MAN

@)
-
_|—|
II'I'I
Mo
T
<z
o O
=
<o
—o
T <

H7|xt S82k=
HHE{2|0f| =2 AC

COLUMN
ADIE OIAX|(ADIE Z12 AJAH)

OICIAER| FHA -
HTH OJRHEIR| JHet B8 2 A

O[Ete| Ry [E M LUIE
T RISAH HE 7 |E0| sihlg 7iect
SH2AIAEE)

| RD27IY
SM = B ZH| Aol SM AES
TEoICH TABAARE

06+-8822 NSSI

CEE
__ FHele o
= < Jla BE2

NOVEMBER 2020

voL 86

0009 #




CONTENTS

NOVEMBER 2020

— Jlegwsin

24 o[ MAjEMMIIE 40 SPECIAL
_SI2A|AHR 2020\ AldEt ojoEHE 7 (7 228 XIF)
WIKSAHE 7|22
SIMZ 7Lt

02 COLUMN
ADIE OfHX(ADHE T2 AJARY)

44 RIDDA7|Y_ TAHNAL
EM Qe B | E| AR
EM AIEE =5ttt

06 QIHAER| ZHA
SOH ORI IS BEUNETY 29 oOelME LRI 48 SWis

2|S0|XFHX IS IRX|

10 TREND&ISSUE 33 OHelAUEEB IIE
=S Sae=zst 54 RIDIZEHE @HM|cE)
ADE U] 7= S& L= HiE L SEE 000152

M2t = T



JlEs Hrh

56 4xtuUASE
7 |R} HHE2] ChEt =0

62 D[ M7l
BISAHOJA AE{C[

68 D[2H QUEIR_FI0|AE HHSEESS
A

72

76

78
80

1318 2
A2 £ ORITIX], HEZA| 211 ARZSHR}

CERLY
FHRE S
7l BES E1 HO| X |25 217

IR

NEWS

V(DL.!E;<ES

SEUX} 2013 82 24Y

el 20204 102 30

ROl s e e | Y FYS

LR StV TRl SE0UXT e T,
AR IETIE Y, e st

FA AN S+ HH=Z 82 32MMS)

7 lEgrrHeE

ra
H
;
1%

TSI ARISARIEIN TR 23, Ol 2, 5712 A2,
USE AL, LHH NS, HRF ARH, S AT,
Uogs| T2, Zojeh FoE
ST IS TIRIEIY BB B2, T Y,
LA B, i ey

stzolLix]7 2B ofsle =t
sl [aTISY ooE Bt
Sttt [AEEHTICH K2 AllolAt

HECULTENENEESS

BE U HE SN2 (02-360—4845)
HHTRIE| (053-964-1700)

EM3 02-360-4845 / power96@hankyung.com
20| SR & [etal @ (042-712-9230)
EXISE s, 2100026

s EXpoll ARYE PE 7|Mfe] B Bl ST Eale0| BR5I,
watolo| A 517} Ql0f 7 Aot AfElel St IR, 2AS SELICH




A

Y
o=
™
=0
_IT
H
o]l
e
~N
i
o)

e
S
c
o
=
(]
e
=
“
(@)
%]
2
[@)]
o
o
C
e
&
@
=
()
z

COLUMN

/

ADIE ofjL{X|(A0O}

2




a2 RE
02 52 7|2 TS HEtS AL

7
FBI0| ZRM0| R2HE0f Tf2} kA HHER

oo

S M7= SAl| LRl2] YES
TR 2= 2025 77K | EHQ R
ot 23 49| MMULXIS 42 7GWIHX|
SICHSIIAL SICE SEX|2H SSETT 22 XY
AOUAX| 22 KAl Hstof w2t

wizto| Z245] Histsts S40] 0] B

0

o] ®Maj A|AEI0] 0| HEZ2
oHXIE E557 = 0=t 0
SRt M= 2217 flsiM=
E40| ZR5HRO0[ IHYHXIE M= &2
ZolZ| 2leHA= 010l 252 M22 T2 A
AHIS PR FLSsH0F ST

00| HIZ AOLE J2|EX|SE T Al
o HEY Y

ESAVIE(CT)S Y=l T2 Mt

= 2 Yol 2y
= ofx| 4

TR

AHICE ADJE J2|=2 7|2
A
HHE Qs AARIOE mEBIO M
OLIX| E2S FHEH5H A KisS

Ak oksic

12 UBICKI ) 710 WA -5

0|20{X|E chatst XMadato||

oo [ o]

HYZE —AH|=
P

ICTE =l T2 SSXIiet AH[XP7 b

HOICt O €2 90| 2 HHE0H ADE T
2le= T, sS4 71, RkSAL WX S
2O 77 IHez SElel ez 2

th O|1_LE|-§A-|O|

ANE J2|== 2Rl H3 A|A=C| 7HE

2 MHAOE SHITE siLio) o 2

NOVEMBER 2020

Advanced Meteri Demand
lnfraswm.:‘g ﬁ Racpance
Renewable Energies Energy Storage System
(a=1) AntE Ja|=o| 7

= Tt O|Z SleliAi= 2] T2 A|AE 0| HE0, ©7|E Aol LHEE & - Hidd=
M ARSI QU 71T AIEE T (B0 i = REBOR MZIB 4 Tk S Afolo] 2
0| ZRalct E5| 4L &F, &2, E5 & XO[7} UCHH 22 X+XIE 0| S3H A&
o 7l LS WARICE T 0IRE AR 4 UKIEH RV = Yutso 2 RF ALg
MOLARIQL B |7 22 HE AIARIO| M2 & 4 QU= AHIZ}REOIK] K| YiHe H
2 TEQATE/UEY| IZ0|CE ADIE O O|Ct 0} EL| UXZfut AHZo| o &7t

2|=EE TMGHE B 71K 5R5 A A
=l g r=nl S

OliLiZ| 22|

(Energy Storage System)

F7]i= 21 212 O ST )

(= |

=
Off HIRSICIH TV | 2S0jL= LA

ESS7HE= 3= 3 X,
. Agys
:d:. / pr

ETo ) “f" =

Y

S 7t HSSHL o7 |X|

2o 2

A7t DY HH @2 =[S,

2t Ol
FotR0| T |12 MYl =

UYX[S17| 2l6H MXloll 2=

X

Ct 25ty

of 77U & =~ A= 2H|7HELSH, Ol of

X |MEERIESS)2 BIEKAR 2).

ORI SHZIESS)

j.

2|E0|2FX|(LiB) HEHX|

(T2 2) oA XIMEEXI 7HE

EX AN

New Technologies of the Month

/

3



7z

COLUMN

F7| KZ rAl ESS 7I& EB LT [UXISKIECE 20| HIMEXIZE SAXH il
= « ULHEN(Pumped Hydro Storage : PHS) = = =0
2|1& HxE TEL E2| = sHAl & 174 LHza:
(T/Ie!:;an?c(;l)  U=ZT|XEEX|(Compressed Air Energy Storage : CAES) 12| S st F32| 7120] S4oM| L2
- B2{012iFywheels) 74 Qi ZNOIT 8 e 20| 0/
« 2|0 2% X|(Lithium ion Battery : LiB) . o .
sat Mzt « LIEZESIFX|(Sodium—sulfur Battery : NaS) OZICHH M7 |RIQ| 7+ O MESHE 7o
(Electrochemical) « HEXX|(Lead—acid Battery) N - _
3= x L J|=o0
212 %2 FX|Redox Flow Batiery : RFE) £ Ofgeint, ot HI1xh= 71EC] W
NTIESRES; '-rrﬂ15’1ﬂH)\|E1(Super capacior) ZXtol| HsH £ 47+ 2M X0 LRTHE
(Electromagnetic) 2 0f| L XX 2K Superconducting Magnetic Energy Storage : SMES)
EaS A OHL=- X|S}74&0| X}
(E 1> X_Ig. %,}é!()" [[I_E ESS 7|A HE =5 of KM ?__OH:H HH7|7|' HHﬁol HATC 7|c_|2|_|'o = |_| (=]
&2 21 Qo] Yo Bgo| HS Jias
ESSE &=l M= 332 6F7F U= Al U710l ollHX| MEEXIE ZEtelH H] S ANO = HoICY,
ZH0ll ST 5t = I I=FT A7 [of AT OIL|2 WA= BES 4~ 0] 7 |RH= HesAl AROILE RIS Ao Lt
MEE UXIE AHESHTH FH glo] eFY UMAE O ZAM6HK| 0 SE5tolH[= E= 285 ASE o 0 ofL|2t oflLX|
Moz Heig ZS¥ 4 S Hotohlal S EEEAQLE £ M Lzt olLix] 24 45 HE
13 £22 HESH WRH|| 1S A & 4 Ik A1 F7IR} Bt cHoll= O 50KWh
Astel 4= U} LM ARZStE T | 7|22t V2G e S| HiEZ |7 S0 QL0 BHeF1008t
= 1Z=0{| 60H 2 40| HiH= uFR 7|2 & MA Z=0l A M7 [k te] HZ0| 252 ool M7 |xpt BEgE Agts n2fsictH A
717t 2HS0] L= Mt AHIXP L AR SE =1 QIC} 201214 182t CHoll HERE 0| AFEAUTT[107 |7 5AI2E SOt TS0 & &~
= M20| Matsh| 2 = T U 2019F01= 7202t HE = & 4 WE U= Lo o HXIE A1 S 20 = At &Lk
S| FRIZIXIZE 2 AH|ht 2gio] L2 ZUH Ao MYUFECKIR 3). Ol O|RE TR} CHE HaEEl Aol
X[oHX| 942 = Fhfp7 | HESSICH LT 2|LI2Ioll = 20181 77EK| 2F 38H500009 CHO| nafet ARl 2Hll= & - UTHAHIE o
0| 2&5t R0l= Fat7 o X| 1 Bich 71X EEfien, EE = 202587 A #F=7t 5h= Ao|of, B B2 0| M
o] dR0ll= L7t S22t of2isH U S 130 CHe| MY Xt EE S SHE 51 7Rt Yo 2 STBLS SHCHH T2t
2 £Q0| SUAR|Z WMSHE FIRA M QI OFKI2 & WRAAO| EEST HY  of 2 RES FARL SXE oluiKiE Zest
S20p| 96 B WAL AN S2010F  AA HA ZROIRIK| 920t 22 FAHO| Aol WS 4 UES BIIR 0] Wi
H E32 AR =01 MEi2 2T6lHA Fot
_ B Global electric car stock, 2010-19
o= HF0|| e[St Tt ESS= O Fit
8
T 7153 THARE 4 Q7| R0l 7| & 2 ————
710 HBHS ChAISHH| El= Mo|Ct, 2 T——_—
ESS= HIAR By |2 SRS 4 QIC) E, E=IUS PHEV
8
BT R0l AlEEH S0 HINE W) y —
E PHEV
7HATHEY QICE CHELZO| HIAKE ity 7} £ e
w Europe BEV
MARIS 0|85 U=r, Ofi= oHeint AS e
_ E=1China PHEV
=X2 QloH TWAAlof| 2%17 |7+ oLt =
_ @mm China BEV
3t xfigtof eUileix| 4 SEsoR 2 _— =
] H=0] |2 o] Fd N 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019  -O-World BEV
o7 | =20f O MEC =R etgs o
- e (T2 3) M 77 |t 13 518
Si= AEOICE 0215t SHHIE #= 7 & HiY Z| : Global EV Outlook 2020, [EA

4 / New Technologies of the Month



; Grid

e —

] t ||
High Voltage
Battery

Electric vehicle

Al

VaG Unit

(azl 4y VoG IE =

ZX : ignitisinnovation.com

Ate x4
RISt oRZI0) TS Bhn, MYE IS
1|3 25t LA F7|230| 52 03
AIZHoll A7 7180] &2 HE3Ct
0 2T AHA L 201N ASEls 1i2
M2 EYU 4 200f ouixIE 58N
223 4 UUT STRT WHLFO| 7
O[0iIA] A47Ii= ABIX} 40U BESOfe 4
QUSICE OR{E Z7 Kbt 7 |E0| SrHAL&
M7} 1R ST TR EIPtA 2
BH= ASIEIQI TO| S0| YRS Fi7|R Al
S0l ElEa 5 4 U= M7} B
RICk 77 |Rf0| BHE BRI L
Al STMRO| ZIME BYU 4 US 2O

2 7|cHEct

AMI(Advanced Metering
Infrastructure)

7|E2| AHIXIE H7 AR = AHIXEZL
Ar8St A THOtE BABKED
ADIE J2|E0MQ| ARV = JHe HE
SAlo| 7kssHoF Btct 0 olg88HTtH
A= HARICE MH A8 X X7 |23 S
SIRIEh £~ QIOM O|F XHAle| M2 AH| i
gtget 4~ US AoICL 0| ER 7S
ADIE DER MHIE XISE A
Al olmaf = AMIZHD SiCH AMI= CIX[E

KIE Z4Z) MH|QF EAIRI0| BHA| SiZigh Q=

o o
Ao= HARMHH AEZ N W |28 HES

S oIsFEAI| 7Hs5lCt
AMI= 7124 22X AH|KF RS0l 22
7}t T g—axr“ AMIE S ST

|.

o
(=]
m
i
utok
ol
Q'E
rE
E
\I
_|I'IJ
4>
FO
i
El
I§

ol
+
30
mjo
H=
E
i)

o
J|0I
|'0I
3
FO
2
I
=)
N

|7| [[H_,_()-” X-|E1 A|AE1I0 EEl‘ OI'I
F = QUCE AH[XE4EOA= AMI

Al AR ALS RS Tt

=

o or m
Hu 2.':'
Hsz

i 80I-

mjn
o
glzl
-
[e]l}

Sh= AR ORIt V|25 S AEEEE
H

NOVEMBER 2020

Ol M AMIE =28 +2(Demand Response)S
Tolob o 40l AHICE O|XME AMIE

Af%@-['-ﬁ OFH}SF %AIOE I-IEFE|'— |:|-0F

oo o

rol

FMEE 01235l 0| HX| 2312t |
7t 7ts5P | W20 AMi=

T S 71s0l2kn 8 4 Uk

ANE J2|ES

AMIQIZEL SIFS FEIGHD UCH 2018 &
HEHRA ST Ty 71272/l w2
™ 20207HK| T= 22508t 7H0f B2 E
Ol golnd, 12 2EE 2! 7= A=
2022:17kX| OHIEE 5002 7201 AMIS 2
S 2024 MetStHEQIC,

12 720 g5Ho = -] HatiAd
£ JZ0|LXIS OIS 4 Q= T AlA
HO| x| TLEEHO K2 BT, Of24SH = AlA
=2 ESS, T IXF X V2G 7 |&, AMI St 2
2 AM7|&0| EQUE ADIE J2|=0| SEf7}

r

0

r

ZHo} StCt MEo| 7 L2 MRS ol5t=
Zi8at OfL |2t EABIE NN =2 S M|
| ZI0| HEIE AHHECHH O|A|
LIX| 2XIE 2sH XI0j0F & QIS LshE

19Uk Salets Mol 1T

rr

rfob

0¥ II
g

1
)
1o
A

Eo| £l2 PN HE M= WM R &
XX, 712 M3 0|1 A% 7E
2 NS 0, At A2 XI&AIR1 it

7t Eiest o[k

OiXate 2 AQE J2|=71 Ol 528
SEHO=E 0|1= E3E0| Elm F21LHI
2 Qlal A=
ZSH0| =14 7|chshct,

2317|0ﬂ 3I-E_=Ig %Q-I l—'lo A‘I

New Technologies of the Month ~ / 5



oILjAER| THEME

HX KK
T A Ol24%I [KDBO|2H IRt TA
—=71= A1y |5l Ax e
AlROILAR I ]

A EXES Eb) HHE RJJAFLE} 4= Qli= OJXFRIX] (Rechargeable Battery)=
AAE B O 2 LQ1713e F 7| HEZ JR51E = A L7} OJo] XJHA]

A MR|7} FZEH= 0|9 oA Mt FES E= 0l T F EA| SEEHOF BT,
UHFMo 2 AT, 2=, TelE, E2(2F 7K = zket 4= Qlot,

S O[XIHX[Q| = 4rH Axfatn 2rstct M A, 182 7HsAoICk 2SS0t ADIEE, M| M9 7|=&21 24|

X| O|XFEX|(All—Solid—State Battery)= LEEZIO AT 7|7|0| T2 ALRE]E HY SiX 2|E0|2 XK= 71HA 0| olix|| =

0l2{er =2 AX7t 25 TH|Z & U= 0| E2|7F T7 XL, MR IMEERIESS), TS E Zi(Gel) MEHC] TSRS AESITE 2= 3}

AFTIX| ZEH(Platiorm)S SEEICE B ALEE] H| S 2 Sili=|HAM 1EE 1o HX| L= off w2t St 7|3t WasHALE 2F S22

= O|XIHX|Q| B2 L=xH, 23X, 222 O HHE{2| 7HLO| @7&(1 QUCt E TeliEo| =22 4R M Y B TS

2 DA|X|2F T ER2 A HEHZ =i QUCH =M, QP EXICE T [XHETFOtL|2t O] 0] UL SEX[2E HIA| FX = 2MAf| TR

A FX|= o= = TA|CE RS, =M, 2 & S Aol A Chal A TeHEE AREs | 0l 2= H
tAICH HHE{Z |2 7| floiiM= Lol AHE5H= HHEZ] 3ot 2| S0 w2 3t & =22 />0|

7t X
f AR R HX = 2ot 2N 2 aF0| LElgnt orgdol B SAXI5| 0L,
H

i
i}
on
(=)
rio
2
pal
ra
ki
g
2
Ra]

TOMAC SIXIZH MS, 7t SO EXIE A ISP TH|(L|Z, 2zt ALE) ESES

= i1 s - =2 RS EIEEDY
RS|Z|X| 25 F2 M MAIEO] M7 x|
SEHA| Fotth 22 T MAH ol oz M| ROH+2 1SS + 7 1) TH(EEE, MBS, Z2|)
0 S7I2 2SO0 [2FX| AIX0]| 2HHEHA Saof x| z= 20
CIA| 24800 QI (& 1) 2|S0|2FX| vs M H| FX| H|w

6 / New Technologies of the Month



NOVEMBER 2020

2 HIIEICE SHX2H = =70 180= 2 0
57| 20| 120] =E55H HAE| L =
OHA Sixff, 20| LHst 4~ Qo] 2S¢t
O|RMX| MMZ 2 AL EIX| 230t SR &

0| g MuK| FAl= 25342 ST 8S

S HH| FXPHEIE | PleHA= sHE
SoF et 7 =1 2|7+ O~ B0 | ot Uct

S, 1A FsHEQ| 0= 015 =7t A

® == @O ©23 3 ()

(A1) 2|E0I2TX]| vs x| TX| &
B3 72 X2 Y

H| s 2o HIsh 2ot S2et ds= WA
RBICE S(AHH)IM SlIFR = 2t LA

OlM I OISot= Zas ot ofah

LHPM o = 12~4872] HiE{2]/20] =20 oz Byt S0iEL, 7t Z0Ict 22 2ttt AP E Sl 2
HHEIZ|ZE S 0|21 8~407H2| HHEZ |2 = 2lEa42 ol S22 2R A8EE H| ToHEO| M 02 0I5 £5=7} B0 | 7]
Of 2204 HHEf2 ™S OIF THS T7 | Xtofl ExH SHLCH S0 106 27| 2ol u 8 7l= el OF%| x| TahE +~z=0il= 0|
ECt. B{E2| 0= HHE{2|2| HEHE ZLIE O| TXIE TS0 E & U= EHQ| S=7H R|X| RSl T,

25t= BMS(HHEZ 22| A ARt HZFEX]

7h RS Ik, HoA| ZRK= s ofzo] RS

oo = HiEf2[ S7te| o 30%E AKX 5t All-Solid-Battery
i} 350~450Whrkg

= dRERPHER gin gl STl = NCMO9.5.5/NCMA

71X 2 HIEfZ S &9 Eo] of|LX| YE e 280~300Wh/kg

E =Y U= Aot 220~280Whkg

- NCM622
22|22 L=t = Atolofl AAR(s T

= o 200~220Wh/kg
M Ci2to 2 oI5t SIRiLE Zeks BiX[sHe & NCM532
o 150~200Wh/kg
&2 ottt M1 H| MXl= oA Mlizo| S NCM111
L . (9
Alofl £2[2t 52 57| 01| OXFFIK| A4 100~150Whvkg .
20154 2017 20184 20194 2020 20254 2030
AMRI7to| Ok 15%E XX [GH= £2[2t HIZO0|
= or_[ (2! 2) O|XFHX| U2 RH 7HL M2t
SO07IX| @=L .
5 : Q1= x12 K7
2|S0|2 XX = Al 7S 17He] MU=,
23)0| Q= 2 -Z2KMono Polar) &L} = o|2MEE 2EokeH M=ol Sxohdy
RIS Ol=l - EEER ©(10-%S/cm) o s o
'g% %- E |6HA-| O:‘E-I 7H0| Ml 0171 H ASIEA| 0(10748/011) ° o )
OF 57| Wi=2of Fu|7t XICt, Mo H| HX| Za|0i7| o(10-°s/cm) 4 e >
L o o A ol T 024 OEE, 0¥
L AMlq7 21 7ie| M=EE Hast £~ Q=
HE|Z2HMulti Polar) 227t 7+saf AlTHA 25 grg(zms.s) HTH| 25 23 ®X| BE U Bl et =5

New Technologies of the Month ~ / 7



77774

ol AER|

ZHA

s8H
" o)
o)
2lsol2 0 o)

SN, DA TeiEe| AHKM0| ICh= 2
M= ALt AHKEE S 2| GAIH|A 0]

70| KXotz SA0ICE ST EE A|
ATHE| BAHOIA 2lF0 21t T2 0|S
O| RESIX| 4H X M52
A MohE M= M2
AHAMSS E0l= S IR
Al ZlE 3 &E=RH)
HI=210|E(Dendrite)7 | MM =l= 2X17F U
Lt Hi=2lo |EE 2lg a4 EH0| LIV K|
o, 2lE0l22] 0|
Xotet
=X 2Ho| ZES

ST} O|R01X| 2

A, -

29402 ol ZAHR!
23 pE

5l HI=

0| TX| 72
ol 7Fg M e = réi‘ﬂE._'Eh ZL%OHME
71 HI 0| Al =REL

= QEH= THLtAET} Prime Planet Energy
& Solutions, Inc.2H= SRIAIE M5 M1
H HXIE EHAHS M7 |XHE 7 st QT

8 /

New Technologies of the Month

(32 3) TuH| Tx| Hi=2to|
“DES MDA MK NS st

S =2 =2=0IM

MAZE

E SiA
2 A

Lt

suz

EESMEY

ki k=2

Saf STEHIRAS
28l5H= XF2FE HAQI ‘e—palette 0l X
TH MRS BAE oI Fo oLt F2LHI
2 22| 7 |g/HM ZIH LRSS 20221
OS2 0|2k

HiEj2| AEIEXS

K| 7HEE= 2ottt 0j=e| &2l=

SRt AL AEFet A

QU0j|= BMW, L=, APMHIREX

FMoZ 3 &

t, SIcH=24

7} 212 R40| JIYORIE £X1Z BF
PR} 17| 3k 20234 R FX|
| 20258 ZTH| FIRIS B RIZ O
=H=Z

HJ

Sl QI
E=0M= YSIHol M EAFet AEIEY
ZEIR0HX|ZE /M U1, HEHME S=
O H7|x} AEIER M SSLE T1IH| TX|
£ Ehigt TV IRIE 7 S0l
il P e L= i b BN (o) e s )

pe

aEsH=e



NOVEMBER 2020

e 27t gs127 SIKIZH U 7 [40| MIA| HHEZ| AR &t

- ERAE HTECR AR 20124 4 PN LEACH SHE S0 AL

P D2 | BVW, . AHIRIEx BHSES = Clao] 7elo 2EE| Ext HIEE|X] 2340} 2000E0CH SEES0] AMM
QX[ 2025\ X2 YAS 2HEZ MTF| M| ML = SDI, LGttt 22 o=t HiE{2| MIZ=AR| 3t

- ZSiCHoll M 201413 EAKSH AEEY

+ 20183 2F 10 2{2H2 FXI5H 100MWh 22| | K| AAEZE 744

+ 2006 HE], S= TIIRF AEEY O|=HIO|E, L2 Sut FH| TX
RS M SS ML S

TER0HR | S=

o A=A L L SHHRI FXAIZ =
LIS TSI L= 7 [HS T

L2 eh=mut S #HSH ! HHE2| AlE

=
=

oEaxig | ofet

(2 3) Tuw| TX| i 2 |

0

S otz 12 o F=HS 5| Sish BiH 21502 %X
£ HojM MZ22 =0 M1 H| HX| JHE0H|
=2 stHoly| Yol A7 E TI™ F0ICh Aol MEH ot AMzlds SXi61D, 2 EXE ot QICh 2Tt ofL |2t =,
2020\ 3E AMMTX} BT |22 M| O|F MK} S3XILI BAY 7172 M He| oA I S REL Fe=E 7K 2Tt
X & -4 A SIMNEIESZS) EHO| A 7t SithE Ao 2 G| AEICE 9| 30%E AIX[ot= HHEZ[Q| & SIEEE
Aol S20} QNS KotA|7 = HIERL0| MEE2 oA MR 71Xl ZX| ST | 2l K= LHO|| BHEJZ| ALkt lE &
E ENE iz A= 72 Ll = £ lidst= ol 4~5E, ALt 71=2 JHSH =xo 2 FE510 Uk,
| gk U0 X OILAR[Of] LEESHTS, Mol ME5H= o 2~3H0| Zal= A LG3ISt AMMSDI, SKO| 0| S 2|1t
LGSISHE 20193 48 MEATIAIHEE = Lot MO A HX|Q| 2AMIAIE SN 2 HHEJE| BAH= F2LHOZ B2 2= 7|
£ MASH M H| MXIE HIZSH XIMICH HHE] 2203002 H1 QlCt O| =FSt A0 £E2 SEZ MA AR E
2| A7tof Esst U, 2120ll= 2lEEd 1990 O M7k = LIZZ I=E(Ni—Cd), F2S =071 ULt Ao == MIA AEC
X Exifst V1€ 0= 22kme| 53 LI ANi—MH)TX| 252 LIZA HX|7t FHE FXlol7| YlshMz SR 2§02
0l 22f= ol d3sP | = FHCt, F2 ASHLCL FUFKIAE AL= LIZAA TX|Q| chEF At Ms THM0]| QFFsiAM=
TXofl Hfo =2 1} oflHX| L=E 18 ot EICt X MR, elE 24 S22t 2
A 22| A2} S5 Q= M2 TX0| 2S0|RFK| Y MmF| MX| Sl AX|O| As AT} A
M| MX|Q| MAEst= 202040 FHEE Ol HSSIHA] DA ERAA(TH ALt At 88} 71z, J2|1 7|E Maeielg EEd
B MAIS| O|20{Z 7tsM0| 3t AIZH A Q7|7+ L2akT AU MIA| HHEZ| AIZH| 2= U= LA |z T of| XISAQ! ZAT M
A Z7|0l= HA M7 |HARL Z2 CHiE A& TiIet 4~ UACt MR EXP LRSI
20184

1 CATL(%h) 219% 1 CATL(%h) 27.9% 1 LGSIEHES) 24.7%

2 oitAS(8) 21.4% 2 oitAS(8) 24.1% 2 CATL(h) 23.4%

3 BYD(ch) 12.0% 3 LGEISHER) 10.5% 3 oiLtAL(H) 20.4%

4 LGSI5HER) 7.6% 4 BYD(h) 9.5% 4 AMSDI(ER) 6.1%

5 AESC(ch) 3.8% 5 AMSDI(ER) 3.6% 5 BYD(dh) 6.0%

6 Farasis(th) 3.4% 6 AESC(ch) 3.3% 6 SKO | H{|0| (&%) 4.0%

7 Guoxuan(th) 3.3% 7 Guoxuan(ch) 2.7% 7 AESC(h) 39%

8 ARMSDI(EE) 3.1% 8 PEVE(R) 1.9% 8 PEVE(H) 2.1%

9 Lishen(dh) 2.8% 9 Lishen(dh) 1.7% 9 CALB(ch) 1.8%

10 EVE(dh) 1.9% 10 SKO|.=H{|0 | A(58) 1.7% 10 Guoxuan(Hh) 15%

A 81.2% Al 86.9% A 93.9%

(E 4) MIA| 7 |XI2 OIRFHX| A2 &2
S5 : SNE2| M|
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U.S. primary energy consumption by energy source, 2019

total = 100.2 quadrillion
British thermal units (Btu)

total = 11.4 quadrillion Btu

m— 2% - gecthenmal
9% -solar

nuclear

electric }

g:r r coal 28% - hydmelectic
1%
petroleum
3IT%

renewable 24% -wind

energy 11%

4% -biomass wasle

2% - bicfuels biomass

A3%
. 200& - Wuud

Note: Sum of components may not equal 100% because of independent rounding.
=, Source: U5 Energy Information Admimistration, Monthly Energy Rewew, Table 1.3 and 10.1,
€l1a’ April 2020, preliminary data
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2) U.S. Energy Information Administration, Renewable
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Tide I

Sluice gates
Closed  Lead Height

Closed

Head Height
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Generation Time
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tutorials.com/tidal—energy/tidal—barrage.html)
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Electrical Energy Storage Systems

[

l

Mechanical

Chemical

Electromagnetic

| Pumped hydro - PHES |

| Battery - BES

| | Capacitor |

| Compressed air - CAES |

| Flow Battery

| | Supercapacitor |

| Flywheel - FES |

| Regenerative fuel cell |

|SuperconductorfSMES |
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4) Nikolaidis and Poulikkas (2017), A comparative
review of electrical energy storage systems
for better sustainability, Journal of Power

Technologies, 97(3), 220—245,

5) U.S. Energy Information Administration, Monthly
Energy Review, 2020 (https://www.eia.gov/
energyexplained/renewable—sources/)
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6) 2020 Power and Utilities Industry Outlook: A
midyear update (https://www2.deloitte.com/
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power—and—utilities—industry—outlook.html)
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Smart distribution grids at the heart of a transformed power system

Cross-border interconnections
Transmission and distribution
Smart enengy

Electrification of transport
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8) Energy storage, a crucial piece in the
new technology jigsaw, Wind power
Engineering & Development (https://
www.windpowerengineering.com/energy—
storage—crucial—piece—new—technology—jigsaw/)
9) U.S. Environmental Protection Agency, Green
Power Partnership, Community Choice Aggregation
(CCA) (https://www.epa.gov/greenpower/
community—choice—aggregation)
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12) U.S. Environmental Protection Agency,
Renewable fuel standard program (https://
www.epa.gov/renewable—fuel—standard—
program/overview—renewable—fuel—standard)

13) U.S. Department of Energy, Energy Efficiency
& Renewable Energy, Alternative Fuels Data
Center, Federal and State Lawa and Incentives
(https://afdc.energy.gov/laws)

14) The Florida Senate, Laws
(https://www.flsenate.gov/Laws/)

15) Click Energy, 12 Countries leading the way in
renewable energy(https://www.clickenergy.com.au/
news—blog/12—countries—leading—the—way—in—
renewable—energy/)

16) Stanford News, The world can be powered by
alternative energy, using today's technology, in
20-40 years, says Stanford researcher Mark Z.
Jacobson (https://news.stanford.edu/news/2011/
january/jacobson—world—energy—012611.html)

17) Interesting Engineering, 7 trends to watch
in the energy industry in 2020 (https://
interestingengineering.com/7—trends—to—watch—
in—the—energy—industry—in—2020)
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18) Arstechnica, Using molten salt to store
electricity isn't just for solar thermal
plants (https://arstechnica.com/
science/2018/12/__trashed—17/)
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Solar Grid Parity Explained 19) Wood Mackenzie, U.S. Residential Solar
51.00 Economic Outlook 2016—2020: Grid Parity,
Rate Design and Net Metering Risk (https://
—— www.woodmac.com/reports/power—markets—

u—s—residential—solar—economic—outlook—

2016—2020—grid—parity—rate—design—and—net—

50.80 metering—risk—58115468)

20) U.S. Embassy & Consulates in South Africa,
What is ‘grid parity’? (https://za.usembassy.gov/

S S0.40 what—is—grid—parity/)

- 21) Environmental Defense Fund, The U.S. Power
Grid’s Cyber War Games (http://blogs.edf.org/
energyexchange/2013/10/28/the—u—s—power—
grids—cyber—war—games/)

COosT

50,20 grid parity
grid electricity

0 22) M. Di Somma et al. (2018) Stochastic optimal
1980 2000 2010 2020 scheduling of distributed energy resources
YEAR with renewables considering economic and
environmental aspects, Renewable Energy, 116,
(a2 14) EfYE J2|= T2 |E|) A, 272-287.
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23) Renew Economy, Pilbara renewables hub adds
3GW wind and solar to $20bn plan (https://
reneweconomy.com.au/pilbara—renewables—
hub—adds—3gw—wind—and—solar—to—20bn—
plan—86697/)

24) Barry&Vale FoE, Tidal Lagoon Cardiff—Penarth
(http://barryvalefriendsoftheearth.blogspot.c
om/p/tidal~lagoon.html)
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