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ABSTRACT: The investment in solar and wind generation is rapidly increasing with government’s renewable expansion policy and
Renewable Portfolio Standard (RPS). Since the large penetration of solar and wind generation increases the variability and uncertainty
of supply and demand balance in power system, the government is pursuing the policy of supplying energy storage system (ESS) linked
to renewable energy. ESS contributes to the ease of transmission and distribution grid by shifting PV generation from daytime to evening
hours. Recently, the declining market price of REC as ESS incentive, policies to cut down incentives and limited ESS storage due to fire
events lead to the aggravation of long-term profitability, thus working as a barrier of ESS spreading. In this study, the factors affecting
the profit of ESS are analyzed and brief indicators are derived. Based on the indicators, the profit changes are analyzed considering the
variation of REC market price and REC incentive weights. Based on the profit change with respect to the increase of ESS capacity,
economical ESS installation capacity is suggested.
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Nomenclature

S« installed capacity of ESS, kWh

OS5+ Operating capacity of ESS, kWh

CR,,,, : ratio of max charging to installed capacity
CR

min

: ratio of min charging to installed capacity

PV chargeable capacity in a day, kWh

PV,, PV, : hourly, daily generation of PV, kWh

E;, : power charged to the ESS in a day, kWh

Eff,,, : Efficiency of charging from PV to ESS

E; . - power supplied by the ESS to the network, kWh

Eff s - Efficiency of discharging from ESS to network

Bg,p : Changes in SMP revenue for PV-ESS operations com-
pared to PV alone, Won

By - Changes in REC revenue for PV-ESS operations com-
pared to PV alone, Won

SMPy, : Average SMP of ESS charging time (11-16 hours),

*Corresponding author: cskim@keri.re kr

Won/kWh

SMP, : Average SMP of ESS discharging time (19-22 hours),
Won/kWh

REC : REC Price, won/REC

wpee wpy: REC weights for PV, ESS supply

o peg - annual utilization rate of ESS

£, 4 - power charged to the ESS in d days, kWh

Ol : Total cost or total unit price based on available capacity

of ESS, won/kWh

It ESS installation cost or installation unit price, won/kWh

OM g : Annual Operating Maintenance Cost of ESS, 1.5%
Applied as a Ratio of Installation Costs

Subscript

ESS : energy storage system

PV : Photovoltaic

RE3020 : renewable energy 20% in 2030
RE100 : renewable energy 100% in user
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REC : renewable energy certificate
RPS : renewable portfolio standard
SMP : system marginal price

PCS : power conditioning system
LME
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Fig. 2. The change of average SMP by year
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Table 1. ESS Distribution by Use (2018 Yr)

Linked to renewable Demand side
energy management
Sub | Peak | Ei Sub Total
u eal mer- u
PV | Wind Total |reduct. | gency | Total
Plants | 764 | 24 | 778 | 657 | 55 | 712 |1.490
(ea)
Capacity
(MWh) 1,587 | 272 | 1,859 | 2,757 | 157 | 2,914 | 4,773

Sources : Korea Electrical Safety Corp., MOTIE
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