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Analysis of Market Clearing Price approach
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2, Plan for Today

7/

e Introduction

e Project Scope

e Model Enhancements

e Marginal Approach or CHP?

e Forward Market Analysis

e Examples

2

e Scarcity Pricing

e Implementation Sc g :
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2/, Introduction

7/

——@® NOGA has been publishing SMP since December 2019 Official date of selling IEC Alon Tavor (MRC) to IPP

—— @ Price calculation methodology is based on Two-settlement model which is implemented in the US

—— @ Price formation rules defined in standard 93(6):

* Constrained SMP — marginal price of additional MW including all constraints
* Unconstrained SMP — marginal price of additional MW excluding transmission constraints, gas supply and
transmission constraints, environmental constraints and resources in test regime

———@ The Unconstrained price is used for settlements of generators and suppliers\retailers

—— @ Due to the importance of this price and the significant changes in the power market: new technologies, operational

regimes, new and updated policies etc NOGA decided to revisit its calculation approach and the impact on the market

—— @ During 2022, NOGA contracted with 2 top consultants companies which specialize in analytics of power markets
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N7, Project scope

e Calibration of
optimization model

e SMP calculation based
on current market rules

e Quantitative impact of
different approaches

e Assessing correlation of
MCP with demand, uplift,
etc

L4

e Impact of selected
approach on selected
year

e Forward market

LTI
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4\4' Analysis of the Israeli Power Market

@ The projectis based on the knowledge and explanations that NOGA provided. It includes: current and future policies,

Operational regime of the power system which impact the price, starting from the Day ahead till the real-time decisions

—— @ The Israeli power system was modeled using PLEXOS, which is used by ISOs and consultants in Europe and North America

——@ Calibration of PLEXOS was based on data of 2021, which were used for Unconstrained SMP — System Demand, constraints,

offers and bids, etc.

———@ Calibration results deviate by average of 5% compared to NOGA'’s original unconstrained SMP calculation.
In a big data project of this scale, which include usage of different optimization models, this a reasonable deviation

4

Certified Calibrated Model ready to be tested with different approaches
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%

Resource is not available \ Partially available due to

constraints

‘
" 4
Resource is not available due

(maintenance, outage) and\or

constraints

i

Resource is generating at (i.e. fuel

switch over) or at all

vy

Resource is not available \ Partially available due to

constraints

/7 : ]
//\é.' Constrained versus Unconstrained

Participant does not submit

Availability\Offers

Gas Availability

Virtual Offers\Bids
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2, Marginal or Convex Hull Pricing

Offer for Energy = 200 NIS\MWh

Without Objective

Minimize MWP

l

Marginal Pricing

Energy Offers Only
MCP = NIS\MWh |

\
Convex Hull Pricing

Integer Relaxation

MinLoad Relaxation 1 1

Operating at 40% Min.Load MCP - ?
MCP -? MCP = N|S\MWh Shutdown Relaxation

Startup Relaxation
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% Marginal or Convex Hull Pricing

7/

* Prices obtained depend on whether the focus
IS on minimizing MWP or on minimizing total
settlements

* Marginal pricing leads to higher MWP and
lower settlements than CHP or variants - that
should hold true in general since prices such

as CHP incorporating commitment costs  The lowest settlements are obtained with the
should in general be higher than the prices lowest possible prices = similar to reverting to
obtained with marginal pricing. a “pay-as-bid” scheme since in that case, units
essentially just get back their costs via the
LS make-whole payments.
High
L Marginal Pricing (“IP Pricing”) Price aligned
MCP = 128 ILS/MWh with dispatch Yes Yes
MWP but lower total settlements
i Minimize MWP
Yes
or settlements
Implementatio .
.‘ Appx. Convex Hull Pricing (CHP) with offline unit 2 in the n Effort low High
| price run
MCP = 199.54 ILS/MWh
MWP but higher total settlements .
Analysis Market Expert
| Appx. Convex Hull Pricing (CHP) with offline unit 2 out of
the price run >y 4 ;
MCP = 258.67 ILS/MWh | |
B e IS U / but high total settlements : i | nN120nN Wi9on
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L Settlements (NIS ?
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MCP based on
Different method

System Demand - 600 MW
Spinning Reserve Requirement — 200 MW

Marginal Pricing includes technical constraints
MCP is 128 NIS\MWh

44/
7%

This price is calculated without taking into account
commitment costs (no load costs, start-up costs, etc)

- Unscheduled

Scheduled
Total MWP is 45k NIS
Pmax-380
MinLoadCost
45.8k NIS : . . . . .
Pmax-360 Price calculation without enforcing technical constraints
T <5 - MinLoadCost
33.6k NIS MCP is 199 NIS\MWh (Including off line Unit2)
MWwWh\@ 127
Pmax-330 MWh\ru 177 i
A - Total MWP is 6k NIS
MWh\rs 126 MWh\e 174
44.3k NIS
MWh\ 125 MWh\m 172
mwhie 158 | SN
MWh\a 162
sz mwnier 144 | SSINIAN
g MWh\rs 154
Min vwh\ 134 FESSINIAES - Pmax-120
mwh\w 131  |[SSENNN In MinLoadCost
360 MW )\ 129 DE3IE  180MW 21.8k NIS
Mi MWh\ 193 L2 MW
- Mwh\e 191 S
165MW MWh\ri 190 I
MWh\e 187 A
180MW'  vwhiw 186
Min
60MW ALY N120N Waon NAl
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Unit1 Unit2 Unit3 Unit4 -




X4 Marginal or Appx Convex Hull Pricing
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% Marginal or Appx Convex Hull Pricing
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% Competitive Market

——— @ Pay-as-clear auctions incentivize competitive market players to truthfully bid their variable costs

—@® The Israeli Power Market has concerning Offers\Bids formation

— @ Market Participants have no obligation to provide explanation of Prices

— @ \Without transparency and Clear rules, this will lead to distorted market lack of competition and higher prices

121314 1516 17 18 1920 21 222324 25 26

Marginal Pricing
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2@' Current and Future Price formation

77
Inputs Optimization Price Calc. Results

Unconstrained [ Unconstrained MCP |

I Model I I Settlements Only I

‘ [ Constrained [ [ Constrained MCP I

Policy 93(D) l onstraine l Signaling the real price
Model ’ of additional MW
System Demand S e — Lowest margina| offer e e e

Availability
Bids \ Offers
Technical parameters
Operational constraints
Regulator constraints

of an On-line

resource (
[
[
|

—____\

Constrained MCP

Signaling the real price

I

Constrained |
of additional MW |
!

Model

—__“

e e s . .

e e e e
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Current and Future Price formation

Pump\Generate
mode
Transmission
Constraints

I
I
Configuration :
I
I
I
A Technical
Schedule : Parameters

Available
Primary & Renewables
Secondary Forecast
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% Current and Future Price formation

Initial Condition Demand = 550MW

Demand = 450MW Reserve = 70MW

Capacity (MW)
200
250 NIS\MWh

250 NIS\MWh

Max Reserve
Contribution

300
180 NIS\MWh

180 NIS\MWh MCP =

NIS\MWh

100
170 NIS\MWh

SMP = NIS\MWh

- - Excluded due to RampRate violation
150 NIS\MWh o lq A ; 150 NIS\MWh
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% Forward AnalySiS Of 2024_2026 Average GasOil Consumption Hours
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is of 2024-2026

Forward Analys

/77

2025 - MIN\MAX MCP DURING OFF\PEAK HOURS

BASE SCENARIO

6£°00S

0€'85S

6£°00S

0or's8y

6£°00S

S0°L8Y
S¥'889

700
600

o O o o
o O o o
n < on N

(HMINNS) dON

DEC

NOV

OoCT

SEP

AUG

JUL

JUN

MAY

APR

MAR

FEB

JAN

GAS SHORTAGE SCENARIO

9T'LE
£6'6Y

01’0
£6°6v

9T'LE

6£°00S

ETVSY

0T'LLS

86'9TS

6£°00S

6'SEY

0ot'S81

8C'ELS

6£°00S

Sv'88S

T/2'60S

N

4

Bl

eak

(HMIA\S) DD

v e

. N

Min

-

it 1

3




WeekDay at November 2024

Net Load

Demand Forecast + Pump Load

Demand Forecast

—
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Examples — MCP set by BidDown
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2/, Examples — MCP set by BidDown

170 MW 160 NIS\MWh t
DO o niswwn Current Approach
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CoGeneration
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Wind, PV, PV+Storage, .
Thermos(,g%r _ LNIS\Wh Marginal Approach
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WeekEnd at September 2024

44/

Examples — MCP set by Coal
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% Scarcity Pricing

Gas Shortage (major event)

Inconsistent Gas supply

Lack of Reserve

Lack of Generation Capacity
The system has

enough energy but
insufficient reserve

The system has
insufficient energy or
reserve

Demand Management

| 'Load Shed The system has
Mo dw ® insufficient energy or
Inv untary Loa . | i ~ reserve
shelpdlng due toari-- - |o 14_"” n#tlon of GasOrI“"‘*‘—' Sl
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27, Implementation Schedule

e Feedback from Market Participants
e Responses and Enhancements

e MCP DayAhead — Go Live!
e RealTime MCP Preparation

e RealTime MCP — Go Live!
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1/
2, Summary

——@ Constrained MCP provides meaningful signal to the market of the real price of increase\decrease of load

——@ The new approach will provide the right sensitivity to system adequacy —will be presented by a high\low MCP
—@ Participation of All constraints and features of system requirements in the Pricing run — to be decided
———@® Marginal approach is recommended as the first enhancement of the current approach

—@ CHP will be a part of future enhancement of price formation, clear rules required as in US power markets
——@ Coal Units will not set the price => the highest accepted offer of a GAS unit will be used instead

—@ Scarcity pricing mechanism will be approved by the PUA

——@ The selected MCP approach will be published by NOGA, based on PUA approval
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Table 7: Prices computed using NOGA’s current  Table 8: Prices computed using marginal pricing
pricing approach. approach.

e an | i odar s s e i o

2024 29.7 26.0 29.8 48.8 2024 501 0.1 37.2 558.3
2025 29.7 26.0 30.0 45.9 2025 855 0.1 37.2 588.5
2026 293 26.0 29.8 45.0 2026 1206 0.1 37.2 5771

ﬁ | e i 8 Wi | - SMP piwn vnn

NI20N WIoN

o < 'Y Tl | -




27 11n niyneYy niontmin

7/

13 'on n7’xw

D'MIV2121 O'VAN

2V nD'WN DWIN TN @
PIMIX7ANI VIV )N0oN 7Y IThvn NN @
22 VIN'Y YAIT NT2 27TI2 1TON AI21TINA '2'Y)

NA1 7w 112'%N QIN'Y 1'707 Q012 7nwnin NivN

v
i L @ LR J
°
& . fp—ry 4 Y J—.‘pvl,‘ - 4 o e :
| Ao .'w A e ¢ I '.’ -" J
, | Vi & s 1 ; atagrs
i Fl' ' v j ! ik e . ~— | - 7 : ,l i ) \\_, . . ,»"I ) ‘I
91 i 2 i | 4 \¥ G Ne & '& il 1 1 S
| AR | T e N A 2o I 3
ke > ~—Q’" ; " . 1' .\'l ? LA 2 XT P ‘ s v | g
\ . '.r \ Al y £ A U [ — d

‘_‘\'_I o

i.’?,", = oW
L




27 11n niyneYy niontmin

14 'on n7’Rv

AIY'NNA NL'Y MmNl

?Convex Hull 19 2vu IP Model nu'w nan1a vim

M
; LN @ LR J
L J
. semis. . ul—'”l, — do
| e an g e - e - t
I N . @ ® ° t
% i 7 e i SETTRIETTI SN, 7R R £~ —-
1 i it { \Y V' \CE
:fv“ | ‘ o falle et ""‘-, - ‘\ - .- " o= p,
i T & e \‘1._ e > 3 b T
iy o ‘

vt

S T




27 11n niyneYy niontmin

7/

15 'on n7’xw

1Y 1'NN NIvNwn

MMNN 1NN NDNAYNN DK QpW! 1'NNN DRN
?0'NI7'RN NIVawn 27212 ,pwn?

@
; LN @ LR J
L J
- - o e — iy
v et - & ot 1}
% \.t.l ° & ® !
s Pl AL ] ] bl R} /1 -
g i ! ‘ : | 1 :
i oo | |l X
: N " O 1991 ? o A
4 N i 9 N
- g posee




27 11n niyneYy niontmin

7/

16 'On n7’xw

DNIYnN 2V NIvawn

DINAN 2V IV DUDAN DNI'NN TN @
?0'M'"vnN 0'aYnN

NIN'Q2I NNNN? DNV TYD o
?IN2ID'ON PIWN

@
LN @ LR J
f
v
- - o e — iy
o] e - - JERY +
B . ’u'\.t.l - [>] ?
v — v o W [ T ET Ry S 9 | } i Rl o
% [ r { : p—a | p—H !
i ; 5 \ i/
i || Ll AN < A
gl 1 N
1 * NI =
B ) > 7l
| - ¢ vo e




7 712NN NI7RYW2 nion'Nn

N\

R

17 'on n7’Rw

D'9SVN NNXRMN

D'PA0NN 9VNA (o) DMLMAQ [I2TV UXIA' ONN
?D"1'NNA N1AXN D200 1IN

M
; LN @ LR J
L J
< e ,.J——'g“, — i
| e an > ™ 1 - e - t
I N . @ ® ° t
% i 7 e i SETTRIETTI SN, 7R R £~ —e
1 | _: i b 3 ' \Y Vv A& s
:fv“ | ‘ e s E i - ‘\ - .- " = y
i T & e \‘1._ e > 3 b T
U N e AN 5l Y

\R ‘\'0,‘
(% 7
Vi &) .'! ‘
\ 7 |

o o




27 11n niyneYy niontmin

7/

18 'on n7’xw

NYTNNN N1IX 9'n

NITNNI NYTNNN NN 2 1102 Q' 11X VITN
22026 Navw?y

o
; LN @ LR J
L J
- - o e — iy
v et - & ot 1}
% \.t.l ° & ® !
s Pl AL ] ] bl R} /1 -
g i { ‘ : pr— | :
| CIol I \ A
: N " O 1991 3 o A
4 N i R I} N %
- g posee




27 11n niyneYy niontmin

7/

19 'on n7’xw

1NN 2V nvawn
NNK |7

PIWN NN 2IY'N 2V UNINN '12'WN Yraw! TN

PINN D12

@
; LN @ LR J
L J
- - o e — iy
I v et - & ot 1}
I8 | 5 |e ?
® o v o B e el ] | | N -
I y 1 i ! ‘ : | - :
i :
e ~ i I | 1Y e ' <. N M
“ o t = = b . I NN s ’ ot Ay
; 1 & B L g P : I
h A= H E - R
T \




27 11n niyneYy niontmin

20 'on n7NW

A'NNAN [12227 2V Mpa

[12221 7V NALIY Mjpa UXINN DRN
PIYN NN NV

M
; LN @ LR J
L J
. semis. . ul—'”l, — do
| e an g e - e - t
I N . @ ® ° t
% i 7 e i SETTRIETTI SN, 7R R £~ —-
1 i it { \Y V' \CE
:fv“ | ‘ o falle et ""‘-, - ‘\ - .- " o= p,
i T & e \‘1._ e > 3 b T
iy o ‘

vt

S T




N120N wion /7
AIW'N NLV'Y /\&

SMP piwnynnp 777

NI NNN '7uﬁ NTIN

® il
. . @
L \Q; @(} ° % ® - e ~— —0\-719
| ® Lun 1108 0| | e 4 SRR
o - ? e |o I/ 1 -
- o bk =
! =g .__,.4‘,{:{. ¥ 1 L 1 -
™ ‘ .'l LN ‘ 1
i & > ‘d ! i 'v = L]
} : a B ; = -
Al A0




