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Methodology

" Energy flow model
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Fig. 7 The Energy Flow Model

® [-Minute Unit Energy Flow Model
» The optimization time unit is 1 min
® PV and Wind Power:
» Supply energy to the station load
» Charge the ESS
» Sell power to the power grid
® Regenerative Braking Energy (RBE):
» Supply station load or charge ESS
» Non-reversible
® Energy Storage System (ESS):
» Storage energy and supply station load
® Power Grid:

» Supply station load or receive RES powery
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Methodology

" Example of input
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Fig. 9 Optimize RES and other input for Area B (Case 4)

® 24-hour Energy Profiles
» Averaged from monthly data after optimization
» Reflects the impact of optimal RES sizing
instead of relying on average environmental data.
® (Generation Trends
» Wind Power: higher in spring and summer
» PV: Maximum in May due to longer daylight
hours, with a brief peak in January

® Station Demand: Peaks during summer
® RBE Variation

» Minute-by-minute high variation

41



Case Studies and Analysis

" Result of Area A

® Energy and Cost Savings Improve

_ _ » Energy and cost savings improved as
Area A PV~ Wind ESS CP  Annual cost Grid Energy

(kW) (kW) (kWh) (kW) (JPY) (kWh) power source increased
Case 0 100 15,919,475 656,558 ® ESS Capacity Correlates with PV
Case Al 278.11 —— 16397 80.89 13,793,884 401,113 > ESS size increases with PV capacity
19%] 13%] 39%| » PV systems require storage due to no
CaseA2 —— 300 49.92 6922 11,760,566 146,312 electricity production during nighttime
3% 26%] 78% |
Case A3 4271 300 4948 69.17 11,716,697 130,754 > Atnoon, PV's output reaches its peak,
31%] 26%)] 80%)] which needs a larger storage size
CaseA4 7081 200 21933 59.68 10,559,822 7949 @ Significant ESS size Growth in Case A4
40%|  34%] 88%

» Due to the high variation in RBE, a larger
ESS is needed to effectively store energy 4D
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