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mFRR
=IRRAEDEZD : Rapid Reserve Primary Reserve
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FEE S mFRR R3 Day-ahead
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Operating Reserve
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Enhanced Reserve
CENRERS)
Frequency
Response(EFR)

MFRR: manual Frequency Restoration Reserve

FCR: Frequency Containment Reserve
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BE200 A
L (= 0405))
b3 S K205
RIEAILEE B
= #92,071MW
SMEIE™ (20165 EF 1)

B2y e FEEER

b ;80 92 6MW
Eith CHP : £924.7MW
Hyg|E3 M : $90.8MW
(20165 EFH)
HEIE(CE WEINTIYRE: = D
»H3 4.5%
»:86 -8 CHP : #91.2%
Eith EEHIR : £90.0%

ST (20165 ET)
1 FRIEE LR DR R

X2 FRIBIRER

Minutes Reserve

(Tertiary Control
Reserve)

15934

1553~
1 BRF
(FFREnmEHD)

5MW

i 42GWE
FiF: 41GWH2

(2017511 Bk
=)

ZEth . OMWE2
FEE/DSM :

EIF $9670MWE2
T #1650MW*E2

SEM : 0%*
FE/DSM :

FiF #91.6%*2
T #1.6%*2

Rapid

Reserve tary

Reserve

973, 137 309>

3073, 6073, 3093, 6073,

9043, 12093 904

10 MW 10 MW
(IMWI(ZHEF (IMWIHEFD

EEGE 20)) EEGE il20))

1,323 MW
(2018%F)

264 MW
(2018%F)

DR: #7480 MW

N/A

1HIR)Y - ADEZ e

Complemen

R3 : Tertiary
Control

(Standard Tertiary
Control, Flex
Tertiary Control)

15934

Standard: 8iFfH],
Flex: 205 fE] (4B fEAD
ZEZIRFTH)

1MW
(795 —23>v]8E

Standard : 451MW
Flex : 379MW
(20184F)

N/A

(Standard, Flextt
DRZ&NE]HE
X Next Kraftwerket>
REstoreh" AfLZEEHD

N/A
(Standard, Flex¢tt
DR&MNA]BE

Primary Reserve

(Synchronized
Reserves)

109>

mRA30%)

100kW

Tierl : 1,166MW
Tier2 : 565MW
(20174)

DR: 121 MW

DR : 6~10%
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[ Eh s sl Secondary : 30F3LA 173 AR 307U 307U 307l Reg-A: 5%
High : 10#2 A

Primary : &x{K20%)

3 S Seconcﬁn;ﬁyJ : x{K309) 1553 1573 AR 1553 AR &K259 59
High : #&HIR
RIEAILEE 1MW 1MW 1MW 1MW 1MW 100kW
Ramp Hours :
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[2E]5iE STORDGAEIRN

P
2 [N

HESE (MW)

STOR

250

200

150

100

50

0

0

0

0

o

o

STOR FFEFEZEIR FAER

STOR AY¥19fh#E= (20165F48~20174F3A8) (20165F4H~201743H. BEfi: BRH £)
2.44,3.2%, 0, o

No SN N T N - BN - BN N S B N SN

v ’

< ;> N
SUNCOIEN

’ |
\)Q o X N O o Y X

S 3 @ 2 o
NS o I N < ) 0.03,0.0%\

m Other(Non-BM)

m Generation:Standby/Backup(Non-BM)

B Generation:Balancing Support(Non-BM)
® CHP(Non-BM)

m Load Response(Non-BM)

(B#) National Grid "Non-BM Balancing Services Volumes and Expenditures Full year 2016-2017" & D{EBk

0.71, 0.9%

= Other(Non-BM)

= Generation:Standby/Back
up(Non-BM)

= Generation:Balancing
Support(Non-BM)

= CHP(Non-BM)

= Load Response(Non-BM)

® Generation:Balancing
Support(BM)
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[Z2Z]KiWi Power : 32E STORIZ{i

«KiWi Power D179 b 5B »

Short Term Operating Reserve is the
backstop of demand response in the
UK. Itis a program with over 1.8 GW
being contracted by National Grid,
across all forms of generation, through
blind tenders taking place three times
each year. KiWi Power has held the
highest STOR price of all other UK
aggregators for the last 5 years. STOR
utilises both generation and ‘turn down’
to alleviate stress from the grid.

P Initiating an event

raziora grid ﬁ?: (‘,\ 2

20 R

|—2—3—

Kiwi Power sends
the first notification
four hours before
the start of the
event to site
contacts

For CM only

} Ending an event

KiWi Power
notifies site
contacts |5
minutes before

an event is

about to begin
For STOR & CM

Automated

agrid & Q@J T phone call to

primary contact

| ) ) ] —)

KivVi Power
notifies site
contacts

f no answer
Automared
phone call wo
secondary
contact

Automated
phone call to
primary contact

)

If no answer
Automated
phone call to
secondary
contact

=

&

to acknowledge
event

5

PRESS 9
to reject

d

Kivi Power sends
a remote GPRS,
signal to PiP to
active site assets

=)

Kiwi Power sends
a remote GPRS,
signal to PiP to
active site assets

é
®

Site contact must
manually start
onsite assets

Onsite generators
run down or assets
are returned to
normal

5 o)

Onsite generators
FUNS OF 335E5tS
are turned down

7 —)

¢

Run for up 1o 2
hours (STOR) or
up to 4 hours (CM)

AHUs

Fans

Gonorators
e

b

Monitor assets and events using the client app in
real-time, minute by minute. Monthly performance and
financial statements are available in the client app.

EP
O

(BR) KiWi Power JxJH- ~  (https://www.kiwipowered.com/solutions/demand-response/stor-demand_response/)
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[2Z]Flexitricity : RE Frequency Response & STOR#z4

P

N/
/N

=
(B%)

EELE

Flexitricitytt F/REEE

The University of Aberdeen Heat & Royal United Rainbow

Norish Cold

Edinburgh Power LIl e Hospital Bath Growers

TSNS FRFA—> IR F-X JN=Z gk
CHP. 25/ - 74—t 2521 -F4—E)
Ee CHP CHP e CHP
B2, Footroom, — p— p——
T Bl STOR. hS{7R-T#5)  SEM EE T
>k
£90,000/4F £98 560 -
(2019%E(C£200,000/  £56200 oat £100,000/4F #  £40k /MW £30,000/4F B
£ (RHETH) A
5.73MW
(20184F/2019%FH(C  3.4MW 6MW 1.2MW 2.4MW
7MW OIENNARENH 381

(B#) Flexitricity =Y+ & ( https://www.flexitricity.com/) K DVERK

Storage
I347U—-tlb. LY
YL TLON) = 2
V7N
FEHIRK

STOR. h3A7R-¥
SHIZN

0.9MW
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[ZE] MY BIRABHIECHITIVY - AFRESE

X RAYERICHVWTHEIERAZETIBADOSN., AEDIREZITICE. TOHEERERZIFREI Y MIBEITSONERIERE (prequalification) OFFES(TAE-> TSI - ERNEH%2
U, BHt 9 3TSOLREH B EEIE I EN DD,

RAYDOFTHGRBHIZCHIIRESTE(GW) —RIXIF—1ERIAER

__PCR_| SCR+ | SCR-_| MR+ | MR- [

0.53 042  0.42 2.04 2.04 = Z0f
?Em(brown coal) 0.67 1.24 1.24 5.3 5.34 " m S
#IE% (hard coal) [ONZ] 1.49 148  6.31 6.15 m == /DSM
KRB 0.26  2.67 2.69 7.95 7.56 < . EE
Hik - 0.28 0.02 1.93 0.08 G 30 I .
NAABR/NAARR K P) 1.36 1.73 1.6 2.17 ?(EHEHI B \AAHRZ/ A AT
3.08 13.93 13.76 14.94 15.04 {RH 20 Cp:
0.16 - - - - KAHZ
0.07 048  0.56 0.67  0.65 10 #I®1% (hard coal)

b - - - - 0.09 | . I I m #8j% (brown coal)
B 005 059 064 171 1.86 o = = = mETS

(B#) regelleistung J1JHAbk (https://www.regelleistung.net/ext/download/pq_capacity) &DVERK 19




[2ZIANIVF— : RIRUTR3ADDRZIVUF -3

RIVE—BIRRETIRICH T BDR7H UL —S 3 S SIIERI RS S

R1 up LiFsEORegulation (FIRZSHEE) 308 gﬁ;iﬁ%‘??ﬁm%y@

- FREIFESHOE : £9100[E
- HRHCRER 93070

N

R1 down TFAmEORegulation (FEREGAZE) 3072

R1 sym %gjl?)ﬁﬁﬁl‘cﬂ@Regulation (ERER eI . B LTS

- FEIOEFIR : &A8EI/H
R3 Flex FFTFImAR 155 o RGOSR | SRR 285
o FEIM>H-)NL 0 B/N1205R

« BIAERMETRHASNDILFILEUT,

Free bids(R3) LT EEAmE 155 « kKWhilitgDHAFL (AKWODAAL - FEHITEER
L)

(BH) Next KraftwerkewzJH4 bk (https://www.next-kraftwerke.be/en/knowledge-hub/balancing-markets/) £D{ERK
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Synchronized ReservemiiZi(Tier I1)DIRR

BB 5 (201746 ) (CSHNUIZDRYY — X (8- ARAE - 1251

(SIREERBERAREE) (BEFERDRERTELLEERK)
(A | WSS
1 173 511
2 179 517
3 182 517
4 180 481
5 180 473 ManLéfgrc,:/Zuring
6 161 360
7 160 359 —Water_Heaters
8 157 355 e
9 159 433 b Ligzt"l;:’ng
10 160 436 Al
0.05%

11 160 438
12 161 444
19 168 444

&#l) PIM “2017 Demand Response Operations Markets Activity Report: April 2018” (2018)&DYERk 21



[£%E]PIM : Synchronized Reservehig(Tier 11

i
.
|

YDAR

BiB) T hiZ(CHITSDREILE A& (201 74F)

O Total Payments g Total MWH |

$600,000 120,000
§500,000 A /‘ ¢ 100,000
F*
$400,000 7 80,000
\_/

4 — £
& 5300000 60,000
8 g

5200,000 — 40,000

$100,000 [ ] S— 20,000

5 ’ . ’ r . 0
Jan-17 Feb17 Mar-17 Apr-17 May-17 Jun-17 Ju7 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17

Jan-17 Feb17  Mar-17  Apr1T  May-17  Jun17  Ju7 Aug7  Sep17 Oet17  Nov17  Dec17  Total
Total MWh 75531 4330 106582 W% 96,501 6,798 7,060 83212 84,131 10451 106205  103%3 1062642
Total Payments ~ $218655  $173268  §305192  §275272  §318511  $120868  $104215  SUBAIS1  $4S3ES1  $03011  H17BRE  $231168  $2.965709
§/MWh 28 93 2% 29 83 K N0 Na Y R0 fB8 22 2D

(&#1) PIM “2017 Demand Response Operations Markets Activity Report: April 2018” (2018)

BREN 1w H(C8SFBDRI 17 (201 74F)

T Upper Whisker The upper whisker is the maximum value
i

E 3% A e The box lop is the Upper Quarlile (75%) value
E ) Modian The line nside the box is the median (50% ) value
527%
2 - e m—
&’21 2 8%
e 1% 1040,
> | 187% 189% 184 s
51g% T 174%
= 16.6%
S 15
=
@ 12% | e
| ST W
0 9% A, 2
i -l' %"/8 B
E 6% M L .
z 3% T

0%

Jan Feb  Mar A My I Ju Aug
== Average wi% displayed ¢ Median

A BatchLoad Max%

Sep Ot Nov  Dec

22



2% )%E Frequency Response®

e
L

P

N/
/N

Frequency Responsetb—EX ARIFEEIRA N (20168648 ~201743H)
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EDF Energy e _ _

Renewablos Z&Eth T _WBURB-4 49  2017-12 35,088  12.035 7.00
Vattenfall Z@mm oY 22 2017-4 35,088 5.749 7.45

E = Cymoedd ' . )
= Low Carbon ZEM  Cleator 10  2017-12 33,760 2.681 7.94
E 0 Low Carbon Z&th  Glassenbury 40 2018-3 33,764  12.668 9.38
T E.ON UK ZEM  Sheffield 10  2017-11 35,088 3.891 11.09
Element Power ZE&EM  TESS 25 2018-2 35,088 10.079 11.49
RES Z&Eth  RESEFR7-PT 35 2018-2 35,088  14.651 11.93
’ 5 10 an a0 Belectric Z&th  Nevendon 10  2017-10 35,088 4.200 11.97

F8D =103 == min _

ast 201 65.954 9.44

(&#}) National Grid “System Operability Framework .
2016"(2016)878H (&%) National Grid “EFR Full Results” (2016) &D{ER 24
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PJM Regulation VY—X5l1E%R (2016-20174)

e TOEZ21IMWX 1hr=1MWh&EREET D

2016 2017
Performance Percent Total Performance Percent Total
Number of Adjusted Settled of Settled Regulation Number of  Adjusted Settled of Settled Regulation
Source Units HEEuIatiun (MW) Hegulatiun Credits Units Hegulatiun (MW) Hl:gulatiun Credits
[ Battery 21 2023.139.6 41.200 $31,150,301 22 2839294 4 46.5% $38.907.116 |
Coal 49 427,069.7 B.7% $9,604,655 45 401,196.2 6.6%  $10,426,826
Hydro 39 9269153 18.9040 $18,261,418 27 919,036.7 15.0% 518,440,308
Natural Gas 152 1,489,276.0 30.3%  $24,287,130 156 1,854,870.9 30.4%  $35,145,576
| DR 35 46,506.5 0.9% $760,062 28 96,791.9 1.6% $1,290,038 |
Total 296 4,912,907.0 100.0%  $84,063,566 278 6,111,190.2 100.0% $104,209,864

(B#}) Monitoring Analytics “2017 State of the Market Report for PJM

Section 10 - Ancillary Service Markets” (2018) (CFR#INE
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