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Abstract

This paper in order to efficiently operate zero energy buildings developed a methodology for
optimal operation of PV + ESS active systems. This program consists of three steps. First step is
PV optimal operation and second step is PV + ESS optimal operation. Third step is the analysis
of the results by PV + ESS optimal operation. The optimal operation of PV + ESS was
calculated by using Dynamic Programming (DP). Therefore, the optimal capacity and operating
plan of PV + ESS in this study are calculated for electric load at building. This paper conducted
case study to verify the validity of the developed algorithm. Also, the sensitivity analysis
analyzed the effect of each variable on the optimal operation.

Keywords: A| 2[4 2" (Zero Energy Building), o 2] A% A| A&l (Energy Storage System),
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STEP 1

STEP 2

STEP 3

STEP 4

STEP 5

STEP 6

HZO|AR|HE =S TPV + ESS UE|E AARIO| 222 HTH0f

Calculate demand load considering the results in step 5

Calculate the minimum cost based on combination at each time

Fig. 1 Flow chart for PV optimal operation
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Fig. 2 Load variation curve by PV operating combination
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STEP 1

DP initial condition setting for ESS optimal operation

STEP 2 Fixed level (initial and final values) and eliminating unnecessary paths for DP calculation

STEP 3 Calculation of cumulative cost for ESS charging and discharging

STEP 4 W ESS optimal path search by BACKWARD

Fig. 3 Flow chart for PV + ESS optimal operation
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Fig. 4 ESS operation by charge and discharge considering state and stage
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Fig. 5 The optimal path search
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Analysis of PV+ESS optimal operation
STEP1 | @ Result of optimal PV operation
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Fig. 6 Analysis of Results by PV + ESS Optimal Operation
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Fig. 7 Power load variation curve of case study

3 Aol PV + ESS9] 801 a3 Data419] 42 Hlo]e}S Tables 1, 2, 37} 2ol 74514k

Table 1 PVinput data

Category Input data
PV capacity [kW] 350.0
PV construction cost per kW [Won/kW] 2,000,000
Unit price per REC [Won/REC] 90,000
REC weight [PU] 5.0
Factor of PV output [PU] 1.0
Simulation unit of PV output [kW] 1.0
Factor of PV construction cost [PU] 1.0
Table 2 ESS input data (1)
Category Input data
ESS capacity [kWh] 600
Charge rate [kWh/hr] 50
Discharge rate [kWh/hr] 50
PCS capacity [kW] 250
ESS unit cost per kWh [Won/kWh] 600,000
Factor of ESS installed cost [PU] 1.0

Journal of the Korean Solar Energy Society Vol. 39, No. 5, 2019

59



el ] =2l

Table 3 ESS input data (2)

NO Ramp rate [kWh] Charge efficiency [PU] Dis-charge efficiency [PU]
1 200 0.98 0.93
2 300 0.96 0.95
600 0.92 0.97
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Fig. 8 The result analysis of demand by season
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Fig. 9 Saving rate of electric cost of PV + ESS optimal operation by season
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