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North American Electric Grids

The ERCOT Region is one
of 3 NERC grid
Interconnections.

NERC INTERCONNECTIONS

- The ERCOT grid:
-75% of Texas land
-85% of Texas load
-38,000 miles of
transmission lines
-550+ generation units
-62,339 MW peak demand
(set 8/17/06)

2,877 MW of Switchable

Units
~ EASTERN

*( INTERCONNECTION 1 106 MW of Asynchronous
ERCOT S

NTERCONNECTION® Tie Capacity (820 MW with
Eastern Interconnection)

WESTERN
INTERCONNECTION 7

You are here
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So What is a Deregulated Electricity Market?

In ERCOT:

« Any party can connect their generation to the
transmission system

 Retail customers can choose their electricity service
provider

« Transmission and distribution (T&D) are still regulated

« ERCOT, Inc., operates the transmission system to
facilitate the deregulated wholesale and retail markets
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Why Is There So Much Wind in ERCOT

 Marginal cost of electricity Is set by gas generation in
most hours (high variable cost)

e Generators do not pay for transmission system
upgrades (ERCOT has a postage-stamp transmission
rate, paid by load)

 Wind resources in Texas are world-class: over 30 GW
of wind generation potential with greater than 40% net
capacity factor and over 100 GW of wind generation
potential with greater than 35% net capacity factor

« ERCOT contains three of the ten largest cities in the
United States (Houston [4], San Antonio [7] and Dallas
[9]; Austin and Fort Worth are in the top 20)
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So How Much Wind Generation is in ERCOT?

MW
12,000

E Cumulative Planned (Signed Interconnection Agreement)
B Cumulative MW Installed 10,63
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(as of May 31, 2009)
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The Primary Challenge — Wind Integration
ERCOT’s Peak Day (8/17/06) by Fuel Type

60000.00 Simple-cycle
Generation from private gas turbines
networks not included
50000.00 - Natural Gas
Steam Units
40000.00 \/
30000.00 -
Combined-Cycle Gas Turbines / Win
20000.00 -
10000.00
Nuclear
0.00 - !
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Operations Must Maintain System Frequency

‘ —— Regulation —— Frequency ‘
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Example Operations Report

REAL-TIME DATA

Posted Date 28-JUN-2009
Posted Hour 1422
Actual Systermn Demand (Frequency Contral) S6545 | M
Scheduled Frequency 60,000 (Hz
Actual Frequency 59,990 Hz
Tirne Error -0.137
Total Seneration 56298 |Mw
Current Aggregated Regulation Deployment* a6 | MW
Adjusted Responsive Reserve 3IFET (M
Total On-Line Capacity
Total Spinning Reserve
Total wind Sutput

DC Tie Flows
Scheduled Actual Imp. Lim. Exp. Lim.

Monitored
CSC/CRE Flow MYAR LIMIT

MORTH-HOUSTOMN
MORTH-SOUTH
MORTH-WEST
SOUTH-MORTH
WEST-MORTH

* Negative(-] = UP REG Deployed
Positive = DOWN REG Deployed
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“Net-Load” Calculation — An Operator’s Viewpoint

Typical Spring Day (April 23)

—— Load o
50000 — Wind Similar to load,
—— Load-Wind operator can’t
#5000 control wind
40000 - generation
output
35000 -
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@© .
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= 15000 - — Additional large
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Wind Generation Alters Net Load Shape

Load-15,000 MW Wind - April Time Series Plot
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ERCOT Generation — December 26, 2008
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Components of State-of-the-Art Wind Forecast Systems

* Combination of D oot the. AT Foroenat Sutam "
physics-based (NWP) Y

and statistical models I ; .
- Diverse set of input ol Output Dt

data with widely £

varying characteristics &Qg; & s

. ? Regional %&‘; _

* Importance of specific 1y Vieather E e N

models and data types k

vary with look-ahead Statistical Models "

period ‘4@ S emes s
« Forecast providers Wind Plant Power and Met Data

vary significantly in . Plast Oupia

how they use forecast Ak K m ety

models and input data Oft-site Met Tower Data

Data erice
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Wind Generation Forecasting is Complex

« Two primary

sources of
uncertainty

— Position on power curve

— Predictability of weather
regime

e Useful to

distinguish between
sources

— Estimate weather-relatec
uncertainty from spread
of forecast ensemble

— Estimate power curve
position uncertainty by

=
=]
[
o
-3
o
[N

developing statistics over

all weather regimes
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Example 48-Hour ERCOT Wind Generation Forecast

4288 L I I Y I Y L L L A Y EL L AL L R AL A B

- . . . . . . . . . . .
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3608
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Wind Persistence

15-Minute Wind State Transition Probabilities (15,000 MW¥)

Probability that wind output will change from one level to another within 15 minutes

Next State (Output, % rated capacity)

0-10%  11-20% _ 21-30% _ 31-40%  41-50%  51-60%  61-70% _ 71-80%  81-90% 91-100%

0-10% 08386 01614 00000 00000 00000 00000 00000 00000 00000  0.0000
11-20% 00225 08602 01173 00000 00000 00000 00000 00000 00000  0.0000
21-30% 00000 00486 08445 01069 00000 00000 00000 00000 0O00O0  0.0000
31-40% 00000 00000 00598 08232 01170 00000 00000 00000 00000  0.0000
41-50% 00000 00000 00000 00655 08176 01169 00000 00000 00000  0.0000
51-60% 00000 00000 00000 00000 00667 08079 01253 00000 00000  0.0000
61-70% 00000 00000 00000 00000 @f_@@,\&ﬂw J/@_ag@ 00864 00000  0.0000
7180% 00000 00000 00000 00000 00000 00000 00514 08701 00785  0.0000
8190% 00000 00000 00000 00000 00000 00000 00000 00516 09134 00350
91-100% 00000 00000 00000 00000 00000 00000 00000 00000 00791 09209

Current State (Output)

« Diagonal probabilities show that on average there is a 85% chance that wind output
will persist — change by no more that 10% of rated capacity in fifteen minutes

— Average probability of <7% that wind output will drop by more than 10% of rated in 15 minutes
« Negligible chance that wind will change by more than 20% of rated in 15 minutes
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Ancillary Services Requirements

As wind capacity increases, ancillary service
requirements increase in order to maintain
reliability

Ancillary Services include:
 Regulation Service (Frequency Control)
 Non-Spin Service (Off-line Quick Start Units)
 Replacement Reserve Service (Off-line)

« Responsive Reserve Service (On-line
resources for emergency replacement of

energy)

/—P\
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Annual Thermal Generation Impacts

Ene ray OUtpUt Commitment Based on State-of-Art Forecast
160,000  -=m === o oooooooooooooooooooooooo @ Zero Wind
m5 GW Wind
140,000 - - - -~ - = === == mm e - g 10 GW Wind - Case 1
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120,000 -1 [ amtm <<
=100000+-{ | | D] B | B
=
Q
= 413 B | B _____________2 1 Bl - ___ L.
3 80,000
@
o
w
60000+ (O | W | B
s000+-1 B | O] P | WO -
20000 +-1 (O | P B[ B ;
o [T
cc GT STCOAL STNG WIND
Major impact is on combined cycle unit operation,
@ e consistent with results observed in other studies



Annual Emissions Impacts
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The Future of Market Adaptation

« Other Renewable Sources
 Nodal Market

e Smart Meters — Load Response
e Distributed Generation

 Plug-In Hybrid Vehicles |

/.—P\
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Additional Resources

o Utility Wind Integration Group maintains a
library of integration studies

e http://www.uwiqg.org/opimpactsdocs.html

 Over 20 different studies conducted by
operating regions throughout the United
States, Canada, and Europe. Also contains
several summary documents and the
recently completed “NERC Integration of
Variable Generation Task Force Report.”
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http://www.uwig.org/opimpactsdocs.html

Integrating Wind Energy in ERCOT

Questions?

/—t\
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Additional
Background

Materials
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Map shows areas of wind
potential in Texas,
ranked from 1 (strongest)

to 25 (weakest)

Wind Resources In Texas
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Where Is the Wind Generation in ERCOT?

Existing MW Wind Generation

750 1500 2250 (:)| %

Wind Projects under Full Studies %w

Wind Projects w/ SGIA \

750

1500 2250
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Competitive Renewable Energy Zones
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Cost of New Generation

Levelized Electricity Costs
for New Plants

Incremental Transmission Costs
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