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ABSTRACT
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This study aims to utilize discarded leakage groundwater as a resource for electricity generation in order to create social

and economic value, contribute to carbon neutrality, and generate future benefits. The research analyzes the water quality

characteristics of leakage groundwater from Cheonmasan Tunnel and designs facilities for its industrial use, alongside

conducting economic feasibility studies and cost-benefit analyses. It estimates expected costs by calculating investment,

operating costs, and treatment capacity while assessing the benefits of reducing associated tap water usage. The study evaluates

the CO, damage costs associated with tap water treatment to assess the social benefits. Internal rate of return (IRR), net
present value (NPV), and payback periods are calculated to analyze economic feasibility. Sensitivity analysis identifies key
factors affecting the project's viability, while environmental effects, such as the reduction in tap water usage and carbon
damage costs due to groundwater utilization, are quantitatively assessed. If 70,000 cubic meters of leakage groundwater are
utilized for power generation over a 30-year period, the project yields a B/C ratio of 1.68, an NPV of 809.16 billion won,

and an IRR of 13.60%. The cumulative cash flow turns positive from the ninth year onward, indicating revenue generation

and economic feasibility. This study confirms the potential of leakage groundwater as a valuable resource for achieving carbon

neutrality and suggests various methods for future utilization.
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Fig. 1. Annual water consumption for power

generation
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Table 1. Configuration and investment items of
discharged groundwater treatment facilities

. . Amount
Cost Content Specification

(KRW)
Construction | Pipe installation| 450 m, 12 m’/hr 40,000,000
Reservoir 25 m’ 35,000,000
Coagulation 6 m’ 40,000,000
Flocculation 6 m’ 40,000,000
Thickener 12 m? 70,000,000

Equipment

Treatment 25 m’ 50,000,000
Filtration Cubic fiber filter 50,000,000
Accessory Walkway and other | 110,000,000
Control panel Automatic control | 105,000,000
Total 540,000,000

Note: These are the figures produced by commissioning an

engineering company for this project
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Table 2. Annual operating expenses (OPEX) details

Cost Content Amount (KRW)
Labor costs 4,530,000
Pharmaceutical costs 1,800,000

OPEX | Replacement cost of filter media 900,000
Operation cost 500,000
Maintenance cost 25,000,000

Total 32,730,000

Note: These are the figures produced by commissioning an

engineering company for this project

Table 3. Annual benefit calculation details
Amount (KRW)

Content Unit

Water supply cost savings Ton 1,366

CO, environmental damage

. Ton 43,000
avoidance cost
Source: Kim et al. (2022)
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Table 4. Benefit-cost analysis (BCA) results of
drainage groundwater treatment facility

NPV (1,000 KRW)

IRR B/C | PP
Cost Benefit Total

-1,197,675 2,006,830 809,155

13.60% | 1.68 | 8y

Table 5. Net present value by benefit factors

NPV
Amount (KRW)
Content
Water supply cost savings 1,974,998.3
CO; environmental damage avoidance cost 31,831.3
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Table 6. Sensitivity analysis based on equipment
costs and throughput

Cost Change in equipment cost (1,000 KRW)
-20% -10% 0% 10% 20%
Throughput (400,000) | (450,000) | (500,000) | (550,000) | (600,000)
U u
50,000 m’
60,000 m’
770 000 m° Scenario | Scenario | Scenario | Scenario | Scenario
, m
80,000 m’ : 2 : ! :
90,000 m’

Table 7. Sensitivity analysis result of benefit—cost

Ratio (B/C)
Cost
20% -10% 0% 10% 20%
(400,000)| (450,000) | (500,000) | (550,000) |(600,000)
Throughput

50,000 m* 1.44 1.31 1.20 1.10 1.02
60,000 m* 1.73 1.57 1.44 1.32 1.23
70,000m® | 2.02 1.83 1.68 1.54 1.43
80,000m® | 231 2.09 1.91 1.76 1.63
90,000 m® | 2.60 2.36 2.15 1.98 1.84
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Table 8. Sensitivity analysis results regarding the benefit

Life span

Result 10y 20y 30y 40y 50y
B/C 1.03 1.45 1.68 1.81 1.91

Discount rate 2% -1% 0% +1% +2%

Result (2.5%) (3.5%) (4.5%) (5.5%) (6.5%)
B/C 1.88 1.78 1.68 1.58 1.49

CO; cost (KRW) -40% -20% 0% +20% +40%

Result (25,800) (34,400) (43,000) (51,600) (60,200)
B/C 1.66 1.67 1.68 1.68 1.69

Water cost (KRW) -40% -20% 0% +20% +40%

Result (820) (1,093) (1,366) (1,639) (1,912)
B/C 1.02 1.35 1.68 2.01 2.34
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