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ELECTRIC POWER
RESEARCH IMSTITUTE

Taiwan Power Company Visit to EPRI

Preliminary Agenda

Monday-Thursday, December 10-13, 2012

EPRI Attendees: Tom Wilson, Vic Niemeyer, David Young, Steve Wan (contractor)

Contacts: Tom Wilson — twilson@epri.com. 650-799-0340 (cell phone)
Vic Niemeyer — niemeyer@epri.com, 650-245-1214 (cell phone)
David Young dyoung@epri.com, (650) 308-6664 (cell phone)

Monday, December 10, 2012

Time Topic Speaker
9:00 AM Introductions EFRI/TPC Staff
9:15 Taiwan Energy and Climate Policy Update and
TPC Interests in Electricity Deregulation Shao-pin Hung
9:45 EPRI Climate Program Update Tom Wilson
10:15 Break
10:30 Discussion of Taiwan REGEN 3E Model — Current Status
and First Iteration Macro Model Results David Young/Steve Wan
12:30 Lunch All
1:30PM 2012 GHG Emissions Offsets Research Progress Adam Diamant
2:30 PM Discuss Next Steps for Energy-Economy-
Environment Modeling Vic Niemeyer/David Young
3:00 PM ADJOURN
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Tuesday, December 11, 2012

The New U.S. Role in

Global Fossil Fuel Markets

8:00am to 5:30pm
Bechtel Conference Center, Encina Hall
Stanford University
616 Serra Street, Stanford, CA 94305

Wednesday, December 12, 2012

Time Topic Speaker

7:00 AM Depart Hotel for California ISO Tour EPRI/TPC Staff

10:00 AM Tour California ISO

Clyde Loutan, Senior Advisor - Renewable Energy Integration, Market Analysis and
Development

Shucheng Liu, Principal, Market Development, Market Analysis and Development

12:00 PM Lunch

4:00 PM Return to Hotel




Thursday, December 13, 2012

Time Topic Speaker
9:00 AM Discussion of TPC’s Interest in Electricity Deregulation ~ EPRI/TPC Staff
9:30 AM Overview of Deregulation in the U.S. and the Formation of 1ISOs
Bernie Neenan

11:30 PM Overview of the New Zealand experience with Electricity

Deregulation David Young
12:30 PM Lunch
14:00 PM Discussion of TPC’s internal bidding mechanism Robert Entriken
17:30 PM Adjourn
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The view from 2012 U.S. Natural Gas Production, 1990-2035
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Demand: Calm Before A Storm |

US gas consumption has not grown With rising domestic production, the United

signiﬁcantly since 2000 States become a net exporter of natural gas
A A ) Figure 106. Total U.5. natural gas production,

Domestlc Consumptlon not keeplng consumption, and net imports, 1990-2035

(trillion cubic feef

up with increasing production, and
absent changes by 2020 the US will
become a net exporter

a0 History 2010 Projections

Net exports, 2035 5%

25

But consumption of gas is growing

faster than other fuels, and the IEA /\M S
predicts that by 2030 gas will 2

overtake oil as the largest fuel in the /"‘A\/

US energy mix

Domestic production|

~
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Source: EIA, Annual Energy Outlook 2012
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The US in the Global Coal Market

(US is Saudi Arabia of Coal and China is not far behind)

Figure 5.6 World hard coal reserves by country, end-2010
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Russia
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Note: Classification and definitions of hard and brown coal can differ between BGR and IEA due to different
methodologies.

Source: BGR (2011)

Source: |EA, 2012
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The Declining Role of Coal in US Power Sector

Share of total net generation by fuel type Net generation by select fuel types
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In April 2012, Coal and Natural Gas Each Provided 32% of Total US Generation
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China was Net Importer in 2009 and 2010

Tmports

Monthly Imports (Million Metric Tons)
=

Chinese imports of 126 mt were approximately 15% of the seabome market in 2008
2010 imports are 160 mt
*But China produced 3.3 Bt of coal in 2009 - it doesn’t “need” the imports
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- Contingency reserves * Minute distinction — time for generation
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pickup) in response to a contingency that
+ 30 minute non-spinning threats system reliability

+ 30 minute spinning
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& California ISO

Introduction to the California ISO
Markets

Shucheng Liu, Ph.D.
Principal, Market Development

December 12, 2012

Wikipedia says...

An ISO is an organization formed at the direction or
recommendation of the Federal Enerqy Requlatory
Commission (FERC). It operates a region's electricity
grid, administers the region's wholesale electricity
markets, and provides reliability planning for the
region's bulk electricity system

&% Califormia 15O Slide 2
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o ISO/RTO Council

The California ISO is one of
10 independent

system operators/regional
transmission

operators (ISOs/RTOs) in
North America.

& Colifornia 1O Slide 3
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Organized markets of North America
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California ISO by the numbers

» 58,246 MW of plant capacity

= 50,270 MW record peak
demand (July 24, 2006)

» 30,000 market transactions/day

= 25,865 circuit-miles of
transmission lines

Elacwic
wmritory

= 30 million people served

* 286 million MWh of electricity
delivered annually

* 80% of California served by the
ISO

= 35% of the load in the West

& Californio 1SO Slide 5
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Who oversees the CAISO?

e
HEERN deRERRENEEE
HEEE

We are governed by a governor appointed/
/ Senate confirmed Five Member Board

— We are regulated by
‘ FERC Federal Energy Regulatory Commission

= We are compliant with
\ NERC North American Electric Reliability Corporation

We are part of
WECC Western Electricity Coerdinating Council

& Colifomia 150 Slide 6




" The CAISO has three basic functions.

&5 California 150 Slide 7

.........................
IIIIIIIIIIIIIIIIIII

& California ISO

Overview of Markets, Products, and
Prices



Markets

« Day-ahead markets
— Integrated Forward Market (IFM)
— Residual Unit Commitment (RUC)

* Real-time markets
— Hour-Ahead Scheduling Process (HASP)
— Real-Time Unit Commitment (RTUC)
— Real-Time Dispatches (RTD)

&> Califarnia 150 Slide 9
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Products and services

« Energy

— Physical supply and demand

— Virtual supply and demand (convergence bids)
Ancillary services

— Regulation-up and regulation-down

— Spinning and Non-spinning (contingency reserves)
Capacity

— Residual capacity

— Flexible ramping capacity

Others

— Congestion revenue rights (CRR or FTR) o iy

&> California IS0 Slide 10
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Prices

j, =
4

Pricing mechanism loas T cofL SO
— Marginal market clearing prices from co-optimization

Energy and capacity

— Locational marginal prices O — O g O 4 @

Ancillary services
— System-wide and zonal

« CRR
— Based on transmission path congestion-price costs

&> Colifornia 150 Slide 11

California 1SO

Shaping a Rans=sd Fules

Day-Ahead Markets




Day-ahead markets

Set schedules for the next trading day
- Hourly schedules for tomorrow

Consist of two processes
- IFM and RUC

» Procure energy, ancillary services, and capacity products
— IFM: energy, ancillary services, and flexible ramping capacity ' |
— RUC: residual capacity '

' i

P rapaita pi

Determine value of CRRs
— Based on congestion costs on transmission paths

g FE[-..‘. S an dan —ahe s 2N
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Day-ahead markets — IFM
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* Co-optimizes energy, ancillary services, and capacity
— Physical energy bid-in (elastic) demand and supply
— Virtual energy demand and supply
— Regulation (up and down), spinning, and non-spinning
— Flexible ramping capacity

* Determines hourly schedules and prices o s

— Commitment and dispatch schedules for the 24 hours

— Prices for energy, ancillary services, and flexible ramping
capacity

— CRR value based on IFM transmission congestion costs

&» California 1SO Slide 14
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lllustration of energy supply and demand equilibrium in
IFM A

Bid Price
($/MWh] |

&5 California 15O Slide 15

Day-ahead markets — RUC

Procures residual capacity for real-time markets
— Based on submitted capacity bids and forecasted load

« Commits long-start units that are not committed in IFM

« Treats IFM energy schedules, AS and flexible ramping
capacity awards as self-scheduled supply
— No capacity payment to the “occupied” capacity

» Excludes virtual bids

— All physical capacity bids to ensure sufficient supply in real-time
markets

&5 Califarnia 15O Slide 16
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lllustration of capacity supply and demand equilibrium
in RUC

Bid Price
($/MWh)

o - L L
¥ Capoch
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Day-ahead market timeline

g

an

Day-ahead market

T« T days* T-1, 10:00 T-1, 1300

‘ul _1|||

¥ 5

L 5 i
{ g

* Day-ahead market opens 7 days befare the trading day
and closes at 10:00 am the day before the rading day

&> California ISO Slide 18




Real-time markets

» Consist of three processes
— HASP, RTUC; a:=_md RTD

« Set séﬁédules for shorter intervals of the trading day
(today)
— HASP - hourly, RTUC - 1_5-min. F{TEI} = rﬁjlmin _ nYh &

» Procure incremental energy and ancillary services as
needed

— HASP and RTUC: energy and ancillary services
— RTD: energy only

& Califoria 150 Slide 19
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Real-time markets — HASP

« Co-optimizes energy and ancillary services
— Co-optimization is for the whole system (internal and external)

— Only import and export of energy and ancillary services are
binding

« Determines schedules and prices for the next hour
— Import and export schedules
— Prices for energy and ancillary services

* Runs hourly
— Market closes at t-75'
— Results post at t-60°

& Colifornia 15O Slide 20



Real-time markets — RTUC

» Co-optimizes energy and ancillary services for the next
15-minute interval
— Procuring incremental ancillary services from internal resources
— Producing non-binding energy dispatch schedules

+ Commits fast-start and medium-start units
— With start time < 5 hours

* Runs every 15 minutes for multiple 15-min intervals
— Bids are from HASP process
— Run starts at t-22.5'
— Results post at t-15

& California 1SO Slide 21
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Real-time markets — RTD

» Dispatches generation to meet load for the next 5-minute
interval

— Flexible ramping capacity and RUC residual capacity is required
to bid in as supply

— Capacity with IFM energy awards may submit bids to change
their schedules

= Ancillary services are set aside unless a contingency occurs

* Runs every 5 minutes
— Bids are from HASP process
— Run starts at t-7.5'
— Results post at t-5’

& Califarnia IS0 Slide 22
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lllustration of capacity supply and demand equilibrium
in RTD

Bid Price
(5""%} Forecasied
Lood
s e My e L N S e fu e e R
MOEaE -
Supply Curye
Enil-Schaeduled I
Supply
. -
Ssp 2D 3. +Dsp [ '
MW
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Summary of market timelines

Day-ahead market
T-7gays 10:00 1300 o
\ subma
/ Bids /
/ 4

Triggers the

Real Time

Market
Real-time market
T-1 affer 13:00 T-TEmin M;ﬂﬂ|:mﬁ ol i
L} ] ; = -
L4 Submit Recoive ¥ .

4 Instruction R

| il
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Summary of markets and products

Flexible | Residual
m s | ol S| o |
v v

Day-Ahead
RUC v
Real-Time HASP v v
RTUP v
RTD v bl e
Other v
" Energy includes both physical and virtual.
mﬂmmhmmpmwmwmm i [ateyts
s usedin Real-Time market. NP P
& Colifomin 15O Slide 25
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Overview of U.S. Wholesale Electricity Markets

Draft Final

EPI2 | keserrcn smiure

Presentation to
Taiwan Power Corp
December 13, 2012

Dec 13

Bernie Neenan
Technical Executive
December 13, 2013

Agenda

I. Evolution of Electricity Markets 3-7
10:00— |l Market Design Fundamentals o1y
i e Capacity :
10:00 18-31
e Energy :
am . ~ 32-39
e Ancillary Service
e Financial Transmission Rights 40-48
11:00 - . ]
e Discussion & Break
11:15
I1l. Current Policy Issues
D 44-45
11:15 — e Scarcity Pricing
e Renewable Integration 46-48
11:45
e Smart Grid Technology 49-53
e Demand Response 66-72
11:45 - i .
e Discussion
Noon
Noon e Adjourn
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Evolution of U.S. Electricity
Markets

=PI | i

© 2012 Electric Power Research Institute, Inc. Al rights reserved 3

U.S. Electricity Markets — 28 years of evolution

PIM and - U.S.hEP/_Act Texas to
NYISO go issues EMPNASIZES — cajifornia  go nodal
U. K. X ; reliability and dal Dec. 1
Restructuring Ferc  odal Retal SMD renewables  2°0c° "9%3 ‘
. access begins NOPR in April
pr 1991 1ssues in some
U.S. EPAct Open regions Second
mandates Access California Northeast
wholesale Orders Energy Blackout
open access \ Cnsns
l ! ‘ | \/ ! | ' | I I ‘ ‘ | )
1990 ‘ 1995 ‘ 2000 ‘ 2005 2010

=PI | i
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Organized Electricity Markets in North America

Ten Independent System Operators (ISOs) and Regional Transmission Organizations (RTOs) serve 66% of
consumers in the U.S. and more than 50% of Canada’s population. See the ISO/RTO Council website:
www.isorto.org.

U.S. Data for 2008*

= Summer Peak Demand = 744
GW

= Installed Capacity = 909 GW

Alberta Electric
System Operator Midwest 15O

Ontario Independent
Electricity System Operator

/ New Brunswick

System Operator

= Electricity Consumption =
3.9 million GWh

i

r 1SO New
- 2 IQ ’\\ England
- VER"  NewYork|so
>
Vo pu 7 pim
California ISO ! Interconnection
Electric Reliability Southwest IRC
Council of Texas Power Pool RIS
*Source: http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfilees1.pdf PRy
ErPRI | s,
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Independent System Operators/Regional
Transmission Organizations

* CAISO - California Independent System Operator
* ERCOT - Electric Reliability Council of Texas
* ISO-NE - Independent System Operator — New England

* PJM — PJM Interconnection (formerly Pennsylvania, New
Jersey, Maryland power pool)

* MISO — Midwest Independent System Operator
*NYISO — New York Independent System Operator

* SPP — Southwest Power Pool

EPISI | e in
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Summary of U.S. Industry

» Competitive wholesale markets serve the majority of
customers (~66%) in the U.S. and are here to stay

« Market designs continue to improve and energy markets in particular
are converging on main design features

* There are no credible proposals to eliminate or roll back structured
wholesale markets

< Monitoring their performance, however, remains an ongoing priority
* Retail competition in some states was suspended after the
California energy crisis

e Some states are now considering opening selected retail markets to
competition

* Result, US is a mix of idealized model components

ErPR | i,

© 2012 Electric Power Research Institute, Inc. Al rights reserved 7

Market Design Fundamentals

A. Capacity Markets
B. Energy markets
C. Ancillary Services
D. Financial Transmission Rights

EPRI | s
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Different types of markets operate in different

time frames

= Under the vertically integrated model, engineering, economic
planning, system operations are closely linked over time.

= However, a market can contain one or more of the components

© 2012 Electric Power Research Institute, Inc. Al rights reserved

Capacity Adequacy

» The capacity adequacy requirement
establishes the stock of capacity that
will be available for the coming planning

period

» Usually defined in terms of forecast
maximum demand
» Based on a target level of desirable reliability

» Typically 116-118% of maximum demand
» Reflects one-day-in ten year reliability criteria

» Capacity is added until the likelihood of an outage
is reduced to one outage every ten years

* Does not prescribe the mix of
generation technology, or ensure the
optimal mix is available

© 2012 Electric Power Research Institute, Inc. Al rights reserved

10

£ Capacity Markets Energy Markets Aol
Q a
§ \ Services
& Years \
- 2 Months Day-
c 5 - System : Y In-day
a5 Planning =Operational Ahead
o O Planning . = Dispatch <15
e % « Scheduling TS
© T
LL
® _—
E T
'_
=Err2l

Adequacy Example

» Forecast peak
demand = 33,000
MW

* Adequacy
requirements =
116%

¢ Capacity adequacy
= 38,220 MW

=rre2l



Capacity Adequacy is driven by the value of
reliability

* Reliability is important to consumers

e Qutages result in costs

* Inconvenience (residential) Value of Lost Load

» Added production costs (commercial, *VOLL defines the
industrial) cost of an outage to
» Meeting load reliably consumers
« Individual units have availability rates of =Estimates vary by
80-95% o Customer type

¢ The collective availability (reliability)
reflects the constituent units’ availabilities

* Need to have a reserve stock of generation
to cover contingencies 0 $.05 - $5.00/kWh (US)

* Very high demand
« Unit unavailability's

o Time of day

o Duration of outage

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 11

Capacity Market Design Alternatives

e Locally Administered Capacity Attainment — capacity adequacy level
is determined by state regulatory bodies or by local market operators

* Wholesale Light — ISO/RTO leaves meeting reliability standards up to
states and the utilities, assists by organizing regional processes for
establishing ICAP requirements

e ISO/RTO Administered Capacity Attainment- ISO/RTO establishes
and administers capacity requirement attainment by LSEs
e Centralized Capacity Procurement
— ISO/RTO procures the ICAP requirement for the entire market
— Allows for self supply

= All the models are used in the United States

= England began with ICAP light and now has a variation on
ISO administered

= New Zealand and Australia commenced with ICAP light
and still operate that way today

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 12



Comparison of Central Installed Capacity
(ICAP) Market Features — PJM vs. ISO-NE

Feature PJM ISO-NE

Annual, winter and summer

Capability Period distinction in supply

Same

Commitment Horizon,

Commitment Period 3 years/1+ Years Same

Single product auction — by Auction — by zonal

Procurement zonal requirement requirement
Demand Curve Yes, with CONE 1.5 None
Demand R_e_sponse and Demand Response Demand response and
Energy efficiency energy efficiency
Financials CFDs allowed but must clear Same

auction
First procurement year 2010 procured in 2009 2011 procured in 2009
Other Features Surplus LMP earnings are Same

surrendered

CONE = cost of new entrant; CFD = contracts for differences; LMP = locational marginal

prices.
©2012 Electric Power Research Instute, Inc. Al righs reserved 13 ErPrRl|
Capacity Market Price Volatility
 Capacity adequacy is a fixed
amount CAP - Low
« But, capacity supply can vary gMw  CAP Demand
considerably _
] ) ) Pricepssssssssaass - CAP High
 Capacity market capacity prices Low Suppl
can vary considerably. Fluctuating
prices:
* Lowers the value of electricity to
consumers .
. . Price
* Increases uncertainty to investors and High Supply
raises generation costs

 Solutions Fixed MW

. . CAP
* Market inducements for more capacity

availability
*Demand response as a resource

© 2012 Electric Power Research Institute, Inc. Al rights reserved 14
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Overview of Key Wholesale Market Design
Features

1
Required Capacit

2007 Energy Market Features . B 1
Peak j| Reserves Markets I
Load Day- Real Ancillaryl 6 mos. - T3 1
Market GW* Zonal Nodal Ahead Time Services | 1 year years I

T
ISO-NE 28 v v v v 1 v |
NYISO 34 v v v v | v |
i |
PIM 145 v v v v I v I
MISO 113 v v v v I == !
1 regulation I

Zonal today; Nodal 5 Daily

ERCOT 62 market starts Dec 1 1 (balanced 1
2010 || schedules) 1
SPP 42 | v = e I
.| _regulation I

T
CAISO 50 v v v v | Stlatei P I

TQ%J ation —

*ISO/RTO Council,
*SPP has an energy imbalance market only.

***CAISO will procure capacity if there is a shortfall.

=2l | i

© 2012 Electric Power Research Institute, Inc. Al rights reserved 15

Criticisms of Centrally Administered Capacity
Markets

Criticisms of Original Design Remedial Market Solutions
0 yé?aﬂiﬁ?pacny market price v ICAP demand curve for deficiency
Y auctions
= Destabilizes revenues
= Promotes early plant v Impose longer capacity contracting
retirement, mothballing conditions
= Volatility spills over into energy
markets v Forward contract 2 or more years
O Short term perspective ' v’ Longer-term contracts, 2 or more years

= Deters generation investment
= Accentuates price volatility

U Reduces investor ;
confidence _ requirement
Forward, multi-year procurement

v
O Raises earnings requirements v' Cost allocated to LSEs based on
v

v'Centralized Capacity Auction
v ISO/RTO procures entire market ICAP

Q Early plant retirements coincident peak contribution

: q Can be resource-selective to achieve
O Non-optimal mix of _ balanced portfolio
resources

© 2012 Electric Power Research Institute, Inc. Al rights reserved 16



Advantages and disadvantages of centralized
capacity markets

Advantages Disadvantages
* Provides a transparent backstop « Increased complexity of the market
procurement mechanism for the design

system operator * Increased risk of design flaws (and

« Standardizes the capacity product their unintended consequences)

« Facilitates market monitoring * High costs to administer

 Provides greater liquidity and than a
bilateral market

« Particularly beneficial with active
retail markets with many small
retailers, and migrating customer
loads

Source: Johannes Pfeifenberger, Kathleen Spees, Adam Schumacher, The Brattle Group, “A Comparison of PJM's RPM
with Alternative Energy and Capacity Market Designs,” prepared for PJM Interconnection, LLC, September 2009, pp 1-4.

=rre2l
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Capacity Adequacy - Summary

» Capacity adequacy requirements determine the stock of
generation available to meet load on a daily basis

* Resulting stock may not fully account for system
requirements to meet load optimally (hour to hour)
¢ May not have the optimal mix of base load and peaking units

¢ May not provide optimal capability to meet ancillary service
requirements

* A variety of models are used to various degrees of success
 Other remedial initiatives

— Demand response (all ISO/RTOs, other markets)

— Scarcity pricing (NYISO, PJM, ISO-NE)

— Raise the LMP market cap (TX going to $6,000/MWH)

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 18



Market Design Fundamentals

A. Capacity Markets
B. Energy Markets
C. Ancillary Services
D. Financial Transmission Rights

— ELECTRIC POWER
:FE' RESEARCH INSTITUTE
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Energy Markets

Energy market prices reflect the level of forecasted demand and the
stock of generation available to meet that demand

Capacity Markets Ancillary

Services

Day-
Ahead

= Scheduling

Time Frame and System Functions

— ELECTRIC POWER
:FE' RESEARCH INSTITUTE

©2012 Electric Power Research Institute, Inc. Allrights reserved. 20
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Essential features of well-functioning energy
spot markets

« Effective rules and institutions to maintain grid reliability (frequency,
voltage, stability) and to facilitate market transactions
« Market design that integrates reliability operations with spot market
pricing
« Bid-based security constrained economic dispatch to procure energy and reliability
resources at lowest cost

* Energy market pricing that reflects the cost of congestion in different parts of the
system

« Energy and ancillary services jointly optimized
 Uniform price auctions (to encourage suppliers to bid their marginal cost)
» Nodal pricing to reflect congestion

« Liquid and efficient marketplaces
e Clear, stable rules and regulations
« Ability to transact at relatively low cost
« Variety of hedging and trading options (physical, virtual, financial)

=rre2l
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Day-Ahead Hourly Energy Market

« Establishes hourly market-clearing price for retail loads that
reflects the marginal cost of supply cost

* Locational-marginal prices (LMP) reflect transmission
constraints

e Location refers to geographic regions that reflect distinct
transmission constraints

» Generators bid supply offers

* Price

e Output

* Increments and decrements to output offer
* ISO/RTO forecasts load

» Market software solves for least-cost supply schedule

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 22
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Price Formation - Day-Ahead Energy Market

= Supply curve reflects

Inelastic . Supply 2
Demand .

LMP,
$/MWh :
Al
LMP, 3 I = Intersection of demand
) and supply defines LMP
g1
:' Supply 1 = Supply shortfalls cause
LMP; == = = = = = = = = — LMP to rise
LMP = Demand increases also
! cause LMP to rise
.
L, L, Load
=PI |

merit-order offers to
supply

= Demand curve is retail
load forecast

© 2012 Electric Power Research Institute, Inc. Al rights reserved

Day-Ahead LMPs — ISO-NE 2002

LMP

=

= Regimes portray
patterns in LMPs
based on ranges of
MW load

= Regimes 1-3 trace
out a sharply upward
sloping (inelastic)
supply curve (hockey

= Regime 4 suggests a
very elastic supply

stick)

curve

© 2012 Electric Power Research Institute, Inc. Al rights reserved

Load Served

24
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NYISO Day-ahead Prices January-June 2000

’ P $/MWH
April 30 L
169
112
56
Jan 1
0
0100 1200 2400
© 2012 Electric Power Research Institute, Inc. All rights reserves 25

NYISO Day-Ahead Prices June — December 2001

B ——
-

$/MWh

-I,-q-'-I,l_-
-“ﬂ -: .|

Lo s e e K B

1200
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PJM Summer Day-Ahead Prices 1999

July 1999 PJM DA LMPs

$500/MWH and higher

EPI2I | e i
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Key Issues in Day-Ahead Energy Scheduling

» Economic versus security constrained dispatch
* Forecasting hourly load
* Price distortions -- Market power
¢ Excessive price volatility
e Supply withholding
« Intermittent resources (wind, solar, pumped and run-of-river hydro)

« Jointly optimized scheduling of day-ahead energy and real-
time dispatchable operating reserves

« Participation of demand response resources
* Forecasting price-responsive load

EPI2I | e i

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 28
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Real-time Hourly Price Formation

* New prices are set each hour to achieve forecasted
supply/demand balances

» Market operates 30-60 minutes before each hour

» Updated supply forecast

* New supply bids from new generation not already
scheduled

» Spread (difference) between day-ahead and real-time
should reflect risks

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 29

Day-ahead and Real-time Market Integration

» Hourly spread = (real-time price,, — day ahead price;)

* A large spread (5% or more) indicates information
disparities that can reduce market efficiency

* It can also be the result of market speculation aimed at
manipulation

» Ways to reduce the spread

* Require all capacity adequacy resources to bid those MW into day-
ahead market

e Encourage price-responsive bidding (demand response) by load
serving entities

 Virtual bidding — allowing bids by speculators that settle on day-
ahead and real-time prices

ErPR | i
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Overview of Key Wholesale Market Design

Features
[ Required Capacit
2007 | Energy Market Features d pactty
Peak | Reserves Markets
LI ~
Load | Day- Real Ancillary 6 mos. - 3
Market GW* <onal Nodal Ahead Time |l services 1year years
I1SO-NE 28 | v v v : v v
NYISO 34 v v v 1 v v
PIM 145 | v v v : v v
MISO 13 | v v v I v state
regulation
1 Daily
ERCOT 62 1 (balanced
/ J 1 schedules)
spp a2 v I ste
regulation
CAISO 50 | v v v 1 state
i reﬁulatlon

*ISO/RTO Council,
**SPP has an energy imbalance market only.

***CAISO will procure capacity if there is a shortfall.

© 2012 Electric Power Research Institute, Inc. Al rights reserved 31

Energy Market — Summary

« Day-ahead supply curve is highly influenced by capacity
market

e Capacity adequacy level influences total number and capacity of
units available to serve load

* Requirement to bid all capacity adequacy MW into day-ahead
market links adequacy to economic efficiency

* Energy and operating reserve markets represent
alternative for generation bids

* Price differentials cause flexible resources to move back and forth
between the two day-ahead scheduled markets

e Can result in non-optimal use of specialized resources most
capable of providing operating reserve at least cost

» Two-settlement system promotes market efficiency
« Joint energy/ancillary service dispatch improves effciency

ErPRI | s

© 2012 Electric Power Research Institute, Inc. Al rights reserved 32
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Market Design Fundamentals

A. Capacity Markets
B. Energy Markets
C. Ancillary Services
D. Financial Transmission Rights

© 2012 Electric Power Research Institute, Inc. All rights reserved.

Ancillary Services

33

— ELECTRIC POWER
:‘:El RESEARCH INSTITUTE

Real-time scheduling of residual operating reserves requirements

— Capacity Markets

Time Frame and System Functions
A

© 2012 Electric Power Research Institute, Inc. All rights reserved.

Day-
Ahead

= Scheduling

Energy Markets

<15
minutes

34
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Categories of Ancillary Services

Cost Based
e Scheduling and control
* Black start
* Voltage regulation

Market Based
« Contingency reserves
» Energy imbalance
* Regulation

» Purchased from qualified
suppliers

e Payments based on
— Administrative rate formulas
— Negotiated contracts

« Eligible suppliers bid into daily
markets

* Must demonstrate capability
* Payments are
— market-clearing prices or

— shortage-based payments

Generally referred to as: Operating Reserves

© 2012 Electric Power Research Institute, Inc. Al rights reserved
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Operating Reserves - Functions

 Contingency reserves
* 10 minute spinning
« 30 minute spinning
» 30 minute non-spinning

4 Energy imbalance

U Regulation

© 2012 Electric Power Research Institute, Inc. Al rights reserved

» Minute distinction — time for generation
to reach its bid level of output

« Intended to be dispatched (reserve
pickup) in response to a contingency that
threats system reliability

* Respond to ever-changing energy
demand levels

« Instructions to raise or lower output
within bid range

* Maintain 60 Hz transmission system
voltage

36
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Procuring Operating Reserves

* Price spread between separately operated energy and operating
reserve markets prevented optimal availability and scheduling

< Today, many markets jointly procure energy and operating reserves in
the day-ahead market

» Separate $/MWh bids submitted for energy and for ancillary service

< Market software allocates resources optimally based on their value
in service

* Those assigned to operating reserves are paid one or more of:
* Availability payment ($/MW)
» Market clearing price ($/MWh - cost of next available resource)
* Scarcity pricing ($/MWh — threshold price)

© 2012 Electric Power Research Institute, Inc. Al rights reserved 37

Overview of Key Wholesale Market Design
Features

Required Capacit
2007 Energy Market Featurels 9 pacity
Peak Reserves Markets
Load Day- Real Ancillary 6 mos. - ~3
Market GW* Zonal Nodal Ahead Time Services 1year years
ISO-NE 28 v v v v v
NYISO 34 v v v v v
PIM 145 v v v v v
MISO 113 v v v v state
regulation
Zonal today; Nodal Daily
ERCOT 62 market starts Dec 1 Self- (balanced
Supply
2010 schedules)
SPP 42 | Ve stare
regulation
CAISO 50 v v v v state
reﬁulatlon
*ISO/RTO Council,
*SPP has an energy imbalance market only.
***CAISO will procure capacity if there is a shortfall.
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Operating Reserves Issues

* Are there sufficient qualified resources to meet supply
need?

« MW defined by the 1.5 times the single largest contingency (usually
a generation unit)

* Generally 5-6% of peak load demand
* Are the market prices sufficient to attract investment to

sustain operating reserve capabilities?
» Will large-scale renewable generation change:

e The amount of operating reserves required to secure system

reliability?
e The distribution of different operating reserve categories?

» Can aggregations of demand response resources reliably

supply operating reserves?
ErPR | i,
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Market Design Fundamentals

A. Capacity Markets
B. Energy Markets
C. Ancillary Services
D. Financial Transmission Rights

© 2012 Electric Power Research Institute, Inc. Al rights reserved 40
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Financial Transmission Rights

Transmission system capabilities determine the price paid for FTRs

-

Years
Months Day- ) -
- System : Yy In-day =~
Planning =Operational Ahead
Planning . « Dispatch <15
= Scheduling

minutes

Time Frame and System Functions
A

Actual market congestion determines the payments to those holding FTRs

ErPRI | s,
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Adverse Consequence of a Nodal, Day-Ahead
Energy Market — Congestion Cost Risk

Day-ahead (DA) nodal LMP is composed of
— Energy cost

— Losses

— Congestion cost

» Congestion cost reflect the added cost of supply that results when

merit order dispatch (dispatching lowest to highest cost generation
supply) can not be realized because of transmission constraints

e The resultis that buyers that are using congested transmission assets
to deliver power to their load center are exposed to the uncertainty of
congestions costs

— Can be very high occasionally or periodically
— Hard to predict days or even hours ahead

e Some delivery zones or sub-regions are more at risk than others due
to the topographical nature of transmission congestion are

EPR| H .
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Locational Marginal Pricing (LMP) Methodology

LMP = Energy + Congestion + Losses

= Energy Component ($/MWh) Hedged through
 Cost of supply from the margin(N contracts for differences

+ generating unit on energy from a
specified generator and
= Loss Component ($/MWh) fuel combination.

« Cost of losing a fraction of each MW sent

through the bulk transmission system
. Cannot be hedged in the
= Congestion Component ($/MWh)
» Additional supply cost associated with re-

dispatch to get around a transmission
constraint

=PI | i
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Financial Transmission Rights (FTRS)

¢ FTRs are financial instruments that provide market
participants, especially load serving entities and those
that supply them, with a hedge against congestion cost
volatility

¢ FTRs are defined by physical segments of the
transmission network defined by
* An injection point (entry) — where power in supplied to the
network .

¢ A withdrawal point (exit) — where power is withdrawn from "[“b =l 1

the network rr"?:f'ﬁﬁ

« FTR s not an ownership right to a segment, but a right "/ = ‘2« i

to revenues that day-ahead congestion costs generate = ¢
over that segment

Think of a complex, limited access, highway with many entry
and exit ramps that drivers use to get from one place to another

© 2012 Electric Power Research Institute, Inc. Al rights reserved 44
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FTR Rights

U FTRs are rights to congestion payments, not
actual ownership of the underlying physical asset

U This allows FTRs to be traded
« Arretaliler serving load at point Y (withdrawal) buys
energy from a generator at point X (injection)

» Retailer has to pay congestion charges that result when
the LMPs are not equal; e.g.: LMP Y > LMP X

« Those payments go to the entity that holds the TCCs
over the linkage

» The retailer can purchase the FTRs from its current
holder and thereby is hedged against congestion costs

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 45 | - b

Who Gains from FTRs?

* FTR holders (transmission asset owners) receive a
revenue stream to cover part of the investment costs if
they sell them

* FTR buyers

¢ Load Serving Entities (LSEs) hedge against congestion costs get a
fixed and known price

« that they can pass on to final consumers of electricity
e consumers get stable prices (they are hedged)
« Market speculators can take positions and thereby provide liquidity
» Consumers from more stable prices
« Society from more efficient investments
* However, FTRs do not provide the full incentives for
optimal transmission investment

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 46 | - b
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FTRs — Summary Observations

» Congestion costs in day-ahead market LMPs expose
market participants to price volatility risks that cannot
be hedged in conventional financial markets

» FTRs provide market participants with a means for
hedging against congestion that reflects

« The underlying physical characteristics of the

transmission network , ok
» The expected congestion costs associated with specific e

segments of the network ' P ‘“‘: ’.b

» Designing and administering FTRs is complex and Q
must be done centrally by the ISO/RTO
[ll. Current Policy Issues
A. Scarcity Pricing
ErPRI | Hi i,
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Scarcity Pricing

» Market mechanics may avert true price discovery
— Price caps on energy market LBMPs
— Dispatch of ancillary services to maintain reliability
— Capacity market indivisibilities in generation supply
* Scarcity Pricing
— Market interventions to ensure efficient pricing
— Requires establishing

« Specific conditions under which markets are not producing
efficient prices

* Remedial pricing measures
* Who pays
« Critics- markets naturally resolve price excursions better

© 2012 Electric Power Research Institute, Inc. Al rights reserved 49

[ll. Current Policy Issues

B. Integration of Renewables

© 2012 Electric Power Research Institute, Inc. Al rights reserved. 50
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Renewable & Alternative Portfolio Standards by State

B Renewabla Portfolio Standard
Altemative Energy Portiolio Standard
Renewable ar Aternative Energy Goal

Map indicates which states have set standards requiring that utilities generate a certain
amount of electricity from renewable or alternative energy sources. Most states have
policies which require a certain percentage of a utility’s capacity or generation come from

renewable or alternative energy resources by a given date. Source:
http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm

=PRI |
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Integration of Renewable Technologies

 For some technologies (e.g., wind),

» Low temporal correlation with load (the wind doesn’t blow when the load is
highest)

* Low physical correlation with load (Wind is located in remote regions, far
from load centers)

« Raises a number of questions that are being debated:

* Who will pay for transmission to bring large quantities from the west to the
eastern U.S.?

« Can consumers in the Midwest be forced to pay for wind generated in
North Dakota and for the transmission to deliver it to the Northeast?

« Transmission rights of way are often controlled at the state or local level. It
will be difficult for an ISO/RTO to get a judge to condemn land to construct
lines with state or federal laws mandating the construction of renewables.

« How does this effect the capacity portfolio, especially ancillary service
requirements

ErPral |
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[ll. Current Policy Issues

A. Scarcity Pricing

C. Smart Grid Technologies

D. Demand Response

EPIEI | e Vi
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EPRI Smart Grid Demonstration Initiative

Leveraging Today’s Technology to Advance the Industry.

b

 Deploying the Virtual “
Power Plant

» Demonstrate Integration
and Interoperability

* Leverage information &
Communication
Technologies

« Integration of Multiple
Types of Distributed
Energy Resources (DER):

*  Distributed Generation
* * Renewable Generation
* » Storage

* Demand Response

* » Multiple Levels of Integration - Interoperability

EPI | e i
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Smart Grid Concept

Smart Grid Building Smart Grid Functions Enabled DER
Blocks and Systems

Delivery * Combined Heat
e Fault Current Limiting and Power
Building Blocks ¢ Wide Area Monitoring and o Diaiiing Ressees
Visualization P
*Sensors ¢ Dynamic Capability Rating ¢ Energy Storage
e Communications ¢ Impedance Control e Photovoltaics
. ¢ Adaptive Protection q 3
eInformation - ¢ Plug-in Hybrid
e Automated Feeder Switching Electric Vehicles
® Processors ¢ Automated Islanding and
Reconnection

* Actuators/Controllers e Automated Voltage and VAR Control

¢ Diagnosis/ Notification of Equip.
Condition

¢ Enhanced Fault Protection

o Real-Time Load
Measurement/Management

o Real-Time Load Transfer
End Use - Customer Electricity Use
Optimization

© 2012 Electric Power Research Institute, Inc. Al rights reserved 55

Smart Grid — Impact on Wholesale Markets

* Primary direct impact is on the operating performance of
the distribution system
— Reliability
—Reduce losses
— Enabling customer-side generation, cost control
 Several collateral impacts on wholesale markets
— Improve transmission system throughput (FTEs, LMPSs)
— Reduce capacity requirements
— Downward pressure on
» Capacity markets
» Energy markets
* Net effect has not been determined
ErR | wmrs,.,
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[ll. Current Policy Issues

D. Demand Response

=2l |
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Demand Response Roles in Wholesale Markets

Energy |
Efficiency

{ TOU J { DA-RTP} {RT'RTP }

Customer Choice and Control

-

Energy Energy Direct Load
Bidding DA Bidding RT | Control
bn
28 Emergency
| Capacity
ahn

=Pl |5
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Three ways to Expose Consumes to Day-Ahead

LMPs

* Direct bidding of load
reduction, by the consumer
or its agent, as a supply
resource in day-ahead
markets

e Price cap load bidding by
the LSE on the customer
behalf

» Market-linked prices (24-
hour schedule) set by load-
serving entity (supplier) for
hourly metered consumption

© 2012 Electric Power Research Institute, Inc. Al rights reserved 59

Bid can directly influence day-
ahead LMP:

¢ Lower LMP

» Set LMP

eInfluence real-time market

Bid can directly influence day-
ahead LMP:

* Lowered demand, LMP

« Influence real-time market

Bid can not directly influence
day-ahead LMP, but it can be
accounted for in the day-ahead
market forecast of demand

ErPR | i

How Demand Repose influences Capacity

Markets

* Downward pressure on capacity prices due to an increase
supply of capacity (it can set LBMP)

e Competition for capacity sales

« Higher capacity reserves from purchase of additional capacity

reserves

* Downward pressure on energy prices
— From higher capacity reserve margins
— Load shifting away form the peak price hours
* Increased reliability
— Emergency demand response
« But, it may impede new supply investments that cause prices to rise

Errl |
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Available U.S. Demand Reponses Resources

Figure 4.6. Total reported potential peak load reduction in 2006, 2008 and 2010 FERC

Surveys

Potential Peak Load Reduction (MW)

60,000 -
50,000 +
40,000 H
30,000 H
20,000 ~

10,000 4

m 2006 Survey m 2008 Survey 02010 Survey

7%
Peak
Load

2006 Survey
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2008 Surwey

2010 Survey
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Demand Response Potential — US 2019

200,000

U.S.A. DR Potential in 2019, by DR Type

(2019 System Peak = 954.9 GW)
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Discussion

=Erre2l|
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Together...Shaping the Future of Electricity

Bernie Neenan

bneenan@epri.com
865.218.8133

EPR2I | s
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