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10 Abstract
11 The energy policy released by the South Korean government in 2017 aims to gradually increase 
12 renewable energy to 20% while reducing the number of nuclear and coal power plants by 2030. The 
13 constant controversy over the feasibility of this policy – which arose soon after its release – led to a 
14 number of studies focussed on the environmental, economic, political and social issues related to the 
15 current policy. However, none of these investigated the hourly dynamics of renewable energy supply, 
16 which is crucial to provide an accurate assessment of an energy policy and a technical evaluation of its 
17 feasibility. In this study, we analyse four potential renewable energy scenarios for 2030: Business as 
18 Usual, Strengthened Solar (i.e. the new energy policy), Strengthened Wind, and our Suggested Scenario. 
19 Using a bottom-up energy system modelling approach, we simulated solar and wind power generation 
20 at the hourly level, integrating weather data provided by the NASA MERRA-2 reanalysis database. In 
21 addition to the feasibility of each scenario, evaluated using annual generation and capacity factors, we 
22 also examined the environmental and cost impacts through a number of different measures. Our results 
23 show that both the Strengthened Solar and Strengthened Wind scenarios fail to meet the CO2 emission 
24 target proposed by the government. From the economic point of view, our cost analysis demonstrates 
25 that renewable energy is sustainable for either Strengthened scenarios and cost-effective in both the 
26 short term and long term, despite the high capital cost. Instead, our suggested scenario proves to be the 
27 optimal solution by meeting the CO2 emission target and minimising costs. Therefore, our hourly 
28 simulation provides crucial evidence to assess the new energy policy and to evaluate alternative 
29 solutions for the future energy system of South Korea.

30

31 Highlights 
32  Hourly solar and wind power generation in South Korea is simulated using MERRA-2.
33  The South Korean government’s scenario will not be able to meet the 2030 CO2 emission target.
34  Additional reduction of coal power plants, as in our suggested scenario, is essential.
35  High share of renewables is cheaper on an annual basis and cost-effective in the long-term.

36
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41 1. Introduction
42 The South Korean government established its CO2 emission reduction target as 37% of the Business as 
43 Usual (BaU) scenario by 2030 [1], as part of South Korea’s emission trading scheme (KETS) [2], after its 
44 adoption of the Paris Agreement [3]. In 2017, the government established a policy aiming to transition 
45 from the current energy supply to a low-carbon energy mix, in line with what the majority of developed 
46 countries have implemented since the adoption of the Kyoto Protocol. In addition, fine dusts (PM2.5, 
47 PM10) have plagued South Korea since 2013, and public concern about fossil fuels – with coal being one 
48 of the main sources of fine dust [4,5] – has consequently become stronger [6]. Therefore, the 
49 government set the aim of reducing fine dust to at least 30% by 2022. Its mitigation action includes 
50 closing down coal power plants that are 30 or more years old, as well as cancelling both new and less-
51 than-10%-complete construction projects of coal power plants [7]. Moreover, growing public awareness 
52 of the danger of nuclear power plants since the 2011 Fukushima Daiichi nuclear disaster and the recent 
53 earthquake near Wolsong nuclear power plant, led the government to launch a policy for phasing out all 
54 nuclear power plants by 2050. 

55 The 8th Basic Energy Supply and Demand Plan (ESDP) was released in 2017 by the Ministry of Trade, 
56 Industry and Energy (MOTIE) to mitigate the above-mentioned social and environmental issues facing 
57 South Korea. The plan aim is to gradually expand renewable energy to 20% by 2030 while reducing coal 
58 and nuclear energy by 9.4% and 6.4%, respectively [8]. The largest reduction target has been set for the 
59 power sector, i.e. 64.5 Mt less than the emissions in the BaU scenario (333 Mt) [9]. As a mitigation 
60 action to meet the CO2 target, the MOTIE announced the “Renewable Energy 3020” plan (RE3020) in 
61 December 2017 [1]. This plan involves a 20% increase in power generation from renewable energy 
62 sources by adding 30.8 GW of solar power and 16.5 GW of wind-generating capacity by 2030. This is, 
63 respectively, six and ten times higher than current capacity. As of 2017, the installed capacity of solar 
64 and wind power was 5.03 GW and 1.17 GW, respectively. 

65 Recently, several studies raised concerns over different aspects of the new energy policy. Some of these 
66 adopted an evidence-based perspective on the details of the transition from the environmental and 
67 economic points of view [10]. The new energy policy has also been criticised in terms of greenhouse gas 
68 emissions reduction and energy security through South Korean power market simulations [11]. Other 
69 studies assessed the social and political aspects of the new energy policy, finding that the majority of the 
70 public is favourable to it, despite having concerns about high electricity bills [12], and that political as 
71 well as environmental preferences have a stronger influence on people judgement than scientific or 
72 economic considerations [13]. 

73 Energy system modelling is widely used [14] to give guidance towards feasible or suggested energy 
74 systems under different assumptions [15]. CO2 emissions and financial impacts of potential renewable 
75 energy scenarios for South Korea in either 2030 or 2050 have been assessed to provide insights to 
76 policymakers on the current energy policy [11,12,16,17]. However, these studies analysed annual data, 
77 while solar and wind power generation requires spatial as well as temporal high-resolution data to be 
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78 accurately simulated [18]. The Modern Era Retrospective-Analysis for Research and Applications 
79 (MERRA) reanalysis database [19] has recently become widely used to simulate solar and wind power 
80 generation. In particular, MERRA data has been used to analyse the variability of renewable power 
81 supply across Europe [20], to enhance the planning of renewable energy sources [21], and to assess 
82 cost, emissions reductions, and energy security of a wide range of energy scenarios [15]. 

83 With this study we investigate the potential power supply mix of South Korea for 2030 with an hourly 
84 simulation of the power generation driven by weather data. To provide novel insights to policymakers, 
85 emissions and economic costs are assessed for four different scenarios: Business as Usual (BaU), 
86 Strengthened Solar (SS), Strengthened Wind (SW), and our Suggested Scenario (SU). SS represents the 
87 8th ESDP, SW switches the share of solar and wind power of SS, whereas a new SU scenario is proposed 
88 to meet the CO2 emission reduction target and minimise the power generation costs. 

89

90 2. Material and Methods
91 2.1. Simulation
92 The hourly power demand in 2030 was simulated by scaling up the national load curve of 2017, taken 
93 from the Korean Power Exchange [22], to meet the projected annual sum described in the 8th ESDP. The 
94 time series of solar power generation was calculated with the Global Solar Energy Estimator (GSEE) 
95 library [23] using the latest (2015) MERRA-2 [19] top-of-atmosphere, ground-level global irradiance, 
96 temperature at 2m, and solar time at inland grid points. Wind power generation was simulated using in-
97 house software (Ed Sharp’s unpublished results, 2016), in which wind-speed (2m, 10m, and 50m height) 
98 at grid points nearest to the actual wind farm locations, is extrapolated linearly at a turbine hub height 
99 of 80m. Then, the power output is found by using an aggregated power curve of the turbine model 

100 Nordex N80 2.5 MW [24]. Since wind and solar power were calculated for a single MW of installed 
101 capacity, these values were multiplied by the future installed capacities to estimate the actual hourly 
102 generation in each scenario. In the simulation, hourly demand is met by subtracting generation in the 
103 following order: solar, wind, coal, nuclear, liquefied natural gas (LNG), oil, hydro, biomass and waste, 
104 without any generation surplus. The simulated curves were used to: (i) assess the reliability of solar and 
105 wind power generation, (ii) estimate the CO2 emissions, and (iii) calculate the short-term (CAPEX, annual 
106 cost) and long-term costs.

107

108 2.2. Scenarios
109 The scenarios for the power supply mix simulated in this study are four: Business as Usual (BaU), 
110 Strengthened Solar (SS), Strengthened Wind (SW), and our Suggested Scenario (SU). To create the BaU 
111 scenario shown in Figure 1, the fraction of power generation mix of 2017 was scaled by the power 
112 demand projection of 2030, in which coal dominates with 45%, while solar and wind reach only 1.4% of 
113 the total supply. This scenario was used as reference for the emission and economic analysis, as 
114 previously done in [25]. The SS scenario was taken from the 8th ESPD, and therefore represents the 
115 government’s new policy, in which coal still provides most of the supply (36%), but solar and wind 
116 power are increased to 17%. We created the SW scenario to investigate wind power potential by taking 
117 the share of solar and wind from SS and simply swapping them. Finally, the SU scenario was created in a 
118 second stage in response to the failure of the other scenarios to meet the emission reduction target. 
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119 This scenario was found by changing iteratively, with steps of 10%, the fractions of coal, solar, and wind 
120 power taken from the SS scenario. The iteration stopped at a ratio of 7.35:2.65 between solar and wind, 
121 achieving the exact CO2 emission target with the following shares: coal 32.5%, nuclear 23.9%, LNG 
122 18.8%, solar 15.2% and wind 5.5%.

123

124 2.3. Assessment
125 The simulated power output under the RE3020 plan is compared with the solar and wind power 
126 generation amount in each scenario. In addition, the annual capacity factor for solar and wind power 
127 was calculated as the fraction of the simulated power output, divided by the maximum generation (or 
128 nameplate capacity) along one year: 

129 𝐶𝐹 =  
∑8760

ℎ = 0𝑃ℎ

𝑐𝑖 ∗ 8760        [1]

130 where Ph is the power generation in each hour h and ci is the installed capacity, which is multiplied by 
131 the number of hours in a year.

132 The CO2 emission of each simulated power source are calculated using the CO2 emission factor (Solar 48, 
133 Wind 11, Coal 820, Nuclear 490, LNG 12, and Oil 782 in g/kWh) from the Intergovernmental Panel on 
134 Climate Change (IPCC) [26]. The emission reductions in each scenario are then calculated against the 
135 emission in the BaU scenario.

136 CAPEX is calculated by multiplying its unit price (GBP/kW) in Table 1 to the additional capacity required 
137 in each scenario, as in Table 2, on top of the installed capacity in 2017. 

138

Solar Wind Coal Nuclear LNG
CAPEX (GBP/kW) [27] 1560 1820 5017 7150 1300
Fixed O&M (GBP/kW) [28] 10.1 58.5 40.3 132.6 13
Variable O&M (GBP/MWh) [16] 2.210 0 5.382 0 4.323

Figure 1. Supply mix for scenario Business as Usual (BaU), Strengthened Solar (SS), and Strengthened Wind (SW)
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Fuel cost (GBP/MWh) [29] 0 0 61.78 4.75 86.49
Life cycle (years) [30] 25 25 30 40 30
Construction period (years) [27] 1 1 4 10 3

139

140 Table 1. Assumed cost and time parameters for each power source

141

(GW) BaU SS SW SU
Coal 6.94 0 0 0
LNG 0 0 0 0
Nuclear 4.73 0 0 0
Solar 0 45.36 19.72 61.94
Wind 0.47 24.44 50.97 23.81
Total 12.14 69.8 70.69 85.75

142

143 Table 2. New GW of installed capacity by scenario

144

145 Operation and maintenance (O&M) costs and fuel costs are annual expenditures. The capital cost is 
146 converted to the equivalent “annual CAPEX” by using the Capital Recovery Factor (CRF) and a discount 
147 rate d of 5.5% [31]:

148 𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐴𝑃𝐸𝑋 = 𝐶𝐴𝑃𝐸𝑋 ∗ 𝐶𝑅𝐹 = 𝐶𝐴𝑃𝐸𝑋 ∗ (𝑑
(1 + 𝑑)𝑛

(1 + 𝑑)𝑛 ― 1)        [2]

149 where n is the lifecycle. Costs in Korean Won (KRW) were converted to GBP using an exchange rate of 
150 1156.05 KRW/USD and then of 1.2975 USD/GBP. In addition to annualized CAPEX, OPEX and fuel cost, 
151 this study considered a fixed emission trading cost of 14.67 GBP/ton CO2e [2], even though this cost 
152 changes hourly depending on the demand and supply.

153

154 2.4. Long-term costs
155 A stock model was built for finding the long term cost of each scenario, as well as the year in which their 
156 cumulative costs are surpassed by the BaU scenario. The period taken into account was 25 years after 
157 2030, i.e. the life cycle of a solar or wind farm. The required new installed capacity, without 
158 replacement, of wind and solar power for 2030 was gradually added from 2019 until 2029 using a 
159 constant rate of 10%. Replacement of the existing coal plants is 30% [32] of the scenario requirement, 
160 and 10% for nuclear power plant [33]. The construction period was set to 1 year for wind and solar 
161 farms, 4 years for the coal power plants, and 10 years for nuclear power plants [27]. To compare the 
162 capital cost with the operating expenses, the former is converted to the annuitized CAPEX as:

163 𝐴𝐶 =
(𝑃𝑉 ∗ 𝑑)

1 ― (1 + 𝑑) ―𝑛        [3]
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164 where PV  is the present value of CAPEX, d is the discount rate and n is the payback time. The annual 
165 decrease rate for CAPEX and O&M costs is applied at 5% and 2%, respectively, due to the learning rate 
166 of technologies. The annual increase rate for fuel cost is assumed to be 3% according to the forecast 
167 that the LNG price will rise [34]. The emission trading cost is assumed to rise 1% annually, reflecting the 
168 current trend [35].

169

170 3. Results and discussions
171 3.1. Solar and wind power generation simulation
172 For solar power, the normalised hourly average along the simulated year was 7.7 MW, with a standard 
173 deviation of 10.7 MW, and the maximum peak was 39.8 MW. The highest seasonal average was 9 MW 
174 in spring, and the lowest was 6.3 MW in winter. Summer did not show the highest values because the 
175 rainy season reduces solar irradiance. For wind power, the hourly average was 20.5 MW, with a 
176 standard deviation of 22 MW, and the maximum peak was 118 MW. Winter showed the highest average 
177 of 36.2 MW, while autumn the minimum with 13 MW (Figure 2).

178

179 3.2. Solar and wind power variability
180 The solar and wind normalised power outputs were multiplied for the installed capacity in each scenario 
181 in order to quantify expected costs and CO2 emissions. We selected a week in May as a representative 
182 period of low power demand and high solar and wind supply (Figure 3), and a week in December with 
183 the opposite situation (Figure 4). The “low demand” week shows demand values ranging between 58 
184 and 83 GW, with an average of 73 GW. In BaU, the supply of solar and wind power ranges from 2.5 GW 
185 to 4.9 GW (average 1.5 GW), which is around 2.5–5% of the power demand. Thus, both base and 
186 intermittent load power plants must operate at full capacity to meet demand. In SS, solar and wind 
187 supplied an average of 19 GW, with a peak of 59 GW. SW and SU reached a similar higher average 

Figure 2. Simulated hourly solar (top) and wind power (bottom) output using weather data from 2017
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188 production of 23 GW and 22 GW, respectively; however, only SU was able to fully meet demand (on the 
189 14th of May). The “high demand” week shows demand values ranging between 70 and 107 GW, with an 
190 average of 90 GW. In BaU, the average wind and solar supply is 553 MW, with a peak of 3 GW, while in 
191 SS the average is 7 GW with a peak of 35 GW. In contrast to Figure 3, SW shows a lower value than SS. 
192 The average of solar and wind power is 6 GW and the peak is 24 GW. The suggested scenario still shows 
193 the highest solar and wind output, with an average of 8 GW and a peak of 46 GW.  The base load unit is 
194 in full-load operation, while the intermediate load supply decreases slightly only during the peak of solar 
195 and wind supply at noon. Other periods show the same trend of the intermediate and base load supply 
196 as the BaU. Unlike the “low demand” week, solar and wind power could not meet demand alone, 
197 therefore all energy sources must be in operation at all time. Overall, the highest non-dispatchable 
198 supply is achieved during the day, and therefore an effective utilization of solar power can be useful to 
199 meet peak demand. Being only focussed on one weather year, our analysis has a limited assessment on 
200 the demand and, in particular, on wind and solar supply inter-annual fluctuations. Future improvements 
201 can either include more historical weather years to take into account climate variability, or forecasts to 
202 assess the impact of future heat waves or cold spells. 
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203

Figure 3. Week with low demand and high solar and wind supply in each scenario
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204

Figure 4. Week with high demand and low solar and wind supply in each scenario
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205 3.3. Reliability of solar and wind power generation
206 According to the 8th ESDP, represented in our analysis by SS, the power generation from solar and wind 
207 farms is expected to reach 118 TWh annually. However, the simulated power generation in SS achieved 
208 only 79 TWh, with solar and wind reaching about 66% and 69%, respectively, of the expected 
209 generation. Similarly, SW reached 78 TWh, in which solar power is around 71% and wind 64%. The 
210 difference between the expected and the calculated power generation is due to the capacity factors (CF) 
211 calculated from our simulation (solar 18%, wind 17%), which were lower than those described in the 8th 
212 ESDP (solar 27%, wind 25%). However, the simulated CF for solar is much more similar to the one 
213 provided by NREL (18.7%) [30] than to the South Korean government’s value. Wind CF, instead, is lower 
214 than the one provided by NREL (25%) because our simulation included only existing wind farm positions, 
215 the large majority of which are on-shore, where the average wind speed is around 5 m/s, that is, 2 m/s 
216 less than the average speed on off-shore areas [36]. In order to meet the generation target for SS and 
217 SW, the former requires to install further 8.06 GW of capacity for wind power and 17.04 GW for solar 
218 power, whereas the latter needs 18.79 GW of capacity for wind power and 7.2 GW for solar power. This 
219 difference implies that there is a discrepancy between the installed capacity predicted in the RE3020 
220 plan and the power generation expected in the 8th ESDP.

221  

222 3.4. CO2 emission reduction
223 The CO2 emissions calculated from our simulation for the BaU scenario is 332.34 Mt, very close to the 
224 quantity estimated by the South Korean government (333 Mt). SS and SW have almost the same 
225 emissions, that is, 278 and 276 Mt respectively (Table 3), and in both about 74% of the carbon dioxide is 
226 emitted from coal power generation; the second source is LNG, with about 23%, while the remaining 
227 sources account for just 3% (Figure 5). In all scenarios, coal power generation must be reduced to 
228 effectively limit CO2 emissions. SS is projected to emit 1.5 million tonnes (1%) of CO2 more than SW 
229 because the CO2 emission factor of solar power is four times higher than that of wind power. Although 
230 the direct emission from solar power is zero, indirect emissions during the construction and supply chain 
231 are 48g/kWh [26]. 

232

(Mt) BaU SS SW SU
Coal 258.63 205.65 205.65 185.08
LNG 57.54 64 64 64
Nuclear 2.53 1.99 1.99 1.99
Solar 0.35 3.8 1.87 5.05
Wind 0.03 0.43 0.87 0.42
Oil 3.26 1.63 1.63 1.63
Total (A) 322.34 277.49 276 258.17
RE3020 Target (B) 258.17 258.17 258.17 258.17
Further reduction 
(A) - (B)

64.16 19.32 17.83 0

233

234 Table 3. CO2 emissions (Mt) for each power source and scenario
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235

236 Both SS and SW fail to satisfy the target set by the government in 2030, as SS would require an 
237 additional reduction of 19.32 Mt, slightly higher than for SW (17.83 Mt). These gaps are taken into 
238 account in the emission trading costs. 

239

240 Figure 5. Annual CO2 emissions (Mt) for each energy source and scenario

241 On the other hand, the suggested scenario achieves the CO2 emission reduction target by reducing coal 
242 capacity by 10%, more than the other scenarios. Such difference reduces CO2 emissions from 205.65 (as 
243 for SS and SW) to 185.08 Mt.

244

245 3.5. Economic costs
246 The total cost until 2030 for BaU is 41.18 billion GBP, split almost evenly between coal and nuclear 
247 power plants, while only 0.5% is allocated for wind power farms. SS is estimated to cost 68.34 billion 
248 GBP (60% solar, 40% wind), SW 73.24 billion GBP (20% solar, 80% wind), and SU 82.98 billion GBP (75% 
249 solar, 25% wind). Regarding the annual expenses, BaU is predicted to cost 11.34 billion GBP/a, with fuel 
250 cost rising from 19% to 51% of the total annual cost. SS is estimated to cost 10.4 billion GBP/a, whereas 
251 SW would cost about 11.5 billion GBP/a; SU, instead, is estimated to cost 9.7 billion GBP/a, saving 6.8% 
252 of the annual expenditure of SS. In all three scenarios, the annual CAPEX is the largest fraction, followed 
253 by fuel cost. In addition, BaU is estimated to incur in the highest emission trading cost, at 0.94 billion 
254 GBP/a. SS and SW are expected to cost around 27% of the BaU cost, as opposed to SU, which has no 
255 emission trading costs (Table 4). 

BaU SS SW SU
Annual CAPEX 2.7 5.09 5.46 6.18
Fixed O&M 0.55 1.12 1.89 1.2
Variable O&M 0.29 0.22 0.16 0.17
Fuel cost 6.86 3.71 3.71 2.16
Emission trading cost 0.94 0.28 0.26 0
Total 11.34 10.42 11.48 9.71

256
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257 Table 4. Annual costs (billion GBP/a) by scenario

258

259 The greatest cost-savings in SS, SW, and SU occur for fuel (in absolute numbers) and for emission trading 
260 (in percentage), however they are balanced by an increased annual CAPEX. SU has the greatest 
261 additional installation of solar and wind farms, thus the highest annual CAPEX and the lowest fuel cost, 
262 and does not incur in the emission trading cost. These results, combined with CO2 emissions, indicate 
263 that decline of fuel consumption is essential for both environmental and economic gains. The higher fuel 
264 consumption, the more CO2 emissions, and the higher the expenditure on fuel cost and emission trading 
265 cost.
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266 In addition, costs for thermal power generation could be higher by taking into account intermittent 
267 operation. However, in our simulations coal-fired power generation is zero very rarely: only 0.6% of the 
268 hours in the simulated year for SS, 0.4% for SW, and 1% for SU. Therefore, as the impact of losses due to 
269 intermittent operation is very marginal, neither losses nor additional costs in coal-fired power 
270 generation are considered in this analysis. Differently from coal, LNG power generation is zero only 
271 during 14.5% of the simulation time for SS, 10.2% for SW, and 20% for SU. LNG power plants can be 
272 operated for peak load generation either through shutdown, or by keeping a minimum load. The latter 
273 method has some advantages over the former, as turning off and on again the plant can take from 30 
274 minutes to one hour[37] and requires more fuel as well. In addition, restarting the power plant degrades 
275 the gas/steam turbines and, therefore, increases the OPEX. As the LNG power plants in South Korea are 
276 meant to be used intermittently[38], the impact from shutdowns is already considered at the design 

277 stage and in the project costs. Therefore, assuming minimum load when LNG power generation is zero 
278 does not increase CAPEX and OPEX, but only fuel costs. In order to calculate the additional fuel 
279 consumption, we can assume that the output during minimum load is 8% of total power generation, 
280 because during this operation only the gas turbine is used, at around 20% of total capacity, and it 
281 contributes to 40% of the power generation in a LNG combined cycle power plant[39]. We found that 
282 the increase of annual power generation due to minimum load operation is only 3.7% for SS, 2.6% for 
283 SW, and 5.3% for SU (calculated as the number of hours at minimum load multiplied by the minimum 
284 load). As the fuel cost accounts for 35% of the total costs, the impact of the minimum load on the total 
285 generation costs would be 1.3% for SS, 0.9 for SW, and 1.85% for SU. For this reason, we conclude that 
286 the impact of intermittent operation for LNG is negligible and can therefore be omitted from our 
287 analysis.

288 Regarding long-term cumulative costs from 2030 to 2055 (Figure 6), BaU initial cost in 2017 starts at 
289 5.98 Billion GPB, SS and SW at 10.2 and 11.47 billion GBP, respectively, while SU has the highest 
290 expenditure of 13 billion GBP. Based on these cumulated annuitized CAPEX during the construction 
291 period, the remaining annuitized CAPEX and the annual cost is added annually. The BaU cost rapidly 
292 increases compared to the other scenarios because of the higher portion of fuel cost, which has the 

Figure 6. Annual cumulated cost projections after 2030 for each scenario.



ACCEPTED MANUSCRIPT

14

293 highest increase rate. As a result, the total cost of BaU exceeds SS in 2046 at 337 billion GBP, SU in 2046 
294 at 350 billion GBP, and SW in 2051 at 443 billion GBP. Moreover, the total cost of SU becomes lower 
295 than that of SS after 2048. Therefore, SS and SU are more economical than BaU after 16 years operation, 
296 and SU is the cheapest after 18, thus reversing the order compared to the starting year. BaU reaches the 
297 highest outgoing with 531.61 billion GBP, followed by SW with 486.91 billion GBP, then SS at 435.35 
298 billion GBP, and finally SU with 413.63 billion GBP.

299

300 This analysis indicates that a high share of renewable energy, as represented by the SU scenario, is the 
301 most cost-effective in the long term, while conventional energy sources seem economical only for the 
302 initial investment in the short term. When considered as annual expenses, solar and wind energy 
303 sources are cheaper than conventional energy because they do not consume fuel. Therefore, 
304 considering CO2 emissions as well, renewable energy is cost-effective and sustainable in both the short 
305 term and long term.

306

307 4. Conclusion 
308 This study simulates hourly solar and wind power supply using weather data provided by MERRA-2, with 
309 the aim to investigate the solar and wind power generation potential of South Korea. The results were 
310 used to assess the environmental and economic cost of four scenarios: Business as Usual, Strengthened 
311 Solar (from the 8th ESDP), Strengthened Wind, and our Suggested Scenario, which meets the CO2 
312 emission target and achieves the minimum costs in the long term.

313 Our simulation indicates that solar power shows the highest output in spring, not summer, because the 
314 latter is affected by heavy rain periods, while wind power generates the highest output in winter. During 
315 one day of the “low demand” week in May, renewable supply was able to fully meet the power demand. 
316 December is the season with the highest demand and the lowest renewable power supply; therefore, 
317 the other sources need to be in full-load operation to meet demand. In order to maximize the utilization 
318 of solar and wind power, the design of the power mix should consider the influence of weather 
319 conditions on non-dispatchable energy sources. Hence, hourly simulations driven by climate data are 
320 essential. From our results, power generation in SS did not achieve the target generation in the 8th ESDP, 
321 therefore, additional installation of solar and wind farms should be required. The advance of technology 
322 could improve the efficiency of solar and wind power generation in 2030. However, the capacity factor 
323 of both sources depends on weather conditions. In addition, the installed capacity for on-shore wind 
324 power is limited by geographical constraints and social acceptability issues. Being characterised by a 
325 larger share of renewable energy and low fuel costs, SU is more capital intensive, but cheaper in the 
326 long term, than the other scenarios. Given the current trend of increasing fuel prices, this analysis 
327 should be considered conservative, thus our suggested renewable energy scenario could eventually 
328 become cheaper than SS and SW earlier than expected. Moreover, considering the additional emission 
329 trading cost, investing in sustainable resources, such as solar and wind, is economically beneficial both in 
330 the short and in the long term. From the environmental point of view, SW is less polluting than SS, as 
331 the CO2 emission factor of solar power is around four times higher than wind power. However, it is more 
332 expensive than SS due to the high CAPEX and OPEX of wind power. Since the difference in CO2 emissions 
333 between SS and SW is only 1%, SS seems to be a better solution for South Korea. Nevertheless, neither 
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334 SS nor SW could meet the CO2 emission target in 2030. This analysis indicates that the 8th ESDP could 
335 not meet the CO2 reduction target without an additional reduction of coal power generation, since coal 
336 is the biggest supply source. Therefore, only our suggested scenario SU achieved the national target 
337 reduction for 2030, without causing additional costs due to the emission trading scheme launched in 
338 2015.

339 The current analysis has some limitations that could be improved in future work. Weather data spans 
340 only one year, thus excluding inter-annual variability. Considering climate change, which has manifested 
341 especially in a hot summer and cold winter in 2017, we can expect different solar and wind power 
342 generation, as well as a change in seasonal power demand. Wind power simulation considered only the 
343 location of existing on-shore wind farms. However, since there is high potential for off-shore farms, 
344 these could be included to improve the simulation. A possible extension of this work could include an 
345 analysis of heat demand and supply to increase the comprehensiveness of the results. Finally, different 
346 cost parameters could be applied to assess the range of expenses of each scenario. In particular, as 
347 renewable energy technologies develop and mature rapidly, the CAPEX and O&M costs will drop. 

348 Energy system modelling plays a crucial role in providing insights to policymakers to build effective 
349 energy policies. A hourly simulation of wind and solar power dynamics, as the one presented in our 
350 study, is essential to assess the potential role of renewable energy in future scenarios and, therefore, to 
351 lead towards a transition to low-carbon and sustainable future energy system for South Korea.
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