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1 Keynote Speeches

(1) Power Electronics for Renewable Energy Systems: Wind Turbine and
Photovoltaic Systems
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d Turbine Concepts

Renewable Electricity in Denmark

b Wotind
> Vanublnpuch—varlnhlupud
» %30% slip variation around

=Wind

Wood etc. synchronous speed
2011 RE-Share :&'w » Power converter (back {0 back/
. 0 =Waste direct AC/AC) in rotor circuit
41.1% st
-mmuumm
(Datn source: Enerpiret o) » Variable pitch —variable speed

» With/without gearbox
» Generator
Synchronous generator
Permanent magnet generator
Squirrel-cage induction generator
Power converter
Diode rectifier+boost DC/DC+inverter
Back-to-back converter
Wind share of cont
RE share of net gt

f 22 28,38
a e <8.3
DirectAC/IAC (e g. matrix,
s net ge ar 32.8% 41.1% 100%* \ :
tion in year 33 8%
| RE share of net consumption in yea 338 30.0 3

cycloconverters)
a. % B b TRy 7 A Y B TR 17 A

011 R .mw-u- Electricity Generation

I ¢ B R S

ent Development Example — Wind Farm

bstas Wind Systoms A/S Donmark

Horns Reef I 160 MW, Horns Reef IT 209.3 MW iy
* 80 x 2MW (Vestas V80, in
Transtormer ~ "' operation Dec 11, 2002)
Substation * 91 x 2.3MW (Siemens SWT-
B:o:; -93, in operation Sep 17,

Vestas V80-%"Mw
Rotor Diameter 80 m
Hub Height 60-100 m

Weight 227-303 t
edium-speed gearbox, m:,g" " e

T cept
speed 9/19 rounds/minute

varable !md aﬂahle pitch, full-scale Min/Nom/Max Wind 4/16/25 m/s g

power conve Ther Gear box Yes (1:100.5)

Generator permanent magnet Generator DFIG (4 pole - slip rings)
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1 Configurations

voltaic System Cost — Past and Future

Central inverters String (multi) inverters

Module inverters

= 10 kW-250 kW, three- > 1.5-5kW t
; 5 ypical residential
pha:‘zlszvela\ strings in application = Eg;‘-?soou::mm“h p.r‘d
par. » Each string has its MPPT
Global installed PV capacity (up to 2011): 67 GW, 2011: 28 GW » High efficiency, iow cost erating baerWpRT o Sricency diffic
& low reliability, not » The strings can have different mamtenanc:my. e
optimal MPPT orientations

Thin film has bene T perspec lrve l g
Power ele: t s needs also by | 2

Instaliatio 7sna ild be d dl 3
» High efficiency mini-central
1 configuration in me d i i
 ee— Transformerless PV in

a. PR AL TS £ b*%ﬁﬁﬁ%%;¢

Highe:
* Used for power plants » Three-phase inverters for el
N

€ also emerging for modular
s

@m;ﬁ@ﬁﬁ%éﬁﬁ%

= Extra switchin the de link to decouple the PV generstor trom grid during 0 *  Threa-level output. Requires double PV voltage in

t in comparison with FB. Typically

*  Two Ooutput voltage states possible: 55 = OFF, 51 = ON and $5= OFF, 53 = ON
* The switching ripple in the current equals 1y switching fraquancy - high
Ritering

= Two Doutput voltage states possible: 52 and 0+ = ON and 53 and D- = ON. For zero st el
voltage during upn,u@_n-m;snnmmwpo. tion and z-«:sunn& ), 1570 i

*  The switching ripple in the current equals Ly switching frequency -» high filtering o

*  Voltage across filter is unipolar = low core losses

= Vi Is equal -V,./2 w/o high freq comp > low leskage and EMI, No Lin NI

*  Voltage across filter is unipolar = low core losies
! Vi o sinuscidal with grid irequancy componam 3 (g isakass surtant and
M

0.0 reactive power axchange, as repartad by Dandoss
mmun{u 5/15 kW) with Mostets for innar switches and IGBT for

powser exchange a1
!he-u—ﬂul- SMA SunnyBoy 4000/5000 TL single-phase
M.t sl.- US Patent Applcation, Pub o US 2005/0286281

+ T -
p MNabias, | Takahashi, and H. Akagi; A New Iverter”; IEEE T o
17, ne. 3, 1981, pp. $18-523] :

a.H5 Inverter b.Three-Level Inverter

T P A A

(2) State of the Art and Future Trends in IGBT Gate Drive and Protection
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by rr dt

ELF1 Lo 535 [P TR T Qq = MR [ TRIGRE i SO ﬁfa%’noq&ﬂ " £ TGBT * ek 1 »
[GBT =7 PR 12 - o EEVE A [a&ﬁm%r%ﬁ%% B FEAE 1 B R A T
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LRI BRI A] SR IGBT BV ERESR]SR > IR *IJ”rriﬁiE}EﬁE?@ﬁEﬁEU?’T‘FE ’
= PR EL 1GBT F%’E{ﬁr A [ E PR A SR 2 PR PR A
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- B> Power Electronic Systems Laboratory

Electroni M::gtmﬂ:
Systems Systems

High Voltas
'rg(h Moloq%'

» Balance of Fundamental and
Application Oriented Research

a.H5 Inverter b.Three-Level Inverter
q‘%\'* . ETH PES
F Clamped Inductive Load (Hard) Switching q : Fﬂllllllﬂdlmllldhl.oad Turn-On B

» Equivalent Circuit ; :“'u;"om?g amuﬂ'h ..?.1‘....... Switching Losses :
o : , || ey

) ? > Operation must be Guar.

»
RSR m dmae
oA 42 = 1 =
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0 Point Dependencies ! o T—T—r=
.\ =
* Adjustment of R; > Changes ki =1
.-.“J_L;’-BT 7 F t—n-u..&..n E =
e ,-m'c 2 =
e ——— 2 - = o
S| i | e
P i 555::.'.‘.""15‘;.4....., . -
el + Non-Const. 0L/ & /it ot "’;' N
i et e
4 /. I for Trench IGBTs. »
g ‘ )
O 7~l 9 0 Hn QR ’. 5 10 15 2 ¥ W 3 o
o (V) ) . '® Lowest Delay Times / Switching Losses / EM] lmmhﬁ'w“ .

a. TGBT $L A4 1 b.Re ¥ IGBT hY2%

[l " IGBT e 1%

* Advantages

- Low

- Inexpensive

* Disadvantages | B et e i :

et max. di/dt or dv,,/dt for varied e

llﬂnud‘l‘um-ol -oﬂbd T Lo Ve wh b
Higher Switching

k. I!Ml]l.nsm

i due to Contr,
[ e, P vt

ion of Non-Linearities AD

. " Disadvantages .
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Sepmpep s |
—{am]
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Closed-Loop Gate Drive - Block Diagram

= Combloed di/di- and du d-Feedbacks
- Individual Conti
- Common Reference Stgml

= Single Control Amptifier
= Natural Transition from di/dt-Control to v,/ dt-Control and vice Versa

a. PP R A

-

Circuit Diagram of Proposed Closed-Loop Gate Drive

P

N

P Passive Measurements

l:i‘{hg (}in anlag Path

Jdt: L, in CummP th N v -
(‘Ei:mld W{relmiurtanc ) -’ =

- IR, in Gate Path (Shunt)

» Error Signal

.....

3

A R R P

pi -

- Experimental Results - Individual Variation of References

= Passive Resistor Network

» Control Amplifier

- Single Op-Amp as
Pl-Controller

eI

> Tum-On: Varlation of di/dt

» Tumn-0ff: Varation of di /dt

» Main Control Loop

» PCB Dimensions

b. FrEIRf

54

[ ey s

Hardware Prototype

~ LI

> Additional Control Loop

- Gate Current Control During Tum-on/off

- Minimizes Turn-on/off Delay
- 1f Activated, d/dt
Set to Zero

54

~ LI

50 mm x 130 mm {2inx 5.1in)

[ ey R

Control Circuits
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‘Experimental Results - Sivs. SiC Diode @ Turn-on

rol Reference is

[ ey s

S —

Output Stage

dic/dt-Feedback

dvee/dt-Feedback

IH

Wy

. > Sk 1 kAjps, -2 kV/ps B SIC: 1 kAfps, -2 ks
- - ~

z ] e -
£ ™ o . = =]
F o) Ed £ 3 £
== Im S o §
i - s . e

o} o e . o

- — Db R

> Tum-On: Variation of dv,, /dt B Sk 2 kA/ps, -1 kKV/ps > sic: zw’u 1 ks
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(3)Japanese Renewable Energy Policy and MHI's Activities
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R {wabi e Energy Development Plan of Japan

e I e
; ‘I'!ae %‘u‘l’fo?oﬁg ‘;':ﬁ?% '?; raensnll under suspension. @ 15% Nuclear power by 2030 Seenario) choices ta the public.

Po Iblo Power Supply Combination
Electric Generation Composition 7

wades | wiod |
Ratio by Energy Source about 15% ; 03:‘0‘”)
I
bt 29% »
Renewa__ pyvagg Renewn gy 2011 g & ovs W)
bles etc ‘|“: o D % sbout 39% 12%
1% ] (5248.GW)

Japanese sisctic powsr companies want O.
Govemnmant sesms to ses @ as reafistic,
About 70% citizen are in tavor of @,

— Betwsen @ ana @ will probasly be seiected,
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éact IRR, taklng nmw&lu devuinpmom (p

Ces are to be adstod everz#ur. butthe prices remain umwﬁ he

I'Irct:! years as introductory p

Price | Price | Period
with tax | (JFYRWN) | (vears)

Cost Comparison by Energy Source in Japan
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2. MHI's Renewable Energy Utilization Systems
Solar Thermal Power Plant

Benefit of Dry Solar Thermal
Power Plant
- High performance (309%) coprrrter
- No-water-use method
(Sultable for desert area)

Comperssar

\'(-'I"iﬁr.illﬂ]lll‘il’plll‘lf

FepaE ey 4 AR )

's Renewable Energy Utilization Systems

History and place of Development

- Geothermal power eration
since 1967 arpﬁagusgm

- Solar cell barterg fower generation
system since 19 t Nagasaki.

- Biomass generator utilization since1999 at
Nagasaki.

- Wind turbine since 1980 at Nagasaki.

Almost all renewable energy sys. have been
developed and manufactured in Nagasaki

RBE|E R AR

Nind Turbine

2011, Australia L L ———

2-2. Wind Turbine (MHI Line-up)

Large Rotor Diameter proves
e e high performance |
92-95-102/2.4-2.5 *Rated output 1 2500 kw
*Number of Blade 13 (49.7m)
*Rotor diameter :102m
*SweptArea 18171 m?
*Operational interval :8.0~16.9 rpm
*Hub height :80m
*Pitch control : Individual
B | T *Yaw control : Active
Ratea Ouput_ |10 I 7000k *Blade 1 GFRP 49.7m
Rolor Diameter | 614m | *Design Wind Class :IEC Class IlA
Hub Height |
© 2012 MITSUBISHI HEAVY INDUSTRIES, LTD. Al Rights Reserved

<. Wind Turbine

| The Latest Turbine : : NWT1024/2.5
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neck of . i
=1€cK of Wind Resources Utilization

2-3. Offshore Wind Power

Mitsyl
mgmmr; |::hgut offshore wind turbine in Japan, off the coast of
Wm ership with Tokyo Electric Power Company and supported

a mdmleswhenconsmen ing
hmmimnmhmwayuemnnalocnms P 7__]

Nacelle s just
lifted up by
floater crane
1o board on
the deck of
8 SEP ship.

Bourse FERC Miniaby of tue Emvirasaans -

EREIEE SaRE TR T

(4)Keynote Speech )
YDk TR F B Ts tvan Nagy 952> Is tvan Nagy 75 [ 1 (= 234 &7 F|iY Budapes t
University of Technology =' £% IEEE % - E'FjﬁﬂdﬁﬂJFIE”‘ i FHEARAS - UPS A1
 FEVRROTEE ] [ 158 R AR ﬁ"ﬁﬂﬂwﬁwf %~ Rotor
side control (RSC)A!Grid side control(GSC) » {HF] ?iﬁﬂfi ?iﬁﬂﬁﬁgv@? -~ RSC
5 PSR Ve - GSC ﬂﬁ’ﬂﬁ?ﬁ“f [FFEF B DETAERT R AEEs
b KRB RS » BEIRY T PLBSHEA) da WPOTEE - [EFID do B

F ) DFIG 77 -

TROL OF IWECS. nmvam ¢

_VARIABLE SPEED WECS WITH REDUCED — CAPACTTY CONVERTERS -y Stator flux oriented vector control of RSC (\P-
Pitch Control 1 = -
jr— . f i “5’ -
To regulate the captured L"‘_‘f‘: = (- . & ‘L (8 b, B0 Yoe

wind power by changing
the pitched angle of the

r,., Cmnt Cunmsllcr

*-“‘I_téf - == o

blades above rated wind : " Speed  del” 4 (@i %)
; 7 Vo s

| speed. : e ieg (ig)1-4 4

RSC Control L IR conmol!

To regulate the stator D) e

active and reactive , =

s b o " GSC Control ]|
er by rotor curren : A - e

cl.’om = To regulate the DC link voltage and the -—_(f‘,.'_rr‘éﬂj.frm 0 \“ I P

> onen - . - -

ke rotor reactive power () by the grid side olife T o Tt —rom) Yo Ve Ver

i, and ; espectively s 2 i .

a 7 rotor current component by and r“_. Source [12]: R Pera et all [Joubls fod [EE Proc; Elect T Appl., Vol 143, No, 3, 1996,

respectively llum»b.f 2012, llulapcul Unwmnq- olTechthand Ecunomn u«ngm =]

a.@%%%%ﬂ .@%fﬁﬂﬂﬂ%ﬁ
i er R A

(5) Long-Term Operability of the Primary and Secondary Battery under
Micro-Gravity Conditions-Lessons Learned from the In-Orbit Operation of the

Spacecraft.
e =t -_\f r'\
JHi H 1L Yoshi tsugu Sone fff= > FI]= 284 Japan Space Agency - iR = D
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; ’!I Specifications of the lithium-ion secondary cell .
o= used in HAYABUSA.

UThe nominal discharge rate is 0.2 C at 20 degrees C

Rated Capacity!) 132 Ah 3
Discharge Voltage ( Average) 1) 36V
| Width | ~ 69.3 mm
Height 132 mm
| Thickness 244 mm
Weight <570g
i Energy Density / mass L > 85 Whikg
Fig. Photographs of the lithium-ion secondary cells (a), and battery (b). -Tf " — _> 2?
The lithium-ion secondary cells (a) are compared to AA-size cells. Enf:{gy Density / volume | S - _W‘l& 8
iy N SR FE A R
a. ORISR DI b. BB DS

= A RS B

— Reset Operation %
— _ * The SOC of the battery was 65% in space.
ey L o Era * The charge current for this operation was

e 500 mA. The resistance of the heater
o e used for the discharge was about 8 ohms.

AN i A * By spending 12 hours with charge current

: R - of 500 mA, the SOC level of each cell

- P arrives up to the shunt level of the ‘charge

B B cumes by-pass circuit’.

$ %3 wmu]  * Aftercharged, the battery was discharged

o et i | down to ca. 50% SOC using a heater-
i &) resistance of the spacecraft.

F.!;tufn

* Then the battery was charged again up to
Fig. The biock diagrams of the electrical power sub-system for HAYABUSA. ﬁf’{o in preparation for the contingency.
e
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(6) Megawatt solar and microgrid systems developed by NTT FACILIIES

- i @%MT|M¢*@F%@%@£ﬂW”W | BRI A R A NTT
filfYKeiichi Hiroseffid - Hirose F Jl—mﬁf%‘:f"J%IHZO#EJP%‘:hf%’ EYR =
NI R lﬁﬁ” AR B = T g
'7{’ PIBBRF R 2 plFABLS 2 } VERIS R = VA P 23 Ao > 1 NTTE 5
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2EIJ fﬁ%ﬂﬁ"w’ﬁﬁ anl Fﬁlﬁ%ﬁﬁﬁ* FIPRIRE TR e » B4l 2 R i e
R ERISRL TR (MCFC) o ST BTN b (PAFC) 3114*#5@?% » [IE
wﬁ%mﬁiﬂ%}$%’u[uﬁwfq %@%}ﬁﬁi@m”%ﬂﬁ%Ap¢ﬂ
G AL AL 2 l%ﬁ%ww o B R T
P AT RS BRI » PR
ﬁﬁ“’”&H%%%??“W‘W%ﬁﬁﬁ%ﬁj’ﬁ7 W@ﬁfﬁ%WTW i
I t@NTTriAITﬁ?L' lJAC/DC?]Pl “HénF@—mﬁ [V FZ?LH\BH <p’ jfiﬁ’[hifﬂ’rjﬂw
FEFHAITR [ I B PR r% ERE VT IRS ROES T]) ER AT
RO B PRSI R - S LI P S 0
@mpﬁwﬁ%ﬁﬂw*uwﬁ@~%’wﬁ%'me%&%gg#& fGHEHEIR
[E[Lj F*[Ey[ﬁ r‘gﬂ ﬁ‘#u qgﬁl* JuEL 1A MOE®TE ‘JJF[J'FI 57 ﬁr J;[:El[%%«f%', > El Hl'i
YamagatagH " ﬂzﬁ‘uﬁ?@ I BEERE Y 5 P T [l B SRS B rf (i SR T I 1

57 12



ETF@F"JPV"E ARH ﬁ[ﬁﬁﬁ"“?’j? FAELTEPIIHT o T Obihi rodl s len Bk *@g@ﬁ[ﬁﬁgf
[ lﬁll%ﬂi PRI o A TNTTH 5 E’é@%ﬁ%a[ﬁ A TR e B R R R
o g JDF‘-{ gRE ST WE&M’E@ i o

Our Position in the World @""m e \bout NTT FACILITIES, INC.

Est.: Dacember 1, 1092 |
Revenue o i Revenue Euros (m) g‘“‘""""" 5,500 |
rank in 2011 ompany name (rank in 20 ) levenue 250 billion JPY
| 2010-2011 (US$3.200 million) |
1 ATE&T (1) = 92,733
2 NTT (2) [ ] 87,719
3 Verizon (3 ] 79,515 Energy
4 - 62,421
5 Telefonica (& = 60,737
. P Infrastructure
P & 54,982 | of NTT Group
5 + 51,926
8 il 45,503
g I 36,764 e
— gewn Sidg
10 KOOI (1 @ 29,236
[ 11 Telecom Italia {9 [} ] 27,571

a. BPRHIR S plAsL b. NTT L

: | &/ Thin-film
e \ A/ B 3 compound semiconductor
(1071 M) ~ W vt g | T 400KA X3

] \ e
v 10KV X 63

MNgasu town. Humamato R ar ___3xaxa
(10738 M) BT ¥ - Iﬁlnoqtnmhm Devcﬁupmenl of high-

e . | capacity power
o d 5 conditioner comprises a

L \ P stabilization tecl

{1 ) w— NFTE Salar e Tehals by e e o ki PR

Evaluation and module. for

each system of 27 solar
cels

[}
"NEDO demeo. Hokato city . 2
Eoan | [—
1o

a. [UANBREST #T ) b. Hokuto M= dirtg

Ongoing
operation

Change of
Fuel cells

1
1
1
l
i
i
PVpanels . :
1l
'

1 *Hospital open

Design | *Heat recovery and
— pup : quality level-C add

= Construction i

volution from

AC grid power @—' ———m - Dernn: Electric powsr 10
i m— r .

Natural gas H March 200 a' supply system -
b —— P ”

' Managed by NTT Facilities (NTT-F) L.
Renewable energy High quality power supply =
(Solar) PV panels for mission critical loads

a1 PR b I el fers
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This project started in 2006, supported by the Ministry of Education, Culture,
‘Sports, Science and Technology, JAPAN.
Purpose of the demo

Cast reduction (CAPEX, OPEX)
Reduction of carbon footprint
Flexible contral and

management method

* Additional benefits and g

values for customers

- etc.

Facuty bulding PV paneis PV panels
110 kW)

. (10 kW)
a. L/ iap F’-‘,?“ r%"(l%ﬁﬁff fi 1“\?,

= e/

(A Islanding operation with DES and ba .
8) Interconnection with battery charging
Seamless transfer between (A) and (B) : N g
Islanding (A) Interconnection (B)
15 T . T Grid power
| Load | !
= LT
=
g
£ +Discharge
Battery
Charge
—F
-0 — y
0:00 300 6:00 900 1200 1500 1800 2100 0:00
Time
| —

/U £ 2 B T
A 7 R

5y

W= A 31 ESE R

b. {117 BRI Y

e

Faculty building

b, /AR £ 7 AR

R P2 B

Sendoi city officially decided to install
disoster preventive power systems upto
200 sites by FY2015,

Main equipment per site -

* Interfoce controlier (ACSW + converter) |

* PV panels (10 kW)

* Lithium-ion batter (25 kWh)

& Wind turbine (1 kW)

* Vehicle to Home (V2H)

Interface
Controlier

Non-critcal

b. {17 {71 5 sk
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NTT-F conducts the verification test ta reafize the indepandence distributed energy saciety,

(A) Yamagata site: Development of energy trad . ergy tradi e
o rading system between regions. B Ing between segments
{B) Obihiro site: Development of DC powering system for office buildings. * _,_'_'-ﬂct_assessment of low temperature
T LT g to the battery
38 HAA §34 *Evaluation of PV power generation in an 8 ‘
i R environment of short daylight hours PR ‘
*Feasibility study of cost analisys, policiti o ihi
Electric power utility grid issues, etc. VS, policitical| ity Obihiro city,

~ s L Hokkaido

Yamagata city /

AC-G : AC based micro grid
DC-G : DC based micro grid

ffifflfﬂ.’

Energy trading between regions DC powering system for office Mw
Yamagata site (8) iro system
& i

a. [ MOEJgrohgt& | 14 b. Yamagata % Obihiro = g [k i

= A Je: FIA MOB BT I'”U?ﬁJ’T?“”F%T"J“FE‘%?EJE;fE

Test field of “ Energy integration and trading techno

0]

'-Ouer thg vears 60, NTT has been promating the
introduction of renewable energy systems.

*Combination of heat and power
System

SAC/DC hybrid power control for
residential houses

*0C power distribution network
system

*In recent years, NTT-F has to consider not only the
demonstration of several mega-watts solar systems, but
also disaster prevention systems, such as SENDAI, AIT, etc

*In addition to taking advantage of the knowledge of such
SENDAI-microgrid that worked properly during the 311
disqster. NTT-F is advancing the method, also propases the
optimal operation of the grid together multiple small-girds
{dots) with ICT applications.

a. # 7% Yamagota F&i Layout b. NTT 4 Ffy7h & A-{p]

[ﬁ'_: -+ NIT %*%’(%Wﬁﬁ%iﬁ'ﬁﬁﬁ

(7)Flexible, Reliable, and Fault-Tolerant Battery Energy Storage Systems for

Grid Connections
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_ Conventi 1 BESS S
Power Leveling by BESS R

"
L Hl_wl.lkq 10-MW GTO coaverter for bt ttery peaking service,” [EEE Trans .rnddppw vol. 26,
2 no. Pp. 637 Z IW«
Fluctuating Net - R -
il power power iy
i

O e * Southern California Edison,

Lesd.achd baticry Chino substation
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® 12-KV 10-MW 40-MWh
BESS for load leveling, etc.

® I8-pulse converter

® Complicated rigrag
transformer

|' ¢ Difficult to construct
| ® Costly

® Conventional BESS: Mu Itip alse conv ® Prone to failure

# Modern BESS: Mo I'[!Imel

erter I,Igz g
rerter + %i lmple ¢ transfo isforme

Tokye Imuitate af Trchnology
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. Modern BESS

._'MRMPLH&MJ sm%wuunuhpmkww‘ e
Voltage control om an 11KV UK g Betwark,” in Proc. CIRED 09, Jun. 2000, '.

D ® EDF Energy Networks,
J J 1 UK
b 43 . L= 600-kW 200-kWh
I J_:r;" Ed BESS for peak shaving
-lom _;
% F 5 & Neutral-Point Clamped
(NPC) Converter
4 4 ® Li-ion battery
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(8) Renewables in U.S. Microgrid Research
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(9) Proposal of Negawatt Cost and its extension to the Grid
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E 4. Conclusion - '
Can we define a merit of Negawatt in the grid ? g i

1. Cost reduction of transmission line loss ?
2. Ancillary service cost reduction ?

Modified Negawatt cost [¥/kWh]=

(total cost[¥] - a)

+ (Gross saved electricity[kwh]+ B)
a: frequency management and voltage regulation cost saving
B: transmission line loss saving

3 .
a. I GDP AEIRfRR b. Negawatt =T

AP = B GDP AR = Negawat t 7T

(10) DC Power Distribution Researches of Residential/Commercial Buildings
in Korea
i ) RRAREN 1 8 N 2PEYBo Hyung Cho™ 4% - JHRERY S REEL I Fm{ﬁ%’ﬁuﬁﬁﬁﬁu
TE&"| > Bo Hyung ChoF*J2 E4 IEEEfVfkA > ‘?’&?'éf PRI NSRS [ﬁ‘[’“"[ = PRI
[P S 3 SR R EE T AR S PR R PR
F[E&fﬁiif“ﬁ\ﬁ %Wéiﬁzﬁ*fﬁlfff [ M R T 2> PRI TR R - g
AR PR PITHER TR ﬁﬁéﬁf'*rﬁfﬁ%l&ﬁib"?ﬁfﬁ RUG T O R
i ] Fﬁgﬂ?’ﬁlﬂt%f%éj P R » R FIRLPEE T f i’ﬁﬁ”éﬁ%ﬁ’ G
DA L P S AR H:'ﬁtp@w [ (S 5 o AT B o i JR
A EIE R EE20125F [ g 5F 'z,fg?lc‘iSO% <VRAE 2017?':@?[5‘390% YRR - 220255
Elﬁﬁﬁﬁﬁ 3‘%11 (T PR (Sp=Tp e q{s‘ﬂ'[’“'ﬂ PHE Hﬁ[ﬁﬁ'ﬁw;’fﬁﬁﬂ CTESTRD ﬁlﬁ“*ﬁ?ﬁﬁ
Ao E S ﬂﬁ”zoo%@ (g 5% i F chufﬂﬁF RV - AT
SEIFTP o= ok o 1= [ SEO R R R A SR R 2 T %ff&h‘%ﬂ?ﬁﬁ;ﬁ J4o A
TR P A - TR IR AR g ﬁlﬁﬁ?ﬁr’“&%ﬁ%&%ﬂ’ T 2011%]2013F B %
e H R ’ﬁtf[ﬂ; Ao 3’“3’@1*#;?’ 201452020 [ 3 M | EVESENR
& ﬁlﬁfﬁirm EHF, 7| W B Y AR BT P 2021 £[2030-F B3 iy M I VE22  9kV
ﬁl Nt il ﬁlﬁfﬁﬁirw T FA | &R IK/%AI FL{ 1ﬁ§‘T§H q%ﬁ'[’“'—{ SR [:E&[%FE?%\%%EI 3 "TJFT
(K-MEG) > Hrﬁ'ﬂﬂtﬂfﬁﬁﬁ30%ﬁlﬁﬂlr TR ~ TR IR & 1 ST e S =0
% H‘J?’Elﬁlféfz BRI EE NSRRI T e Fﬁ[ﬁﬁ%ﬁ]} i%{’??FEIFéI%’F}JI% q%ﬂ'[’“"{ ;'b?,.
K- MEG - PR AR 117 [100KW SR AC- DCHLH B £ it F—';"f%—‘%\ﬁ%ﬁ\iﬁ GRS
F FelR T R B N MR SRR R B AR A e R [ F”ﬂ
ﬁ“[J HEE [Jﬁlﬁr%%pﬁﬂﬁ’ﬂﬂh %’ﬁiraﬂjﬁwﬂ

57 21 Fl



DC Building — Activities in Korea

*Action Plan for a building Energy M
IMinisiry of Land, Transpont andMatime Aftairs, KOREA}

\ * DC distribution in a Building is one of possible solutions
/ CURRENT 2012 2017
| :';E’.-— ,

® Improve Efficiency [
# Increase Reliability .:~_; r

#® Improve Power Quality
# Increase Flexibility -‘-‘-“ “""""’ -~ ﬁ'
# Improve Connectivity (with NRE) —Mncrogrid

ZTero Eneray House
With Generation

il fusl consumed (par unit ares]
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*Green Tomorrow :
1Gpen o the public rom 2009] Samsung CET Corp.

* DC distribution and DC appliances (30kW)
+ DC-based Pawer Sources |
-

-~ Solar (22kW), Wind (3kW), Fuel Cell (200W)

* DC-based Energy Storage

- Li-on Battary (22kWh) e A s e =
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- House, Building Office building |
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rcial DC Building — K-MEG
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: Energy Usage Optimization etc.

* DC Power Distribution for Education Building (in SNU)
- DC distribution Realization
= Energy Management System
- Energy Performance Evaluation
- Database Establishment

K-MEG Open-ended TestBed
established by DC Distribution Grid
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2 Oral Sessions

(1) Multi-Inverters Control Technique with Current Sharing Control for Back-up

Power System Applications
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(b)

Figure 15. Experimental results, (a) Output = 2.0 kW, (b) Output = 7.5 kW.
(Ch1 = output voltage, Ch2-Ch4 = currents for three inverters)
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(2) Overview of battery energy storage systems for stabilization of renewable
energy 1n Japan
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Type Details Battery
Cut off wind turbines from the grid
Cut-off operation when the frequency adjustment None
capacity is small

Swyst t
L By emo e Approx.

Fluctuation 20 2% of
reduction control output of
. WT
Discharse
Wind Power Swstem
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Constant-output 60 26 of
control output of
WL

hﬁ»
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(3) Performance Verification of New Active Islanding Detection Methods for PV
System by Simulation
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