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MISO *+ 1998 & & 3% = = » =R kg 1% A ¢ (FERC)* 2001
#£ 12 % 348 MISO i® 3 iﬁﬂ%‘—%?ﬁ*ﬁﬁ]?. . (RTO) > MISO ¥
e FF AR IR B ARDIRIE 0 T Ed F B AR ) (Regional
Planning) > # % = #% (Generation Interconnection) > i 7 % #
(Maintenance Coordination) - # 3#-% /p|(Market Monitoring){r< 3% i
2 (Dispute Resolution) % 42 % ; 2002 # 2 * 1 p > B85 g #1% R
¢ (FERC) & X MISO e B 2z & 31%] T 7 & ( Open Access
Transmission Tariff > OATT) > MISO ¢ 33 B 4>3% & % 3 & 35;‘](94 ﬁi%l)
JR3% ;2005 # 4 " 1 p > MISO £ = &5 % £ (F B P 3R)w ik
ii-,tﬁ’?%?ﬂéiﬁé@?]? T AW ;2009 17 6p MISO 42 11 #f
4 pR i35 3 (Ancillary Service Market » ASM) > MISO F pF = 5 3%
% T =8 148 4 (Balancing Authority) - i¢ 4 MISO = Footprint j

7 36 i % T i~ +114% £ (Local Balancing Authority - LBA) » #f%
TR REFRFIHFOARPIE  FEARARZL - TEapz L
ZA Ll E W RRIET HE o TS H e D fr & § (bids
and offers)ssnif B HREHFE 7 AR 5 2013 # MISO 4 Footprint 4
» South Region > MISO =3¢ & i 474 B] 4-1 #71 °
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MISO Evolution

1996 1999
Diacus=ions begin Firsi Board af Directors
to farm Midwes! 150 Elacied
1998 1993
FERC 55005 FERT 155005
ovians BEB o S8 ovrlar Z000
i : — I — - N—
i Start-up Reliability Coordination and Tariff Administratio
2001 2002 2003 2005
-FERC J’-? oal Tanlf Adminisiralion Joint Operating Midhwes! Energy
as an A g unidar Midwast 150 QATT Agreement with Markels Begin
* Rekability F
Coordination
-
— ey
. T
2006 2007 2009 2013
Iniiate Ancillary - Balancing Authority ASM Launch
Serdces Markat Algnmeni
IniEalive + B5M Taaling
2007 2010
FERE snmy FERG mams
G [ orlar TG
' Ancillary Services Market (ASM) Initiative
—_ M

B] 4-1 MISO 3 & i 4%

MlSOE‘J”J “i/d.:*{%]ﬁﬁi@]ﬂ %’Kfﬁ,“;‘z‘? 11 B % 4E£J‘§ﬂ;}£w

FRER:EZR? WL B b £ 54 R J T g (Canadian

province of Manitoba)
oA v @il 4200 8 A 2
Wwaeky 28 174,874 MW (Market Footprint)

190,539 MW (Reliability Footprint)
MR i1 127,125 MW ( Market Footprint-2011.7.20)
130,917 MW (Reliability Footprint)

ﬁa«l @ ML 165,800 v w2
R et 6,541 3%
SCADA Data Point : 291,531 Point

9



3 842 % (MP) : 437 @

AR w2 @age < (Carmel, IN ~ St. Paul, MN) ~ 1 i & #£ ¥
= (Indianapolis, IN)

R A%:900 A (28 f 1)

Current Scope of Operations

+ Generation Capacity
— 178,874 MW (market)
- 190,539 MW (reliability)

» Historic Peak Load :r

uilr 2:22:1;:25 MW {market) L‘

— 130,917 MW (reliability)

* 65,800 miles of transmission

* Footprint ‘rg
— 15 States

= 1 Canadian Province ﬂl
— City of New Orleans e

M

B 4-2 MISO 7% 38 g5 [f1 &2 A & 7

d 2016 & MISO ¥ 38 j B2 A & F AL (4ot 2 1)8 40 MISO &
B HRH2016 & 253 E A NG 2434 BT U S B BAREY 55
A9 AT BT HHEE R 594200 F 404 o BT R
2= 6 > 97 6,541 5 Tk~ 91 291,539 5 SCADA FH 2 &
iR e mEE At 6 0 249,000 B W RRIE &0 R 2 E -
Tia5 4P xS 8,300 Bk E A 4T o
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MISO Corporate Governance Structure

MISO Board of Directors (Seven Independent Members and the CEO}

» Paul J, Feldiman, Shair »rJohn Bear, CES v Baljit Dail » Jucly Walsh
v ). Michael Evans, Vice Chair » Michizel J. Curran b Shelley A, Longmui » Eugenie W. Zeltiianh

Hurmsin Regsures

Tammiliee:

Promatz Fromate policizs that Agsist the Boaid in its Promate continuous Fromate policies that
efficientand fuster principles of aveisight of the improvernantof, and attract and retain
transparent soUnd colparate Company’s ANC qualified employeas
marksts in the govemance and risk transmission planning

Kidwest management audit policies, procedurss

N . ard practices, aswell as
Boaidin fte Risk Managemsnt

ight of ths
Sompany's stratedic
planning

¥ The Transmission Owners Agreement established an independent Board of seven persons with staggered
3-year terms and the CEG:

b Four members with expertise in
»  Corporate leadershi at the senior management or board of directers laval, or
b Professional disciplines of finance, accounting, enginsering, or utility laws and regulation

»  One member with expertise in the operation of electric transmissicn systems
r  One member with expertise in the planning of electric transmission systems, and
»  One member with expertise in commercial markets, trading and associated risk management

» The current Board of Directors has extensive experience in the energy industry

v All Board and Committee meetings are open 18

# 4-3 MISO ¥ % ¢
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5
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2. Mﬁﬁ SR B R AR BT W EIRIE 7 Ao iR B PRI
efE i e

3. LW EAPRAE T * gt B 2 58 2 4eat costbase 3+ B pF - AGC -
SR %33 » 28 LF 5 $IMW? &of o4 IRGe'% 5 £
($IMW) ¢t 5c & 7 5 ($IMWh) 4efe iz B 2
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PR AR BB LRI BRI - - @ 2 > MISO
¥+ 48 %= o Primary Response (governor free) p & 1 & &
Foo A ISO RliEE KAz ZR €T 4 FhE o 4o
ERCOT ¢ sip erd e » H g #2424 50 (Governor free)
BEirEa o 2y L g o 22 g% (Deadband) % =
% +0.036 Hz > 4 :¢ 4] (Speeddroop) % i£ 2~5% - 4 % &
4 £ ¢cts ERCOT ¢ d mk sbAd 2 &y % F udf 4
d ERCOT-QSE 112 #75 et 2 Z R € # ¥ 2 ie
SHE S F RR RS U E AT AR d AP B A S g it
Fioz- o FF W T s B RA B2 TR B4
Ho e F miRt chE RS LA AT T R T
g AT AR AR E RS B A FAFE A
e ad i d o R KRFR R FF -

2. MISO #f e4pR7x7% -4 5 p w7 H-(Day-ahead Market)y <
P& 7 3-(Real-time Market)» e 4 84 pR7+3 300 p 53 F- 5 4 o
WERBRAER AT RARFFHEFE - TRFEFHETE A2
AEEFEF 3700 2013 FAATFIR~ E R 4 T 34 (X

EFEH 16GW > B~ % 114 5 13GW) » = 3|3 4
Ramping Product # 24 pR7: %k FIE L 2 s iRen? FE T 4512
TR E A TR fes PRI L QSE & f U blp AR
&d MISO fep md i SR R R F *d f i
# > MISO ik e & QSE i §urt bijese » £ 4 H ik m e
PRI T8 4 o

3. MISO 1996 # = #f 24 pRixx * H - 7 & » 3| 2005 15
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PHDOERREMESRATFR oG IRBES FLT TR
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FReFEFT>AF» LMP> MISO ¢ M=% i #-
F$(¥MCC~MEC - MLC)i:-2H £ H i » Nsgikd & A7
ML e

4. W R FER B0 Ap B FATED FE - Ko

A

ﬂﬁi

B3 EE T e o 0 MISO e85 > 3 ¥ 3 T K

£ RF DR )I‘ E A FUtpow T i £

W g TR B R R RRTERRSIFE G B

TgBA T ¥ A7 L o MISO #7248 = h Primary

Response (governor free) p # ¥ & & £ o A#p 73 £ & f

H_ 4%+ 380~400 MW 2 B » iz BB f 410 D20 ok 4 e

ExB CPSThag x4 RIBMENET ERAEMR - 2
AL H e B E G5 A e 1.5 25 1500MW)-
Rz iTE 3 4 NERC (hE 9w o

5.8 £ X2 % T HFF i e o0 BIRA (1) eF L g
B §=F 0 MISO £48% » & MISO £ 1 8%~ =~ 7 » iTH § &
(FHe st MBS 243% 5 2.2 s ehilm £ 55 8 > 7 41+ DA
B RTESEHREFSE LW RBR T F 4 B (5
A & )AT ir8%if‘uﬁ'~‘}ﬂ’ it B ] pF e Payment o

6. % im Benfrd] 3N Fd %] 2~ 7 TSP(Transmission
Service Provider)134z MISO R3] i £ 3 R & 8L (Set
Point)p 733 > TSP 3 & 4% p {78 &K T # ¢ /& > MISO
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BeHT RN AR L o HT AT FEE TR
FRA (DF R ~TREE) 42807 * 17 53§
h
S

X
# e FEwcoMISO & Ko hR BB KN4 - F i

BB AT 45

1. MISO 4rfm i 2B £ 2 dofm 55 2

2AMBAT X I AE TS [ LR 2 B D K
o EE RRAFTRELFAE DL 0 AL B D

NRE T ?

oL fﬂ-t

MISO & 3% B % Fi2 > 407

MISO #tEedf 4 245 * EMS sk fi & 3+ % (State Estimator);* &
D ATPEORELE A w2 B> T - BT GRS § jeeny
P hmd - ARMER RER DY S o

AR EE 30 /- X HR A PR AR AP
A Al E R B R R AERIE 1 kSR o d 2

s 2 £ 42 (Unit commitment)fe 5 7334 & (economic dispatch)
W%ﬁﬁu*%@ﬁ&&ﬁﬁ’aﬁﬁwiﬁﬁiﬁﬁﬂ,%uaﬁ
7 #-(DA)z T pE S B(RT):H SCED *51 8 % ¢ * S 1L RIFHA - |

15



BAF 4 (MW) 5

MISO,External
Z (Gen — Load) * Loss Factor + Loss Of fset

epnode

A,
Loss Factor @ 4f 42 F|+ 17 3t e in g » TMW 3 £ 3 4c cndf
LR A) BEKF B R B A AT .
Loss offset * F%% k BL4f & ez X Sl 0 B R4 f
FEFA -
3 ¥ MISO p = (DA)E s (RT) S H-cndtdp # ] a3 4o

I

B 4-4~[F] 4-8 #7577 o

Losses in MISO Market Software

{ Treatment of losses varies across MISO markets

~ ~

s ™ 'e N\

Day FRAC

ARR
Capacity et Ahead IRAC .ﬁf‘ﬂ AGC
Market Markets Market LAC uDS

Clearing

|
Real-Time

B 4-4 MISO &g #3135 7 42(1)
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Loss Factors

* What is Marginal Loss Component (MLC)?

— The LMP component representing the Marginal Cost
of Losses

— Marginal Loss Sensitivity Factors are an important
input to both DA and RT SCED processes

— Hereafter referred to simply as “LOSS FACTORS”

Marginal N Marginal
| Loss - g [ Energy I‘I

Sensitivity . Component |
Factor ! (MEC)

® 4-5 MISO &g -3 7 42(2)

Marginal
Loss
Component

Loss Factors

» Loss factors are calculated by MISQO’s Energy
Management System (EMS) State Estimator

+ State Estimator runs nearly every minute, hence loss
factors are available at the same granularity

+ UDS loss factor assumptions are derived from the State
Estimator solutions used to initialize UDS every 5 minutes

+ Day Ahead loss factor assumptions are developed using
recent SE solutions with comparable load and wind
characteristics.

RT Unit

;’ State ; I
./ DAMarket

1 4-6 MISO #Uif o313 P 3 44(3)
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Day Ahead Market Loss Model

Day Ahead * DA SCUC™ Losses = DA Loss Offset/0.73

* DA SCED Losses = Marginal Losses - DA
Loss Models e

* DA Loss Offset = Mid Term Load Forecast *
Loss Demand Factor * Loss Offset Factor
* Where Loss Demand Factor = 0.98, Loss
LOSS Oﬁset Offset Factor = -0.019

Day Ahead

BEVANEETo R - = 5 Net Injection MW * DA Loss Factor

= + Net Injection = DA generation, fixed bid,
Marglnal price sensitive demand bid, virtual bid,
Losses physical schedules, or loop flow injection

Loss Demand Factor: Projected % of load forecast that will clear in DA mkt.
Loss Offset Factor: Estimated difference between actual losses and marginal losses
SCUC: Security Constrained Unit Commitment

B 4-7 MISO s 4p #o3) p F 4L (4)

Real Time UDS Loss Model

RT U DS « RT SCED Losses = Marginal Losses - RT Loss
Loss Model [leias

RT U DS « RT Loss Offet =

Actual MISO SELoss —

LOSS Offset Zgﬁg;ﬁwa(SEGen — SELoad) = LossFactor

RT UDS
Marginal
Losses

* Marginal Loss =

zg’;ﬁgﬁf‘”’"“’ (UDSGen — UDSLoad) * LossFactor

¥ 4-8 MISO #Uif #3135 M F#(5)

4.2.3 AT RF &Lff%@%ﬁﬁ.
MISO %%Jﬂf%?,sbﬁ%? ARG P4l d 1 &

T il ig (i fe pseudo-tie HI VP AT A 4 0
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ol 3 B xF LMR - EDR chsc o RET i &2 5 & F Biv

PEp el 5 F LMRrEDR it 4 7 RET B E

-

F e 2 o

B 4-9 “r7 2016-17 E R mE Bdpf chB G > R FELD 2
MISO # & % = MISO #* 353 % eifls f2.%% 2
PR

Reduction in Available Capacity

i~ f- pseudo-tie H ¥ * e

MISO Midwest Offer Curve

Marginal MW

PY16-17
for Midwest e

PY 15-16

PY 15-16 Conduct Threshold

Offer ($)

PY 16-17 Conduct Threshold

"""""" -

90000 92000 94000 96000 98000 100000 102000 104000 106000 108000
Capacity MW

Bl 4-9 MISO 2016-17 & £ iR % £4p § Hip e % 1

MISO = & Max Gen ¥ 3% (Alert) ~# 4 (Warning )2 ¥ © (Event)

FE 7 B R MISO chig R IR ik & Shen T ik jm ik g 847 « B2 ¢
¥ 2 # - 44— B LBA (Local Balancing Authority ) # — = 4p 48
LBA @ % > Max Gen &3 ~ &2 A F 430 § 24 ﬁi%l”é: FENIIE
fRrd T2 B TEeerilde s R ER L BERAT R LFEL
B MISO %3 s B 7 3 B>+ Jeailli R B L ¥ L5 LR
o oW 410477 > I BNDL L MISO % 2 AT EE LT
e &2 T rm FRk Max Gen &4p ~ 2 L 2 X Ry 4 o
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Define Boundaries for Alert/Warning/Event

i

C
S MISO
B 4-10 MISO % % # 4 Max Gen #3f -« &£ X F 2 ihF 38
Yol 411 A7 o ek RE RV AP TEL AL PR E
o F 8 TR T R M R A R a1 A

Bt ma 2 e MISO H i R i o

Applicability of Emergency Pricing

Offer Floors
effective during
Max Gen
Warning and
Max Gen Eventt

Offer Floors
NOT \
applicable to
rest of
footprint

SHED
B 4-11 Max Gen #47 ~ 2 2% S BB i fif * & &

ho@] 4-12 #77% 5 MISO ¢ RTO-EOP-002 B 4 2 & 5 # 14 eh

LA SR AR ¢ §enTier | e Tier Il ™\t 2 ik & 47 ¥

i
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Resources Accessibility in Max Gen Emergency

i z : ; Offer Floo| -
/l P [,f~ { | Define boundaries/suspend maintenance | Tier | Event - Step 1:
QMENTE ler a) Commit AME

K= == b) Implement Emergency Max Limits
| Step 1 - Schedule in External Module E | ¢) Declare NERC Energy Emergency Alert

Capacity Resources (EEA) 1 - All available non-emergency
{Q 7 resources in use

Wa rning T [ Step2- Curtail Nonfirm eneigy sales |

Event — Step 2:
a) Declare NERC EEA 2 -
Load Mgmt procedures in effect
Step 1 - Emergency Generation and Offer Floor| b) Implement LMR (BTMG & DR) & Load

|

Emergency Dispatch Ranges i — Management Measures (LMM) — Stage 1
___________ c) Commit Emergency Demand
Response (EDR)
Step 2 - Load Management d) Implement Emergency Energy
Purchases
Event — Step 3 - Utilize Operating Reserves
Event - Step 3:
Step 4 - Féfszrr‘:z CF:’?.:IF shnfsssmergency a) Utilize Operating Reserves

b) Instruct load reduction of Load
Management Measures (LMM) — Stage 2

Step 5 - Firm Load Shedding

—

P

® 4-12 RTO-EOP-002 chif & 7 & 5 # 12 chl B4 6 &2 9

SR LE FEEET o

B (Alert)rg i - E£ATT AR ikl @iz 1 v J T 40
BTy # h% - Bk K 4] (Offer floor
Tier-l)
Z (Warning ) reE e
Step 1 : Schedule in external Module E Capacity resource
Step 2 : | 2biFE R A (7 BT 4 )4 & (Curtail Non-Firm
energy sale)
Step 3 : Implement reconfiguration options
T 2 (Event)Ff £ ¢
Step 1: “f s R fr?T’? & & # Fl(Emergency Generation and
Emergency Dispatch Ranges) > & 3% 1™ ;%
(a) Commit AME
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(b) Implement Emergency Max Limits
(c) Declare NERC Energy Emergency Alert (EEA) -1 All
available non-emergency resources in use
Bt B o AT S o B 4] (Offer floor
Tier-Il)
Step 2 : f §* ¢ #](Load Management) » & &1 3%
(a) Declare NERC Energy Emergency Alert (EEA) -2 Load
Management Procedure in effect
(b) Implement LMR (BTMG & DR) & Load Management
Measures (LMM)- Stage 1
(c) Commit Emergency Demand Response (EDR)
(d) Implement Emergency Energy Purchases
Step 3 : i¢ * &4 # i (Utilize Operating Reserve) » # 412 T 4

%

(a) Utilize Operating Reserve
(b) Instruct load reduction of Load Management Measures
(LMM)- Stage 2
Step 4 : Reserve Call and Emergency Reserve Purchase
Step 5 : Firm Load Shedding
He
e LMR (Load Modifying Resource) : iy ti # i ,?fu;'«f? EHF
Demand Resources 7 & &3 ™M * T F £~ p * F LKA
(Behind-the —meter Generation) 7 & %3 4 % T

e LMM (Load Management Measures) - Stage 1: & * f * ¢ 32
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FERFECFRFRRAFIEER > LANEAFTERT] &
2§75 5 LMR = EDR
e LMM (Load Management Measures) - Stage 2 : o3F " i< 7 &R
‘% Fiegd LPrm i R BB EHEY A RS
58 % m?%é‘i/ﬁzmﬁ%}“’ o 27 ¢ 3 LMR & EDR
424 T a3 E 3 F R AL
MISO {1 * % % i % ¥ # (Locational Marginal Price - LMP) % %
TR A aﬁf%?ﬁ KB oende Aok (IR ’é_ﬁis?]? TR
1 L CPNode (Commercial Price Node) T & & & #& % & % 35§ -
] ﬁi’—::,u$ /| MWh % 8 = - MISO & LMP ¢ 3 Marginal Energy
Component (MEC) - Marginal Congestion Component (MCC) -~
Marginal Loss Component (MLC)% = $8 4 » 4- ] 4-13 #11 » » )T%%EL
#% — B CPNode ch LMP % ks 8 @ it ¥~ S 28 5 7 7
N I R AT X LR NP ey PSS E
A % B CPNode 7 LMP $24p % -

Marginal

Energy
Component
(MEC)

Marginal Marginal
Congestion Loss
Component Component

(MLC)

@ 4-13 MISO LMP z_ %=
LMP s I : d 28 31 * 2 f if 1 (Co-Optimized) = 2 & & >
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LMP # i < 3|5 J(Energy)3F % {- 4 i& & % (Operating Reserve)3iF
% R 8 o p o ¥(Day-ahead Market » DA)# & CPNode # /| p#
ok - & LMP » rpF% 3-(Real-Time Market - RT)= # CPNode =
S5réoiv- = LMP- g Hdfem'iy € EmT L Fa @ﬁ%ﬁﬁ
AR Bl hs Bk LMP gl g d SR Tk stenp
LI R OREEPE LG B A e T B AR A fr il i
FEERLMP ¢ =% @ 2 b o $30 12 7 3 250 CPNode » &7 4
BHEHIAE T RIL LT N OLMP &4 che p w B B LMP
= MCP (Market Clearing Price)3 X @i ¥+ 2 » MISO p = % 3¢
% $ % $3500/MWh -

+ 3% & % #(Market Clearing Price - MCP)* & L 4 % /h ¥ &
# % (Operating Reserve) » ™ ifzg 3 R et k3 EREHE fra s £ 47
ARG E X AT UERw e TR oy FREE g Ao

LE PR FBE B RORAAE 4-14 #7707 FH 55§ #(MCP)
%_% /B = CPNode } ‘g': i@;m%;}g % m,%ﬁzﬂ

Market Clearing Price Basics

Hourly One MCP
opg,.%zmg Iénn%igbegnbg MCPs 5 minute calculated
Reserve Operating posted for MCP posted for each
products Reserve the Day- fo_r the Real- | product, per
onl offers Ahead Time Market Reserve

y Market Zone

B 4-14 MISO # 3 & i 1/ Bl

WehEITEEATRFRELHT A FEw 4 > 272 MCP
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R AP T BT S AL e AT AR
FLERBEATAL DR S Ao PDET S A{efp g = A%
2 e T en 2 LA & (SCED) » %518 MCP & (7 w fc -

MCP z_:+ &
1. pm» FMCP & /) pFit 5 - =
. WEED B MCP & 5 A4t E - =

3.MCP e p=# 3§ * 2t p w3 32 W pEs 3 Spinning Reserve 2

Supplemental Reserve
4. = BiEEH wex BAFE Pty MCP -

5.DAMCP ¥ 3 4 T /o & TpF 3 S0 & BRI 2 4ok 5
e hp B FEREEEE O L AR FR G RN AR
EAEEGEE > FP A £ A d P ITR A ppE 2 kA MCP AL

¥ MCP ¢t 27+ % $3500/MWh -

m MISO 3 6 # Reserve Zone 4r&| 4-15 #77+ »# i# Reserve
Zone 7MCP # iy € 37 #7% 4p I »MCP * &3+ & = i Reserve Zone
A4 % # (Regulating Reserve) ~ =r & % # (Spinning Reserve)% 48 v
% #& (Supplemental Reserve):if # ; iz i - & Reserve Zone » 7

TP RE AL e (k4400 MCP 2 B 9idt i eniic £

25



MISO’s Operating Reserve Zones...

Zones
[ &

| BBl
s indisna
[« [MiERER]
~ D siisconsin
& | Esmnncsota

Ehewan Manntoba

Horth Dakotal

Minne sota’

S OMEIN -

South Dakota

Hey

Nebraska
inois

Pennsyivad

Indiana R,

Colorauo M.
Kansas LArnid

West Virginia
Kentucky

Virginia

Tennessee

Reserve Zone Definition: _Sept 2011 - Map Image Generated on: 08032011]"**%

B 4-15 MISO = 6 # Reserve Zone

MISO p =+ % 3348 % #& sk Jh # 3£ Generation Resources ~
Demand Response Resources — Type |l ~ External Asynchronous
Resources ~ Stored Energy Resources % - 3512 347 i & < MCP 3+
ERpr oo R P E-x  MSO pwd HTEGFEDRkR
Generation Resources ~ Demand Response Resources — Type Il -
External Asynchronous Resources ~ Demand Response Resources
—Typel(FZ & )% » U TEREDMCP - E 5 * » & | p3h
B - =x;MISO p =+ # #-4F L & # % /& ¢ 3= Generation Resources~
Demand Response Resources — Type |l ~ External Asynchronous
Resources ~ Demand Response Resources — Type | & » 3514 4
%4k MCP 35 ¢ % > 5 | pr- - = o A M2 & MISO Tariff

I3

Schedule 29 5% w2 & % 3P o
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4.25MISO p % 7 F- % E 2R

MISO #41* k pF% I iR i (Co-Optimization)= /2 4 (7 7 {7 {4
R(SFT) ~ % 22445 = $ 42 (SCUC)fr% > "4 57 A (SCED)
EEEMBROTAZFHIRDT R TREp DB pnd
% LMP 2 MCP > 4= 4-16 #771 o

Day-Ahead Clearing Processes...

* Products cleared with Simultaneous co-optimization utilizing:

Simultaneous Feasibility Test

(SFT)

« Performs contingency analysis for
each hour to evaluate network

3?,?33:;%2?,22““ S FT ' security of a set of injections and
« Notifies resources to ] withdrawals under a range of
come online and the . 4 contingent scenarios

expected duration

“ . scED

Security Constrained Economic b
Dispatch
* Balances injections and withdrawals

» Meets Operating Reserve requirements
* Manages congestion

* Calculates LMPs

Bl 4-16 MISO p = % 3% B 42 &

LR TR B PG PSR 0 45k * SFT S SCUC

2 SCED % 3 A2R &7t » & BARS DL L P FeT

1. Simultaneous Feasibility Test (SFT)

N

FEREFTENIBFEE LA TR - k)

E
Vv
W

E

ey

(injections and withdrawals) -/ & 7 %1% >4 o

2. Security Constraint Unit Commitment (SCUC)
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(1) Es T E2m L4378
(2) o5 T Rm2 2 EHERD

(3) Bl il B f PRSP EE T S A ERT A 2
PATA BHGER P R

3. Security Constraint Economic Dispatch (SCED)
(1) i?}?ﬁi%]»agi,g]ﬂ,]
(2) i KW ek
B) g2
(4) 3+ ¥ LMP

MISO # * SCED /& & 2 ¥t ° 3f +7 1% 2 (Committed Unit)i& {7 2
B > SCED # & 2 /i T AN R B AT R U] ¢ ¢

* & Jfoik # "] (Energy and Reserve constraints)
. B ﬁg?] T+ (Transmission constraints)

7 R4k 17 'L (Resource operating limits)

4B 4-17 #7577 MISO ¢ * SCED /% & i A2 § st ok # % £ (%
%) (LMP 4= MCP) » &3+ 5 § #.p% 3 % g fc#: (Start-Up) & 7 §¢

)
(No-Load)= # » &% &4 T & 7B R ORF7T 2K TH# -

7
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Security Constrained Economic Dispatch...

Real-Time
« LMPs & MCPs

+ Dispatch Targets

® 4-17 MISO ¢ * SCED & & ;2 /- < LMP §= MCP

4.2.6 MISO FpFs F- %8 25

MISO g & & 4z i¢ * SCED T f=iz » frff Bo~ ¥ L 2 73+
& w1 LMP 4o MCP > 4c§] 4-18 #7577 o
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Real-Time Clearing Processes...

+ MISO uses Security Constrained Economic Dispatch to balance the injections and
withdrawals, manage the congestion, and set Real-Time prices

Inputs

+ Load Forecast

* Network Model

* Interchange Schedules

* Resource Offers and Parameters

Outputs every 5 minutes

* Real-Time LMPs and MCPs
* Resource dispatch targets for
* Energy
» Regulating Reserve
+ Spinning Reserve
+ Supplemental Reserve

B 4-18 MISO rp* i & 42 &

4 [§] 4-18 #7+ SCED mﬁi%l FTHI &) PERT R
T e~ e Slicrdf ) SCED & 5 4 4a3 & e LMP
2 MCP-TRARNP LB HREFTE - ARG HZTE TG
WEEEAALHE R ESE o972 SCED 25 A E RPN 5 5 448
SRR SR 8 R rrrmiﬁ PR A KT AR K
{7 %o SCED /@2 chp & ot & B FR - &k argli e
T R TR R ETERE R B EY & fh
S A g v o SCED #7 A& 2 e e gt B B R T R TRAp 4

P BELHE T - DRR -
4oB] 4-19 #77 > pE LMP she = # 3£ MEC ~ MCC 2 MLC %

= %4 » MEC (Marginal Energy Component)* # % & st lambda
MEC & 4 & %3 i@ i % & k5t & - B &g MEC

30



24p & > 4B 4-20 #75+ - MCC (Marginal Congestion Component) #
Rk IR AR R R R S A Ao B 4-21 F1o 0 #A0E
[ @ﬁ%]"%ﬁ?'l(Constraint) » » # % Flowgate » #t3 Shift Factor(SF):
fr% 2 Flowgate #+ % . (Shadow Price> SP)> = "% #F %+ &

Flowgate ! <7 SP % & & Flowgate ! #{*c 7 1MW it 4 > %
AT ks A et K > 2§/ MWh £ 7 - MLC (Marginal Losses
Component)f] i £ ®ingt | Ap 3T 43 B a3 = & > 4o B 4-
22 5o o IR A~ £ 5 BRI adf 2 713 (Loss Factor)sk 12
MEC hanfic » 4§ 4 F]F £k Sedp A Ap>tmin gt + engf 7 £ ehiph
B qF A TG 5 mOnE L R AR N BB RV AP ST K A oh
HER® o B 2adf & F3 ok B oy r i %- B
MW > 5 SL3E 4 ot 1 o 1945 28 0 43 B andf & 715 B 1
E3F > E - BRAE(FE)OMLCIZZ 48k 0 - B RIE(S )
pan® FB s Fan MLC v 72 4p ke » FIR L SR A W3 E p B R B
2w pEd e MLC o 4% 3 3 R85 T 5 £ U 2 ST A 0 R ks
& - PR (FE)m LMP Sk o LMP £3589 3 i & & o

LMP Components...

MEC +@+ MC o | LMP\/f

® 4-19 MISO “rpF LMP ke =
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Marginal Energy Component (MEC) Calculation...

The Marginal Energy Component is the marginal cost of energy in a
system without congestion or losses

Cost X | Power
G,
=
Cost X | Power Q
Q]
G, 8
MEC | === =
N Supply- — - @
_ Demand Cost | X | Power
Balance G3 3
=
0]
Cost X | Power v
G,

#] 4-20 MISO & MEC £+ 5

Marginal Congestion Component (MCC) Calculation...

For each transmission constraint, also called a Flowgate, the sum of all Shift
Factors (SF), multiplied by the Flowgate Shadow Price (SP), defines the
Marginal Congestion Component. The use of a negative sign is a convention.

%
Flowgate 1

Flowgate 2

Flowgate 3

>

Flowgate n

For each Flowgate
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Marginal Losses Component (MLC) Calculation...

Marginal Losses Component is a function of the
Loss Factor for each bus multiplied by the MEC

MLC = LF X | MEC

At each Bus

MISO % Bl * £ 1 4 & sl 4c > SFAEWT 4 4 5% 2T
% % %4 * ELMP (Extend LMP) % # & LMP 4c MCP s 4 » r3F

AT Rk b e s F 25 )7 Y

\\\?{r

.,‘Z.\ At ’ffﬂlﬁ' BL PRG3R -

&
e
T
-l

_‘_‘\
:‘..
¥

by
oy
(‘r«}

R RPN E T e 2 RS e
g B E A MR R E P R E e el S

)

SCED 9 s Rl s o A3t B Mg srpie o

4.2.7 OASIS & £2 #2585 it
A8 OASIS enZEff i i 2VRE TR L A2 F 2 FHL 2102 2
TR B R 3 B
124 FERC Order 890 & f.#7 3 & #ij # & 7 (Transmission
Providers)< 7p & OASIS 1+ % # § #% o2& § §{oifipl « % £ 42007
£ 7 7 Entergy B 4o # T 2 ok S 20 f o R ) pEIER]
feeng + 2 25 % {8 FERC Order 676E & F 7% OASIS F 3R phizut §

;m o @ A F i R ® K (North American Energy
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Registration | About | HOME OATI webOASISSM Production Node

IPL Production Node Login

Welcome to Indianapolis Power & Light (IPL)

Documents

® NAESB Home Page
Last Updated June 08, 2015

D2016 1p1_protocol Postings

0 FERC Standards of Conduct - Order 2004, Order 717

%aﬁw“wﬂ-wm—' Indianapolis Power & Light Company

S LS The required FERC Standards of Conduct information for Indianapolis Power & Light Company can be found on the Company's corporate website.
Click on the following link to be taken lo the website:

Bock hitp://www.iplpower.com/Our Company/About IPL/Regulatory Info - FERC Standards/Requlatory Information - FERC Standards of Conduct/
Disclosures Required pursuant to FERC order under Docket No. ER13-2379-000, et al
2016 IPL Protocol Postings
2015 IPL Protocol Postings
2014 IPL Protocol Postings

©2001-2010 OAT! webOasis ™M . Open Access Technalogy International, Inc. All Rights Reserved.

B 4-26 IPL % OASIS & & o # 1 2
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MISO = 42T 5 o % ¢ 3£ System/General Information ~

Transmission Information ~ Tariff -~ Generation Information ~ ATC
Information ~ Business Practices, Waivers, and Exemptions ~ OASIS

Notices ~ Outages ~ Performance Metrics 2 Standards of Conduct
F R ARl 4-27~8 4-31 #1o7

o

# (Microsoh PowerPoint -

" Microsoft PowerPoint -

- g
e TE @ 4 A

axax @ | Nationsl Grid ~— Oigem (B Eneray Trends: siects
Registration | About | HOME

m %

OATI webOASIS®™ Production Node

Production Node Login

Welcome to MISO Transmission

System/General Information
Transmission Information

Tariff

Generation Information

MISO Help

OASIS and Protocol Posting Request Submission Form

B 4-28 MISO = # 1 System/General Information % &
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£ 210614 WPPTFwebD... X 7 (Microsoft PowerPoint-— X 7% [Miciosal PowerPoint -.. X htlp/fwww.oa..1m
€ oatioa
B meae @ wxrh

onhtml | 4 - g

y ¢ 20T I
I K st Grid -~ Ofgem B Energy Trends: sect.

Transmission Information

« Transmission Service Studies

« Transmission Rates

« NERC TLR Website

« Wind Curtailment Constraints

+ Minnesota Power Transmission Updates

« MISO Network and Point to Point Specification Sheets
« Archive

B 4-29 MISO = # 1 Transmission Information % &

£ NG WPTFwebO.. X 7 (Microso PomerBoint-— X Y (Miciosoft PowsPoint . X hitp/fwnew oa.amationhil 4 - 8 x

&G catioasis.com, e 20T I
B mens @ wcin [ Uk Nationsl Grid ~ Ofgem B Energy Trends: sect.

T]

o mosiacomyzh- T fetonicental Generation Information

« Manual Re-Dispatch Information

« Generator Interconnection Information

« Approved Generator Retirements (Public

« Information on Attachment Y (Generator Change of Status) Requests with Reliability Issues
« Maintenance Margin Information

B 4-30 MISO = # 1 Generation Information % &
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"B 9 4+ A

DacumentsiContact Mathodologies:

B 4-31 MISO = # 7 ATC Information & &

é‘]‘ MISO & ,‘_?_ ’OASIS K;f N B ;g;_?ﬁ;% by ¥ — fﬁﬁ;‘% ¥4 i;l; :‘;%}]

J= N [N JE,
ﬁ_‘\&;ml‘_ﬂo

4.2.8 p §ER e ¥
o IERI A ISO/RTO i biehi k § 4 F Rl eyt B
FRIFTIMER > FIZHRIBEARDERERZ FEF B -
FRFETERIT A VT AR R (4 N FIRKES ) Nk A
(d T hERELENEH T hamsafr ) #72E B ISO / RTO
EHRFRIP D 2T B EI T B LB BT FPEREY EF
TR e - R BB IR R A FIS UV RAF R R
FLRETFRIE L o F B ISO/RTO Y 4 3 f fRIHR - T2
GHF A VEL (MAPE) s ¥ * 322 R 22> Flav A2 i
R R E R 5 MAPE A% (€ 4 51 78 Bl A% 2
MISO § F s stenp §Y3Epl1 (£ d 3~4 A BB F 975 ehf
PRI E & g3 @ P ~ R ;ug Bl TE o 4R AR
o ePirait L i g B og R FAE PERIGREL
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B FFEAEAE - FRIFY FRLEP cBRRLBRBDL LS ¢
P 2R cn f A 2 ISO A 2k Muehd B RARR] > il F

FER YV RF ottt b A F TR EISOE R 1 iF2 - 5
PEAEE F R TR SPRERR B EmAEC SHFE

MISO # #p § §23gRI (MTLF) £4p % P 4cF A k2 X che ] pF
f PIERI(E L PR RIERIE 15 AL AT K)E AR T B P
& - & g g PSAERI(F X L AT) e MTLF # 35 FRAC fr IRAC i
o AR ~ @ﬁﬁlﬂé’ >33 (TSP) % iz 7 -3 (Outage Coordination) -
Bap m@@?] % ¥ (Available Flowgate Capacity > AFC)z v # |+
3 MISO :B#-= o] pF ~ & % ~ B3 MTLF 472 31 i Sidicdy < 3%
(System Data Exchange » SDX) -

MISO { §3pirly & B2 hkik (1) MISO @ * 4 g gtir
A £ A 2 AR (2) MISO g RIM & LBA R 2 e
FEip e MISO 41# & p MISO #£ R p e %xperfEd f fFFHAvF %
TR s * B MISOLBA & 2 § §3ipl» B #7it ¥ chy Gy I ° ik
BE-BEH L -ZEfERBPIENNE F RDIER X FAEHT
W F ORISR RE > MISO 57 & FH A2 o f J4 1R
R R F RS AL B HATE LBA mf RAERI R 1A

=

4 MISO BA ¢,k suf §L37ip] - LBA# % e $L5E R % * 1F MISO
34 cnf Uk Do B R R A o

MISO p # ¢ 8 § 457 RI(MTLF ) i% % i Az 4 ] 4-32 #7 >MISO
}&ﬁ§¥£@§’%’ww—%ﬁ§§ﬁ§ﬁ&@é
1000~2000MW/°F - MISO P # i * = % §c#fl:e (7 § $ 38 pl4r 4 4-33
FE
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I Itron Day-ahead Forecast I

I Similar Day Load & Temperature I

Compare Temperature of Next-day
With Similar-day

Check for Each Hour
No

If two
temperature
same?

Whether the load difference is reasonable
based on temperature derivation

1000 ~ 2000 MW/°F

Adjust DA forecast
based on similar day
load and base day

v

ﬁl Adjust if precipitation

Present to control room

(shift manager)

Bl 4-32 MISO p = ¢ 8 § §*3RI(MTLF) = % /42

Itron Alstom MISO

Forecast method Linear Regression Neural Network Ramp Rate
Oracle LF Database or

Data Source Oracle LF database Habitat . .
PI, Automatic Switch
Forecast Performance 60 Seconds in Server 8 Seconds in Server 2 Seconds in PC
Manually Fixing
Y Y N
Bad/Missing Data es es °
Maintenance No Regular
E M h
Frequency veryday 3 Months Maintenance Required
Lagging issue No Yes No
Efforts for
Adding a New LBA 1 Month 1 Month 1 Hour
Need MTLF as Input Yes Yes No
Need Weather Forecast Yes No No
Accuracy 150 MW 190 MW 170 MW

(Mean Absolute Error)

B 4-33MISO p #i i * = & § {“FFRIFH 2 0 4

E

MISO ehp gl & i3 4 Z4p$HiE e > 4ol 4-34 77 ;
2007~2010 & T35 f3fpl e ot 97%11 ¢ » MAPE 5]

oA
(2N

2% °
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MISO Average Load Forecasting Accuracy 2007-2010

100% 5%
14% S
95% 4 iy
(4]
oy &
S 13% 5
3 o
< 90% ¢ a
& &
3 +2% 3
o w
o <
85% 1 &
R
80% } } t } - 0%
2006 2007 2008 2009 2010
[——JForecasting Accuracy === Mean Absolute Percentage Error
B 4-34 MISO2007~2010 & T 35§ ;V FRP e R
MISO Peak Load Forecasting Accuracy 2007-2010
100% 5%
}an S
95% + w
= =
8 L
e +3% &
2 Y
< 90% + a
8 2z
8 2% 2
2 2
85% + s
1% 2
80% - 0%

2006 2007 2008 2009 2010

—JForecasting Accuracy === N\ean Absolute Percentage Error

] 4-35 MISO2007~2010 & = % f 4457 ] i i &

4o @) 4-35 #7571 5 2007~2010 & = % § TRRERR ISR 97T%

+ » MAPE 32| 3¢ 2% 5 o] 4-36 77 5 2007~2010 &% % § 5%
BEFRRIEE Q8%  MAPE S 1% 2 + o
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Forecast Accuracy

100%

MISO Valley Load Forecasting Accuracy 2007-2010

95% o

90% o

85% o

80%

2006 2007 2008 2009 2010

C—JForecasting Accuracy === NMean Absolute Percentage Error

5%

b 4%

F 3%

F 2%

F 1%

F 0%

Mean Absolute Percentage Error

] 4-36 MISO2007~2010 & % § L g Rl chEre &
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B BREFD SRR TR

106 # 3" 4 p 2L aEMSO %343 5 pFEH»ALE
£1-37 6p~9p 10 p = = %+ Energy Matrix Consulting Services
FEypenT s BT 47 #0 RE# 342 235424 Dr. Jiayo Chiang
2H AR ANECAISOAHAPMARITERE > ¢ FEH MG 4oT ¢

1. & ¥ #.41(Long Term Planning)
& 2 /& 12 23] (Outage Planning)
% £ .3 (Capacity Planning)
' 34 & 341 (Monthly Scheduling Planning)
A & 7 ¥ 142 (Scheduling Workflow & Processes)

2

p @ 24 & (Day-Ahead Scheduling)

\'

. T & (Real-Time Scheduling)

LI LB AT
5.1 & #F#&.3/(Long Term Planning)
5.1.1 ¥ 7 A 23(IRP)

FEFRAP(RP)EAZE ¥ 2 Wi /h™ Fe % et &> 3 ¥
iR BGEE L R Téﬂ&b E (bl F R T
fe )i 12 (s %7

7 4 o A SR A2 FELP G IRP T
AR fRELT T3

-\-\4:

La%ﬁ%y,éﬁ%¢%a~ﬁaﬁﬁ

TEZ BEEHN

Inputs &

KJ-—

FrLAihe B add L EYRYE 35N BRI §

WYFEEA NP (bl4eE S T E>700GWh) k4 7 IRP» & 8l £ F R 3
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& 23 BAT IR SRS RF & * ot FUEBDART F U P o
IRP jrAg -5 2% T EI0F - B3 0 5 A kP 4 FRpia" 3
TR EF WP R K0 5] 2030 #£:E 5] 50% 0 £ NS

Y
0
-l
=
g
f«:«’«-’?
>
3
4%4

v S 0 ke Road Map > #

STRATEGY ATTRIBUTES

Existing Nuclear

Strategy A The
ReferencePlan

Operate existing units
through end of period

# R

# 5-1IRP %

Strategy B Meet An
Emissions Target

Operate existing units
through end of period

& 14

35

Operate existing units
through end of period

Operate existing units
through end of period

ik B 7 (PPA) > 40 % 5-

Operate existing units
through end of period

Nuclear Additions

New nuclear is available for

New nuclear is avaiable for

Existing Coal

eclection edection Crly nuclear PPAs allowed. Mo new nuclear Mo new nuclear
Based on current fiest Based on current fieet Based on current fleet Based on current fleet Based on current fleet
strategy; 1) All coal units strategy; 1) All coal units strategy; 1) All coal units. strategy; 1) All coal units strategy; 1) All coal units
can be selected for can be selected for can be selected for can be selected for can be selected for

retirement 2) SHF controls
available for selection

retirement 2) SHF controls
available for selection

retirement 2) SHF controls
available for selection

retirement 2) SHF controls
available for selection

retirement 2) SHF controls
available for selection

New Coal

Gas Additions

New coal allowed with CCS | New coal allowed with CCS PPA s allowed No additions N additions
Expansion option allowed Expansion option allowed PPA s allowed Expansion option allowed Expansion option allowed
EE and DR available for EE and DR avaiable for EE and DR avaidable for EE required to mest all EE and DR available for

resource salection

resource salection

resource selection

future energy nesds first

resource selection

Renewables (Utility Scale)

Expansion under current
programs and new options
available for selection

Expansion under current
programs and new options
available for selection

Expansion under current
programs and new options
available for selection

Expansion under current
programs and new options
available for selection

Aggressive renewable
energy target enforced
to promote growth in
renewable resources first,
through current programs
or new options

New Energy Storage

Expansion options
selectable

Expansion options
selectable

Mew energy storage not
allowed

Expansion options
selectable

Expansion options
selectable

Expension allowed;
1) PPA avaiable 2) Capacity
projects to existing assests

Expension allowed;
1) PPA available Z) Capacity
projects to existing assests

ension allowed;
1) PPA available 2) Capacity
projects to existing assests

Expension allowed;
1) PPA available 2) Capacity
projects to existing assests

Expension allowed;
1) PPA available 2) Capacity
projects to existing assests

available available available available available
51.2 ¢ 4 B 25 (PPA)
b R i%ﬁﬁ‘éfi ?: X A R E LT HL G R
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oz Feng 4
%%ﬁﬁ%ﬁ'%ﬁﬂwﬂﬁww%
He e
e R R 5 X s 0 W iE
FETREDEE - ZTRRELINRES
TEUSUIR A B R A FTROF RS T4

L/

» ISO we il ™ B3k &7 f

#d f ORI (L

FLRl o

NEM i% e Ve i 5 30

4P RR(PPA) S RV A 5 T 5

EPARRERE &R

o
Q

FLE 53R (PPA)E % * »%
SE)iEd § F R EL T
F oo F O o E S LD RAp T M

N\

‘I)

Fo® CRLE flAReNA 1B LT

PRER E

% 5-2 PPA shfa%f

LRRR B A 3 AT E R e
G R Y o (ISO)H Bk
2 b B g s o B B
Bisefd Tev il

oas
At

T AR B

drod 52 4 0 AP

ZRE P P

liﬂfﬁ—%:;‘dégi\ms% LL‘*‘F’

PPA Rate Size Term Contract
. - _ Project specific;
Bilateral PPA negotiation >=10 MW Long term (EEI, WSPP)
. - Short-Mid | vyspp standard &
Bilateral PPA negotiation Vary Term . :
confirmation
Renewable
Auchop Auction 3-20 MW 10-20 year RAM PPA template
Mechanism
(RAM)
Renewable FIT application and
Feed-In Tariff REMAT rate <=3 MW 10-20 year PP
(FIT) PPA Template
Net Energy Generation <=1MW NA NEM application
Metering (NEM) Avoid Cost (< 5% peak) and PPA Template

P#F R4 PPARER 1027 3 E R

B ¥ LT o

PPA #_
@FF R4 T P -

R EELNEF AT I8 B )
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#om®d & E g4 a ik PPA-




FHARE L A 5 EEL & SR A £ WP 39 @ % k% h PPA &
QEREH 2 E MF IM(WECO)® & ¥ 2 hki Bl 2 * WSPP £ 4
ek o % WSPP & ¥R A7 S N §FED(Wdo- B )i R
LE o LZIRELANRDFE R I T R MEEE A LR D
His o5 s3] WSPP £ i & 5487 0 b4 @ Bucket T(£ 2 it ik)

Bucket 3(# % & it ehf 2 it /& Credit)%2 Resource Adequacy(RA)% &

A
o

(b)£ 2 it ik4p 3 ¥ 41(Renewable Auction Mechanism - RAM) :
F4t 3~20MW i 2 R RF R 0 J BB EARL A s
% 10Us M 2 B R gl 2] o e L AR R adp § BT R -

(C)E 2 & kR % T % 3 3l (Renewable Feed-In Tariff (FIT)
Program) : FIT €38 & ¢h PPA » s 4% A& 2 FREGMW 12T)
AEE A FAEE FReMAD B HI#-E 2 kD 8% 10U 7 & 3 3

2| o

2™ Increase = $8 + $93.23 = $101.23/MWh
3 Increase = $12 + $101.23 = $113.23/MWh

Vaolume of signed PPAs in a
program period is greater than Volume of signed PPAs in a program period is
20% but less than 100% of :
available capacity for the
product type

1" Decrease = $89.23 - $4 = $85.23/MWh
z:‘ Decrease = $85.23 - $8 = $77.23/MWh

(D) Net Energy Metering (NEM) :

A FEXTHEAT T A DT NE LT K BFIBOL LN
RTAFTRETDF TNEM > % L PR LT e TRy L
Hflepand 4 50k o FP NEM 7 01 5 7 Alenf 4 s g B~ &
A ONEM et RE % T ELP &R % T Ren590 0
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5.1.2 & 4 = & Avoided Cost

¥ 4 A (Avoided Cost)H 4% % end 4 i JRik4L > F15 7 feni 4
fe R (ldes B B h v ) H#H k53 7 mfr/gkr?@’r%t o g v VAR
KT PP btiad NEM > 2(H U2 ER QS T ReP5%) 74
25%g&ﬁ%ﬁ&ﬁﬁﬁ%’%?4Qﬁﬁéé?5&%?£$?
RARF BTN R L PP PPA s X T R 50t * 2§ ow
PSR NIRRT B R AT HTIRLT KT A B £
HeAPPA X 3R> FIR T BT 4 2P @@L S Ao s WL T4 D

DAL AIE P Ak 5-3 1T o

5.2 # i3 /# i3 .4 (Outage Planning)

o ISO & 3¢ » FTWRREL P L F A R 2

[
£

EHRE A7 AP Iod & o Rm > SO # FH /&304

£ B A AR IS0 4 sieh® AR - FIo o /R Rl 2 4
P25 ISO % EES /K& uﬁm’ﬂ—

L

ISO & & RpLEAE * J F570R]# TRAH T £ (TO) # 2 ek
Wit AR PR Rl B R G L R R
Bk Pl PEE LR R R (AR B R 12 0 Bl
Wﬁ?iﬁﬁﬁﬁﬁkﬁfﬁﬁiﬁﬁﬁﬁmﬁ@%@,u{ﬁ?m
HB@FRLEL R frFRORE -

(1) £ 87K 3 -4

BEEL0Y ISP FRARABHTESF 5 CAISORET - @ p
T E B KR BB e T R R B RIR T OMS &%
F i B3R B RR E R AT PR Y $TeniE iR e R
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%53 4k g

d 0P g S AT

Component Example Sf/?vslf Argument
Energy Cost 12-month average of ISO 0.04 Utility's marginal unit cost
NP15 tfrading hub for the Peaker’'s generation cost
renewable hourly pattern at Renewable energy PPA
connection location price
Cost of building a new
plant
Excluded if utility cover
load with minimum gen
already
Transmission ISO  fransmission access | 0.019
Cost charge for the year (HV+LV)
Transmission 12-month average of ISO 1.5%
Losses fransmission losses will be
factored in the energy/(1-
avg loss)
Renewable Average renewable energy | 0.015 It may just replace the
Attribute Value | credit (REC) price from bucket 3 purchase of
previous year published by $1.4/MWh (instead of
Platt (Bucket 1) $15/MWh)
If utility does not have the
need to procure REC as
planned, then this cost is
not avoid
FERC determines REC is
not a factor in the avoid
cost rate.
Capacity Reduce the RA local| 0.009 This could be 0 if utility
Value capacity requirement with already have RA capacity
renewable (assume $2/kW- surplus.
mon with CF=30%) Solar may only reduce
20% of the capacity at
system peak (4-5 pm)
Utility's distribution system
cover Solar capacity in a
raining day
Emission Cost Reduce existing thermal 0g No emission from a utility’s
unit’'s emission cost or Cap& energy portfolio
Trade emission allowance Replace market purchase
purchase cost does not reduce the
emission allowance cost
Ancillary Renewable may not reduce 02 It could increase utility’s
Services a ufility’'s AS requirement regulation AS and flexible
(which is based on peak capacity’s requirement as
capacity) a cost increase
Total (0.04+0.019)/(1-1.5%)+0.015+0.009 0.084
Flexible Increase the system variation | -0.0015 This should cancel out the
Capacity Cost | such that utility's flexible capacity value as 20%
capacity  requirement s solar can reduce the peak
increased 14% of solar
(assume $2.25/kW-mon)
Revised Total (0.04+0.019)/(1-1.5%) 0.060
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Lo FIM O BIAHEFELAGISHE? o HP e 1P I P I & 12
P31 pE R I P AT B e B/

(2) * B {ATH B/% 833

Gl 7 2404070 15 p A &R TRIHT E ST K

v CAISO % i H 2 Rtk i3 /(334 ehE & { A7 & CAISO &8 &

W RIEARY R o Tl L AT AR TS LT R T e 2R

BirReniEe e ol seo R KE R LATRA R K 12 B0 PO en
B/ kg

(3) %t #F/4R 2

1Et

EE

)‘

1345 CAISO 2 2 (Traiff) % 9.3.10 i 2L %_» K % L H g
Rd (4 SC) » FHRIEFEBRAFF TP LT E AL o

ISO A s 60 A4a) F 4 15 A48 { £EFRF G I0MW &
5%Pmax (M~ F A H) T AREF L R PF PEL D ISO &
AR 5 F LG AR o MW T * 4 o e @ % OMS Web %
e OMS v AR E T (4% OMS API) k2 v R £k

B o OMS B * 5t s 2 @ er g ehsg 4] iR ldR 2 o

5.3 % £ &3 (Capacity Planning)
Wik B g (CEC) £ CAISO & (Fit 7/ 3 % % & £

FE e M 4R T E B i R P R > 2030 & B F K5 e R R

e i a;‘ JRx7 (LSE) e ¢ foipipl#cdy o
el >* £ B ¢ CPUC =1 RA (Resource Adequacy)ifi 4z & F=

§ PR H (LSE) t3 7 20 p %% CEC4F2 + - & ehfre f {4« &
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#F @ j§RFH (LSE) w e il it f & (CEC) & # f {897 7]
7L o 1 5 RA (Resource Adequacy)i® iz ¥ #42.c73— FR 4 o

S &Y fER (P 2% f PR E) FRALE CEC 2 F
g Sige e BRG] 0 AT

(1) System RA : M %3 RiEK7 & LIS HRBZEF(TFHF* 3 £)
& R o F]pt > LSE 1 System RA (MW ) 3% €5 [k St 208 f L 115
% > CEC Errin= B LSEH7 & §:7 & RAZENMNREAT A=
X & F (Resource Adequacy Requirement » RAR) °

(2) Local RA :

RERE RN Gl & DA R S R LR
el o 2 - & REA995 CAISO $f4c WA B 3 3 B ehE & RAF
%77 TeheolocalRA § RAI I B hf UL fe iz h P chLSE-
#7120 LSE et RA & 2 (1159 &) 7 i i 47 & ¥ F /h (System
RA + Local RA>=1159¢" &) %% &_> 4c@ 5-1 #7 o

LCR Areas within the ISO

Bl 5-1 System RA £ Local RA
(3) Flexible RA : * 12z i CAISO 4 53 & 43 en '3 i\, 3 odw R

CAISO 5l » =« ERFEHEMT R (X S8HL 2 FTh) a3 | pd

50



T F R 4B 52t o CAISO {7 & RF YL FH ecnd 732
(ramping capacity) - 1345 & B & T R{e LSE § 4% 1+ - # ek S e [ en
Flexible RA % fic 4 i LSE -

: System Demand & PV Generation
naw) Net load - March 31
160 Ty 2ame
B80S s P Goeration :.h e
120 = =—e==System Demand wio PV = % =]
- —— e Demand
100 . ’ ]
L -
& .\“*-g ; B
o 4
o Fil

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 13 M {Hour)

iy

Flexible resource is needed for ramping support,  Req. ~ delta Load+ 1.4% PV +1.2% Wind

System RA Jan Peak = 100 MW

Flexible Total

SystemRA = 30 40 70
Local RA (min)= 20 25 45
Total 50 65 115

& 5-2 Flexible RA z_ & & 2 4 fie

TR & & $ifr Local RA % 2 B 5 % &_LSE ¢ Flexible RA & i
= 4% £ (ramping capacity) > F | § & j€3 @ &G & 7 Flexible RA
Bldr > - RO PR S PPAIREET A R QR E R BRF
ME RAZE > FlZ S B2 s Ao

Year-Ahead 7 Local/Flexible RA %t 5 fofa & B f $“PRIEF 7
(LSE) ##73 & §3:7 &4 0% £ 1% & H =t — & 9 Local RA {r Flexible
RA & o

$_2015 # B4~ CAISO g RA ¥ * |+ ,,%r)]ﬁaﬁ‘ﬁﬁr (Resource
Adequacy Availability Incenfive Mechanism > RAAIM ) ™ %%
i LSE i L RA 742 6 chfi>t - 21 RAP e T3 #2
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2% CAISO % ZE T RAF RANA » Pl DA4- RT # 3+ & f7
P MFRER Sy FAA%E B fo# ! RA &K ikchic 4 o LSERA § sudg
B 96.59¢ rpF [ K- 1T ,;rﬁﬁv ’ ;z,ﬁﬁv X p LSE RA 45t M3t 96.5% =1
5.4 & B 1T ¥ #(Scheduling Workflow & Processes)

R ARITARFEEIBRITES pnDAB RS RR
AT IERIEFE &3

(DF R % 5 T4 2P F Y §RFAL2T]10 % chf
R f RTERITORT ¥ 0 DA B R frE SR Lo £
FEFABE(GAed A o Rh 2) RF Y ek g R R (On-
demand load forecast) = P % » ¥ & Lok T T4 IR e LIER]AR
L4365 % § {00 2 7 (PRT)E 7370 »

Q)+ 2 s kw7 788 Scheduling Coordinator <& Jf & #7 & £ 4 &t
/L%liiﬂ" o CAISO #& 2 3 RIER] > @777 i § 4 » CAISO EF Sl N

T ¥ /Rt # (Participating Intermittent Resource Program > PIRP ) »

4 ISO £ 228 Leh 2AEp| 0 P& F3ER > CAISO £ % & 2 i e 7
R AR 2 SR T IERIRALp
42 & ¥ g 7 3p R o 2 (AWS Truepower)g ip) -

=

R SC# w3 T £ ERITA B &

B)ii R b

R E E R e ETRM jk su? sedriz e £ 8 (Hlde= p o~

)

EFaE el P L) PG EET R L (BlEeF 2 & f A A7
TRt E (MW)}@;%J)\“%J“U’|’l'g[__#kﬁij¢u

AR REFRLIEET
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d L 4] T hp B (DAR R (FERE

¢ 3%

Load Forecasting ~ Scheduling & Optimization %2 Settlement & = =+ %

e .

! e 3 cdp B gy

RA #¢ #

, 53
LR T AR

AE P ARITEMRE B 402 W
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Load Forecast
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Temp Forecast
Yesterday Sep. Sep. Sep. Oct. Oct. Oct. Oct.
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Tue. Wed. Thu. . Sal 5Sun. Mon. Tue.
34 | 67

54 | 66 52

53 | 66 Ell

Load Forecasts

Save for 26099 | 24532 [ 23726 | 23724 | 23304 | 21302
Future 29834 | 27935 [ 26966 | 27013 | 24594 | 22352 Foresum Load
Comparison 31997 | 30201 | 28980 | 28942 | 25583 | 23372
31702 | 30593 | 29666 | 29248 | 26178 | 24582
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7 3
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Repeat Continue Copy To Undo Trash | Forecast Market | Hydro Districts | FRAC-MOO || Save DAReady | Bid Award RTReady | Graph Report Log
Server wm-prodplxl Database: prodplzhydro User name: jchiang DAM - < ]
Systern  Hydro Gen/Reservair  Districts/Contracts  Swailability Capacity/ASIFRAC—MDD “Da\\y Hydra InputIHydrn Logic Daily Min/Max  Monthly Energy
HE1. HE2 | HE3 | HE4 | HE5 | HEE | HE?7 | HE8 | HES | HE10 | HE11 | HE1Z | HE13 | HE14 | HE16 | HE16 | H
Pmax 405.0) 40500 ADS0C 4050 40500 40500 40500 4050 4050 40500 4050 40500 4050 4050 40500 4050
FRAC-MOO Requiement 00 00 0o 00 00 163 163 168 163 163 188 169 168 163 169 168
Halm Generation 0g 0.0 oa 0o 0.4 00900 900 900 800 800 an0 334 405 412 417
Kitkwood Generation 320 3200 3200 320 320 320 380, 450 GO0 5000 BOO 480 380 280 280 280
Moceasin Generation 170 170 170 180 180 180 3000 300 300 300 300 300 350 380 3|00 360
Moccasin Low Head Generation 00 0.0 nn 00 0.0 (il 00 0.0 (il 00 0.0 (il 00 0.0 (il 00
Total HH generation [L) 490 490 490 800 800 BO0; 1880 1680 170.0.  170.00 1700 1ES0 1034 1035 1042 1047
Operational Reserve Requirement 64 B0 3 5 & .0 X 54 53 [} £ 4 B4 E4 68 E3 ES 68
Eneiay Self-Schedule 490 430 430 800 SO0 GO0 1580 1650 1700 1700 1700 TS0 1034 1035 1042 1047
Helm Gen Sell-scheduled 00 0.0 00 00 0.0 00 8900 800 900 900 800 900 334 405 42 417
Kikwood Eneray Selfscheduled 320 320 320 320 30 320 380 450 BOO 00 SO0 450 350 280 280 780
Maoccasin Energy Self-scheduled 120 1720170 180 181 180 00 il 00 00 il 00 Al LA A} Al
Eneray Bid M/ 00 0.0 0o 0a 0o 169 169 168 B9 169 183 169 169 183 163 164
Energy Bid Price 0.0 0.0 0.0 0.0 0.0 999.0:  999.0° 9930 9990 9990 9390 9990 999.0; 9990 9930 9930
Avallable Spinning Capacity 930 930 930 930 930 930 930 930 930 930 830 930 930 930 930 930
Spinning Self-Provided 32 30 249 29 30 32 27 23 a0 32 32 32 34 34 34 34
Spinriing Bid M/ 00 0.0 0o 00 00 169 163 183 169 169 189 I6Y 163 183 163 168 |
Spinning Bid Price: 0.0 0.0 0.0 0.0 00 500 2500 2500 ZR0O pS0O ZRO0  JE0O 25000 2500 2500 2500 |
s
== FE UNRd 7z AR
] 5-6 Plexos p & # F3wip it 5%
ot = ™
® @ E O § M CRIT
Repeat Continue CopyTo Undo Trash | Forecast Hydro Districts FRAC-MOO | Save DAReady | Bid Award RTReady | Graph Report  Log MNotes Stats
System Hydro Gen/Reservoir Districts/Contracts Availability Capatlly/ASI FRAC-MOO IDalIy HydroInput Hydra Logic  Daily Min/Max  Monthly Energy RTM - < Ewed 7/1/
HEE | HE7 | HES | HES HEID HEN1 | HE12  HEI3 | HE14  HE1S | HEIG | HE17 | HE18 | HEIS | HE20 | HEZl | HE22 | HE23 | HE24 | Towl 71
Bid Stiategy (1:down, 2vp) 2! 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 48
Holm Genesation 833 918 1600 1600 160.0 1600 1148 1159 1388 1540 1499 1504 1488 1443 1358 1177 1043 1057 679 28932
Kitkwiood Generation 330 350 370 370 370 440 350 3O 300 300 300 300 300 300 350 3|®O /O IS0 350 8195
Moceasin Generation 270 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 668.0
Moccasin Low Head Generation 00 oo 0.0 00 00 00 00 o0 0.0 00 o0 0.0 (i} 00 00 oo 00 [ili} 0.0 0.0
Total HH generstion (L) 1483 1548 2250 2250 2250 2320 1778 1789 1868 2120 2073 2084 2068 2028 1988 1807 1678 1687 1509 43807
Operational Reserve Requirement 54 56 62 64 68 68 68 68 KB 66 64 64 64 6O 58 56 58 56 54 1424
Energy SelfSchedule 1433 1548 2250 2050 2050 2320 1778 1783 1968 2120 2073 2084 2058 2029 1988 1807 1679 1687 1508 43807
Holm Gen Sel-scheduled (L) 893 918 1600 1600 1600 1600 1148 1159 1398 1540 1499 1504 1488 1449 1358 1177 1043 1057 679 28932
Kitkwood Energy Self-scheduled (L) 330 350 370 370 370 440 30 3\O 300 300 300 300 300 300 IO 30 IO /O 350 8195
Moccasin Eneray Sef-scheduled (L) 270 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 668.0
Eneigy Bid M/ 175 175 175 175 175 175 175 175 175 175 175 175 175 175 175 175 175 00 00 2975
Eneigy Bid Piice 9930 9930 93930 9330 S990 9330 9930 9990 9390 $330 $990 9330 9330 9330 9990 9390 9980 00 00 169830
Available Spinning Capaciy 167.7 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677 1677  167.7 40248
Spinning SelfProvided 27 28 31 32 34 34 34 34 34 33 32 32 32 30 29 28 29 28 27 7.2
Spinning Bid Mw 175 175 175 175 175 175 175 175 175 175 175 1725 175 175 175 175 175 00 00 2975
Spirring Bid Price 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 250.0 2500 oo 00 42500
Avallable Non-Spinning Capacity 00 00 00 00 00 00O 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Non-Spinning Sel-Piovided 27 28 31 32 34 34 34 34 34 33 32 32 32 30 29 28 29 28 27 72
MonSpinning Bid Mw 00 00D 00 00O 00 OO 0D 00 00 00 00 0O 00 OO 00 00 00 00 00 0.0
Hon-Spinning Bid Price 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0
D# Energy Bid Awarded 00 oo 00 oo oo oo ool 93| 175 1s  17s 175 175 175 175 o0 o 1668
DA Energy Bid Committed Mw/ 00 00 00 00 00 00 00| 00] 175 175 175 175 1725 175 175 00 04 00 00 1225
DA Energy LMP (L) 43 36 36 402 338 459 755 %2 2009 2219 3IEO 7132 10088 5264 4720 1748 461 73 16 41570
Dé Spinning Bid Awarded oo 0.0, (1} oo 0o oo 0o 0o 0o 0.0 0o 0.0 oo it} 0o 0.0 0o oo 00 0o
DA Spinning Bid Committed Mw! 00 00 00 00 00 00 O 00 00 00 00 00 00 00 00 00 00 00 0O 0.0
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(3) Settlement : Plexos f#/4 > & * >+ 7 4 kA et > £ v 7 &
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g1 A L 15x15+15x10=375($) > Unit A Jc » 3 375($) ~ Unit B Jz » &
0($) -
Case 2 :
PHFEFEFTFF)T RN G R R E A R
Unit B 603 § d 125/MW " 5 1$/MW o & 3505 F 8 (E)4F 407

Unit A: 15 MW regulation up ($15/MW), 15 MW spinning (10$/MW)
Unit B: 10 MW spinning (1$/MW)

CAISO % #c fo#f 24 JRA: o iR 14 (CO-optimizes) s % » CAISO

“+% 115 MW Spinning Reserve 4 & d Unit B # # 10 MW ~ Unit A

¥ 5 MW B 32 8 Spinning Reserve i £ & 10$/MW » CAISO
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e Unit Bz > d 0 % 5 10x10=100($) °
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R BEE T
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[1] MISO % =E, http://www.misoenergy.org/

[2] MISO, Level 100- MISO Overview

[3] MISO, Level 200 - Energy and Operating Reserves Markets

[4] MISO, Level 200 - Emergency Energy and Demand Response Pricing
[5] MISO, Level 300 - NITS on OASIS - Background

[6] Energy Matrix ISO Operation Workshop , Energy Matrix Consulting Inc,

Jan. 6~10, 2017, San Francisco, CA, USA
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http://www.misoenergy.org/

The Midcontinent Indepandent System Operator, Inc. (MISO) is a not-
for-profit, member based organization. We ensure the reliable delivery of
electricity, at the lowest cost, across high-voltage power lines in 15 LS.
States and the Canadian province of Manitoba. MISO also conducts
transmiszion planning and manages the buying and selling of
wholesale electricity in one of the world's largest enargy markets.
The company's vision is to be the most reliable, value-creating RTO.

SCOPE OF OPERATIONS

Generation Capacity
174,874 MW {marksat)
190,539 MW (roliability)

Historic Summer Peak Load (sef July 20, 2011)

127,125 MW [markst)
130,917 MW (reliability)

Historic Winter Peak Load (sef January 6, 2014)

109,336 MW [markst)

117,903 MW (reliability)
Transmission

65,800 milos
Balancing Authoritios

36 Local Balancing Authorities in MISO

Network Model

291,539 SCADA data points

6,541 genorating units

Registered Wind
Generation Capacity
Reagisterad In-Service
Wind Generation Capacity
Ragisterad DIR

Capacity

Reagistered In-Service
DIR Capacity

CONTACT US

MISO Cantral Region &
Corporate Headquarters

720 Cay Conter Drive
Carmeal, IN 48032

£586.208.6470 | 3 48.5400

13,831 MW

MISO North Region

2085 Ames Crozsing Road
Eagan, MM 556121

'+ 1 MISO Corporate Information 2016

CORPORATE INFORMATION

MARKETS
OVERVIEW

MISO manages one of the world®s largast anargy

and operating reserves markets using security-
constrained economic dispatch of generation.

The Energy and Operating Rosarves Market includes

a Day-Ahead Market, a Real-Time Markst, and a Financial
Transmission Rights (FTH) markst. These markets are
operated and settled separataly.

$25.3 billion annual gross market charges (2016)
2 434 pricing nodas
437 Market Participants who serve ~42 million people

TRANSMISSION EXPANSION PLANNING
383 approved naw projects in MTEP16, reprosenting $2.7
billion investment and 7,100 miles of new transmission
MEMBERSHIP

48 Transmission Owners with $34.5 billion in
transmission assets under MISO's functional control
» 128 Non-transmission owners

MISO South Region
1700 Centanvigw Drive
Litie Rock, AR 72211

MISO South Region
Transmission Planning
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The supplement energy can be implemented as a component of
Ancillary Service product such that supplement energy can be provided
from the units awarded with stand-by capacity. Thus it is the
responsibility for the Load Serving Entity (LSE); however some
renewable energy resource (e.g. Solar and Wind) will have less value
for the energy. Utility ( & 7 %) has the responsibility to provide
supplement energy and it can be provided by non-renewable resources
and hydro units. The cost will be charged to end-user (¥ x4 * =) as
part of the monthly bill.
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It is correct that there is no distinction between renewable and non-
renewable energy for customer’s usage. Also, an utility can’t guarantee
that supplied energy will meet the renewable target (e.g. 20%) for any
given hour or day at all. The renewable target is measured by year in
most US states and ISO market around the world.

Thus, the retail rate for each program (e.g. 20% Green or 50%
Green) is calculated to recover the cost of the energy resource needed
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for a year to have 20% or 50% renewable energy. A utility is only
required to demonstrate (follow regulatory rules) the target percentage
comes from renewable.
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As the supplement energy is provided by the CAISO market or
self-provided by a utility, the rate for supplement energy is based on
time regardless the renewable energy. For any type of renewable energy
(e.g. Solar or Wind), the other energy source will generate when the
supplement energy is needed while it is not generated. Again, the
supplement energy is charged to load serving entity (& 7 % Jﬂz ) not
renewable energy provider (£ # sc hw T ¥ -ﬁ ).

(w)u/$% E O A S R % S O @;{:i;ﬁ . %?&Fﬁiiﬁ ' 4
AET ZICp 2 RIFEP 7

The renewable energy impact varies by the ratio of the renewable
energy in the energy market. There is no charges will be developed as
renewable becomes the majority of the energy sources. Here are a few
charges related to renewable energy

1. Flexible capacity requirement is imposed to a LSE (utility)
based on the renewable usage to meet its load. The required MW will
be higher for a LSE with more renewable energy. The Flexible capacity
requirement can make a LSE to supply more AS and it will make
decrease value for renewable energy

2. Similarly to flexible capacity req., the AS requirement for a
LSE with more renewable energy will be higher, thus the cost for LSE
(utility) will be higher as well. But the cost is recovered through retail
customer rate.

3. For renewable generation forecast, CAISO provides a
Participating Intermittent Resource Program (PIRP) such that CAISO
can invest the forecast model for all the intermittent resources
(including most renewable). CAISO charge fee of $0.1/MWh for
generation forecast. However, the RT deviation charge will be waived
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for resource in PIRP.
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Like any other Community Choice Aggregation (CCA) program,
it is a competition with PG&E and PG&E spends millions to protect the
CCA programs in last 10 years. Finally, California Public Utilities
Commission (CPUC) issues warming to PG&E for violating state law.
By law, PG&E and other invested owned utility (IOU) must
accommodate the CCA operation to provided distribution services.
Finally, most IOU provides the Utility’s version of CCA program to
compete with CCA programs.
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By law, the electrical bill should be the same for the customers
enroll in a CCA program (like CleanPowerSF) except the generation
portion. PG&E preforms everything they did before and can’t change
how they charge customers.

However, the existing PG&E customers switch to any CCA
program should pay the energy indifferent cost for the long term energy
contract that PG&E already planned and procured before those
customers left. The charge will be adjusted by time and eventually
become 0.

(= )CleanPowerSF - % :p= & 7 #T £ pe 22 L 4 it Al #(RECs)
g 7
By law, any utility or CCA program can decide if they want to
provide renewable energy with REC or not. There are 3 types of RECs
in California and there is a limited on each type can be used. Some CCA
programs do not use REC only to meet renewable target.

(z )CleanPowerSF :+ % ¥ & 24 %33 (100%% 7 ) >
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It is correct that you can’t supply 100% renewable energy unless
you procure more renewable more than your load. For that reason,
almost each CCA program offers more than 2 products (e.g. 100%
green and 50% green). For example, 5 MW load in 100% green and 10
MW in 50% green. The required renewable energy will be
(5*100%+10*50%=10 MW). Thus a CCA program will procure more
than 10 MW (e.g. 12 MW), such that if there is a shortfall on renewable
energy only 50% green customer will be impacted and 100% product
can be maintained.
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There are many capacity product that a Load Serving Entity (LSE
or Utility) need to provide for both planning and operation requirement.
This is not a requirement on IPP unless the contracted resource can
provide the capacity product. Then the capacity procured from the [PP
can be included in the energy PPA or a separated capacity PPA. For
example, the general (system) capacity price is about $1,000 MW per
month in California market and local capacity price is about $2,000
MW per month.
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A buyer has the option to purchase the all or a portion of output
from a plant and it depends on how the plant owner wants to do. The
PPA can be contracted as fixed MW or by %. In recent decades, most
buyers do not want to have a PPA with whole plant unless it is a small
renewable plant. There are many combinations to be discussed.
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Similar to the above question, it will depend on how the PPA is

signed. If a fixed MW contract, then the schedules can be scheduled. In

ISO market, ISO can’t change the energy schedules from a PPA. Either
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buyer or seller should schedule the generation to be transmitted through
the grid and both Seller and Buyer must submit schedules with match
amount to [ISO or # & 7 .

()t ISO giREFENOTFTEENIRSE ?ISO 7 %
BEif & enggeeg ?

In normal conditions, ISO can’t change the schedules if they are
submitted to ISO as self-schedule or trade between 2 parties. Only the
defined state-wide emergency condition, CAISO has the authority to
change the schedules with the priority setting.

However, a PPA can agree between parties to schedule the
generation based on bid price such that the generation is delivered when
it has a higher value.

()e 4c & T £ 537 PPA S IPP > (97 11 %25 i 0 PRI SR 05 9
It dependents on the PPA, buyer can only have the right for energy
for some PPAs. If the buyer has all the right of energy and AS, # &%
PRF%3% - will be owned by buyer only.
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This will depend on ISO market rule. CAISO market rule has the
protocol on this. For example, the buyer has the capacity right defined
in PPA. The generation can bid capacity product to ISO (or # & ¥ )
requested by buyer and revenue belongs to buyer. ISO will pay the
generator awarded with the capacity product (e.g. 100% of 10 MW) to
be stand-by. For the situation that ISO need more energy and decide to
dispatch 5 MW from that unit, ISO will pay 10 MW for capacity
product and additional 5 MW energy and market price. CAISO will
procure addition capacity from other resource for the capacity
converted to energy.

()& T %! + IPP SRR PR o & K27 RN 3 PR
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It depends on the term defined in PPA and definitely the different
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fuel resources (e.g. Coal or LNG) will have different emission. On top
of that California has a Cap & Trade program on Carbon like other
states have. Each plant has the emission limit, the unused limit (called
allowance) can be sold to other plant with a higher emission rate if a
good performance plant emits less than its limit. Sell unused emission
allowance is a reward and buying emission allowance from other is a
penalty. The emission limit is reduced for each year to meet the goal of
reduction emission.

(NS T & LE NN S 2
Yes, there are many levels of penalty. For example seller may pay
$5,000 per day for not meeting a requirement in PPA or buyer only
need to pay 75% of the contract price if generate outside the define
range. Critical one can terminate the contract and the party causes the
issue will pay significant penalty.

(A)EERTEANFETASENLUARY wEFE ZHE?

They are both important, but the actual charge is based on the
actual metered after the fact. The meter must be provided by the owner
and certified by ISO such that owner and ISO can see the metered value.

The different between the scheduled value and metered value is
called scheduling deviation, ISO changes the scheduling deviation to
force operator to meet scheduling target.

(F)eT X2 IPP BT £ 98 F L2823 F9EH7
The long term PPA term varies and it is 20~30 year typically. There
are mid to short PPAs that can be 1 month or 1-5 years. Most long term
contract do not have 3 4 i% 3t because we all know the energy
market keeps changing. The market condition can be totally changed in
S years.
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There are many types of capacity in California and they can be
contracted in a separated PPA or combined as a condition to an energy
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PPA. Inan ISO market, & & # can decide not to procure the capacity
product and let ISO to take care. But usually the cost procured by ISO
is much higher.

(FZ)e T EMEY N p FEE R TN AR T AT K
B o732 2 07

This is a big topic and depending on the existence of the ISO
market.

1. Market price forecasting applications or services are very
common even without ISO market. A utility will be able to plan the
future.

2. A Load Resource balance application for all the products (e.g.
energy or capacity) is very important.

3. Energy Trading and Risk Management (ETRM) is a must-
have system in US required by FERC for large energy trading
companies.

4. Deal Evaluation Tool (e.g. Mark to Market) to assist
evaluating a PPA contract or portfolio position.
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It will be different because the AS cost will vary by what resources
a utility has to support the AS. However, the AS procurement cost to
cover additional AS increased by new load could be the same if the AS
1s purchased from ISO market. But a utility can decide the rate to charge
customer under the limitation of state law.
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By California state law, CCA program operated by an entity
(usually it is a city, county or group of cities/counties) only can perform
electricity retail sales in their city/county limit. By law, the IOU (e.g.
PG&E) must maintain all the same service except generation portion
(e.g. energy related products).

CCA program can purchase/sale wholesale energy to other entities
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through PPA or purchase/sale in ISO market. CCA program can
procure small renewable energy through FIT like other utilities can. All
the ¥) 23+ % ~ wxl iz ¥ 4p B 1 1] & 7% tied to transmission and
distribution are IOU’s responsibility.
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This will depend how you see it. In a ISO market, serving load is
the responsibility of a utility not the responsibility for IPP or renewable
energy resource. The AS is a function of load such that the req. AS
amount varies by load. The AS cost will be recovered from customers’
payment. The AS is not the responsibility for IPP as a utility can decide
to meet renewable through 100% hydro generation which should
decrease AS req.

Think about each resource has a different value and renewable is
not reliable such it does not have the value for supporting AS. The
contract price for a renewable should be lower because it can’t support
AS comparing to a LNG combine cycle unit.
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[ am sorry that I do not know what “#& > % & % = ;%7 means.
My best guess of this question is how to pay the customer side onsite
renewable generation. There are multiple ways based on the condition.
Usually, there is a limit to prevent increasing cost to utility or actually
it 1s a cost to the customers without install onsite renewable. Thus,
utility will pay onsite renewable energy based on the defined program
(like net energy metering or Feed-It-Tariff)

Most utilities will not cover the meter cost, but some utilities may
ask for application fee (e.g. $330 for residential) that includes the meter
cost (about $300~$400). If the old meter is required to be replaced with
1 two-direction meter, utility will cover the cost exceeds the application
fee.
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