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Abstract — This study analyzed the optimal electricity cost of a 100% renewable energy source (RES) based system.
Especially energy storage system (EES) and supplementary biopower system as well as photovoltaic (PV) and wind
power component were included in the proposed RES-based system to overcome the intermittence of RESs and to
efficiently balance energy supply and demand. To comparatively analyze the levelized cost of electricity (LCOE) of
different RES-based systems, six scenarios were developed according to the involved RESs: PV, wind, PV/wind, PV/
biopower, wind/biopower, and PV/wind/biopower systems. We then applied the proposed systems to build a 100% RES-
based system in Jeju Island, Korea. As a result, the single component based system, PV and wind power system of 0.18
and 0.28 $/kWh, respectively, cannot compete with the economics of existing electricity grid. However, the optimal
LCOE of the hybrid system where PV and wind power are used as main supply options and biopower as supplementary
option was identified to be 0.08 $/kWh, which can compete with the economics of an existing electricity grid.
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2. Problem statement

2-1. System and scenarios description
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Fig. 1. Schematic diagram of the major technologies and flows in 100% renewable energy source based electricity supply system.
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2-2. Design and analysis method
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Fig. 2. Information of Jeju Island.
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3. Application to Jeju Island

3-1. Demand and resources
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and (d) available lignocellulosic biomass for biopower system.
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Table 1. Economic parameters od major technologies
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PV power 1 650 650 0.001 30
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Bio power 2,000 3,000 3,000 0.010 1.7
EES 1,000 500,000 500,000 5,000 15
Converter 1 300 300 0.001 15
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Annual production (MW) Capacity factor (%) W) ) Required No. of EES
Scenario 1 1,862 18.2 981 52.7 12,093
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Scenario 3 2,272 54.1 1,417 62.4 4,263
Scenario 4 1,839 55.5 997 54.2 2,201
Scenario 5 1,171 61.6 331 28.3 4,310
Scenario 6 1,260 88.5 421 334 2,711
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Table 3. Cost break down of the examined Res-based energy systems
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
PV power 6.38B$(40%) - 3.93B$(25%) 5.41B$(62%) - 2.94B$(38%)
Wind power - 16.9B$(67%) 7.98B$(51%) - 7.03B$(60%) 1.13B$(15%)
Bio power - - - 1.26B$(14%) 1.12B$(9.5%) 1.22B$(16%)
Storage 8.91B$(56%) 7.11B$(28%) 3.14B$(20%) 1.62B$(19%) 3.18B$(27%) 2.00B$(26%)
Excess sale credits -790M$ -2.83B$ -1.5B$ -383M$ -1.23B$ -419M$
Total NPC 16.0B$ 25.0B$ 15.7B$ 8.71B$ 11.7B$ 7.66B$
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Fig. 5. Cost contribution of major components on the LCOE.
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