Investigation on Power Management and
Operational Technologies of Intelligent Compound
Energy Storage Systems

3 %% - 107A024

L£LFEPMOE) M2 BEe 4 8
PEAEA L BER

BT s 1 037-382482

E-mail address : ctma@nuu.edu.tw

Bl LA

Fiipde: ¢ #1078 4 9 11078 12 ¥
FiaEs i AT4% 5415 FA
PR A B oL AERG

L pP . 107E 117 22P



=
oW
~
S

if

* K é_ﬁiffﬁé et b & i BRI T
) BN G- s s VA o

'fﬁ
w
KT Efer Ban? P FEERGVRTRT Gt hod 3R 4 R

B kR e UL A

;5
w
BT g A B o BT peniiie HERE

TR
# ;@Yﬁ,m@lmﬁ_’; ﬁvw;‘r,lﬁg T E A 4 ;u%;;;{?;aggg
o WEER FPR A TS AR B E T A R A U A
B ARAAEA T R TR EEEE LR A F B

oo AT FE 2T B e AT RER K AL B AR TR A AR
Tt BN AT LRI RTIFI R T MARR RS S AR
ERESERAEN I TN BN R R B Vo AT E A
& ;i % ti(Intelligent Compound Energy Storage System, ICESS) o & 2+
F9THt2 ICESS kst & e 23 b P 2B g R~ 4

'lmsbﬁ AN EHREA R EE T RHE L ICESS R 2 AN T 4 R R
pohiE L EA A L AAHEF RS 2 B AR h B H AR
*10 DSP 5 A#HSN AP FUGAFRIET A R FLFES
3

\
\_.
o
r
=
A
(H
(
7
S
fisu
¢
3
o
S
X
(w,
At
3
oy
hpast
M
=
»¥
s
3
(%
P
T
3

B BARARE Y 2 AR o % - F P AR

o pRR BN E ST ETERE X -



% = F 3P ICEES 2 & sax i f e * 8 24

VAR R HEE AP M
BT EEA AT o &

e 3P ICEES 2.3 & ¢ 4 3% 02 ik

PR 247 - %7 BT ICESS AHF (T2 F iR 2 T8 % 6]
e kAT ARH o ARM T Y RRIFIN R E -

—\

s

Mats !

A E B HEL LA R ARGV E T ER T B

Ha BEE

1



Investigation on Power Management and Operational Technologies of
Intelligent Compound Energy Storage Systems

ABSTRACT

In the future, with the government's policy of energy conservation and
carbon reduction, Taiwan's power and energy systems will gradually
developing toward renewable energy based distributed power generation and
micro-grid systems. It is obvious that the structure of the future power grid
will be the coexistence of conventional power grids and a large number of
small, medium-sized and clustered micro-grids. Due to the unavoidable nature
of output power variations in renewable energy based power generations, the
appropriate design and integration of intelligent energy storage devices, the
fast regulation of real-time power flow and the related intelligent power
control schemes are key technologies for sustainable development of the
renewable energy based distributed power systems and micro grids. In view of
this, the research goal of this project is to develop an intelligent compound
energy storage system (ICESS) with integrated multiple energy storage
features and operating modes, capability of flexible planning of energy storage
systems, features of intelligent power regulation and performance
optimization on advanced digital controllers. The test system configuration
investigated in this project includes a set of wind turbine generator (WTG) and
photovoltaic (PV) power generating units, a compound energy storage unit, a
grid-connected converter and a power grid. In this project, various power
converters required for the studied system are all designed with advanced
semiconductor devices to achieve high-efficiency systems. The control unit of
the system is designed with a DSP to achieve a fully digital and coordinated

control scheme integrating multiple power converters.
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This project has completed 100% of the scheduled research tasks and
contents according to the project’s execution plan. The progress status and
results of the project are in line with expectations. The main contents of this
mid-term report are arranged as follows: The first chapter is devoted to
describe the background, purpose and the related literature review on the
project’s subject area. The second chapter describes the configuration of
distributed power generation systems, the ICEES hardware systems and the
power and capacity planning issues. The third chapter deals with the ICESS
control functions, hardware design and the development of controllers for the
ICEES. The fourth chapter addresses the control scenario simulations and
analysis of the power converter systems and the related controllers of the
ICEES. The fifth chapter demonstrates the results of hardware tests. Finally,
the sixth chapter gives the conclusion. A list of the related papers is given in

the last chapter.

Keywords: compound energy storage system, renewable energy, distributed
power generation, clustered micro-grid, integrated control of

power converters
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heBI3-1%777 » A3 F #r4RICESS2z 7 4 #3 BHME ~ & #£: 1edc/ac
HApE R BED T EMEFEe T4 L] 2ede/de e 2 s
R BT ZHESSP 302 T4 B2 FAR LT FEEBFIREE /22T
ZIFIh ok A BB aF R E AR T AR R R R
TR o BI3-2¢ ICESS# T/ & 7 4 #4 Bk SuAp B HrR 1282 S liche &

3-1%75% o
#3-1 : ICESS#7/h & T # #4E B % Lufp B Fpe2ide 22 2dk
DC bus voltage 200 V
AC output voltage 110 Vrms
Maximum output power 1 kVA
Super capacitor bank(SCB) 117.6V/14.28F (2.8V/600F*42)
Battery bank voltage 100 V /14AH (12V/14AH*8)
Battery charging current 10 Amax
PV/WTG (MPPT) EMULATOR 300W WTGx1, 600W PV(300 W
PVM, 35~40V x2)
Single-phase DC-AC Inverter 1kVA, 110Vrms, 9.1 Arms (10Amax)
(dc/ac H Ap & 7] 3% B) MOSFET based full bridge inverter
dynamic comp. function
Switching frequency: 30kHz
PV/WTG AC-DC Range: 600~1000W
Programmable Power Converter MOSFET based POWER SUPPLY
(DC Power Supply Emulating with MPPT function
PV/WTG)
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Battery charger/discharger
DC-DC Converter

(de/dc B e =1 7% Rk d 3 )

1kW
MOSFET based buck-boost converter
Dual-loop voltage and current control
scheme

Switching frequency: 30kHz

SCB charger/discharger
DC-DC Converter

(de/dc tE o =1 v% B 3 ®)

1kW
MOSFET based buck-boost converter
Dual-loop voltage and current control
scheme

Switching frequency: 30kHz

Inverter output voltage

technical specifications

Voltage regulation error < 2%
Voltage distortion (THD) < 3% (full

load, resistive)

System efficiency

Inverter>92% , on resistive load

DC-DC Converters >92%

Operating temperature

-10~55"C
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