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At the completion of this presentation, you should be able to ...

« Understand the concepts and principles of FTRs
o Understand how FTRs are acquired in New England

o Understand how FTRs are settled in the Day-Ahead Energy Market

This presentation is based on the FTR Auction example | wrote for section 6
of M-06 Financial Transmission Right Draft 01-10-02.doc located on

http://www.iso-ne.com/cmsmss/Standard_Market_Design/Draft_Manuals/
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o Understanding FTRs

o The Five-Bus Power System Model

o System Participant Profiles

o Annual FTR Auction Example

« Monthly FTR Auction Example

o Constrained Day-Ahead Energy Market Dispatch Example
o Settlement of FTRs in the Day-Ahead Energy Market
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An FTR provides a financial hedge in the Day-Ahead Energy Market for the
difference in LMP?! between the source (point of injection in the transmission
system) and sink (point of withdrawal).

1 Although, the LMP is composed of an Energy Component, a Congestion Component, and a
Marginal Loss Component, FTRs do not hedge against the Marginal Loss Component.
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FTRs are obtained by auction ...

e Each FTR bid simulates the delivery of energy between a source and sink

e If more FTRs were granted than could be physically accommodated by the
transmission system, the congestion revenue collected in the Day-Ahead
Energy Market for energy would be insufficient to hedge the difference in
LMPs for the awarded FTRs

e Revenue adequacy is assured in the Day-Ahead Energy Market by ensuring
that injections and withdrawals that result from FTRs awarded in the auctions
will not overload the NEPOOL Transmission System under normal conditions
if a corresponding dispatch were to materialize in the Day-Ahead Energy
Market
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The Five Bus Power System
Model
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1 SO-NE Normal and Emergency Transmission Line Flow Limits- MW
Line E-D E-A D-C C-B B-A A-D
Normal Limits 240 400 240 350 250 150
_ Emergency Limits 440 600 440 550 450 350
Xep = 2.9/%
| XAD: 3.04%
| 240MW |
E : Normal Limit : D

Brighton v o | 4_& Sundance
v
o > el
_>
Xea =0.64% — S AR T X =297%

A
J M‘ ML—& Solitude

Alta Park Clty

XBC = 1.08%
Xag = 2.81%
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A Simultaneous Feasibility Test (SFT) is an integral part of the process...

e It provides the Linear Programming (LP) based auction and dispatch
algorithms with a determination as to whether transmission line flows are
physically achievable without exceeding the MW flow limits

e In addition, the SFT used with the auction and dispatch algorithms is used
not only to determine secure transmission line flows with all lines in-service,
but also to determine secure transmission line flows for each contingency

e The SFT for this example, takes each of the six transmission lines of the five-
bus power system model out-of-service one at a time as a separate
contingency
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System Generation and Peak Load

Brighton E

600 MW

e

S

Alta
110 MW

~ b

Load = 400 MW

A o |
L‘M\ I
B

Park City
100 MW

Sundance

200 MW

Load = 350 MW

l C 520 MW

Load = 350 MW
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Participant Generation
Brighton 600 MW Comprised of:
400 MW to LSE B
200MW to LSE C
Alta 70 MW Comprised of:
70 MW to Bus D for Bilateral Contract
LSEB 400 MW Served from:
400 MW from Brighton
LSEC 350 MW Served from:
200 MW from Brighton
*150 MW from Solitude
Solitude 370 MW Comprised of:
220 MW to LSE D
*150MWto LSEC
LSED 420 MW Served from:
220 MW from Solitude
*130 MW from Sundance
70 MW from Alta (Bilateral)
Sundance 130 MW Comprised of:
*130 MW to LSE D

* Generator and Load at same bus
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40 MW EB FTR
20MWECFIR

10MW EBFIR
10MW ECFIR

10MWDDFIR

D Qundance

130 MW
<

E

Brighton ~ 60MW
—>

p 4T0MW

A%
é 40MW| 3oMmw<a| 3OMW  Sdlitude
o g
70MW AD FTR S
150 MW GCFTR
Do B C Bk
' Alta&
Park City
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$600MW Buy Bid for 400 MW E-B FTR
$700MW Buy Bid for 20 MW E-CFTR

|s(/3 Annual FTR Auction Bids |I|‘I|“

$125MW Buy Bid far 130 MW D-D FTR
HOMW Buy Bid for I0OMW E-B FTR
$A0MW Buy Bid for 1I0MW E-CFTR
D Sundance
1MW
- <
i 40 MW
Brighton ~ 620MW >
—>

A%

MNOMW-d| 3 M| 3SOMW  Sditude
<
$1000MW Buy Bid for 70MW A-D FTR

| $150MW Buy Bid for 150MW C-CFTR
SOMW BLy Bidfor OMWA-DFTR B C $600MW Buy Bid for 220 MW C-D FTR
$A0MW By Bidfor I0MW A-D FTR

120 MW

Alta &
Park City Totd Bid Vaue= $563, 200 without samebus FTRs
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$600MW Buy Bid for 400 MW E-B FTR
$700MW Buy Bid for 20 MW E-CFTR

$OMW Buy Bidfor IOMW EB FTR
$OMW Buy Bidfor IOMW E-CFTR

$125MW Buy Bid for 130 MW D-D FTR

E

Brighton MW
—>

365.50 MW

D Sundance
25450 MW > <MW
17160 MW > » AOMW

A

$10000MW By Bidfor 70MW A-D FTR
$OMW Buy Bidfor 0MW A-D FTR
$OMW Buy Bidfor 100MW A-D FTR

120 MW

Alta &
Park City

338 MW - 96.19MW

> <

MNOMW-d| 3 M| 3SOMW  Sditude

Y

86.19 MW

-

$150MW Buy Bid for 150 MW C-CFTR
B C $0OMW Buy Bid for 20 MW C-D FTR

Totd Bid Vaue=$563,200 without samebus FTRs
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D Sundance
E 2450 MW > < 1DMW
Brighton ~ 60MW = T > > 4OV
—Pp >
S =
] =
L0
& ABBIMW  BIOMW v
AT [ i
00)
L 1<
S 4A0OMW-| MW 30MW  Sditude
Alta& S
Pak ity B C
mransmission | 71 Sonnoeney 2ol
Line All Lines In-Service| Limits
E-D 254.50 120
E-A 365.50 200
D-C 86.19 120
C-B 96.19 175
B-A -313.81 125
A-D 171.69 75
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Sundance

Lineflowsafter lossof lineE-D 1MW

: > 410 MW
Brighton MW AUBAMW >
= =
< =
© 9L MW 184 MW S
‘ N A o0
S 40MW-|mw-| 30MW  Sditude
o —
Alta& N
—
Park City B (:
Post-Contingency Line Flows after Loss of Indicated Line
Transmission Pre-Contingency 50% of 50% of
Line Line Flows with Normal E-D E-A D-C C-B B-A A-D Emergency
All Lines In-Service Limits Limits
E-D 254.50 120 0.00 620.00 215.10 210.53 397.95 366.99 220
E-A 365.50 200 620.00 0.00 404.90 409.47 222.05 253.01 300
D-C 86.19 120 8.04 198.42 0.00 -10.00 400.00 26.99 220
C-B 96.19 175 18.04 208.42 10.00 0.00 410.00 36.99 275
B-A -313.81 125 -391.96 -201.58 -400.00 -410.00 0.00 -373.01 225
A-D 171.69 75 348.04 -81.58 124.90 119.47 342.05 0.00 175
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220 of 400 MW E-B FTR SHetted @$500MW
0df 200 MW E-C FTR SHetted @$/00MW

130 of 130 MW D-D FTR SHeded @$125MW

0of 10MW E-B FTR Sdected @40MW A"gﬂfﬁﬁdw"d _—
nor emergency limi
0of 10 MW E-C FTR Sdected @H40MW D Undance
E 10216 MW }_9 <MW
37508 MW
Brighton ~ 20MW = B> >
_} >
3 =
~ = A
= 6787TMW  1R13MW
A% C Sle @
g 20MW| 1sovw] 30MwW  Sdlitude
o™ <_
2508 0f T0MW A-D FTR Selected @51000MW | | S P ——
% ]
0df OMW A-D FTR SHected @80MW B C | 20dzomwcorrssated@somw
0of 10 MW A-D FTR Sdected @$40MW
Alta&
Park City Totd Bid Vdue = $267,032 without samebus FTRs
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All linesa 50% of
E norma and emeargancy limits D
10216 MW
> < IOMW  qndance
Brighton ~ 20MW
308 MW
—> = W > >
3 =
&
I~ = A
: N~
6787 MW 1R213MW; 2
A ) —>1<€ -
= - <« 7w situde
o 2OMW]|  IOMWie—
Te)
- Pre-Contingency 50% of N C
TransLm|SS|on Line Flows with Normal B
ine All Lines In-Service Limits
E-D 102.16 120
E-A 117.84 200 Alta&
D-C -67.87 120 Pa-k C|ty
C-B 152.13 175
B-A -67.87 125
A-D 75.00 75
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Lineflows after loss of l[ine E-A

All lines at 50% of
normal and emergency limits D

220 MW
L 130 MW Sundance
— <
p 375.03 MW

Brighton 220 MW

6.65 MW

Y =
= A
31.69 MW 188.31 MWI o
A ™
= .
S - -a] 370MW  Solitude
0 220 MW 150 MW
2
) B C
Alta &
Park City
Post-Contingency Line Flows after Loss of Indicated Line
Transmission Pre-Contingency 50% of 50% of
Line Line Flows with Normal E-D E-A D-C C-B B-A A-D Emergency
All Lines In-Service  Limits Limits
E-D 102.16 120 0.00 220.00 133.19 32.62 133.19 151.30 220
E-A 117.84 200 220.00 0.00 86.81 187.38 86.81 68.70 300
D-C -67.87 120 -99.24 -31.69 0.00 -220.00 0.00 -93.73 220
C-B 152.13 175 120.76 188.31 220.00 0.00 220.00 126.27 275
B-A -67.87 125 -99.24 -31.69 0.00/ -220.00 0.00 -93.73 225
A-D 75.00 75 145.79 -6.65 111.84 -7.58 111.84 0.00 175
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1 2 3 4 5=3/4 6 7=3*6 8=4*6
Bid Bid Price Cost FTRs Auction Flow on
Bid Path | Quanity ($/MW) Sensitivity Factors? Effectiveness Ratio = Selected Value $ Constrained Lines
(MW) ($/MW) (MW) (MW)
Line A-D Line E-D Line A-D |Line E-D Line A-D |Line E-D
E-B 400 600 0.1017 1.0000 5902 600 220 $132,000 22.37 220.00
E-C 200 700 0.1706 1.0000 4104 700 0 $0 0.00 0.00
CD 220 500 0.1895 0.0000 2639 0 220 $110,000 41.68 0.00
A-D 70 1000 0.4376 0.0000 2285 0 25.03239 $25,032 10.95 0.00
A-D 40 50 0.4376 0.0000 114 0 0 $0 0.00 0.00
E-B 10 40 0.1017 1.0000 393 40 0 $0 0.00 0.00
A-D 10 40 0.4376 0.0000 91 0 0 $0 0.00 0.00
E-C 10 40 0.1706 1.0000 235 40 0 $0 0.00 0.00

$267,032 75.00 220.00

1 Sensitivity factors change under contingencies. Sensitivity factors for line A-D are for all lines in-service. Sensitivity factors for line E-D result from

the contingent loss of line E-A.
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Calculation for Componentsof FTR Clearing Price

g;g? Binding Constraint A-D | Binding Constraint E-D ':Tsigslteggmg;;i
$2285.254 $367.664
A Reference Reference $0.00
B $2285.254 * 0.179245 $367.664 * 0.0 $409.62
C $2285.254 * 0.248137 $367.664 * 0.0 $567.06
D $2285.254 * 0.437588 $367.664 * 0.0 $1000.00
E $2285.254 * 0.077578 $367.664 * -1.0 -$190.38
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E Thenomd limit congtraint online A-C D
isrdaxed from 75to0 76 MW
Qundance
Brignton 0 3 b 228525AMW Inoresee
1MW Inoesse

>

=
=
Park Ci 3O Sditude
g B C
2.28624 MW A-D FTR Increese @$10000MW Totd FTR Audion Vdue Incresse = $2,.285.254
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Bus D Sensitivity Factor for Constraint on A HI'

E

Brighton

D

0.3685 MW
) Sundance
1MW
< = oo > >
3 2 A
= S
0.1939 MW 0.1939 M 2
A—% ’ :
2 >
2 -
Alta & = | Solitude
Park City B C
E Calculation for Componentsof FTR Clearing Price
suea | Binding Constraint A-D | Binding Constraint E-D
$2285.254 $367.664
A Reference Reference
B $2285.254 * 0.179245 $367.664 * 0.0
C $2285.254 * 0.248137 $367.664 * 0.0
D $2285.254 * 0.437588 $367.664 * 0.0
E $2285.254 * 0.077578 $367.664 * -1.0
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0.1120MW

<€
1MW Sundance
- < = 0.0776 MW >
=
. =
Brighton 8 =
: 3 A
0.0344 MW 0.0344 M S
A ¥ S
=
=
Alta & ~ ‘
Park City

B C Solitude

. Calculation for Componentsof FTR Clearing Price
Btrgz Binding Congraint A-D Binding Constraint E-D
$367.664
$2285.254
A Reference Reference
B $2285.254 * 0.179245 $367.664 * 0.0
C $2285.254 * 0.248137 $367.664 * 0.0
D $2285.254 * 0.437588 $367.664 * 0.0
E $2285.254* 0.077578 $367.664 * -1.0
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1MW EB FTR Inoeeese @$600MW

Lineflonsafter lossof lineE-A
Theemagay limit condrant onlineE-D

isrdaxed from 220to0 221 MW
Brighton E 1MW Ingeee D
) Qndance
1MW ) p 0232336 MW Deresse
Increese

A

A |2
= 1MW«
ﬁ%lncr&ase

Alta& XE

PakCity |sco

Sditude

B C

0232336 MW A-D FTR Detresse @10000MW
Torespect lineA-D limit with dl linesin

Totd FTR Audion Vdue Incresse = $367.664
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Line flows after loss of line E-A
E IMW D
1MW ( Sundance
- 0.6929 MW >
Brighton

A

0.3071 MW

T_0.3071 M\A1 0.3071 M\NI

2 >
=

Alta & -~ ‘

Park City B C  Solitude
From Calculation for Componentsof FTR Clearing Price
Busa | Binding Congtraint A-D | Binding Constraint E-D

$2285.254 $367.664
A Reference Reference
B $2285.254 * 0.179245 $367.664 * 0.0
C $2285.254 * 0.248137 $367.664 * 0.0
D $2285.254 * 0.437588 $367.664 * 0.0
E $2285.254* 0.077578 $367.664* -1.0
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Lineflows after loss of line E-A

E D

oMW
I Sundance
Brighton
1MW
0.6929 MW ) -

=

=

i

= A

0.3071 MW 0.3071 M &

A—F N >
=
i

Alta &

Park City B C Solitude
From Calculation for Componentsof FTR Clearing Price
BUSA Binding Congtraint A-D Binding Constraint E-D

$2285.254 $367.664
A Reference Reference

B $2285.254 * 0.179245 $367.664 * 0.0

C $2285.254 * 0.248137 $367.664 * 0.0

D $2285.254 * 0.437588 $367.664* 0.0

E $2285.254 * 0.077578 $367.664 * -1.0
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All linesat 50% of
nomd and amagacy limits
si03| = D | s
1RI6MW MW Q)
N > < "dens
rignton
3BBMW
—» = ™ >
= .
QZ)MWEBFI'RSdej‘ 5 = 1MW DD FIR SHeded
sy = A
~ e}
. 6787 MW 12213MW -

0

22BMW AD FTR Heaed

Alta& o | | 6706

H.(

=

S -

& 2Z20MW 1IDOMWN jg——
To)

[\

B C

«| 30MW Situde

1I50MW CGCFTR SHeaed
2Z20MW GD FIR SHedad

Tad FTR Audion Vdue=$267032 without ssmebus FTRs
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Annual FTR Auction Clearing Prices |I|‘I|“

From Calculation for Components of FTR Clearing Price FTR Clearing Price
Bus A Binding Constraint A-D | Binding Constraint E-D = S Cost Components
$2285.254 $367.664

A Reference Reference $0.00

B $2285.254 * 0.179245 $367.664 * 0.0 $409.62

C $2285.254 * 0.248137 $367.664 * 0.0 $567.06

D $2285.254 * 0.437588 $367.664 * 0.0 $1000.00

E $2285.254 * 0.077578 $367.664 * -1.0 -$190.38

Annual FTR Auction Clearing Prices by Path - $/MW

Sink A B C D E
Source
A 0 409.62 567.06 1000 -190.38
B -409.62 0 157.44 590.38 -600
C -567.06 -157.44 0 43294  -757.44
D -1000 -590.38 -432.94 0O -1190.38
E 190.38 600 757.44 1190.38 0
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130 MW DD FTR Awarded W
220 MW E-B FTR Awarded @ $500MW All linesa 50% of @M
nomd and emargancy limits
| D $1000.0C
-$190.38 E 1215MW
) < IOMW  Qundance
Brighton ~ Z20MW
30MW
—P = 749MW > >

2 ~
<

" = A
:{ N~
A 6787 MW 1R213MW) 2
X Sl 5

L0 = -« «| 3omMmw  Sditude
= 20MW | 15OMW|lg——
o
250MW A-D FTR Awarded @ $1000Mw | | & 150 MW GC FTR Awaded @ $0MW
B C 220 MW GD FTR Awaded @ $4294MW
Alta&
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E D OMW  Sundance

400 MW

Brighton (20MW) $15/MW Sdl Offer for

— » _BMW | 10MWCDFIR
$20MW Buy Bid for (35MW)

180MW EB FTR $200MW Sl Offer for

$30MW Buy Bid for 20 MW C-D FTR
200 MW E-C FTR

$25/MW Buy Bid for A 7y I |
10MW E-B FTR

$10MW Buy Bid for
10MW E-CFTR

(1MW)

- - Solitude
190 MW 240 MW oMW

(20MW) (150MW)  (3T0MW)

95 MW
(25 MW)

$100/MW Buy Bid for 45 MW A-D FTR C (MW) Noteseffect of FTRs awarded in
$35MW Buy Bid for 40 MW A-D FTR N B anud FTR Auction
SAMW Buy Bidfor 10MW A-D FTR| @& Tota Net Bid/Offer Vaue = $15,700
Park City
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E D IMW  Qundance

40 MW

| 24971 MW, (AOMW)
Brighton (20MW) > < $15MW Sdl Offer for
— > . » FMW | 1OMWCDFIR
$0MW Buy Bid for = 16601LMW (3BMW)
18OMWEBFTR = = $0MW Sdl Offer for
$30MW Buy Bid for S N DMWCDFTR
N~
ADMWECFTR < DABMW BEZMW | 13 Y
ssmwByBdior | A\ X S
1OMWEBFIR o~ P N
$10MW Buy Bid for Ss - - 4_0|v|w Sditude
1OMW ECFTR e 1DMW 220 MW
~ Z20MW) @MW)  (BOMW)
$100MW Buy Bid for 45 MW A-D FTR B C (MW) Noteseffect of FTRsawarded in
$35MW Buy Bid far OMW A-D FTR Altag amud FTR Audion
$AOMW Buy Bidfar IOMWAD FTR| A& Totd Net BidOffer Vdlue = $15.700
Park City
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D Sundance
E 249.71 MW > p 160 MW
620 MW = 166.01 MW > p 470MW
] E] :
Brighton A EY 32428 MW 8572 MW S y
— A | S

—> <€

Alta & % 410 MW - 300 MW-d| 370MW  Splitude
. o -
Park City | B C
. Pre-Contingency | 100% of
Transmission . .
Line Line Flows with Normal
All Lines In-Service| Limits
E-D 249.71 240
E-A 370.29 400
D-C 105.72 240
C-B 85.72 350
B-A -324.28 250
A-D 166.01 150
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Contingency Line Flows Compared with Li
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Qundance
Lineflowsafter lossof lineE-D
E | 180MW
) 40MW
620 MW 3004 MW >
= 2
Brighton = =
© 40096 MW 94AMW o)
AT i
S 410MW-d|3omMw-a| 30OMW  Sditude
o -
Alta& S
Park City B ( :
Post-Contingency Line Flows after Loss of Indicated Line
L Pre-Contingency | 100% of 100% of
Transmission . .
Line Line Flows with Normal E-D E-A D-C C-B B-A A-D Emergency
All Lines In-Service Limits Limits
E-D 249.71 240 0.00 620.00 201.38 210.53 397.95 358.48 440
E-A 370.29 400 620.00 0.00 418.62 409.47 222.05 261.52 600
D-C 105.72 240 29.04 219.42 0.00 20.00 430.00 48.48 440
C-B 85.72 350 9.04 199.42 -20.00 0.00 410.00 28.48 550
B-A -324.28 250 -400.96  -210.58/ -430.00 -410.00 0.00 -381.52 450
A-D 166.01 150 339.04 -90.58 108.62 119.47 342.05 0.00 350
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10 of 180 MW E-B FTR Sdected @$200MW
200 of 200 MW E-C FTR Sdected @$30/MW

10 of 10MW E-B FTR Sdected @$25/MW

10 of 20 MW C-D FTR Returned @$15MW
0of 20 MW C-D FTR Returned @$20MW

0cof 10MW E-C FTR Sdected @$10MW Al linesa 100% of
A2 MW norma and emergency limits D 10 MW
220 MW ' > «BOMW) - Sundance
20 MW
E ( : - p  BIEMW
—> g 150 MW @MW)
Brighton 3 g
L0
< 5Y
A— :
= :
N OMW Solitude
=
Alta& g 2 (ETOMW)
Park City o w0
o

(MW) Notes effect of FTRsawarded in
annud FTR Auction

45,00 of 45 MW A-D FTR Sdected @$100MW
33.16 of 40 MW A-D FTR Sdected @$35MW Totd FTR Auction Vaue = $12,535

10,00 of 10 MW A-D FTR Sdected @$40MW —




|s(./') Comparison of Line Flows with Limits - |I|‘I|‘“
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All linesat 100%0 of
E nomi and emargancy limits D ndance
243 MW
) < 140MW
AOMW 46816 MW
—> = o > >
. =
Brighton 2 =
P =
8 S Y
2BBMWY BI7TMW | J
A—F :
= .
Gz? 240 MVT BGOMW <_S7O MW Sdlitude
Alta& =
. —
Park City |+ B C
Transmission Pre-Contingency | 100% of
Line Line Flows with Normal
All Lines In-Service  Limits
E-D 204.32 240
E-A 235.68 400
D-C 26.17 240
C-B 36.17 350
B-A -203.83 250
A-D 150.00 150
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Contingency Line Flows Compared with Li I!l‘

Line flows after loss of line E-A

All lines at 100% of

E normal and emergency limits D Sundance
440 MW 0
140 MW
I — 0 <
440 MW
p 468.16 MW
13.31 MW
Brighton V =
=
" 4
108.54 MWI o5
A—= :
; -
= - -a| 370MW  Solitude
9 240 MW 360 MW
Alta & ‘o_o;
Park City | B C
Post-Contingency Line Flows after Loss of Indicated Line
Transmission Pre-Contingency @ 100% of 50% of
Line Line Flows with Normal E-D E-A D-C C-B B-A A-D Emergency
All Lines In-Service  Limits Limits
E-D 204.32 240 0.00 440.00 192.36 187.79 297.50 302.60 440
E-A 235.68 400 440.00 0.00 247.64 252.21 142.50 137.40 600
D-C 26.17 240 -36.57 98.54 0.00 -10.00 230.00 -25.55 440
C-B 36.17 350 -26.57 108.54 10.00 0.00 240.00 -15.55 550
B-A -203.83 250 -266.57  -131.46  -230.00 -240.00 0.00 -255.55 450
A-D 150.00 150 291.58 -13.31 135.80 130.37 260.65 0.00 350




IS% Monthly FTR Auction Selection of Winning Bids
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1 2 3 4 5=3/4 6 7=3*6 8=4%*6
Bid Bid Price Cost FTRs Auction Flow on
Bid Path = Quanity ($/MW) Sensitivity Factors® | Effectiveness Ratio = Selected Value $ Constrained Lines
(MW) ($/MW) (MW) (MW)
Line A-D Line E-D Line A-D Line E-D Line A-D Line E-D
E-B 180 200 0.1017) 1.0000 197 20 10 $200 1.02 10.00
E-C 200 30 01706  1.0000 176 30 200 $6,000 34.11  200.00
E-B 10 25 01017/ 1.0000 246 25 10 $250 1.02 10.00
E-C 10 10 0.1706/  1.0000 59 10 0 $0 0.00 0.00
A-D 45 100/ 0.4376  0.0000 229 0 45  $4,500 19.69 0.00
A-D 10 40  0.4376  0.0000 91 0 10 $400 4.38 0.00
A-D 40 35 04376  0.0000 80 0 38.15515  $1,335 16.70 0.00
Sell Sell Sell
Offers Quanity Price
C-D 10 15 -0.1895  0.0000 -79 0 10 -$150 -1.89 0.00
C-D 20 20 -0.1895  0.0000 -106 0 0 $0 0.00 0.00

Total Auction Value  $12,535
Line Flows Resulting from FTRs Awarded in the Annual FTR Auction 74.99 220.00
Total Flow on Constrained Transmission Lines 150.00 440.00

1 Sensitivity factors change under contingencies. Sensitivity factors for line A-D are for all lines in-service. Sensitivity factors for line E-D result from

the contingent loss of line E-A.
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Monthly FTR Auction Clearing Prices

Erom Calculation for Components of FTR Clearing Price FTR Clearing Price
Bus A Binding Constraint A-D | Binding Constraint E-D | _ S Cost Components
$79.984 $11.868

A Reference Reference $0.00

B $79.984 * 0.179245 $11.868 * 0.0 $14.34

C $79.984 * 0.248137 $11.868 * 0.0 $19.85

D $79.984 * 0.437588 $11.868 * 0.0 $35.00

E $79.984 * 0.077578 $11.868* -1.0 -$5.66




IS‘/) Lagrange Multiplier for Binding Constraint A-D |I|‘I|“|

NewEngland
E Thenommd limit condrant onlineA-C D
isrdaxed from 150to 151 MW
Qundance
Brighton a > b 22855AMW Increcee
1MW Incresse
A%
Sditude

2286254 MW A-D FTR Inoreese @$3B5MW

2.285254 MW
INncrease

Alta &
Park City

B

C

Tatd FTR Audtion Vdue Incresse=$79.984




|Sf/3 Bus D Sensitivity Factor for Constraint on A H!!Il‘

NewEngland
E 0.3685 MW D
) Sundance
oMW LMW
—> < = 0.4376 MW > -
=
=
H [Kp}
Brighton % g A
A ° 0.1939 |v|vv| 0.1939 M 2
o

1MW>

>
I Solitude
Alta &

Park City B C

Calculation for Componentsof FTR Clearing Price
glrjgﬂ Binding Constraint A-D Binding Constraint E-D
$79.984 $11.868
A Reference Reference
B $79.984 * 0.179245 $11.868 * 0.0
C $79.984 * 0.248137 $11.868 * 0.0
D $79.984 * 0.437588 $11.868* 0.0
E $79.984 * 0.077578 $11.868 * -1.0




IS‘/) Lagrange Multiplier for Binding Constraint E-D |I|‘I|“|

NewEngland

Lineflowsafter lossof lineE-A

Theaemagency limit congrant onlineE-D

isrdaxed from 440 to 441 MW
Brighton E 1 MW Ingesse D
) < Qndance
1MW > - 0232336 MW Deoresse
Incresse
]

1MW EB FTR Inoeeee @R20MW

A—%

S 1MW Sditude
3 % Incresse
02223%6 MW A-D FTR Deresse @535MW & O
To respect line A-D limit with dll linesin N B C
Alta&
Park City Totd FTR Audion Veue Incresse = $11.863




|Sf/3 Bus E Sensitivity Factor for Constraint on E
NewEngland

Line flows after loss of line E-A

E D

1MW
L
1MW ( ) Sundance
- 0.6929 MW
Brighton =2
S
Ny
0.3071 MWy 0.3071MWy 8 %
A—% :
2 >
S
—
Q“i &C_t g Solitude
ar ity
. Calculation for Componentsof FTR Clearing Price
Blrjgn; Binding Constraint A-D Binding Constraint E-D
$79.984 $11.868
A Reference Reference
B $79.984 * 0.179245 $11.868 * 0.0
C $79.984 * 0.248137 $11.868* 0.0
D $79.984 * 0.437588 $11.868 * 0.0
E $79.984 * 0.077578 $11.868* -1.0




IS‘/) Monthly FTR Auction Respecting Transmission

NewEngland

E

$3500 | Sundance

All linesa 100% of
-$6.66 nomd and emergengy limits D 1OMW
20432 MW
220MW )
Brighton (Z0MW) > . BISVW
—P = 150MW
= BBMW)
10MW E-B FTR SHetted % =
200 MW E-C FTR Sdected § = Y
—
10MW E-B FTR Sdected A Q
g OMW Sditude
0 |gq EGOMW)
o
HBOMWADFIRSHeted| ©
3316 MW A-D FTR Sdedted anud FTR Audion
1000 MW A-D FTR Sdedted

<MY 1MW CD FTR Retumed

(MW) Notesdfect of FTRsavarded in

Tod FTR Audion Veue=$12536




SO

Monthly FTR Auction Clearing Prices

NewEngland
Erom .Cal_culation for (.Zomponents (?f FTR CIearing_Price FTR Clearing Price
BUS A Binding Constraint A-D | Binding Constraint E-D — S Cost Combonents
$79.984 $11.868 P
A Reference Reference $0.00
B $79.984 * 0.179245 $11.868 * 0.0 $14.34
C $79.984 * 0.248137 $11.868* 0.0 $19.85
D $79.984 * 0.437588 $11.868* 0.0 $35.00
E $79.984 * 0.077578 $11.868 * -1.0 -$5.66

Monthly FTR Auction Clearing Prices by Path - $/MW

Sink A B C D E
Source
A 0 14.34 19.85 35 -5.66
B -14.34 0 5.51 20.66 -20
C -19.85 -5.51 0 15.15 -25.51
D -35 -20.66 -15.15 0 -40.66
E 5.66 20 25.51 40.66 0




so Monthly FTR Auction Results |I|‘I|“
NewEnuIand

10MW E-B FTR Awardsd @20MW
200 MW E-C FTR Awarded @&2551MW I0MW CD FTR Sdd @$15.15MW
10MW E-B FTR Awarded @&R0MW
All linesa 100%6 of
-$566 nomd and emergency limits D 1OMW $3500 | Sundance
E 20430 MW
220 MW, > <BMW)
Brignton (ZOMW)
> 2 B > >
- (BBMW)
=
R =
g 2 v
A—
0 § OMW Sdlitude
S 30MW)
™
(o)}

4500 MW A-D FTR Awardsd @$35MW

3810MW A-D FTR Awaded @MW
1000 MW A-D FTR Awardsd @835MW

(MW) Nateseffect of FTRsawaded in
anud FTRAudion

Tatd FTR Audtion Revenue=$609
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Constrained Day-Ahead Energy
Market Dispatch Example
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Brightan E D ADMW
aOMW @$30Mh
@$IOMWh 4—&
>
&—» sl Load =250 MW
Load =350 MW
A
bt alos |, gy e
B |[C SOMW
Alta Park City @FHMAR
1OMW 1OMW
@34AMV\h @SISVMWh Load =300 MW
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E D

256.01 MW Sundance
Brighton > 2V & 200 MW

600 MW
@ $10/MWh

@ $30MWh
177.69 MW) > M

=
=
600 MW 22
&

. =
Dispatched = y
at 600 MW &
A y S Y 5/63MW|263MW| @ _
=z |2 Dispatched
e M M oMW at 90 MW
= |7 somw 13omw
Solitude
B C 520 MW
@ $25MWh
Dispatched Dispatched
at 110 MW at 100 MW
Alta Park City Total Production Cost = $11,290

110MW 100 MW
@ $14MWh @ $15MWh



IS‘Z’ Dispatch Solution Ignoring Transmission Limitat ole
NewEngland i

E 256.01 MW DO MW Sundance
< &

Brighton - 200 MW
600 MW _ @$30MWh
@S$L0MWh = e > g%“
=
=
Dispatched o0oMW ] zl
at 600 MW 3 o3
A —3763MW | 263MwW | & :
=L Dispatched
§ aliaitr M 90MW at 90 MW

350 MW 300 MW _
Solitude

B C 520 MW

iy, SIS LY SRS } @ $25MWh
Dispatched Dispatched
at 110 MW at 100 MW

Alta Park City Total Production Cost = $11,290

110MW 100 MW
@ $14/MWh @ $15/MWh

Post-Contingency Line Flows after Loss of Indicated Line
- Pre-Contingenc
Transmission | 2T e Nomal | E-A D-C cB B-A ap  EMergency
Line . . Limits Limits
All Lines In-Service
E-D 256.01 240 0.00 600.00 172.03 268.03 428.03 372.44 440
E-A 343.99 400 600.00 0.00 427.97 331.97 171.97 227.56 600
D-C 183.70 240 105.09 289.33 0.00 210.00 560.00 122.44 440
CB -26.30 350 -104.91 79.33| -210.00 0.00 350.00 -87.56 550
B-A -376.30 250 -45491  -270.67 -560.00 -350.00 0.00| -437.56 450
A-D 177.69 150 355.09 -60.67 77.97 191.97 381.97 0.00 350
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Brighton
600 MW
@$10MWh

Dispatched
at 440 MW

E

All linesa normd and

emergency limits
187.371 MW OMW
> <
= oW > > uhail
= 250MW
440MW 92 =
N §v
& N
A % oM 100 MW | s
= |2
= |=s
o
i

Dispatch Solution Respecting Transmission IIIII 1!

Sundance
200 MW
@ $0MWh

Dispatched
at 332.76 MW

Solitude
520 MW

@ $25MWh

Totd Production Cost = $14,517.62

Dispatched Dispatched

at 110 MW at 17.24 MW
Alta Park City
1noMw 100 MW
@$14MWh @ $15MWh
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Dispatch Solution Respecting Transmission IIIIIi

All linesa normd and
E emergency limits D
18737 MW QUndance
; oMW
e 0
, @$30MWh
g > > '
. 4H0MW
Dispatched
at 440 MW A
= .
= Dispatched
& at 332.76 MW
—
Solitude
520MW
. @$5MWh
Dispatched
at 110 MW
Alta Park City Tota Production Cogt = $14,517.62
110 MW 100MW
@$UWMWh  @3$15Mwh
Post-Contingency Line Flows after Loss of Indicated Line
e Pre-Contingency
Transmission | = o Fows with | omal | e E-A D-C CB B-A AD  Emergency
Line . . Limits Limits
All Lines In-Service
E-D 187.37 240 0.00 440.00 156.63 141.65 301.65 272.46 440
E-A 252.63 400 440.00 0.00 283.37 298.35 138.35 167.54 600
D-C 67.24 240 9.70 144.81 0.00 -32.76 317.24 22.46 440
C-B 100.00 350 42.46 177.58 32.76 0.00 350.00 55.22 550
B-A -250.00 250 -307.54 -172.42 -317.24 -350.00 0.00 -294.78 450
A-D 129.87 150 259.70 -45.19 93.37 75.58 265.58 350

-



5o

$10.00 | $18 57
All lines a normd and Sundance
emergency limits 200MW
187.37 MW} 9 OMW ”! @$30Mwh
Brighton
o 5| e > aluil
@ $10MWh S - 250 MW
i
N N
A X |zomw 100|v|w| x
; 1
S | ey s
“ oy xomw 1 aomw 520 MW
$15.00 N o h
%% $27.34| | $2500
Alta Park City
1noMw 100 MW

@$I4/MWh  @$15MWh




IS% Marginal Generators |I|‘I|“|

NewEngland
$10.00 $18.57
Brighton All lines a normal and
Marainal E emergency limits D
argina 187.37 MW OMW
Generator ) <« Sundance
dl | = Zos W > M
> 8
250 MW
440 MW B =
(9N}
a 100 MW §Y
N~
A 4. % [zomw | 5
s = i Solitude
s 5 M 332.76 MW
$15.00 = |5 somw !zomw ‘ ‘ d Marginal
C Generator
Alta & $27.34 $25.00
Park City
Marginal

Generator
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LMP Calculation |I|‘I‘“

Brighton

ﬂ 440 MW

$10.00

‘,_9

All lines a norma and

emergency limits

Sundance

OMW |!|

A

$15.00

Alta

>

>ulm

" 250 MW

$18.57

Park City
Marginal Generator Contributionto LMP LMP=
BusLocation | ParkCity@ | Solitude @ Brighton @ SMarginal
$15.00 $25.00 $10.00 Generator
Contributions
A $15* 1.0000 $25* 0.0000 $10* 0.0000 $15.00
B $15* -0.2338 | $25* 1.2338 $10* 0.0000 $27.34
C $15* 0.0000 $25* 1.0000 $10* 0.0000 $25.00
D $15* 0.6428 $25* 0.3572 $10* 0.0000 $18.57
E $15* 0.0000 $25* 0.0000 $10* 1.0000 $10.00
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Congestion Charge Calculation

$10.00 E

Brighton

All linesat normal and

emergency limits

$15.00

Alta

—— 4

>

M+M

350 MW 300 MW

$27.34

$25.00

| 332.76 MW d!!

Solitude

Park City
BUS LMP Cogt Components LMP =
L ocation Energy Congegion | Marginal Loss SCod
Component Component Component | Components

A $15 $0 $0 $15.00
B $15 $12.34 $0 $27.34
C $15 $10.00 $0 $25.00
D $15 $357 $0 $18.57
E $15 -$5.00 $0




IS(/) Congestion Charge Calculation |I|‘I|“

NewEngland

Total load charges= (350 MW at BusB * $12.34/MW) +
(300 MW at Bus C * $10.00/MW) +
(250 MW at Bus D * $3.57/MW)

Total load charges = $8,211.50
The congestion cost as each generator (injection Node) is equal to the MW output of

the generator times the Congestion Component of the LMP at that bus. Total
generation credits are the sum of all of the generator credits.

Total generation credits = (440 MW at BusE * $-5.00/MW) +
((110 MW + 17.24 MW at Bus A) * $0.00/MW) +
(332.76 MW at Bus C * $10.00)

Total generation credits = $1,127.60

Congestion Charge =  total load charges (over all withdrawal Locations)
— total generation credits (over al injection Node)

Congestion Charge = $8,211.50 - $1,127.60 = $7,083.90

This $7,083.90 Congestion Charge is distributed to FTR Holders.
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Settlement of FTRs In the
Day-Ahead Energy Market



IS% Settlement

NewEngland

Distribution of Day-Ahead Market FTR Target Allocation

ETR
220 MW fromEto B
200 MW fromEto C
25MW fromAtoD
150 MW fromCto C
130 MW fromD toD
931 MW fromAtoD
20 MW fromEto B

EFTR
210 MW from CtoD

Congestion Component

Source
-$5.00
-$5.00

$0.00
$10.00
$357
$0.00
-$5.00

Sink
$12.34
$15.00
$357
$10.00
$357
$357
$12.34

Congestion Component

Source
$10.00

Sink
$357

Positive Tar get
Allocation
$3,814.80
$3,000.00
$ 895
$ 000
$ 000
$ 33237

$ 346.80
$7,583.22

Negative Tar get
Allocation
$1,350.30



so I
NewEngland

Settlement of FTRsin the Day-Ahead M arket

Day-Ahead Market Congestion Charges $7,083.90
Negative FTR Target Allocation $1,350.30

$8,434.20
Positive FTR Target Allocation $7,583.22
| SO Managed Cash Fund $350.98

Notethat FTRs do not hedge against losses.
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