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B - %3+ MISO £ 4p B 3R 3077 34

4A1MISOZ A #ARY w4

Midcontinent Independent System Operator » #§ # MISO > § 3
BEEAZFR?NE FISHEAE2 £ X8 LT FPT 4 L UER
SR 2T E B AL H e PR MISO AR b &< hi ik
BHZ - > FETH L AT 290 BE ~ ",fi;i%?ﬁi%]?ﬁ&%dﬂii
FREPFRT A NEF oMISO A - B2Egflen- g i 5 A#H e
MISO # &z § i w4 T & @fR% > fe Bkt 7L MISO 418 & B

R g ﬁ,’f‘-"/l T

MISO *+ 1998 & it ;¢ & = » B8 kg 414 A € (FERC)*: 2001
#1270 48 MISO 185 2R % - B H#FHT 2% (RTO) - MISO B
et TV AEE AR B RLIIRE > T fad R B4R F] (Regional
Planning) » # % 3 ¥ (Generation Interconnection) - T PR
(Maintenance Coordination) - # 3#-% /p|(Market Monitoring){=< &
72 (Dispute Resolution) % 2. A ; 2002 # 2 * 1 p > B2 g 1% R
¢ (FERC) #& X MISO H B 2z & ﬁi%l T ¥ ¥ (Open Access
Transmission Tariff > OATT) > MISO i 43 B 4048 5% & 18 ﬁig?J(fJé ﬁi%l)
PRF% ;2005 # 4 % 1 p > MISO 22 = & % B (F B 3N)i
Fo X By éﬁﬁﬁﬁi;]’“ AP H ;2009 % 17 6 p MISO 4z &
4 pR 2% H (Ancillary Service Market » ASM) » MISO F pF = 2 3% 3
% o0 7 41484 (Balancing Authority) - iz 5 MISO = Footprint p

+ 73 36 B %Ly 4148 H(Local Balancing Authority » LBA) » %44
TFREEFBTFORALEL  FEARAEFE  THEHEGE



R L R B RRART HE o WD B 15 0§ ek § (bids
and offers)ss iy B %2 F E 7 AR 5 20183 # MISO 7 Footprint 3

» South Region » MISO &% & iE #24cB) 4-1 #751 -

MISO Evolution

1996 1999
Digcus=ions begin First Board of Directors
1o form Midwes! ISO Ewcted
1996 1999
FERC lssuos FERC issuns
alrs 858 and 587 arder 2000
‘ Start-up Reliability Coordination and Tariff Administration
2001 2002 2003 2005
- FERC Af al Tariff Administration Joint Operating Miowest Energy
asan R gov under Midwast 1SC OATT Agreement with Markets Begin
+ Rekability PIM
Coordination
v j T
Midwest Energy Markets
2006 2007 2009 2013
In®ate Ancillary - Bafancing Authority ASM Launch
Senices Market Asgnment
Initative + ASM Testing
2007 2m
FERC wsxums FERC 1sxums
order 850 aonder 1000
‘ Ancillary Services Market (ASM) Initiative South Region Integratior

B 4-1 MISO e3¢ & iE 4%

MISO =7,% i,i.jf%al%] SERPIE R ISBHEHELAE R ET

¥ heBl 4-2 90 0 B R T

FRER:EZR? L B e £ 54 2T g (Canadian
province of Manitoba)
o2 A v e 4200 g 4 vt
Wk 7% 1175528 MW (Market Footprint)
190,432 MW (Reliability Footprint)
g %« §4(2011.7.20) : 127,125 MW (Market Footprint )

10



130,917 MW (Reliability Footprint)
& f §4(2014.1.06) : 109,336 MW (Market Footprint)
117,903 MW (Reliability Footprint)

j?fﬁﬁ)‘; : 71,800 w sE 2

Balancing Authorities : 37 Local Balancing Authorities in MISO

Fr el 6,624 3%

SCADA Data Point : 293,832 Point

? H 581 (MP) - 471

¢ B 7 ¥ : 51 Transmission Owners

135 Non-transmission Owners

AR 3B ] Tﬁﬁﬁ?*&%'l?%z}i
Carmel, IN - Headquarters and main control room
Eagan, MN - North Region offices and control room
Little Rock, AR - South Region offices and control room
Metairie, LA - South Region Transmission Planning office

A1 % dic:900 4 (2B A1)
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£2MISO maintains reliability on over 68,500 miles
of transmission lines in 15 states and the province

)
of Manitoba /

Bl 4-2 MISO # 8 j Fl #2 A & 7 4

d 2019 & 6 7 MISO g i 4 [l &2 28 & TR (et i 1)1F 0t MISO
FPHEFEMURARFPELZL > L 43% - HA SRR el 32% £
dahgd 1I5% FaBed 8% His 95 2% £ 2 Ak 4B
% & 2 0 %3 % £ (Registered Capacity) : k 4 % 7 5 20,447TMW ~ +
Bk % 5 314MW(7 z Behind the Meter) ; 7% # % £ (Registered In-
Service Capacity) : k #4 % 7 % 19,086MW ~ =[5k 3 5 314AMW(7# 3
Behind the Meter) - MISO =% #-2# 2018 = ¥ 299.9 %% ~ ~ 4%
2434 BRG ABAREH S 5 A4 NG 471 B FFEH PRI
24200 5 At o AR ERA G R 0 93 6,624 IVF T e~
7 293,832 % SCADA FlL8h: ik fi 3% s &2 18 3 ¥ 7~ 9> w » 249,000
BrFREERIE AP 22 T35 0 mR R 72 8300 BB FFx
PR
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Bl4-3 %7 5 MISO2019 # 5% ¢ -5 MISOETEE~R £ 9
cHBLH2EEZE 1 LHNGEFR(CEO) 27 4 L FEHRE
FEEEET SMB- g1 RA T EZREFH 6 0k To

Our Board of Directors

John R. Bear, Chief Executive Officer

Phyllis E. Currie, Former General Manager at Pasadena Water and Power

Baljit "Bal" Dail, Senior Advisor, New Mountain Capital

H.B. "Trip" Doggett, Former President and Chief Executive Officer at the Electric Reliability Council of Texas (ERCOT)
Mark S. Johnson, Former Vice President of Transmission Operations at PG&E Corporation

Barbara J. Krumsiek, Former President, Chief Executive Officer and Chair at Calvert Investments, Inc.

Nancy Lange, Former Chair of MN Public Utilities Commission

Todd M. Raba, Former President and Chief Executive Officer at GridPoint, Inc.

Theresa Wise, Information Technology Executive and Executive Consultant for Amtrak

Bl 4-3MISO2019 £ 5% ¢ ¢ ¥
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2019 Board Committee Chairs and Members

Audit and Finance
Committee

Corporate Governance
and Strategic Planning
Committee

Barbara Krumsiek- Chair

Theresa Wise - Chair

Phyllis Currie

Nancy Lange
Todd Raba

4.2 gF E{A
“{—g# A ReiREE S
¥ T g AR E AR R e

PR A%

S

R

Phyllis Currie
Mark Johnson
Nancy Lange
Todd Raba

System Planning
Comumittee

Human Resources

Markets Cominittee

Conunittee
T'odd Raba - Chair Trip Doggett - Chair
Bal Dail Bal Dail

Mark Johnson
Barbara Krumsiek
Nancy Lange

Mark Johnson - Chair

Phyllis Currie
Trip Doggett
Nancy Lange
Tom Rainwater

B4 F

AR S

SREAR Y AT

- ~MISO # #3x 3 4 H R A

Technology
Committee

Tom Ramwater
Theresa Wise

B 4-4 MISO ¥ % ¢ 2.

Bal Dail - Chair
Trip Doggett
T'om Rainwater
Theresa Wise

% o WR-MISO

N

LR CBRBFTRAR

Nominating Cominittee

g

o

+ (Ramp Capability Product)
ita -4‘: ) Ii é ;\ m

Bal Dail - Chair
Mark Johnson
Theresa Wise

i ir? g g T
»MISO p 2016 & 5 7 1 pA=fH #fes
¥ Ramp Capability Product » * m %2 § 7 %
» MISO % %4 -+ Ramp Capability Product Kf
VRt MRS f e ko

% »5 Ramp Capability Product

Barbara Krumsiek

MAERE T4 BT

1IAFBEFAF PP FF S B WER F R RNLIRIFE J7

N
g
L
ol
L
i
e

EO 0 FES R R 4ol o R RaE s
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Ramp Capability Product & 3 { 4% = i>

“5&
&
W
=
Tk
T+
gl

S AT RE T R
VPRGN R A B R E TRR
7 M MISO 7 31 30 5L i 4o F] 4-5 #1771 -

Five-Minute
Settlement

Emergency Pricing ELMP Phase Il

Ramp Capability
Product 2017

2016

ELMP Phase |

MISO Market Vision &
Roadmap Estahblished

2015

Transmission Constraint 2014
Demand Curves

Energy Ancillary
Co-optimization 2013
Operating Reserve

Demand Curves

Market Launch 2009
Hourly Offer Updates

2005
Bl 4-5 MISO # H-1j #31 §Leri i
2005 & MISO T av @ H= = » & | FFL ATH
2009 & TR BHHIRIFE ARG (RL) S FFHEE DT R
¥ 42 (Operating Reserve Demand Curves)
2013 & v % @ﬁ%] "4 enE w2 (Transmission Constraint Demand
Curves)
2014 & MISO = # & 3% # f- Roadmap

2015 & MISO = % % - f# & ELMP (Extended LMP)
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2016 & MISO = # Emergency Pricing & Ramp Capability Product

2017 & MISO =% % - FF L ELMP T2 7 5 A 488 8

PS: Extended LMP (ELMP)
=~ & F "% {4 # (Ramp Capability Product)

"EEE 2 RRZEF A E R foR U R T pl

T g AR Y AR OEF ) TR P, R R PRL T
BOFREEFph A HFR B RR)FE PR LREF] &
BEPCRAFERE B RT RS D E L PO ULk
GBI g b T ABRTIREREL S A F T
AEGTEPREEF)F 2 E KL ISO (5% - Ramp Capability #
RAgF P Eq? LE FHEml it hore- » AEFTF
REEEP OB R FEEAFRE R EFEF S E L4 (Ramp
Capability Product) - & 1SO 233 % Ramp Capability Product ¥ 5 »x<
fRATH T AP HEFR(C B AN RE )Y Rk R R R R
7 %73 4v ek 3L - MISO 2¢ B Ramp Capability Product 7 42 4 ] 4-
6 17 0 i H WP Ao
&5 BE S ¥ i X # 9 Ramp Capability
Product ¥ 12> ;2 ; FF L5 & sty 2 & £ 5 Ramp Capability Product
F R L E TR E R e A R RSP i s k2

F‘, /));‘lﬁ/r' M"f‘—" qp/h';b\? °
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)!

Financial Market

Physical Market

Lock Ahead Incorporated in each stage of the
market (prior to AGC), including both
Day-Ahead and Real-Time markets

nhanced
Objective Function
& Ramp Constraint

DAM  DayAhead Market
FRAC  Forward Reliability Assessment Commitment
IRAC  Intra day Reliability Assessment Commitment
LAC  LockAhead Commitment

LAD  LookAhead Dispatcd n c memlyUDS)

AGC  Automatic Generatio

@ 4-6 MISO % & Ramp Capability Product =i 4%
&%= " i # (Ramp Capability Product)®_ 2 ¢ 32 10 4 4%
p i for R PR oW 47 TR o R ARG S LR
By P Ao T R A R RSB R A AR TS

PR REAERR G G EER L Y R U

ANet Load

Single-interval RT
dispatch to meet )
UDS target at 8:10¢%

Ramp requirements enforced to be
capable of moving from 8:10 to
8:20 with specified uncertainty level

Time
| | | L
| | | —

Projected
S

AV
Yy

800 805 810 815 820 825 830 835
B 4-7 Ramp Capability Product 3 & #.3

w - § 54 % Ui 4 (Ramp Capability Product) 5% ik
1.2 7 # R FT ARG 7 4% & Ramp Capability Product » & =

B A4 - | ’ 2
’FK’*\E e SRkl

17



4. 2 FEH R B
5.% % " {'m 4 (Ramp Capability Product)’f & = i 2 #f 24 JR
7+ e 1 (co-optimized)
T R RASEFASELR RDFESA(BE S A)
7.41* 7 &+ s (Demand curve) it i egE o B F B A KB oA
Gf 2 BB T § = AAQE R R RER > % F 5 " &5

A EPA A BB AoAn B R s

3

4o 4-8 #i7 > §- 412 £ F B(DRR-1)% %4t % %(SER)?

ok % 5 E a0 4 (Ramp Capability Product) -

-m-m

Y Y Y Y Y Y
DRR-I Y N Y Y N Y
DRR-II Y Y Y Y Y Y
SER N Y N N N N
EAR Y Y Y Y Y Y
DIR Y N N N Y Y

Note: Subject to qualification, offer status and commitment
Operators can disqualify a resource as needed; settlement impact associated
DRR: Demand Response Resource; SER: Stored Energy Resource;

~ EAR: External Asynchronous Resource; DIR: Dispatchable Intermittent Resource

B 4-8 Ramp Capability Product =% /&

s TRED PR RengE s AP g3 A), BhFRTRE

18



Ramp Capability @ 4f £ o4 ;B > v2 ] 4-9 #7770 G| F 0P 0 3 308 T 48
R EGAHERL Y T UL 100MW 2 20MW 5 i e dR B A B 5
Unit-A=$28/MWh ~ Unit-B=$§30/MWh ~ # & = 5 §¢ % 4 %] 3 Unit-
A=1MW/min ~ Unit-B=2MW/min - 3 & % § §* 5 130MW - R] Unit-A %
T #42 5 100MW-Unit-B# ¢ £ 42 5 30MW> pt pF k beif % = A (LMP)
% $30/MWh ~ Ramp Capability = 20MW/10min - = & & % % Ramp
Capability 3 - &4 25 MW/10min B > B] Unit-A Jf #& &7 & e
SMW/10min Ramp Capability > #= Unit-A 2 & £ 4234 & 5 95SMW-~Unit-
B# & #4aA %5 35MW > b pF Unit-A #& = Ramp Capability #7474
s € = A 5 $2/MWh -

Offer cost: Unit A = $28/MWh; Unit B = S30/MWh
Ramp rate: Unit A = IMW/min; Unit B = 2MW/min

Gen, = 100MW Gen, = 95MW
EconMax: 100MW = = = = = = = = = o o e o e e e = s = = = ——

Load: 130MW
LMP: S30/MWh

Unit A incurs opportunity
cost: LMP — Offer = $2/MWh

Gen, = 30MW Geng = 35MW

EconMin: 20MW - R 74 - -

#l 4-9 Ramp Capability Product 4% ¢ = +

I~ &&= 4 (Ramp Capability Product) ¥ i # e 58
4§ 4-10 #771 » Ramp Capability Product #x % 7 i 27 =% 4o !
1.0 B enif 1 6 505 TRk 53N » 143k % Ramp Capability
{= % 7% 7 (flexible resources) i 7 > 5 FU T 4 B R O (7

2R ITERT A A Arip R s s ?‘m—, 3 L FehE

(=
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3% > 7 4 UDS Offset %7 #-# {7 % eng oo it (7 53800 b if

o)

* Reduced cost by using ramp
capability (avoid scarcities,
CT commitment etc.)

* Additional cost to
obtain ramp capability

Cost
Increase
* Load/export charges to

compensate resources * Load/export payments

reduced as a result of the

i Overall
who provide ramp production cost

reduced prices

savings

4ol 4-11 #7517 5 MISO % 2016 &# 5 * = | pFer g cn T & 5
= '% §* 5 4 (Ramp Capability Product) > ¥ MISO % %4 -+ Ramp
Capability Product sz ¥ 127 & f §+eh 7 £ - 2 5 § §* ¢ "g(Load
Following)sar it » WAL 2 RZEE T L4 3 R PR I

Real-Time Ramp Requirement by Hour of Day
May 2016

BRamp Up Reguirement ORamp Down Reguirement

1800
4
1600 . 5
[=s] —
o —
1400 8 -
o™ o~ —
© ] = &
e - 3 =
1200 4 = ) 3 h
J— D_ A ©
= &
= 1000 + o
= @ «©
E % o~ o™~
800 | - ~oN 3 RN e
2. -8 5.8 8 8
© S Bm 8, sy cDCD
800 W .'.
400 4
-
3
200 {9 I I w
a0
. I sl il
1 2 3 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Date of Extraction: June 03, 2016
Source: MISO Market Evaluation and Design Department

® 4-11  Ramp Capability Product $f i 08 58
4o 4-12 #77¢ 5 MISO % 2016 # 5 * Day-ahead {r Real-time
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Ramp Capability Product % 3% & % & 4o 3f 2 40 2 i< > Day-
ahead Ramp Up % # 4 % $0.12/MWh> & 1MW & /|- ¥ 0.12 % =~ ;
Real-time Ramp Up # # % % $0.09/MWh » = 1MW = -] ¥ %) 0.09 #

4@ 4-13 #771 5 Day-ahead fr Real-time Ramp Capability
Product 2z # 3% % & (Market Cleaning Price) » % ,& %t Ramp
Capability © 5 & 5qpF » 3 F-2i3 W 5 % - 4§ Ramp Capability ¥+
EAR Rl T

ZEE o

“g){

Monthly Average of Market Clearing Price
S per MWh

ODARamp Up ®BDARampDown ®RTRampUp ORT Ramp Down
0.20

0.18 -

] 0.12

(=)
o
0.09

=3 o000 [olelele] o000 o000 o000 (ol lele] o000 o000 o000 o000 o000 o000
© OOO0C OO0O OoOCo OO0CC OO0OO0 Oo0O0O O0CO OO0 QOO0 OoOoO OO0C CoOoo
o

CoOCcd OCoOC CoOcc OCoc OooC OO0 OcoC Cooo Oooc Oood OO0 good

May-16  Jun-16  Jul-16  Aug-16 Sep-16 Oct-16 Nov-16 Dec-16 Jan-17 Feb-17 Mar-17  Apr-17  May-17

Date of Extraction: June 03, 2016
Source: MISO Market Evaluation and Design Department

¥l 4-12 2016 # 5 * Ramp Capability Product 2 # 3% i i #
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Sample-Day Real-Time ramp requirements and MCPs

s RAMPCAPABILITYUPMCP Load e Up Ramp Capabilit «=++==+o- D Ramp Capabilit
MW P P Lap Yy p Lap Y /MW

75000 6

73000

71000

69000

67000

65000

62000

61000

59000 Wi

57000

(=]

20:15 1

55000

0:30
1:10
1:50
2:25
3:05
345
425
5:05 :
5453
6:25
7:05
7:45
8:25
9.05
9:45

18:55 =
19:35 -
20:55 -
21:35 =
22:15 -
22:50 =
23:30 -

11:05 -
18:15 -

11:45 =
12:20 -
13:00 =

13:35 -

HOUR =
10:25 -
14:15 =
14:55 =
15:35 -
16:15 =
16:55 =
17:35 =

] 4-13 Ramp Capability Product z_ # 3% i i

4.3 MISO 7 ¥ % *% < p (Business Practices Manuals)

MISO = 4 # H-3LP| 13457 £ 5 % £ p (Business Practices
Manuals > {§ # BPM)# & & ke Flpt A=t S Fu| 4 HE £9 %2
# (Business Practices Manuals)¥ MISO & #a& 7 2 jnit#h » k-2
BPM ehp ez p 3 i 4o
BPM 001 - Market Registration

BPM 001 # H-3if Fwmipl 0 = 57 5

\\\ﬁy

F—‘ﬁﬁ’!ﬁ,ﬂ?u 3 ﬁ:‘r

MISO # fieindz » BPM 001 p 7 # 4%

1.25/&55%“«%1;# W B Rp ﬁ

BPM 002 - Energy and Operating Reserve Markets
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BPM 002 /& 2 7 MISO chp miic i@ § a4 (KA 75 £)7 F 1o
2 OwEET Fini R SR 0 K frEF & F - 2 BPM B2
MISO # H+4riw & & MISO B¢ f > 7 #.1+ » NERC v ERO 3 -
BPM 002 p % & 4% :

1.MISO s Rfei@ 3§ REF & Fngk Mg 27 A7

2.MISO fr7 3482 % tit e § 45 & 7 37 hi d L P A2

3 - fk Avm AT SRR Y R LR 2 B A B

SEER S 2l

4.0 BB A E Y W E S B AR ?

BPM 004 - FTR and ARR

BPM 004 i) £ * MISO :p4 7% # # #£(FTR )fedp § 1< & #(ARR)
thdg W & RplfeEaringe o 0 BPM 2B 4ol £ 5 0 dp g o
PUE Bgrdn g er g R Rl ez o BPM BjEf 0 B -4 S
oot g iR o BPM 004 P % ¢ 45

1.4 B2 ARR 4r FTR ?

2. 4eim B & %+ ARR4r FTR?

Bipd
4.5 B7 B E o ArE R A ?

3.AriwiE = 3 #

\\\?{r

5.twRzmig » P2 gext %4 ARR/FTR sz ?
BPM 005 - Market Settlements

BPM 005 ;& # + i%z}ﬁ’ﬁ oo Lo FE% o BPM B3
PHREE A By o4k (TS AL B B 4h s frFERC £ 5 £ 2(EQR)
FLMISO4p = - BPMOOS p % ¢ 45
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B REEFLPEHEREFL?
4@ v g5 PR B ? 3 R EQR &p 2
SAvie Hirfz FP i B R 7

BPM 007 - Physical Scheduling

PN FIE AR NfEE 0 P o B B T F 54 (e-tagging)
AT W IR A S A E AT kSR - BPM-007 o F # 3
1.5 08 R ah— SRR fopr & 2 A9

2.0 B R H T

.82 243 M FARp AP A

4.1+ - 8E_OATI webTrans 12 3 4rim 3+ B 9

5. AT F RN ? AVt LT Y
BPM 008 - Outage Operations

BPM 008 # it 7 & Fig 48 (L )RR > F15 7 Fip g (L )Rp &
MISO > @ii%]b’”r,a (TO) fri&@ 3 7 > Tariff £ #1212 MISO ¥ .14 %
B 8 22 MISO & B § M - MISO % 348 (F )R 5 TO & 4
TREYF A EE I foetdlhizgs - BPMOO8 7 @ 4% ¢

1.0 ¢ ad Fp| 80 A9

2.TO /3% ¥ B fo/ev % T #5477 Jﬁz AR ERARE RN B ek i g

S E AR
Ariv X iz g ?
4.+ -8 _CROW s 4rimig B ?
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BPM 009 - Market Monitoring and Mitigation
BPM 009 728 1 b= 3 #%Z R (IMM) A9 %3 35 Rl %3+
B¢ niEd 2 e BFS F 54 - BPMO09 p % @ 3
1IMM s 21 B 2
2.3 % % IMM 4 2 veit MP ¥ 9
3.4r 7 £5 1% MP #cdh cnfls 2 14 2
4.1 P B Ay % ) 2 R & (thresholds) &1+ /& 2

BPM 010 - Network and Commercial Model

BPMO010 45 i 7 * »tac ihg Ik 5t (EMS) & 4 % Sifed H8 3
Bt iR 2 5 i ICCP #% % e Prilicdy - %432 ICCS Ao
MISO # 3 s see* A2 5 4p R 85 - BPMO10 p % & 35 ¢

1B E peedfed £HAI M E T Pdom i * Q

2B EHNZF G A AT ?

3.7 3% 1% (MP)driv 5 S hod] ) o 2

4.1+ -8 CP & gfc~ % EP 27

5.+ -8 _iz % & (Pseudo-tie) ?
BPM 011 - Resource Adequacy

BPM 011 jai&-73 MISO fr# @ # &8 &7 ik % L 6 ché § fomk
F o BPMim¥ 7 % ikt MISO # % JR74 § e LSE £ § &3340
R FTRHEGEF R RET FF DREF FF g - BPM
011 7 & 3 ¢

1L R L F o T ?

2. B ERA T RACRAIGE R R 4
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BPM 012 - Transmission Settlements

BPM 012 & ™ 4-%+ MISO Tariff 3. B = z’v’v?;‘i;ﬁi%]ﬂlﬁ» TR IS
5o L BPM g Aié p 3Rqoch IR ﬂ**"i »# 3£ MISO f 1 > MISO @&
ﬂis?]”'“r”ﬁ FiwE s o MP #8{rF B REF - BPMO12 p % & 4%

1.7 {@ﬁ%l TH 9

2. AWM AT R B BEARE RIS E ?

BAviw -5 & Brgk chp * 7

4icim b & BrutE A fler ?
BPM 013 - Module B - Transmission Service

BPM 013 # 3 ¢ *% MISO Tariff . B 7o MISO £ 73+% i - BPM
WP deie 3 2 F ¥ {og 72 Grandfathered Transmission Service R
%2 - BPMO13 p % ¢ 35 ¢

1P A A e R 9

2.4rie 3 i@sﬁlmﬁu AR pHE AR ?

3.ik Mk B At 22 1 gy PRI AR B

4.t BB PR L ks (OASIS) ¥ Hpas i@ %J%Em@ﬁa

R

BPM 014 - Station Power

BPM 014 % i1+ Station Power iz * » 3+ £ felicdi 3 2 #25 o 3%
BPM fiz§# 7 g5t % 20 35 % 4p B chrip £ 20 - BPM 014 p % & 35 ¢

1. & §_Station Power 11 3 v 4wk * ?
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2P fork MR RPTREE AR O
BArie F itk 20 SR T 4 R

4.3 7R EHE ERT

\F‘b

SAvimrE Tt 4 20 ¢ & PR nE ) XA
BPM 015 - Generation Interconnection

BPM 015 ¢ 7z MISO 7 %4 & » * *§F % MISO Tariff e % X
2% BPM f2f#1 4 & 5 @i feche BREE - BPMO15 p % & 35 ¢

1.4 25 digfede Brespitm?

2.40fn F 54 20 chg sb 3 4 A9

3 THETRFEHE PART

AhemrE % 20¢ # BEE P EFE
BPM 017 - Transmission Settlements Billing Dispute Resolution

BPM 017 &m0 & ik figilinged o 2 aoinfedfod 2 o MISO
BTk R B R E LR BPM  Fl G v b R pade B

é%@ﬁfmﬁﬁ’inéﬁ*H## L R g antie i 4o 1Y
¥R ARG Su A T 2 c BPMO17 o F @ 3

Lﬁ@@ﬁéﬁﬁ%ﬁﬁﬁﬁ%ﬁﬁﬁ{“%?

2@%*51nﬂﬁm”;§mﬁi B fopE 4 9
7

@@*é@ﬁﬁﬁﬁﬁMBO%@jﬁ?
BPM 018 - Voltage and Reactive Power Management

BPM 018 f£if 3 MISO fr MISO footprint # Flp = & 1345
NERC @ﬁ%] FEAHEE (NERC ## TOP) fri Bica # 4%
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(NERC ## VAR) i fFehT BRfra» # ¥ iz 57 &
MISO &pmp & 47 > ik > E e dI R B-R T &5 FiRfrg s 5 5
ik ¢ femid - BPMO18 p % # 42
Tatt ad > EHRFPEHERKT 56 fomf L0 A 0
2.5 1 F AT T RirE S H# S 5 MISO 7 AT AR foe
HAEY R AT AT
3. B TR TRJITR G H A 9
4.0 AR ETRTL I FTREA A 17842 2

BPM 019 - Monthly Transmission Billing

BPM 019 2 5 MISO# &8¢ frg en¥ L 4 > dps » £t
HAFe MISO 4z @ﬁ%l? FAIRIE 2 MISO B8 0 37 e g3t

& foenid = i o BPMO19 p % @ 45 ¢
TEREGTATG T ?
240w 3= v % 10 PRAZ 7
. FAEA K BT A riEax ?

A4rdk AT PR AP L > AT R GRS D

BPM 020 - Transmission Planning

BPM 020 28 7 MISO % 3 ﬁa‘?] HplEAe 0 B PR H TR LT
FURACEAIBE T Rm B H o RAE A T FIFEH i R
FTRARD AL 7 FP R AL 4 > %037 BPM £ 28 7 MISO &
B E 3] (MTEP) ¢he f{rif4z - BPM 020 p % ¢ 4¢

1.1+ B ‘«L'Q%]Lﬁ} | 4 b‘fr’m" Hp 9

2.t MTEP %4 A>- B ¢ C ¢ S sfensg p 3 v & R0 2 51 §
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WAF AT R (7 B AR o
B B B AR & R g 3 9
BT A4 .-%lz CE JRAZF 8 > @

3.
4. MTEP iz > i) & -
Au MY (fHEFLRE)

£

BE BB BET E I

5

4 LEART
BPM 021 - Transmission Pricing
BPM 021 %t 7 MISO @ﬁ%l T EF ez fa- RS A#H
i i PR A% I Fe > o B4 PRAR § #4r Local Balancing Authority ¥ & 18 3 7
* A - BPMO021 p 7 ¢ 45 ¢
.0 A A & @i o 24 RS 3 0
2.+ BH ' OF
3ATFF " OFRE L ?
4. 5V 3 R S & A
BPM 022 - Blackstart Service
BPM 022 # i 7 &t 53 1245 MISO Inc (Tariff) s %iﬁﬁ"félﬁé:] ' Ay R
o F g a ® B 44 33 #& & Blackstart fR 7% Blackstart ¥ ~ 93¢
fofeit i - BPM 022 p % ¢ 35
1.3% & Blackstart pR7x ot T 42 9
2.%-H ~ % ~ Transmission Operator's & stix4p 3+ 3|91 F chdkjiv
£ R AT
3.124 NERC % stix4 f- Blackstart # 3L &% > = 8 p|3&
Blackstart 2% # s & § &+ g ?

4 Blackstart JR7x - 5 o % F3- B foje » & fechin gz &2 A Q



BPM 023 - Alternative Dispute Resolution

BPM 023 prit 1 5 i 44 & f#id-in 4z > 1 2 22 MISO Tariff > % 5
ZAcH 8 BPM A& 24 e 38 cnde (S [ 2R 3 n e M et 13 4 (4
F* ) BPMO023 p 7 @ 35 ¢

1.7 00 4% IR 2 e 5g 3] e s 3R 7

2 R RRAL | g eniEr LEARD

3.4 kAl AL Y PR A AR S 7

4D fRBARNE R D
BPM 025 - Operational Forecasting

BPM 025 % & 7 fFiR]= % > % g * 2R PIRRI O E gy~ 0 12
Bl R T SRR AR e AR c BPM 025 p F ¢ 45

VAR R By VAL F o JEP ™ MR

2.+ BB IERIIRARIL R G H SRR D

SHFTARFKMLT R (DIR) §F %k 4 2 TR 7 v & £9

4.% 2T s iE (LBA) > @gers  (TO) fev Rt i £

4ot & g9

BPM 026 - Demand Response

)

BPMO026 » % #- %2 Xk 1 2 MISO B&#p £ F & (DR) e

Pedefg® #rg entz & > #aFE 7 MISO R R e S - ]

PRI A TR A R PR IE Y A 4 BPM

W A7 4o fe i i Planning Reserve Credits :u# % £ 5 B F R > &7 12

A i é_,f‘: ffu%ﬁ %ﬁ"‘}%ﬁﬂ | é i\" - BPM 026 P 2': d ;J% :
15387 B d g LR KFEF B BE LA 0
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237 FRAETEFE?

3.3 & F b vRE T 2

a

raEzEF BT R (DRR) M2 DRR enF 4 H A 2

S.HAILEEE"REE (ARC) 2 FTRAFF LS A Y

B
flm

BPM 027 - Competitive Transmission Process

BPM 027 4 i 7 MISO éhififz » % ** E 3 fr & GHB 55 11 7
SR L @RI P o A o EF kA M i @ ﬁﬁ;}:%@v 5 o
T 8598 B i BRI 7 i 145 MISO Tariff » # 4 ik fei
EEZERT G RAMRE 1 o BPMO27 p 7 7 35

Tdre TR EHREHLT

2RI IE P L GEE D

3.HAEERBWMERFTRIAF ALY

4.% P fr R b £ B A0
BPM 028 - Transmission Determination Process

% BPM4s it 7 MISO 4rir I3} & & e f B &
2 TOA i C % 11384 C & % 2 Boeh® o X % F 4160@ 547 §
ﬂgmﬁﬁQ%ggp%vlﬁﬁjMBO®%ﬁ£o%%%+¢?
m@ﬁiﬁbﬂﬁ ¥ = B Ex %]~ MISO @ﬁﬁ%ﬁ%ﬁ; 2] (MTEP) &4 A 0
BRI P RSV ARG S B e RIARE il f R R
MISO $t 3k hil fij e € 145 4 BPM 35 p %% o & BPM 7 i *
W E R R @i s
BPM 029 - Minimum Project Requirements for Competitive

BPM 029 4 it 7+ MISO #r RHES 1245 T 43R % foai £ (L T 2k
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W R R AT P & R e § BT PR P e Al
poeipldo] PRE MRS RT Y R ¢ Fd] BT
o o] BT b A oML PO B BTE B PR TE 0 A
e B foim i A fe T 2 $F bk & R R fopt BPM it 7 RFP
FR it B e o 8 ek R pamah b R

Foo HF cnfh i fn Rk %Y 5 2o BPMO29 p % ¢ 42
1.MISO 4o fr £ R {285 R 43 5 b (G L0 9

2.MISO 4rirm L BT R WP Koo @ e 43 AN

i ?

BPM 030 - Pseudo Tie

kv g B e MISO T s fh ( “BA” ) Fw ik s
£ F - MISO % Pseudo-Ties # & friazk iz BPM > #15 v & MISO

TR B enT Sfrd 2B i B o 3% BPM # 2 8 % & MISO (R &

I R Y R D M (Tariff) o & 224 T R
( “NERC” ) ¥ #2128 (i * pF) v NERC % F £ 27 42
TRt (g ) g R IEGEF SR R Y R P e gL o

¢ BPM &3 # v MISO * fimi8 4 % 3 ( "BAA” ) e 23 R
greb 38 BAA 2 fF e Pseudo B % > ¥ 7 i * 3 MISO BAA p 3R = 2
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i $%e Pseudo B 7 o BPM %4 A ¢ 7 Pseudo -Ties § JRiE 4% >
B AR LM B O Ao F W ATh { 2o Pseudo -Ties 1 § chik %
A2 - BPM O30 p % & 45 ¢
1.+ F--Z_Pseudo -Ties ?
2.4rfm A it JE ¥ Pseudo -Ties F # ?
3.4 & * MISO ¢ 7 Pseudo -Ties ?
4.4ete 2 MISO i & fofz 9
5.MISO #-4ri® 1i$x Pseudo -Ties ?
6.MISO =1 Pseudo -Ties 5| & & A& ?
BPM 031 - ICCP Data Requirements
2 R A gEdTE MISO %8 ehir 4] ? o B R
(ICCP) #icdp 2 ¢ g o Lo S FF R ¥ 22~ ki ICCP &
B ARG L o Ao MR 5L MISO B A R e
MISO ICCP #cy crdicdy » 4 5 & F4ch & 9 2o
ARNAE FHI NG FA T URY E # hLjE MISO
Tp BT F R 708 A AT Bl s 5 MISO @
T H 2180 MISO Biag 5@ 7 it ¢ ZomsRs o g MISO
BT B B 0 AR o R D S e (Tariff) -
4.4 FHEE
77 29p~87% 2p %3 MISO f4d Shu Xu FiRI #ZEF 15 B4 B
BB R A2 R AT P> § X T RAR L TR RALIS L P AP B T
Flend Re A3 R8dd o T MR [HH N FER T
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4.4 et IRAEY ®

RAPHWERIRBEGL e EARAREFT L TTEAES E
HAFEFE - TRITHIZ BT 4 22 k2 TR S B
RSP REEEE (7)) LW RGEF Y LT R
HAw a Ak R AT A

1. AR TR H S E £ 24 B8 7

2. RERT PARE P FRETE 2 2RI Ao R SRR 2 R
ek s e 9

3. LAEMELIREF ¥ gt B 3 3% 2 et costbase 3+ pF o AGC
SR 4 #3535 SIMW? Lot ki 5 £ 5
($IMW) #t > i & % 5 ($/IMWh) 4rie iz & 2

4. 7 THEFT A HT F R AP Fbr P EoE Y L 92
HFHABEF - P)EFE SN2 RGFOIALRD

5. R RElend @A BB D Sk iR O doim it h 2

MISO & jung B2 4 i
B AT
R CRENE R S S RS A L S
P WIS B R et e R 22 mERAD
FERS BN TR LR LR AW IR - - &4 2 > MISO
¥+ 4% w7 Primary Response (governor free) p + ¥ & &
Foo B ISO RIRHE kst z 2R €5 7 bk £ 4o
ERCOT i s chis e » H s 347 it (Governor free)

BEixiEs 25t ger o 22 g4 (Deadband) #*
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% +0.036 Hz » #4 :# #- 4] (Speeddroop) 7 if 2~5% - ¥ & %
w2 E&iSERCOT gd mistgd 2 A e '8 r 2
d ERCOT-QSE 112 #75 fslechii 2 Z R € R # ¥ 2 e
W F R RS U E TR AR e d TP H L R A B R
Pz - B W TR B RA B2 R B A
Hi e FfERSDFE BE E AT &EHT KT
gd AT AR AR RS AR L p FRAEA
Ll A FER A 0 R R R RIS

2. MISO # &% pR#x7 ¥4~ 5 p o 7 #(Day-ahead Market)£2
&7 3-(Real-time Market)» e 4 84 JR7+5 S0 p 53 F 5 4 o
WHRDBRERAT Y gARTEZE -THAREZTE A
FEFEE37 p 2013 FAATFIRA E R 4 3 L P4 (X

EAEL 16GW 5 S g T 114 K 13GW) > & A 4
Ramping Product #f B4 fRi% &k FIR £ 2 i hih7? fE 2 45|22
TR A T f et pRard 2 QSE i f U Blp AR
d MISO fep s ik SR - R RIEF % d fh i
# o MISO i B & QSE shf §3¢ bGP » E L i ik iedy ot
FRAS e R s e

3. MISO % 1996 & = #f 24 fRI%4x * B - % & > $] 2005 £ d 7
T Bl kAT 0 2009 15 4 R B R 4R R
PR RS AT R BT PR
EH - 4R A S MISO £ 5 v 3 B & I8 B JRAR 04 ik iR o
FWeREFTFA2F> LMP> MISO ¢ =% 7
F("MCC-~MEC -MLC)+-zH £ B+ MmFEd <&+
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ML T e

4. GEPRFFNF T E R P wd B RS R - R e
A2 47 o2 MISO i@ s L ¥ 4 T ¥ %
€7 B DLA BT - PR R Tl PR i
EREIEIFSDIERT R BEXTEERIFH L]
Fepd Ay H LA - MISO $f30 4 = Primary
Response (governor free) p #n ¥ & & £ o AppHEE & L
A4 #% 380~400 MW 2 [ » ik R f %10 DA 20 4ok SR o
i%%’G%1¢$ﬁ%%’Mﬁﬁﬁ§§£&%@°%ﬁﬁ

LHE AR NG L SRE S B e 1.5 55 1500MW)-

R Bz @ & NERC en®g 7% o

5. S N2 3 TR A gL A BINA 1 (1) viF £ L
B 4~ > MISO £48% > iz MISO £ 8%+ ~ 1 » iT# §i&
(3t BB ) 243% 5 2. i ehh £ %8 > 7 v ql* DA
ﬁRTﬁﬁ%@ﬁ@ﬁ%E’@ﬁyﬁﬁW{ﬁﬁ4%%ﬂw
L kg )AZ ) +8%#B’»,ﬂ iz i - pF e Payment o

6. AT Bengrd] N o &4 ﬁiﬂ = & TSP(Transmission
Service Provider)#2ix MISO R3]/ 3 R & & 2L (Set
Point)p 23 > TSP 3 & 4% p (7% &K i@ @& ¢ &> MISO

£ RHTRAERAE (DG B THRER) g £ g i+

\\'Q‘

WenTRA L TRt T AP AR TR
AFXRE (DFRe - TRFE) a2 Fag » 317 41
ﬁ??$é ¥z e MISO & ffslecnd By B 4 > 3§ 2
A REh v EH FFEF0.95 R i A o A A L s
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0.85~leading 0.95 z_ R

442 “ LT hA K2 “]f ERBHRRE
MISO *E}J?f, TREZTEF BT BAEd 38 F M

‘n\y
ol

B % itk e pseudo-tie FRT P T 4 E N 0 A
G el F B %% LMR {r EDR =it 4 pF ?f,u%;;;ta%?g;@%
f?ix%’\\é.—,gl‘}a‘ | #%% LMR 4= EDR =i FB},T' Tamzd

Bl 4-14 =7 2016-17 & ﬁ,,ﬁzgﬂépv; SR s R T
MISO # & % = MISO # 84 % e 7% (2 {v pseudo-tie 3 7 * ¢
!—’;3“ 3 ;‘)‘;‘s‘./'; o

Reduction in Available Capacity

MISO Midwest Offer Curve
300
Marginal MW
PY16-17
for Midwest b Prisae
250 =
200
PY 15-16 Conduct Threshold
3
é 150
o
100
50
PY 16-17 Conduct Threshold
0
90000 92000 91000 96000 98000 100000
Capacity MW

Bl 4-14 MISO 2016-17 & £ il 5 £4p § il 2% 1
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MISO = & Max Gen ¥ 3% (Alert) ~# 4 (Warning )2 ¥ ©# (Event)
Gg s § B MISO ehig FLIGIT i & Soen® g e jmjd g B4R ~ B2 R
¥ 2 o 44— B LBA (Local Balancing Authority ) # - % 4p #%
LBA @ % » Max Gen ¥3f ~ &4 & F 237 § .4 ﬁi%]- g WAL 2
FRAE R LM Therilde s R E L EHAF AR LFL L
BB MISO it & B D St >+ i T R ¥ L5 B LD
e oW 415477 > I BNDL L MISO ¥ 2 AT EE  f T
fe# T2 THm FR Max Gen E4p ~ &2 A F 2 F e 4 o

Define Boundaries for Alert/Warning/Event

i

C 3

S MISO

4=

B 4-15MISO % % % 4 Max Gen &4 « &2 & § 2 chf
Yol 416 #7F ek REPR VAP TEL AL PR E
#od E s L%@%‘""T"}# g 14 l%’]‘x R * AR F I 3

AR 4N 2 e MISO H i R 5 o
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Applicability of Emergency Pricing

rest of
footprint

4o B 4-17 #7515 MISO 7 RTO-EOP-002 =i 4 13 5

—,El\”?};':}% WA @ ginTier e Tier Il 27 U 2 &

AP BE o

Offer Floors
effective during
Max Gen
Warning and
Max Gen Eventt

Bl 4-16 Max Gen #3F « 82 ST 2 HFE MG RE* 7

Resources Accessibility in Max Gen Emergency

- = ) Offer Floo =
/5 [ B [,—r’ b { | Define boundaries/suspend maintenance | Tier | Event - Step 1:
a1y e a) Commit AME
o - — e {———[ — - b) Implement Emergency Max Limits
| Step 1 - Schedule in External Module E | c) Declare NERC Energy Emergency Alert
Capacity Resources (EEA) 1 - All available non-emergency
. resources in use
Warning - [ Sez-cuaitonim enegysaes |
v Event — Step 2:
a) Declare NERC EEA 2 -
— Load Mgmt procedures in effect
™ Step 1 - Emergency Generation and b) Implement LMR (BTMG & DR) & Load
Emergency Dispatch Ranges Management Measures (LMM) — Stage 1
B e c) Commit Emergency Demand
Response (EDR)
Step 2 - Load Management d) Implement Emergency Energy
Purchases
Eve nt - Step 3 - Utilize Operating Reserves
Event - Step 3:
Step 4 - RReserve %a" ahnd Emergency a) Utilize Operating Reserves
ESCHYRRIEICHIESCS b) Instruct load reduction of Load
Management Measures (LMM) — Stage 2
Step 5 - Firm Load Shedding
® 4-17 RTO-EOP-002 R 4 7 & 5 # 18 ch L B4 6 &2 )
4 W Z B U N »l;a
EPRRCRE W5 8 BT




Eap(Alert)ls bt a7 AR ik le a1 0% d TR K
Borg F oy - B i 14 (Offer floor
Tier-I)
¥ (Warning ) F#
Step 1 : Schedule in external Module E Capacity resource
Step 2 : W p2LEZFET & (¥ & F 4 )4 & (Curtail Non-Firm
energy sale)
Step 3 : Implement reconfiguration options
¥ 2 (Event)rd £ -
Step 1: T £ q_,’f‘-"T £ & # Fl(Emergency Generation and
Emergency Dispatch Ranges) > # 3211 iﬁ ¥ !
(a) Commit AME
(b) Implement Emergency Max Limits
(c) Declare NERC Energy Emergency Alert (EEA) -1 All
available non-emergency resources in use
Bt b BT o T ERE T h S o B K 134 (Offer floor
Tier-Il)
Step 2 : f §* ¢ #/(Load Management) - & 3512 #;%% ¢
(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
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Step 3 : & * i@ & I i (Utilize Operating Reserve) » ¢ 3117 45
5 L
(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 & % i fuﬁ'f%ﬁﬂ [
Demand Resources 7 & 4™ * T % £~ p * #F T K H
(Behind-the —meter Generation) 7 733 v % T
e LMM (Load Management Measures) - Stage 1 : & * f §* ¢ 32
FERRECFTLFRRAFERRER > LAV FT ERT] &
#§F# 5 LMR & EDR
e LMM (Load Management Measures) - Stage 2 : o3 F " M3 R
é%@?%?*gﬁwﬁﬁagﬁéﬁfkﬁfi RS T S
el 2t 3 ¢ 45 LMR & EDR

\\\?{y
\“.'r

m“

6‘&\

nNo

~

443 TR frA BT EF IR RE
MISO {1 * % ¥ i % i # (Locational Marginal Price - LMP) % %
TR mffﬁﬁ”‘ K g I A{odk (I &ﬁs?]'i’: w e e
+# T CPNode (Commercial Price Node) T & & # #& % & 07 3% -
= ﬁi’au$ [ MWh % H = - MISO # LMP ¢ 3£ Marginal Energy
Component (MEC) ~ Marginal Congestion Component (MCC) -~
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Marginal Loss Component (MLC) % = 3% 4 » 4-[§] 4-18 #71 » » )Th{
#% - B CPNode sh LMP % kst @ it ¥~ S 28 5 7 7
2B A R R G A o ek 2 L g FE A

P % i CPNode -7 LMP #=24p & o

Marginal

Energy
Component
(MEC)

Marginal Marginal
Congestion Loss
Component Component

(MLC)

] 4-18 MISO LMP 2_ ‘& &

LMP erm 3@ @ d 5 -1 * {2 e ik it (Co-Optimized)sn= 2 2 & >
LMP # 5 < 315 i (Energy)3® % fr3 i& &4 % (Operating Reserve)¥
% R o p w3 P(Day-ahead Market » DA)# & CPNode & /| p*
o - = LMP » rp=5 3-(Real-Time Market » RT)# i CPNode &
Sréaim- = LMP. g Hdfra'I7 & 5]?, I A @,%J#F
A EE T AE BE S LMP *rs—zuwam’ d ﬂ?@?]z{': Ji KL
2R ROREEE L AT A ol T R AR A B
FREXRLMP ¢ 2% @ 3 I o 4431z i 3 2.5 CPNode » %7 4

\‘%‘

HHEmAEY T REH LT o LMP A4p e pon B e LMP
= MCP (Market Clearing Price)7 =k i #+ *3 > MISO p % 7 3¢
5 $3500/MWh -

 H-% 5§ . (Market Clearing Price - MCP)* & £ & ¢ /&R ¥
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# % (Operating Reserve) » ™ 5 T ek 4 Tk & {07 o £37

E i B oenis B H 'EPSE

5B e BB E SR B 4o 419 fr7 0B BB E § $(MCP)

ga)iﬁq#ggg\;j\?u,ﬂfl ‘?ﬂ]'{’ ?}?E’ff’

2 % /it CPNode !+ S 5@ Ed nhE i 12 o

W
Market Clearing Price Basics
Hourly One MCP
0 gl%rtin I[rEnnpearcteg'?g/ MCPs 5 minute calculated
Rpeseweg 0O e?gtin posted for MCP posted for each
roducts Rpeserveg the Day- for the Real- | product, per
P onl offers Ahead Time Market Reserve
y Market Zone

Bl 4-19 MISO # #-5% 5 % 5k B

WeREFEZA " RFREXR A F w4 0 12 MCP

IR E A RS EERT LTS AR B IR BTN RE

TLERER AL g A BT S Ao g S AT R

=, PE'I%.ILF’J’J—QE_‘]‘%\;/ %&(SCED)? \‘ﬁﬁMCPIEf:"F“i/{O

MCP z 3+ % :

1. p# % FHeMCP & /| pzt B - =

2. wpES FeMCP =+ 5 o453t 8 - =X

3.MCP [ ¥ i * 3t p a0 ® 322 7 pF 5 3 Spinning Reserve %
Supplemental Reserve

4. 5 Bk Hens B4 28 b E MCP o
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5.DAMCP %5 # T4 & W H-¢ o IR E § o 4ok
Rfplenp R FEREEEA R LT ST RN R
R 0 TR A AT A LR 5 MCP #-8_
# ¥ MCP &2 *27+ 5 $3500/MWh -

p s MISO 7 6 # Reserve Zone 4] 4-20 #7571 > % & Reserve
Zone 'MCP ¥ ii §  “f% 4 *MCP * %3* & # i Reserve Zone
47 % 4% (Regulating Reserve) ~ 7 p# % & (Spinning Reserve) % i %
# #& (Supplemental Reserve):ij 12 ; &iz # — # Reserve Zone > #7
3P EFEF AL G nf v (R4hAp ke h MCP 2 H 97t i chigcd
)

MISO’s Operating Reserve Zones...

2
Zones
Fhewan Manitoba 1
2 Miswssi)
3 Indiana
< [MiERGEn]
4 EsivAscansin
Noith Dakots o | Eeminnesota
ana
Minnesots! 2
.
(VAsconsin D
South Dakota
p Michigan’
Ney
lowa
Nebraska
inois.
Pennsylvag
Indiana ohio
Coloravo M
Kenses Mis S0l 1
West Virginia
Kentucky
Virginia
lﬁ_ ] Tennessee
[Reserve Zone Definition:_Sept 2011 - Map image Genersted on: 0803/2011]"***

B 4-20 MISO =+ 6 # Reserve Zone

MISO p =v 7% 348 % #& %k Jh # 3£ Generation Resources ~

Demand Response Resources — Type Il ~ External Asynchronous
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Resources ~ Stored Energy Resources % - 517 3 4F i ##& 7 MCP 2+
FRr oo R EPE - MSO pwmt HTEERE DR
Generation Resources ~ Demand Response Resources — Type Il

External Asynchronous Resources ~ Demand Response Resources
—Type l(CEaE & #2)% » oG EoMCP -5 7 % > & ] pFet
B - =2 ;MISO p =+ # 34f L % # 0%k ¢ 3= Generation Resources-
Demand Response Resources — Type Il ~ External Asynchronous
Resources - Demand Response Resources — Type | & - 32104 ¢
A MCP -5 § % > 5 ] s B - = bR E & MISO Tariff
Schedule 29 357 Fm T & % WP o

4.44MISO p 7 H2 5 24

MISO #%41* F pFt2 I i 1 (Co-Optimization) = i# $4 (7 7 7 12.p]
FHR(SFT) ~ % 24148 w3 42 (SCUC)fr % 2 '] 753 & (SCED)
EFERME T s e g £ Dkt p fepig . p
¥ LMP 2 MCP  4- [ 4-21 #757 o

AP BTN H G RS SRR SFTSCUC

2 SCED & 3 BA2R AR » L B/ DL E P g™
1. Simultaneous Feasibility Test (SFT)

F)EHATRENIBRFE RSP TR - LT

E
Vv
W

E
ey

(injections and withdrawals) -/ = & 1% >4 o
2. Security Constraint Unit Commitment (SCUC)
(1) mEg T 2s i LT R

45



(2) WledF TREE FFEELFRT

(3) Fo] & L PRl e RE T A A RTS8
PR B AR R

Day-Ahead Clearing Processes...

* Products cleared with Simultaneous co-optimization utilizing:

Simultaneous Feasibility Test

(SFT)

* Performs contingency analysis for
each hour to evaluate network

3i?tué|(t’ymcr:l:)i;1:lterz;ned S FT security of a set of injections and
« Notifies resources to withdrawals under a range of
contingent scenarios

come online and the
expected duration

- : SCED

Security Constrained Economic
Dispatch

« Balances injections and W|thdrawals

» Meets Operating Reserve requirements
» Manages congestion
+ Calculates LMPs

Bl 4-21 MISO p # % #2825
3. Security Constraint Economic Dispatch (SCED)
(1) & Grpm ~ 2 g o
(2) m A EFEREH R R
(3) BRF
(4) 3% LMP

MISO i * SCED % & /# %2 7737 #% 2 (Committed Unit)i& =
& » SCED & & % 7 %% T EAR R R X Ty EE L]
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« v BfeiE & "4 (Energy and Reserve constraints)
. @1@?] *T4](Transmission constraints)
* 7/ 17 *U4](Resource operating limits)

4o§] 4-22 #75= MISO & * SCED jf & 2 A% 7w fri 3 £ (5
%) 1:(LMP 4= MCP) » &35 # 5 7 4 i sc#s (Start-Up) & 7 ¢
(No-Load)= # » % %f%* FITEFEDR DT IR A K LG o

Security Constrained Economic Dispatch...

Real-Time
e LMPs & MCPs

« Dispatch Targets

B 4-22 MISO ¢ * SCED i ¥ i# i+ % LMP - MCP

4.4.8 f 3R] (£
oA TRREH ISO/RTO i seenh kT 4 F RenfFiRmigit» By
ﬁﬂﬁ?i%i%’ﬂ§ﬁﬂﬁﬁikﬂﬁ4?%ﬁiﬁﬁﬁﬁﬁo
PREESERT R ALT RANIE (T RRED L) 42 4
(d T RER PN EH T RhEseiz ) »ru= B SO/ RTO

47



EHRFEEFEYP2wnBERND B L &S B FEREY &7
BAVTRR e - kG WM AEERIF R A FIR U LR FFRL
PLRTIFRL P -5 B ISO/RTOEY 4 3 f A 5FRIHR > T35
B¥p AL (MAPE) (i % % 2 38R > 2 > Fla v A2 p
AR R R - MAPE A% i 4 71 35 BIAR AT
MISO § § 4 seernf fU3ERI1 15> d 3~4 A BBE § 973 b f §£
TRl TE > @ goarg e ¢ s R R 1T RS E]
e * L R g5 B2 98 2B FAE PRRIGFL
CEFARARE- PR FHELRP cBARLBREOL S £
EFf 37‘ AL i ISO A > kkienk B WIER AT ¥
LB oo pt o b A FIRRS L ISOmE R T2~ 5 P
TEAARE Eh TR ST REER O B REER S F o
MBOﬂﬁPﬁfﬁﬁKMﬂf}{ﬁﬁB4uhi%%%ﬁﬁ“ﬁ¢ﬁ
rf FOIERI(E L P L RTERIE 15 AL AT F)E AR B P

_}ﬁ;
=
n
IR
;

& - R % YAERI(E X L AT) o MTLF # 2 FRAC {r IRAC 4%
Ep AR @ﬁi%lié’ >33 (TSP) % &% %3 (Outage Coordination) -
Bab m@ﬁ%] % & (Available Flowgate Capacity » AFC)z + .14+
b2 > MISO B #-5 [ pF ~ 5 2 « &3k e MTLF 38 2 ) & Soiiedh 2 %
(System Data Exchange » SDX) -

MISO § *5giRls & Bib= chkih 2 (1) MISO @ * 4 g g ie
A £ A e AR (2) MISO g RN & LBA R 2 e
FEiRl e MISO {1* %k p MISO # RN chf RzbenfFd f £ T o f %
TR s B MISOLBA & 4 f §“5fipl> B #r i * chy G#cdp 2 - o3k

BRECBE RG-S 2R E AR U F Rk hiR o X FAEHRT



Wl F RRAFERF R E > MISO R FEAFEZ L f R
WALE R FRIRAEE - AL B E YT LBA B FRRIRAr o A
2 MISO BA i suf §L35 R « LBA 3 2 e §L5E R % * 1F MISO
A4 g fORRE oA Rk B

MISO p = # # § §43gRI(MTLF ) % inf2 4o B 4-23 #7771 - MISO
g EPELREREL MR- P ER GEYS
1000~2000MW/°F »MISO p # & * = £ #ic#llie (7 f § 37 p] 4o B] 4-24
OE

I Itron Day-ahead Forecast I

I Similar Day Load & Temperature I

Y

Compare Temperature of Next-day
With Similar-day

Check for Each Hour

If two
temperature
same?

Whether the load difference is reasonable
based on temperature derivation

1000 ~ 2000 MW/°F

Eomorwi>

Yes

Adjust DA forecast
based on similar day
load and base day

; ﬁ' Adjust if precipitation

Present to control room
(shift manager)

B 4-23 MISO p # ¢ # § §4 38 |(MTLF) 1= ¥ 42
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Forecast method
Data Source

Forecast Performance
Manually Fixing
Bad/Missing Data
Maintenance
Frequency
Lagging issue
Efforts for
Adding a New LBA
Need MTLF as Input
Need Weather Forecast
Accuracy
(Mean Absolute Error)

Itron
Linear Regression

Oracle LF database
60 Seconds in Server

Yes

Everyday
No
1 Month

Yes
Yes

150 MW

Alstom
Neural Network

Habitat
8 Seconds in Server

Yes

3 Months
Yes
1 Month

Yes
No

190 MW

MISO
Ramp Rate
Oracle LF Database or
PI, Automatic Switch
2 Seconds in PC

No

No Regular
Maintenance Required
No

1 Hour

No
No

170 MW

B 4-24 MISO p % i¢ * = & f L3RRI 9o A 2 vt i

MISO :hj iFigipl# B 4 4 # iR s 4oF 4-25 “7 5
2007~2010 # T35 f fagplenErif 5t 97% 2 + - MAPE 2.3t
2% -

MISO Average Load Forecasting Accuracy 2007-2010

100% 5%

L
95% +
1 3%
90% +

T 2%

Forecast Accuracy

85% T

Mean Absolute Percentage Error

4 1%

80% F 0%

2006 2007 2008 2009 2010

[—JForecasting Accuracy ==C==NMean Absolute Percentage Error

® 4-25 MISO2007~2010 = 35§ L3Rl F R
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MISO Peak Load Forecasting Accuracy 2007-2010

100% 5%

1 4%

95% +

+ 3%

90% =+

+ 2%

Forecast Accuracy

85% T

Mean Absolute Percentage Error

T 1%

80% F 0%

2006 2007 2008 2009 2010

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

] 4-26 MISO2007~2010 4 =4 3 § 37 il i Fi B

4o 4-26 #7115 2007~2010 & = & § i TRRIEFE R 20 OT% 1

+ > MAPE 5] 3t 2% ; 4o B) 4-27 #7157 5 2007~2010 &% 2 § FART
B EFE RIS HE 98% 11+ > MAPE 35 1% =+

MISO Valley Load Forecasting Accuracy 2007-2010

100% 5%

=+ 4%

95% +

=+ 3%

90% +

-+ 2%

Forecast Accuracy

85% T

Mean Absolute Percentage Error

+ 1%

80% F 0%

2006 2007 2008 2009 2010

—Forecasting Accuracy === Mean Absolute Percentage Error

Bl 4-27 MISO2007~2010 =% # § §*3pRIhFF R
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L ~IEEEPES 2§+ s @@L i ¢ 408

108 # 8 " 2 p & & MISO eh%+3t3h 08 " 3 p s Iy 4+
W= 8" 4p~9p == %4 [EEE 2019 Power & Energy Society
General Meeting -

T T+ 148 ¢ (lInstitute of Electrical and Electronics
Engineers > i #is IEEE) > &5 - B2 21963 # 17 1 p (R"%E |2
RAHEET ARG 0 m AR T Rk F e R -
Fej kB AT BRFNA2 FHR - BT I L EFE fERE
Rafs a3t > m g 238160 5 BRRIET A ¢ 0 72 :E5 35
BEEXFEZ 2 BMEE - HE e F L I T8
FEyEL 0 300 K ek E €3k o
5.1 IEEE 2019 PESGM % #22 &3 € & | &

pw |[EEE A1 £ 12 &% Flex DR -2 HT 1
fPE e 5 2R yT 4 K AhEEHL | € % 4L ¢ 3k (Power & Energy
Society General Meeting > #j #- PESGM)» 7 # 8 " 4 p~8 " 8 p &
LW~ (Atlanta)z # 58 5 xehR 4 k@ H LR ¢ L3¢k A

€ REEH 4000 A FAv o RmARRG A0 R 51 A7

52



4 5-1 |IEEE 2019 PESGM % 4743

Day Time Event / Sessions
Registration / Information
All Day
Sunday Committee Meetings, Tutorials
(August 4) PM New Attendees Orientation
Evening | Welcome Reception at the Georgia Aquarium
All Day | Registration / Information
PES Members Meeting
AM
Plenary Session
Monday
Committee Meetings, Technical Session, Technical Tours
(August 5) PM
Tutorial
) Committee Poster Sessions, Fellows Reception, Candidates
Evening
Meet-and-Greet
Registration / Information
Tuesday AllDay | Super Sessions, Commitiee Meetings, Technical Session,
(August B) Technical Tours
Evening | Awards Dinner and Ceremony
Registration / Information
Committee Meetings, Technical Session
All Day
Plain Talk Course (co-located event, separate registration
Wednesday required)
(August 7) MNoon Student / Industry / Faculty Luncheon — Ticket required
PM Student / Industry / Faculty Job Fair
) IEEE PES Women in Power MNetworking Reception, Young
Evening ) ] ] .
Professionals Seminar and Metworking Reception
Registration / Information (until 12:00 PM)
AM
Tutorial
Thursday
Committee Meetings, Technical Session
(August 8)
AllDay | Plain Talk Course (co-located event, separate registration
required)
Friday
All Day | Committee Meeting
(August 9)

L {8 ¢ 3k | 2 (Panel Session)x 5 23 B/ 2> LRI F R i7

77 33 4 s B4R AL I3t 3 o 4o'iték 1 #1o1 > Panel Session

1.~ #cdp ~ 17 (Big Data Analytics)
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2.3+ 5 % 4 472 2 (Computer Analytical Methods)

3.fie & % kus 17 (Distribution System Analysis)

4 .5F i % Fi(Intelligent Systems)

5.7 #.4¥7 k% 4 +7(Reliability and Risk Analysis)

6.7 5z | % ¢ & (Administrative Panel Sessions)

T 1% 1%+ (Electric Machinery)

8.t B 7% 22 ¢ 7 (Energy Development and Power Generation)

9.¢% st fv# =% » (Energy Storage & Stationary Battery)

10.3» » 2.4 ¢ (Local Organizing Committee)

11. PES 4 s ¢ :2(PES Super Session)

12.% + & i # 5 (Power & Energy Education)

13.% 4 % s i (i (Power System Dynamic Performance)

14. 7 4 & ik % 22 p] & (Power System Instrumentation and
Measurements)

15.% 4k Suikzk 7 2 f- 4] (Power Systems Relaying & Control)

16. 57 R ¢ i@ ¢ -] =24 R ¢ (Bulk Power System Operations
Subcommittee)

17. e & 4 S08 ¢ {03+ 41/ 24 A ¢ (Distribution System
Operation and Planning Subcommittee)

18. % 4 g &g ] =24 f ¢ (Power System Economics
Subcommittee)

19. % w2 gl &7 =24 R ¢ (Distribution System Operation and
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