9,684 5,125.64 1
Priority 0.1 0.1 0.2 0.6 Canada | 2555 8,623 5,170.30 1
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Table 6. TOPSIS weighted normalized matrix
Environment Energy Efficiency Energy Security
. Carbon Emission Marine Transportation . . .
Scenario Country . Net Calorific Value Geopolitical Risk
Factor Distance
(kcal/kg) (Grade)
(tC/T)) (km)
South Africa 0.06 0.09 0.13 0.14
Russia 0.06 0.01 0.14 0.24
Indonesia 0.06 0.03 0.11 0.10
Standard Scenario Australia 0.06 0.05 0.13 0.03
Colombia 0.06 0.10 0.13 0.14
United States 0.06 0.06 0.12 0.03
Canada 0.06 0.05 0.12 0.03
South Africa 0.12 0.17 0.08 0.08
Russia 0.11 0.01 0.08 0.15
. Indonesia 0.11 0.05 0.07 0.06
Environment
Priority S ) Australia 0.11 0.09 0.08 0.02
rlority Scenario Colombia 0.11 0.17 0.08 0.08
United States 0.12 0.11 0.07 0.02
Canada 0.11 0.10 0.07 0.02
South Africa 0.04 0.06 0.23 0.08
Russia 0.04 0.00 0.25 0.15
. Indonesia 0.04 0.02 0.20 0.06
Efficiency -
Priority S . Australia 0.04 0.03 0.24 0.02
riotity weeatio Colombia 0.04 0.06 023 0.08
United States 0.04 0.04 0.21 0.02
Canada 0.04 0.03 0.22 0.02
South Africa 0.04 0.06 0.08 0.25
Russia 0.04 0.00 0.08 0.44
. Indonesia 0.04 0.02 0.07 0.19
Security -
Priotity S . Australia 0.04 0.03 0.08 0.06
rlority Scenario Colombia 0.04 0.06 0.08 0.25
United States 0.04 0.04 0.07 0.06
Canada 0.04 0.03 0.07 0.06

Table 7. TOPSIS analysis results

Standard Scenario Environment Priority Scenario | Efficiency Priority Scenario Security Priority Scenario
Rank Country Ci Country G Country Ci Country Ci

1 Australia 0.818 Indonesia 0.719 Australia 0.814 Australia 0.930
2 Canada 0.809 Australia 0.636 Canada 0.761 Canada 0.926
3 United States 0.789 Canada 0.632 United States 0.741 United States 0917
4 Indonesia 0.670 United States 0.592 Indonesia 0.603 Indonesia 0.667
5 South Africa 0.437 South Africa 0.462 South Africa 0.491
6 Colombia 0.433 South Africa 0.274 Colombia 0.457 Colombia 0.490
7 Colombia 0.266
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Table A1. Elemental analysis results of bituminous coal by import country
Country C H (6] N S Ash
South Africa 68.03 4.06 3.00 7.07 0.57 17.27
Russia 70.13 4.69 4.12 7.06 0.37 13.62
Indonesia 68.93 4.93 5.92 12.72 0.52 6.98
Australia 69.20 435 3.00 7.14 0.48 15.84
Colombia 70.37 4.96 1.67 11.99 0.66 10.36
United States 72.22 4.57 14.43 1.28 0.59 6.92
Canada 66.68 473 0.89 16.90 0.40 10.40
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