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Received Abstract

29 January 2024 The abandoned mines in North Korea pose substantial environmental threats. When converted into
Final version Received gravity energy storage (GES) facilities, mining pollution can be reduced, local welfare can be
15 February 2024 improved, and the possibility of military exploitation can be lowered. This study evaluated the

conversion of these mines, using the sites and surrounding materials as the weights. Integrating this

Accepted system with renewable energy sources, the intermittency challenges of renewable energy were

27 February 2024 addressed, while promoting ecofriendliness and energy independence. Geographic information
systems (GIS) analysis was employed to assess the solar and wind energy generation capacity in
adjacent areas. The potential energy capacity of GES facilities, planned for installation across 212
North Korea mines, is estimated at 7.3 MWh, with an average annual potential of 1,098 MWh for wind
power and 178 MWh for solar power. These findings underscore the potential gains by repurposing
North Korea's abandoned mines for energy storage and renewable energy generation.
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Table 1. Energy consumption structure and alternatives used by North Korean residents (KIET, 2017)

Source Consumer State supply Supply status Alternatives when lacking
. . L. . . Candles, kerosene lamps,
Lightning Electricity All residents O Partial supply industrial oil lamps
Gas Pyorllgyang o Partial supply Purchased kerosene from the
residents market
Coal Rural residents O Almost. not Wood, rice husks, sawdust
supplied
Pyongyang Almost not
Cooking Wood residents (6] supplied Straw, cornstalks, etc.
Pyorllgyang o Partial supply Self-purchased from the
Kerosene residents market
- X Self -
Electric heater ~ Some residents X Self -
Hot water Pyor}gyang o Almost' not Kerosene heaters, pir?e cones,
residents supplied etc., self-supplied
Provincial city Almost not Coal, wood, rice husks,
Coal . O .
. residents supplied sawdust, etc.
Heating Al Partiall h heati
Wood Rural residents o most' not artially methane gas heating,
supplied straw, cornstalks, grass
Kerosene Some residents X Self -
heater
Appliances Electricity All residents O All residents Using car battery for charging
B .. .
atte_ry Electricity Some residents X Self -
Charging
. . .. H indust
Electric sewing  Electricity ome ncustry X Self -

workers
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Fig. 1. Survey of electricity supply period for North Korean
defectors (KOEMA, 2023).
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Fig. 2. Sketch of mountain gravity energy storage (MGES)
system.
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Fig. 3. Point under analysis method and distribution of height differences within 90 m area around North Korean mines.

Table 2. Long-term potential according to MGES system
configuration

Sand or gravel  Height Long-term energy storage
(tons) (m) (MWh)
55 0.57
95 0.98
5,000
135 1.39
175 1.81
55 5.69
95 9.83
50,000
135 13.97
175 18.10
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Table 3. Long-term MGES storage potential in North Korean mines and the associated potential for solar and wind energy

generation
MGES Solar Wind

Energy Height difference Energy Installable area Energy Installable area

(MWh) (m) (MWh) (km?) (MWh) (km?)
Mean 7.3 75 178.2 0.116 1098.2 0.510
Max 16.8 171 1030.6 0.631 11492.3 2.107
Min 5.4 55 5.3 0.004 8.1 0.066
Sum 1555.6 - 32429.7 21.052 84562.7 41.344
Count 212 212 32
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Fig. 5. Suitable sites for solar and wind power installation near Dongnam mine for MGES use.

Table 4. Long-term storage capacity of Dongnam mine MGES
system and potential for solar and wind energy generation
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E .
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i 212
Wind Wind speed: 1.4 m/s
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N 18.7
kWh/m“/year: 6.22
Area: 0.007 km?®
N 10.7
kWh/m“/year: 6.26
Solar B
Area: 0.005 km 76
kWh/m?/year: 5.93 ’
. 2
Area: 0.005 km 74

kWh/m?/year: 5.75
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