ISSN 1738-3935 (Print)

New & Renewable Energy 2024. 3 Vol. 20, No. 1 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2024.0002

[2024—3—-S—RP-004]
M) Check for updates

ekt Xjeb EHRFE 2 ZxikS dHlawof] ket G

ol

Kyu—Won Hwang”'Z) - Moon Suk Lee - Chul-Yong Lee”

Received 8 February 2024 Revised 6 March 2024 Accepted 15 March 2024

ABSTRACT The rapid expansion of industrialization and population growth worldwide has led to a significant surge in energy
demand, perpetuating heavy reliance on finite fossil fuel reserves. Although prevailing policies primarily target ground-mounted solar
photovoltaics, there is a noticeable increase in the adoption of floating solar power generation systems on water surfaces. Nonetheless,
adequate studies and legislative reviews on offshore solar photovoltaics in Korea are lacking. The absence of well-defined criteria for
the economic analysis of floating solar photovoltaics presents hurdles to their economic feasibility. This study conducted a
comprehensive cost-benefit analysis of offshore photovoltaics to evaluate their economic viability and compared four types of solar
photovoltaics based on the operating area and technology: ground-mounted, floating on inland water, pontoon-based offshore, and
flexible system offshore. Perspectives from both central and local government entities, emphasizing social aspects, as well as inputs
from private companies with a financial focus were considered. The findings revealed variations in economic viability depending on
the operating area and technology employed. This study aims to contribute to the advancement of market maturity and technology
within the realm of offshore solar photovoltaics.

Key words Climate change(7] 33}, Carbon neutral(§t2~%%), Offshore solar photovoltaics(3|A}F B 93 HH4), Floating solar
photovoltaics(F--8-4] €| 9533 2F41), Economic analysis(7 A A £4)

Nomenclature Subscript
B/C : cost-benefit ratio GMPV  : ground-mounted solar photovoltaics
NPV : net present value, KRW IFPV : inland floating solar photovoltaics
IRR : internal rate of return, % OFPV(P) : pontoon-based offshore floating photovoltaic

OFPV(F) : flexible system offshore floating photovoltaic
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Table 1. Cost—benefit items of solar photovoltaic
Category Social Perspective | Financial Perspective Remarks
CAPEX O O Estimating installation costs by type
Cost O&M o O 2% of offshore solar installation costs
0S
Consumption rates O o 1.0% deduction for onsite power consumption
Tax rate X O 20% corporate tax on income exceeding 200M won
Power generation O o Uniform application
Benei REC (Weighted value) X o) Ground (0,8), Inland water, Offshore (1,2)
eneflt
Reduction of CO, O X Greenhouse gas emission coefficient of CCGT
Reduction of air pollution O X Air pollutant emission coefficient of CCGT
Note : O means included in the analysis, and X means not included
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Table 2. Criteria for calculating benefits and costs of solar photovoltaic

ltem avPv | IFPv | OFPVP) | OFPV(F) |Social| Financial Criteria
Capacity Factor (%) 43| © le) 5 Year Average (2017~2021)
Generation (hour) 8,760 | O O Generation Quantity Estimation
SMP (KRW/kWh) 8.7 O e} 5 Year Average (2017~2021)
REC (KRW/kKW) 1621 X ¢) 5 Year Average (2017~2021)

Banefit | Weighted Value 0.8~1.2 ‘ 1.2~1.6 ‘ 1.2~1.6 X (@] 3MW of General Capacity

Reduction of CO, 25,014 won/tCOy | O X KCU (Korean Credit Units)

_ PM 61.0 ~ 175.8 million won/ton O X Estimation of Social costs by PM
polﬁllzion SO, 13.2 ~ 39.1 million won/ton @] X Estimation of Social costs by SOy

NOy 10,3 ~ 26.9 million won/ton | O X Estimation of Social costs by NO;
Cost CAPEX (KRW/kW) 801,009 | 943,124 |3,466,341|2,402,834| © @) Trapani (2013)

O & M (KRW/kW-year) | 23,255 | 20,025 | 2,715 1,900 @) o) NREL (2021), Keiner (2022) 2% of CAPEX

Note : O means included in the analysis, and X means not included, GMPV . Ground—mounted PV, IFPV : Inland floating PV,
OFPV : Offshore floating PV, Social : Economic analysis in the social perspective, Financial : Economic analysis in the

social perspective
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Table 3. Analysis results of economic analysis by technological type in the social perspective

Method GMPV IFPV OFPV(P) OFPV(F) Average
Benefit (100 M KRW) 1294 129 4 129 .4 129 4 129 4
Cost (100 M KRW) 99.6 109.0 396.0 274.5 219.8
BCR 1.3 1.2 0.3 0.5 0.8
NPV (100 M KRW) 29.8 20,4 —266,6 -145.1 -90.4
IRR (%) 7.8 6.5 -8.5 -3.8 1.7

Note : GMPV : Ground—mounted PV, IFPV : Inland floating PV, OFPV(P) : Pontoon—based offshore floating PV, OFPV(F) : Flexible
system offshore floating PV
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Fig. 1. Analysis results of economic analysis by technological type in the social perspective
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Table 4. Analysis results of economic analysis by technological type in the financial perspective

Method GMPV IFPV OFPV(P) OFPV(F) Average
Benefit (100 M KRW) 2257 293.6 293.6 293.6 276.6
Cost (100 M KRW) 99.6 109.0 396.0 274.5 219.8
BCR 2.3 2.7 0.7 11 1.7
NPV (100 M KRW) 126.0 184.5 —102.4 19.1 56.8
IRR (%) 15.5 17.4 1.2 5.3 9.8

Note : GMPV : Ground—mounted PV, IFPV : Inland floating PV, OFPV(P) : Pontoon—based offshore floating PV, OFPV(F) : Flexible
system offshore floating PV
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Fig. 2. Analysis results of economic analysis by technological type in the financial perspective
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Table 5. Comparison results by technology type compared to ground—mounted solar photovoltaic

Method IFPV/Grounded PV OFPV(P)/Grounded PV OFPV(F)/Grounded PV Average (SD)
Social Financial Social Financial Social Financial Social Financial
Benefit 1.0 1.3 1.0 1.3 1.0 1.3 1.0(0.0) 1.3(0.0)
Cost 11 11 4.0 4.0 2.8 2.8 2.2(1.4) 2.6(1.4)
BCR 0.9 1.2 0.3 0.3 0.4 0.5 0.6(0.4) 0.7(0.5)
NPV 0.7 15 -9.0 —0.8 —49 0.2 -3.0(4.8) 0.3(1.1)
IRR 0.8 11 -11 0.1 -0.5 0.3 0.2(1,0) 0.5(0.5)

Note : Grounded PV : Ground—mounted PV, IFPV : Inland floating PV, OFPV(P) : Pontoon—based offshore floating PV, OFPV(F) :

Flexible system offshore floating PV

Social : Economic analysis in the social perspective, Financial : Economic analysis in the social perspective
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