2021.8.2.



= XMl =Xt

o)
)
= ol
_uzna_._ﬁWma
R
KO T EH_W
KFx <@
<057 of of X
o EHT <A
ol il fml K- 1o
W AN @
~ & d Ko R
oF OF ok K ol
gl A K
70 0 g0 & il
e m@r X0 Ho
alinl I BT
OH &7 7T =F KF
H_._.E | AL
s ool xE
N ™ <



f

Ol 5 106WO| o, Oi|H| = 10%0| & K| ol Of

O PHUER7[ (ZUEE 7.15)”

ol S

X2 710
0= O

#| T2 Al

=

A=)
—

i Ll

o s
BOR o FHoE
OH L0 o ﬁrmm_
I OH KL || oF
DR
PEi X T KD
— B0 Rl K N
<! opy Ho oA M
—y OF = — |
L) P R N

__ o-
50 o




)

%2

8 £ c3

s , % 5 i} 20

o 2938 8 @R
ol & 55 o 53 o
Ko SEEs5E LE
M= a1 Z A Hn__._._H_

m] E N O KO r

g

{: 22| = L|O}

=
i

G
< = 5
S
LS
Ko< =
— ] <
H o i
S ¢s

o H 3
.__.._H_ln_Q\ oo =
I.ILn_In wﬂ_. Y
Mmoo

— Ll
00 or- "
mr <k N

N
PElS)
o
—
_I_.Haemsw > § & a =
NN

Supply Trend

ov:oc
00:0T
0c:61
ov:g1
00:8T
0c:L1
ov:91
00:91
0c:G1
obv:t1
00:v1
0c:C1
ob:cr
00:2T
0T 1T
ob:or1
00:0T1
0c:6
ov:g
00:8
oc:L
ov:9
00:9
0c:§
ov:v
00:¥
0c:¢
ov:c
00:2
0c:T
ot:o
00:0



N -
S99 1802 seuti S s 200 FuzSo

=
ol s ZetE A el o CﬁLXﬂ(zom)Oﬂ (et K| &

7”?" 2™ 307](11.36w) = 7| | &4
. lLI’“H AH| = EH*I%‘W*H”‘*OI "XlEIO*OLr o7 |glez 228 2=
XOTCTHA: = Hl| == Sl & F(Once-Through Cooling) 2 M A 0| U ZHEFAX| EE = |2 &F
- Ll RIAIEHA F *% AZ|ZL[O0| HEA|, “HHO| BERUCHH
A= Og = AR = =22 7t
» L & |—L-|or: =0 ol M2 4™ IS0 o2 oA



I
d
H-
-

[OF A HZOA AT =4

L

M A0 X| S7tFMoA B&d Halel JH2

HiH|2 92 PcaE 2016)

L|OFr==29] 2030 H A SO X| & =H|S 50%=H"

MOl CIOtEE A2l 2024/25 T2 47 (2016)

- 2HE SEAS2E7|EHcAs0)2 AS HEIE7|=E 555 76k
1) AlS L Z|o EF e ARD(N-1) 2l T OFS 2 27 (2.36W) K= PDCI (HVDC,
3.1GW) 2| A8 K| CH| Of|H|H S 2t H ot ALY,

QA S T22| 6% OflH| S (2 B0[H|H X EXRAH|A)2 2 =HE (CAISO 2021)
X 6%e MEUHEZARZ/WECOS| AH|H 7[E(+2F3%+ 2T H3%)= =8¢ 21t

» CAISO= A5 d= 2ol wAIT Y 715/ &t
=AY Jtsst MY)2| 2t ER-d KM Al(caiso 2016)

T 0
=
e
=
N



)

Ol A
2| A

Z2c|ZL| 0o Z2 K-S0 L X|2f & =X

(20213 4&24

>3

N 1o
=) o
20 <| @r IoF &
i

00-€¢
00-¢¢
00-T¢
00-:0¢
00-61
00-81
00:41
00-91
00-G1
00-v1
00:€1
00-¢1
00-T1
00:01
00:6
00-8
00-4
00-9
00:9
00-¥
00-€
00-C
00-1
00:0

A

t

ml

<

MO X[ 18.1
REEE '-2.9

AH

Q-

) LO o LO O LO
(q\| — —

(MD)={3c|c

Al = (CAISO), Supply Trend



L

/I\x
2™ 236wW)°| E|E &7t

=
=

AME2 H)GWE 0| &KX ELCH 106w 4O H2
G 2tE, C|Of

| A CAISO A A a4y

O
HA AN

of o
< <
fo <k

Nelet =2

=
=

THA4 0| L ]

1.98GW

00-T¢
ST1-0¢
0t-61
Sv-81
00:-81
ST-LT
0€-91
Sv-GQ1
00:-ST
ST-v1
0E-€T
ST
00-C1
ST-TT
0¢€-01
St-6
00-6
ST-8
0¢-L
St-9
00:9
ST-S
0t-v
Sv-€
00:-€
ST-¢
0¢-1
Sv-0
00:-0

L|O} = & 7™ = A& (CAISO), Net Demand Trend

=

22

al:

F

X
=



1990 1995 2000 2005 2010 2015 2020

=K. 9= National Grid-ESO

MESQ = B4R - HEM MUK (B YD), 278 UMY F



S MUK St AU 254 E

g2 x|l XA 0|4 K| 2] 7|2 Z71QF A ZLEALER 7}
HAHX|H =27t XX 76W7IHX| &} 2
« YZO| X| LSl THAH O I K| LM H| S 37.3%(= H 24.8%)
o MEALZ(NG-ESO)= ‘N-1 M 2| = 2 74(N-1 Reliability Requirement)’ 0|
[F2f | CH SHAAEAF DOl AFO| =2.B M (1.26W) 2| = A|HX|
ChH| S S ML 2 HARAH[A A9

= =
e LI K|S =R S0 2 HNEH 4 ESRY.
Ao = Ttk 57 (5~9&8) 7t AIO|=El-BO| 50% == 4 & 94
=2 H|E B (£76390=0k, 1409 &) =X

B B Sl

|O
o C
tO




F71?

—t
O
—

of S=2 =XVt R

I A Z[ O
M
%572

il
oS
o X|

8002 °

tFMOM 7t S 2%t

=
o

A
L
B0

-

HEl==

—_
()
T

(synchronous condenser
)

12.5GVAs2| FEtA A S =HE|(

SEXE

H|
7

Zt0f| =

=
o

12719 57| &

Of| L K]

L}
T



712 A

- AH - Off L K|

XL

W-W_ m._oo ..M:._ L_Lﬂ K
joll m_|_u|_ L E{\._Ihw._ oKl
<0 oy 4r < of
W_L 3 T T
- S T KOjo =
-~ N 10 10 — X
<O _ <= =X
= oy A-Mu__n %W =Bl
—_— X _I_H_|_ L|O|
jn Wﬁo (- K- <1oF mﬁo_u
< 2 yorr By 2w
& 0w gy To
LHo Mﬂﬁ Km0 15 o O 20
obl XO0uo = MO o T yjimr
J1y IWoH __Wem_.m STl
_— —_— I
N o o o My
R X KO o=, 5 0l
ol KO <5 TS X0G
m Yz & B Ao
R A o L
N XT_A|._)M_|W_ _u:o_. N <
_._._o .__Allo._o._ Ol_M _Almﬂ _A_OWO
& <or Ty ol K0
o Munx° < = olotry oM
T RN AR mx o
il RIRd T <0 2035 Z0TT
% ZuguoE *



O

4. 2L THA O LA K| Z7H2 A

« REH| & 6.5%0| 220t L e S =2 AN SA|EX| S
e X|HSEH X|CHAMON MDE|342 7|5 X 7|HSOICE 0% 2 2HE
« 5229 M 2|43 7| EA|HEX| 2 =7 LU} 59.79H27H K| S
e 9158 M (2011 9) 59.4Hz—»TSEHN HIAA™EN™ E 59 4Hz >+ 2HEHE
e UM Ol FastDRE EAMOL ok EfUY SR |™EXN A3t
e X{AMO|LHX|Z 72 2030F {0 = =22 A i
c MA RN AL EE2E 7S /M = HE &7}
. AR A o] LU M M| 20| FI
3427 A4 E2 L2 A

FH =X

oA
1|0
N
_IQ
91'
roHro
>
A
9



JEAS O
— o Wind and Solar in Synchronous AC Power Systems
X AH L_ X N 7 as a Percent of Instantaneous Power and Annual Energy
|- (- 01 @) 2018 Updates
(@) 1 " 100 10
9-- -|-r_-I |X-I Tl_x ‘ Ta'u % Instantaneous Power
Island Q % Annual Energy
E, 75 - 76
+ REQ| GI¢F S5H|S2 3
T T = - e -
e 02 =4 84 L _
= island Maui Ireland
« 1092 TLA S 20182 3 ERCOT
OlUME, BIALARL QAL R
. HH &40 HTjo o [
MHO 2 ZFA wc
e EIAFAQI AERR L
O (LAl TlOb Blxd =0 0.0001 0001 001 0. 1 10 100 1000
'ITA|'O|'X| |_|-, TEI I_-ELEE .
sHi 7} H ol Ot M 2|3 Q O System Size (GW)

Z=X: Krposki, B.(2019)

14




®)
I 1

ol
<
Ok Mw
o mo
0 o
e ol
> N X0
O Kogo
10 o3
o <o
Al @reo
o b
70
Mo
oT S o,
Aol 'H0m
rn ©! no_L..Tu_
o0 o)
o7 0 81z
o 84 ok~

T A {F
= ._A_._._._O_”_ —
o N
R~ -9
O ~T s
N
— r0=< _A|._
Ol K N

N KA o
K1 W_m m___ﬂ
44, < oju KO

M_:o_u m_._|_ ur__n.le
Ol & & ou=
oo SoH o=
~RIU< RI™
_A_lo._ﬂn_ & o0 8l<
=< Ul = oFio
710 HKdmrK

S O T oo
Z0<} mlo RITT
=<H T



Sil
—gn9”
O
K
LI
|o_”_M/O/
o XA
<0<
H_A_.o_n_._
= FKE
<057,
02 &
ﬂamm
11 &
Bl ) =r

Zk
o2k
L &

Of

P —

Phase3 m Phasegq

7.4

Phase2

o Phase1

> I prewus
N ———d A

AueuLIon)
[esniiod
uredg
AN
909915

Il
wnisPyg
ATely
SpuelIaYION
0JJ0I0I
eLIISny
USPOMS
el[eIISNY
Aayang,
puefur
[fze.rq

SN

eu)
pue[od
uedep
ouRIg
eipu]
BIUO)S
epeue)
pue[BaZ MAN
OJIXdIN

BOLIJV INOS
Areduny

yo9az)

I puereyL

PUBIOZIIMS

B AeMION

eAO[S
BIOY]

| @10de3uIg
- BIsauopu]

=X : IEA, World Energy Outlook 2018



LR 2|
2=

s 74 A

off of o

80
OH

LHO

0|0

100

ASof ojx|= &

Phase1

101
El

Y
=

M1
HO
mr
pa

L

Klo
0
LHO
7

<
{H

off O] x|

80
IHO

Al

Phase2

Phase4 VRE

4

KF-
<
oll

<
Ko

ol
ml

&

[s)

VRE &

Phases

17

=X : IEA, World Energy Outlook 2018



| |
_

3470 ofld
el mm
Ko

~

KO -

< H

/
A

A
=, I

M A

| ) O] M| &[ Of OF

of & AH]
HZRMH|A 7HS, RE-40%

, ST MEA




SH T2 SN 2 S Al OFETHE

e« A

LIS A== AHEXNUO R 7735|9| ZESHEFRM KFEE AlA]

. QA AT S e ol T HE HE T

« Ot E = 20078 RO HA|YZ 7oL EEEHE K|l
e MM X| St LA SHLCZE MEA|MS| =M AE

¢ 2018 IE-NI S EHU M 2 A EHISEM) 7] T (91 Ttes0nt D, 1 7k3gTwh it H)
o O F M A| % (Day-Ahead), StFSA| Y (Intraday), 2ALHE T DAY 2G5
» 1471 B ZMH| X opbiz, Foisurg, +asts 55 A 7HE 0 Z O I E (pay-as-

bid)2| 2 SHEHE 10O, =2 X0 X|H|& E2F

« MY X AMHIZHIZSL2 20109 12%0| A 202049 4a0% 2 2=

« 2030E7KA| A MO K| SE=HE MEHs55H 5 70% 2

-

r

o rlo




HE T O HA[YO A E He Al
| 90% = Day Ahead, LIH X| & Intraday, Balancing A| 2 O] A1 7H 2f

\_

Forwards

e Forwards Market
(From years in
advance up to
12:00 CET day-
ahead

PN

Day Ahead

¢ Gate Closure At 12:00
Noon CET day-ahead
for trading day from
midnight 00:00 CET to
following midnight
00:00 CET

* Currently a cross
border and a local
market

N

Intraday

* Continuous
trading from day-
ahead market
clearance to 1hr
before real-time

-

N

Balancing and
Dispatch

* From 1hr before
real-time to real-
time

N\

N

\

Imbalance

* Marginal price
based on
balancing or ex-
post
unconstrained
market schedule

Source: Linehan (2019), “Ireland’s Wholesale Power Market”, Dec.
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BEMHASS0a) PP ldElAZEs g/Mwh |

Synchronous Inertial Response I (Stored k1net1c energy) * (SIR Factor - 15) 0.0050/MWs"h
Fast Frequency Response FFR MW delivered between 2 and 10 s 2.16
Primary Operating Reserve POR MW delivered between 5 and 15 s 3.24
Secondary Operating Reserve SOR MW delivered between 15 and 90 s 1.96
Tertiary Operating Reserve 1 TOR1 MW delivered between 90 s and 5 min 1.55
Tertiary Operating Reserve 2 TOR2 MW delivered between 5 min and 20 min 1.24
Replacement Reserve (De-Synchronised) RRD MW delivered between 20 min and 1 h 0.56
Replacement Reserve (Synchronised) RRS MW delivered between 20 min and 1 h 0.25
Ramping Margin 1 Hour RM1 The increased MW output that can be delivered with a good degree 0.12
Ramping Margin 3 Hour RM3 of certainty for the given time horizon. 0.18
Ramping Margin 8 Hour RMS8 0.16
Fast Post-Fault Active Power Recovery =~ FPFAPR Active power > 90% within 250 ms of voltage > 90% 0.15
Steady-state Reactive Power SRP MV Ar capability * (% of capacity that capability is provided) 0.23/MVArh
Dynamic Reactive Response DRR MV Ar capability during large (> 30%) voltage dips 0.04

22

ZX: Gaffney, F., Deane, J.P. & Gallachéir, B.P.0.(2019)
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