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Study on PV-ESS Hybrid System for Power Salvaging and
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As a solution for the global environmental issues and energy resource depletion issue, renewable
energy resources are expected to be utilized for power generation in the near future. Photovoltaic
generation (PV) is one of the most promising renewable energy driven generations and has been in-
stalled rapidly in the residential sectors and/or invertor-owned PV power station. Installation of the
natural energy power generations such as PV or wind turbine generators is favorable from environ-
mental point of view. However, power produced from these generators heavily depends on climatic
conditions. Thus, unpredictable, uncontrollable and intermittent powers are injected to electric power
systems, and it would give large impacts on balancing between supply and demand in power systems.

Therefore, grid connected PV system is required to suppress their fluctuations (less output fluctua-
tion). On the other hand, power system faults are often characterized by a momentary decrease in the
RMS voltage magnitude. Even in that case, grid connected natural energy resources are required that
they remain connected to the power system during faults (high fault tolerance). This paper considers
installing energy storage system (ESS) to the grid-connected PV system (PV-ESS hybrid system) and
controlling the ESS appropriately to satisfy the above requirements.

As a way for connecting ESS to PV system, two types of circuit configuration can be considered:

“ AC connection configuration “ and “ DC connection configuration” . The former configuration in
which ESS is connected at AC side of PV system’ s power conditioning subsystem (PCS) has been
reported in some papers. However, the features in terms of the high fault tolerance have not been
fully investigated. On the other hand, the latter configuration in which ESS device is connected at the
DC side of PCS was developed by the authors. In this paper, the above two circuit configurations are
compared in terms of suppression of PV power output fluctuation in the normal state and salvage of
generating power during the fault occurrence. Also, the distribution system composed of PV system
and some loads can cohstitute a small-sized power system isolated from grid afterthe fault occurrence.
This paper shows a possibility of being able to constituting the so-called micro-grid by comparing the
above two configurations in the state isolated from grid.

(1)Development of DC connection configuration of hybrid PV-ESS

Most of PV systems are operated with a grid interconnection; therefore, fluctuations in PV output
may disturb the stable power system operation and deteriorate the power quality. When PV generation
systems are connected to grids, energy storage system (ESS) is needed because the sun is not always
shine and its output power is not always constant. Until now, a new way for connecting ESS to PV

system: “ DC connection configuration” was proposed. Further, control system under the normal
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and faulted states for the proposed DC configuration was developed. By numerical simulations, the
validity of the proposed configuration was investigated. Generally, under the faulted condition of grid,
PV system was required to stop because the faulted bus voltage decreases to nearly zero, during this
condition the PV generation power must be wasted. However, in the DC connection configuration,
the energy produced from PV can be charged at energy storage system so that the power losses are
avoided.
(2)Investigation of possibility of micro-grid operation by PV-ESS hybrid system

We are also discussed for another case in which PV systems work as main resources. More specifi-
cally, under the grid side fault condition, PV-ESS system works as a main generator in the isolated grid.
In order to realize the less output fluctuation and higher fault tolerance, two kinds of circuit model as
before are investigated for PV-ESS hybrid system. From the results, the DC connection configuration
can provide demand and supply balancing in the isolated system.
(3) Investigation for suitable ESS devices for DC-connected PV-ESS hybrid system under Fault occur-
rence

This study defined what kind of energy storage system more suitable device is for DC connected
ESS in during fault condition and isolated operation. Under an expectable a severe grid side fault,
DC link voltage occurred increase to the level open circuit voltage in PV array, PV generation power
must be lost. In order to avoid this condition, DC link voltage controlled by ESS and PV power was
charged to ESS in during fault condition. From this concept, a ideal battery model and ultrcapacitor
used as a ESS device in DC connected PV-ESS hybrid system to study suitable device during fault
condition and isolated operation. According to simulation results, ultracapcitor(ESS device) is more
food performance than a battery because it’ s ability is charge or discharge condition more quickly.
This paper mainly discussed for high fault tolerance condition in fault occurrence and power balancing

condition in isolated operation for two connection types ESS in PV-ESS hybrid system.
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Study on PV-ESS Hybrid System for Power Salvaging and
Smoothing under Fault Occurrence and Isolated Operation
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AR T3, KBBNHRE (PV) (CEEM (ESS) ZHE UZ,PV-ESS I\ TUw RIS AT LERR
U, TORGNIEIRS T ABRATNCRELDIZSHOHEFEEBSMNCI D EEBNEL
TW3. BRI AT AR, BHRRNAOERRK (S, BELEAVTRBAREOHHESZIHT
BT ET, BRRABHOMEE—E(CHIT T IERETD. —FH, BHRMOBYEFICIE, TFH S5
UUTKBAREOBEBNZBRMCKB IS LEECPV-ESS SRFLAZEEBEREE U TRAIICED
PHEEME I 2 C ENTE S, AF, KRB LA TRILF—ONSIR EREREANDX Rl
EUT, ABARE, AHREREOBHERRRIRILF—HIEEZEHTESD, DHETESERR
RBAMLADTFEEINT NS, Fie, RAXABETEAHKBRMI RSB ERICILICKX
D, BiLEEL TR DBERBES AT LNDOEREEE > TWVS. FRXICHFSD PV-ESS =X
FAR, FEROKBARBOBALK CHSBENRAENOREZEN I D CENTEDLHIC, BN
RRCEGF LRV I0JVUy RELTOREESR > THED, MRFEE - BHikBEOH LUWEHH
B AT LNORMAZFRESEIFRNBEOB VAR TSI EEXD. T, MY TR, BN
DERAEEUT, KBARBOZRMC A >/ (—9ZBVTERT DRXRAERSNE, XBX
RBOERMAC DC-DC O/ (—FZAVTERI IERAERSROD 2 & D OLEFREMZEE
U, TONESEZBRMES =1L —> 3> CX>THRL TS, KR TESNEARESHED
PV-ESS OBRRARIC—EDBEESA D LICRB ETFREND. 1, FERHSRABHER
T, BICEE(CE S TORBREORED, TORD PV-ESS AT ADRERMEHFEIC OV
T, HRANCIFEAERARNEATE ST, FAROBAINILZRTSHS LA TES. LT, X
XTESNEHREFICALTEEUCRRER/ND.

%5 3 BTI(L,ESS MERANNS RIS 2 BHED PV-ESS > A7 L GIRAER AL, ERAERS
R) BBEL, BAR(CH U TEERHD SBHSOEMZREE T SIZHDFEFTETILEZBEL T
3. T2, BEULLETNWERAVWTS AT LARELDODORENSHBFEIHARINTVS. £
T, ERMERS RS, ABARBES LUBEBZ, ThENA2)(—4F (PV-PCS KU ESS-PCS)
ZRBUTZROBNFMICIER I DHWRTHD. FREFCETXBARED1>/(—4F (PV-PCS) Z,
BARDNSIEHEINBI LS CERIHSATER I DL LG, ERROBHESHDIROSN
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—EDME LB K SICESS O >/ (—4 (ESS-PCS) BFHFIHAN TEERT 3. F/z, RiREiyes
(C(E, BERBRICES AT LAERKOSLIDEEL, BIEE(C ESS-PCS Z#BEHIAAR CHIDEZ 3.
ZNIEKDPV-PCS ZRIESE B L3, ABARBHISRABHEZSIZTH URDS, TORE
BH%Z ESS ((RBI DT EHEREERDS. RIS, BRERSRLESS % DC-DC I>/—FENL
TABARBOERMNGERL,1 BD>)(—4 (JE> PCS) TRIFKIGER T IERTHS. D
B0, FREHCEIED PCS 2—EBHEM/ET IBRHHAXNTEEGEL, ABARENSOEH
(& ESS @ DC-DC I2/{—9(C k> TRABNEBRNTGIHETEH S, X/, RRBHEHC (S, BRICER
B 527 L= DESTHESS BRI IGEREINTVS/28, JE> PCS HEIELTE, XB
ARBLISOBHETRTEHBNIC ESS (CRBENDZLICIRDB. $7205,PCS DHHA RO
DEANFEERDICD, BRHOBEETFTINE L, KBARENSOBHEBRICERI I
IOIRE &7,

SEA4BETIIPV-ESS )\ TUy RESRAFLABFERENSIIIL TIA 20 Uw RELTRFEICE
HEHETIANUCOVTRRSN TV S. TRAERS K, ERUERARDOZNENLCDOVTE
DOBMENREETN TS, XRAERS R TS, Bl S EHRIC PV-PCS 2BEFIHAR THEE
L, BfAERARTEIES PCS Z2BEHASRNTERE T I LNV BETHI T EHESHCE
ncwa.

CNEETBIC, EE(Q, PV (CESS BMERENT= PV-ESS \1 TJUw RS IAFLEHEL, €D
BIRETILEMRET D& LB, FEEBHNSBRROHEAR, 77000 Uy REGOHIHSIC
DVWTHHIRZES/ILEOTHD, BRI T, EHRMIPCHUTCEMI D LT ZIARS
EON'HD. Lo TEE(D, ILBEXFEL (T OFIEESENIERHIEDERHD.
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