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US electricity markets organizations birth

* 1996: FERC Orders 888 and 889

—barriers to competitive wholesale markets may exist and
must be removed

—allow utilities to recover costs associated with providing
open access to transmission grid

—concept of an Independent System Operator to satisfy the
requirement of providing non-discriminatory access to
transmission

-OASIS

* 1999: FERC Orders 2000

—encouraged the voluntary formation of Regional
Transmission Organizations to administer the transmission
grid on a regional basis throughout North America
(including Canada)
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Regulatory structures

« US electricity utilities are regulated by both federal and
states regulatory agencies

—FERC regulates wholesale electricity markets and interstate
ISsues

» Market structures, transmission planning and cost allocation,
bulk power grid reliability (through NERC)
—State utility commissions regulates everything else

* Distribution rates, supply rates in integrated states, conditions
to procure electricity in deregulated states

* In regulated states, utilities are vertically integrated and
prepare integrated resource plans to serve their load.
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RAEDHA,

FERC: Federal regulator

FERC

FEDERAL ENERGY REGULATORY COMMISSION

DOCUMENTS & FILNGS ~ INDUSTRIES ~ LEGAL RESOURCES  MARKET OWERSIGHT  EMFORCEMENT
About FERC ** Owerview of FERD
Overview of FERC TERT SIZE

Printable Yersion

The activities of the Federal Energy Regulatory Commission {Commission) are arganized under

Electricity (http:fumnferc. gowindustriesfele ctric. asp)

® Regulation of wholesale sales of electricity and transmission of elactricity in interstate
commerce,

® Cwersight of mandatory reliability standards for the bulk power system,

® promotion of strong national energy infrastructure, including adequate transmission facilities,

® Regulation of jurisdictional issuances of stock and debt securities, assumptions of obligations
and liabilities, and mergers,

2 Wholesale Power Markets: Mational policy for many years has been, and continues to
be, to foster competition in wholesale power markets, In fulfilling itz responsibilities
related to that national policy, the Commission relies on the dual approaches of
regulation and competition,

Web site: http:fwww.ferc.gow/industries/electric/indus-act/competition.azp
Point-of-contact: Ruszell Profozich - 202-502-6478

O mMarket-Based Rates: The Commission grants market-based rate authorization for
wholesale sales of electric eneray. capacity, and ancillary services, A= a condition of
market-based rate authaority, the Commizssion requires, among other things, certain
restrictions gowerning the relationship between a market-requlated power sales
affiliate and its franchized public utility affiliate with captive custamers,

Web site:_http:fwww.ferc.gowfindustries/electric/gen-info/mbrasp
Point-of-contact: Thomas Hoar — 202-S02-6401

© Demand Response and Advanced Metering: The Commission's policy iz to facilitate
the participation of dermand response in organized wholesale power markets, Amaong
other benefits, demand response helps o hold down wholezale prices, increases
awareness of energy usage, provides for more efficient operation of markets, mitigates
market power, and enhances reliability,
Web site: http:fwww.ferc.gowfindustries/electricfindus-act/demand-response.asp
Point-of-contact: David Kathan — 202-5S02-6404

O Electric Reliability: The Commission oversees the development of mandatory
reliability and zecurity standards, The Commission monitors and directs the Electric
Reliability ©rganization to ensure compliance with the approved mandatory standards
by the uzers, awners, and operators of the bulk power system,

Web site: http:Ywww.farc.govfindustriesfelectricfindus-act/reliability.asp
Point-of-contact: Keith ©'Meal - 202-S02-8600

O Transmission Investment: The Commiszion promotes the development of a strong
national energy infrastructure, Toward that end, the Commission has established rules

+r halotavinnactmant in the natinn's francrmizsinn infrastmetiva and fa nearnta

Enter Search Term(s): |

|[ Search ]

industryprogram areas. The Commission's main industnprogram areas are summarized helow:
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US territory is not fully deregulated

ISO
New England

- New York 1SO

Cadlifornia
SO

Electric Re|ic1bi|i|'y
Council of Texas

o
!D.‘PT[’J COUNCIL

Introduction w US eleCUICILY INAIKELS - LO/LLIZULS — F [
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US ISO/RTO history

ISO/RTO

ERCOT
PJM
ISO-NE
CAISO
MISO
NYISO
SPP

1996

1997 (pool since 1927), RTO (2001)
1997 (pool since 1971), RTO (2005)
1998

1998 (became RTO in 2001)

1999

2004 (became RTO, pool since 1941)
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Bom

Country: US

Installed
capacity: 183
GW

Peak Load:
163 GW

Transmission:
62,500 miles

Market
Participants:
750+

# of customers
served: 61
Millions

Network model
size: 15,000
buses

# of generating
Units: 1,300+

7}
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2013 - EKPC joins

2011 - ATSI and CPP join PJM

2005 - Duquesne Light and Dominion joined PJM

2004 - American Electric Power (AEP),
Commonwealth Edison and Dayton
Power & Light joined PJM

2002 - PJM integrated Allegheny Power's five-state
transmission system into the PJM system

2001 - PJM became the nation's first fully
functioning RTO

1997 - FERC approved PJM as the nation’s first
fully functioning ISO

1996 - PJM launched first Web site

1993 - PJM Interconnection Association formed

1981 - ACE and DP&L join

1968 - PJM completed its first Energy Management
System (EMS)

1965 - PEPCO joins

1962 - PJM installed its first online computer to
control generation

1956 - PJM formed - BG&E and GPU join

1927 - PA. - N.J. Interconnection is world's first
continuing power pool
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Midcontinent ISO - MISO

Midcontinent ISO — Market Area
Country: US

Installed
capacity: 132
GW

Peak Load:
98,5 GW

Transmission:
65,787 miles

Market
Participants:
360+

# of customers
served: 48
Millions

Network model
size: 43,000+
buses

# of generating
Units: 1,270+
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Two settlements system

Two markets: day-ahead, real-time

« Day-ahead Market

—develop day-ahead schedule using least-cost security
constrained unit commitment and security constrained
economic dispatch programs that simultaneously optimize
energy and reserves

—calculate hourly LMPs for next Operating Day using
generation offers, demand bids, and bilateral transaction
schedules

* Real-time Energy Market

—calculate 5 minute LMPs based on actual operating
conditions as described by State Estimator

—actual financial settlement performed on hourly integrated
LMP
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Locational Marginal Price - LMP

LMP = Locational Marginal Price

System Energy
Price

Transmission

Congestion
Cost

Cost of Marginal
Losses

Represents optimal
dispatch ignoring
congestion
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Overall process timeline

48 Hours

168 Hours

168 Hours

Day 1

RUC

10:00 14:30 OH-1 Operating
Hour
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Day-Ahead Scheduling and Commitment Process

Current Operating Day Next Operating Day

l
Day-Ahead Market ClosesI I
Begin DAM Studies I
I

DAM Results Publishgd DAM Day-Ahead Market
to Market Participants DARUC Day-Ahead Reliability Unit
Commitment

Begin Reliability
Commitment Studies I

Notify Participants
of Reliability Commitments
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Day-Ahead market

"DA"Market
Resource
Offers: Energy
and OR

Cleared Energy & OR
Offers
Cleared Transactions

DA Market
Demand Bids

DA Market
Transactions

Cleared Energy Bids:
Virtuals &
Demand

Resource
Outage
Notifications

Operating
Reserve
Requirements

DA LMP and MCP

Virtual Energy
Offers and Bids
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Day-Ahead Market Features

« Co-optimized energy and ancillary services market

* Inputs:

—-Demand bids and virtual bids as load
—Historical load distribution
—Qutages and overrides

» Outputs:

—Commitment plan for each resource

—Dispatch MW for each resource for each hour

—Reserve assignment MW for each resource for each hour
—Energy price at each price node

—Ancillary service prices for system and zonal products
—Contingency analysis to ensure network security
—Supports study-specific outages, constraints, limit overrides
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Day-Ahead Market Clearing

Bid in Load and Operating Reserves

Self Committed Resources
(Day Ahead Input)

Hour

Introduction to US electricity markets - 16/12/2013 — P 19

© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.

ALSTOM



Reliability Unit Commitment

“"RT Market
Resource
Offers: Energy
and OR

DA Confirmed
Import, Export &
Interchange
Transactions

Resource Commit /
De-commit Schedules

DA Resource
Commit
Schedules

Resource
Commitment/
Regulation
Notifications

Resource
Outage
Notifications

Operating
Reserve
Requirements

Fixed Interchange
Transaction
Curtailment
Notification

Forecasts
(Load & Wind)
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RUC Clearing

Bid in Load and Operating Generation committed “

Self Committed Resources
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Real-Time Dispatch Process

Current Operating Day
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Real-Time market

RTBM Resource
Offers

Resource
Energy / OR Dispatch

Real-time
Transactions

resource and
load MW from

Resource
Energy /OR
Notifications

network
topology and
constraints

Operating
Reserve
Requirements

Real-time LMP and
MCP

Forecasts
(Load & Wind)
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Real-Time Market Features

» Co-optimized energy and ancillary services market

* Inputs:

—Current network state (state estimator)
—Short-term load forecast (STLF)

» Outputs:

—Target dispatch MW for each resource

—Reserve assignment MW for each resource

—Energy prices at each price node

—Ancillary service prices for system and zonal products

« Up to 6 simultaneous demand forecast scenarios
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General Control Application

IT-SCED

demand trajectory, generator loading strategy, CT commitment

75

RT-SCED

final dispatch contour, pricing, |

10

\/ \/
Current Operating Plan (COP)

generator dispatch range & sequence solution

regulation signals WWW.pjm.com
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Industry driver for Market Management Systems (MMS)

applications

IT Architecture
& Services
Flexibility (rules,
BPM), modularity

Transparency &
Auditability

x Cyber-Security

Business Model
Change
New regulation

L
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System reliability
Ensure financial contracts
translates flow safely

A

Renewable
integration

-
under severe Supply /
Constraints

Social Welfare
Minimize electricity
costs for end users

Resource adequacy

Make sure enough
capacity is built

System Scalability
Distributed Energy
Resources
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High level architecture

Market
Information
System

Renewable
/Load Forecast

Market
Operator
nterface

Outage
Scheduler

: : ENTSO-E
Commercial Market Clearing Network business

Model Engine security modules

Enterprise Service Bus

Modeler Billing/Invoicing
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High level MMS architecture

+* Market Middle-tier Services

Market

**Market participant User e ol e
Interface and services (MUI)

Market Middle-tier

“* Market Operator Interface
(MO|) DSPD

(Optimization)

“*Market Clearing Engines
(MCE)

Constraint

MKTNET
(network
security)
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MMS Middle-tier Services — Market Control
Business Process Management (BPM)
|

“Configurable Workflow
Framework T

<*Automated Scheduling of e
Market Case studies

“*Workflows can be tailored to 5, o
specific customer business o
IOgIC Run DSPD

O:OAdd Itlonal Custom Code Can Import DSPD thread RSN -
also be added to the i i
workflows

<<Node>=

0:0 C a” S Can be made to @WaitforScenariostoComplete
arbitrary customer systems o
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User interface examples: Dashboard

€3 A - APF - Tested 09-02.1 - VMDemo - Case Inputs - DA Dashboard

= B o)

File Edit Admin Tools Standing Data Workflow Controls Caselnputs Dispatch RMT Case Solutions Reports Window Help Popup ALSTOM
HEO DS L %R e ®RTM @DAM @DAILY @HOURLY @ID_RUC @DARUC @LAD Messages
VMDemo : Case Inputs : DA Dashboard
A DA Dashboard | - %
fooltray M Auto Approve Market_ Pend: Constrai S HEeE Behavior DAMET
Case Selection | Execute d 20-5EP 20c_ls°Es:_]_ Trans nt VRL 0 RR VRL CAPWRL D& Emer nt 2Bsirld REGDM REGUP SPIMN SUPP ion:ll: Test Approved
i~ Case Selection

From sept-20-2013 00:00 -
To sept-22-2013 00:00 - Min LMP
Types All Cases -
Show |Case Mame -
Filter

Auto select latest case

- Cases
= DAM

DAM_2013_9_20_0_0_EAJ

r Operating Area for DAM 9/20/2013 00:00
20-sept. 20-sept.
00:00 01:00

20-sept.
03:00

20-sept.
04:00

Chart | Grid

Min LMP (Resour

i~ Case Detail
ID: 19010020130919230000067
DAM 9/20/2013 00:00
Dram

Case Name:

Case Type:
Case State:

o

Approved Override Summary Commitment Deviations

Start Interval: sept.-20-2013 01:00

End Interval:
Completed:
SFT:

sept.-20-2013 24:00
sept.-19-2013 23:09
Yes

| Case Control Operations |

Select Case

Compare Cases

Predefined Filter

Column Filter

Global
Global
Global
Global
Global

20-sept.
00:00

20-sept.
01:00

20-sept.
02:00

serve Requirement
Resource Ramp Ra
Resource Schedule AS Hourly
Resource Schedule Daily
e Schedule Hourly

20-sept.
03:00

20-sept.
04:00

20-sept.

05:00

I'\-’Ideldsr‘r‘o:'-."MDEmG@E:r‘r‘Sldemo| 211942

ESCA

5

-20-2013 01:39:32 PDT

ALODITUM




User interface examples: Commitment radar

€ A - APF - Tested 09-03.1 - VMDemo - RMT - Commitment Timeline
File Edit Admin Teools Standing Data Waorkfl Con s ) < U Window Help Popup

= N

dar

2 porR 50 mw ]
mEc:-r\-ii'J

1

10 EcoMin

en 20 Mw
10 Econmin

i« 450w
250 EcoMin
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Demand response in electricity markets

v 4

Estimated Demand Response in PJM: September 11, 2013

6500 403
6000 mmEmergency DR 372
5500 mmE conomic DR 341
5000 ——PJM Eastern Hub LMP 310
4500 —PJMRTOLMP 279
= 4000 248
2
"g 3500 217
@
o= 3000 186
=
= 2500 155
2000 124
1500 93
1000 62
500 31
0 0

1 2 3 4 656 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Notes: Hour
Registered Emergency DR Amounts adjustedfor RPM Committments (d o not represent actualenergy reductions).

LMPs includedto represent energy market conditions on the operating day and not a relationship between dispatched DR and pni
Actualloadreductions are notfinalized untif up to 3 months after event.

Source: http://www.pjm.com/~/media/markets-ops/demand-response/pjm-hot-days-reports-for-20130910-20130911.ashx
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SPP Integrated Marketplace: last RTO moving to nodal

|
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|
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© ALSTOM 2013. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited



Some recent topics

« Market seams coordination: e.g. PIJM, NYISO, MISO

» Alignment between Gas and Electricity markets (e.qg.
Introduction of hour-ahead market at ISO-NE)

» Day-Ahead case re-run (driven by FERC)
« Capacity markets

 Stochastic optimization
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