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I Outline

« ERCOT Overview
* Current Status of Wind, Solar and Storage

« Variable Renewable Energy Resources Integration Timeline

» Key Success Factors
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| The ERCOT Region

The interconnected
electrical system
serving most of Texas,
with limited external
connections

 90% of Texas electric
load; 75% of Texas land

« 74,666 MW* peak,
August 12, 2019

 More than 46,500 miles of
transmission lines

* 650+ generation units
(excluding PUNSs)

ERCOT connections to other grids
are limited to ~1,250 MW of direct
current (DC) ties, which allow
control over flow of electricity

*preliminary operating data

Western
Interconnection
Includes El Paso
and Far West Texas

Eastern
Interconnection
Includes portions of
East Texas and the
Panhandle region

$220 MW with SPP

&7 600 MW with SPP

Texas RE

30 MW with CENACE /f

at Eagle Pass

100 MW with CENACE
at Laredo

f ERCOT Interconnection

300 MW with CENACE at McAllen
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I Inverter-Based Resources in ERCOT, as of September 2019

Wind Generation Records (instantaneous)

40,000 MW

e Output: 19,672 MW
35,585 35,840 — Jan. 21, 2019, 7:19 p.m.

33,666 PRyed EXIL]

Wind
| | e Penetration (load served): 56.16%
— January 19, 2019, 3:10 a.m.

— Total MW Served by Wind = 17,406 MW

30,000 MW -

25,000 MW -
200 MW
12,000 MW Storage
20,000 MW -| Solar 180 MW
10,541
163 166
10,000 MW 160 MW -

15,000 MW -
140 MW -

8,000 MW

10,000 MW - 120 MW -

100 MW -
6,000 MW -
5,000 MW -

80 MW -

0 MW - 4,000 MW —— e 60 MW -

2018 2019 2020 2021 2022

40 MW -

2,000 MW -
20 MW -

1,878 § 1,878

0 MW -
0 MW

2018 2019 2020

2018 2019 2020 2021

ercot a\ u Cumulative MW Installed m|A Signed-Financial Security Posted m|A Signed-No Financial Security u Other Planned
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VRE Integration Timeline

AS Changes
ERCOT Wind Additions by Year (as of Sep 30, 2019) [ WSCR Limit
B Cumulative MW Installed m |A Signed-Financial Security Posted H |A Signed-No Financial Security A
40,000 MW - [ ; T
~1998: Load Resources, with UFR participating in RRS Inertia monitoring
I A 35,585 35,840|
35,000 MW 1 ' 33,666 PRyl XL
All Generation Resources have PFR enabled PFR from VRE prre
A
30,000 MW - : :
5-min Real Time Market
N PIRTPN o 2 010,585]10,840 |
( P —
25,000 MW - VIS Sl i B 1 oo |
I 21,751
( 20,682
A
[ \
15,000 MW - Steady increase in CC and CT Capacity @ '
A
( 11,065
10,407 22,428]22,428)22,428]22 428
10,000 MW - go16 9400 9,604
8,005
VRT
5000 MW -
1,854 - Voltage Support
816 977 1,173 1,385
L IIIIIIIIIIII
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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ERCOT Installed Capacity; Increasing Fleet Flexibility

100.000

Wind and solar values are based on nameplate
capacity (not adjusted for peak capacity contribution)
21.4%
80.000 I
12.1%
51.6% 35.4%

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

®Nuclear mCoal mOther mGas CC mGas Steam mGas CT/IC mWind Solar Back
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CREZ Transmission and West Texas Solar (2010-2013)

e

e As of Jan. 30, 2014, the :
Alifates 7L

were complete.

CREZ transmission projects | I e
Windmill

. : | F N
. The. transmission plan is oga"alaiL ‘1u|”}1yon BN
designed to serve #J— K T W
; ke -

approximately 18.5 GW: i
— ~3,600 right-of-way ﬁIL _|— J[cfmo,jn =

‘ Edith C

miles of 345-kV \
— $6.9 billion project

ar

345 KV SUBSTATION / LINE
138 KV SUBSTATION / LINE

4 !
\ \
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\ J1 Anna | ‘
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Ector North | - % rook _FL
vin @rrnnan seanaa - .1 and Bluff L Divi ki
I La— | Ectorge S r "o m’ﬂ ﬁ
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Horseshoe Springs Rlvsrton‘ Qu;"yﬂnk Winkler % | Twin Butte |
gulersen | Mm@n 7 Ward| Crane % \l NMcCﬁ*MEY | |
“ ‘ g I GRS
‘ e ““l s Yfm | i taa,, “(~~dippet 1 /819 ﬂ I—*_l
j‘Rems \‘.\ Pecos Bakersfiad ‘ }775{&1
Culberson ) 4 < |
5 ,J ["7 N
@ Substation Bakersfield | | |
I Far West Texas projects (non-CREZ)
colersontoo * Endorsed by ERCOT Board June 2017 and June 2018
» Reliability projects to serve growing oil field load
» Expected in-service date of 2020
— ercot> =
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IWind Forecasting, 2009 - Present

) ) 4. ERCOT uses 168-hour Hour Ahead Wind Forecast Performance
1. W!nd plants send site forecast to make 7.0% | ‘ I
ItZ?:r:g?é f;gtrfétifgfﬁgicand operational decisions . MAPE = MEAN ABSOLUTE %ERROR |
including unit commitment o
data to ERCOT g N\ \
and dispatch 6.0% S o\
P 5.5% ,‘ ‘ 2
— s F=F 5.0% / T\ \ /\
» S == w 4.44% A \ \\ \
SIS i e A S % a5 LN
: - : Y/ G\ AN Z Pat
2. ERCOT sends / 0% \i N\ \\ /< —
information from wind / - | \57K% z
lants to AWS Truepower o -
P 3. AWS Truepower S0 329 3.30% A1 [353% @ s /
23% e N N/
computes and sends [286%] n
ERCOT a rolling 168-hour 25% T =
generation forecast for all 2o
wind plants JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC
bt 2013 w2014 2015 2016 e=i=2017 =4d=2018

Centralized Improving forecast
forecasting accuracy

« Wind forecasting in use since 2009, initially 48-hour outlook
» Solar forecasting was introduced in 2015

* Currently, ERCOT uses a 168-hour rolling forecast with hourly resolution for all
wind/solar resources.

» Average hour ahead wind forecast error is 3.35% in 2018

ercot Sack
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| Nodal energy Market, 5-min Real Time Dispatch,
2010

PUBLIC

Generator self-commitment; ERCOT makes residual reliability commitments

Voluntary Day-Ahead Market (DAM); Ancillary Services are procured in

DAM, co-optimized with energy

All generators (including renewables)
submit offers for generation output

Real-Time market clears every five
minutes, using the cheapest generation
to serve the load, subject to
transmission constraints.

All generators (including renewables)
receive output level instructions and
locational marginal prices

- $56.46
- $53.64
- $61.22
W < 766D
= $75.97
= $73.35
= 57073
= $65.11
= $6548
= $62.86
= $60.24
[ = $57.61

= $54.99

= $5237

= $49.75

= $4712

= $44 50

= $41.88

=$39.26

= $36.63

=$34.01
= 33139
= $26.77
o = $26.14
= $23.52
= $20.90
- $16.27
B - $15.65
- 1303
- 1041
.- 5778
- 5516
.- 254

Back
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I Primary Frequency Response from Wind and Solar, 2012

after 2008 to provide a “governor-like” response;

 To date, about 2000 MW of older plants are exempt;

Wind Resource Response to Low

In 2016 the deadband for all generation changed to from 36 to 17 mHz

Wind Resource Response to High

Requirement for all wind and solar resources with interconnection agreements

Frequency 07/13/2016 Frequency 08/25/2015
60,05 + 180 60,075 T T 140
60,025 + 178 60,056 -+ ]
E f + 130
60 -+ 176 60,038 _ ]
Y : 1 120
59,975 174 60,019 -+ ]
59,95 | 1172 60,000 f++-+ + 110
59,925 + 170 59,981 ]
: ] + 100
59,9 + + 168 59,963
: ] 1 90
59,875 + + 166 59,944 1
59,85 I . T T . T . T . T . T . T . T . T . T . T . T . T . T . ] 164 59,925 T T T T T T T T T T T T T T T ] 80
13:25 13:28 13:31 13:34 13:37 13:40 16:13 16:16 16:19 16:22 16:25 16:28
Frequency  cecceee Nominal Frequency — e MW Frequency  «+e+ee- Nominal Frequency e MW
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I Reliability Risk Desk, Situational Awareness

Inertia Summary

+ 120 GW*s >= Inertia Normal

+ 120 GW*s > Inertia >= 110
GW*s

+ 110 GW*s > Inertia >= 100
GW*s

+ 100 GW*s < Inertia Red

nertia (271,011 MW"s) -~ Inertia (Forecast)

Inertia Monitoring and — .- e
Forecasting Critical Inertia alerts

a0
Actual RRS
available

Shortfall in
Procured RRS but
adequate PRC
T
2000

2400 :

w
1600 i". i h — 43
A°t”2'dR§S Shortfall in
o neece; i RRS available

= Reserve Sufficiency Rl Overall Capacity
Monitoring Availability Tool

Online Gen with COP Wind Online Gen with COP Wind and Wind UC @ Reg-Up
Available Gen (RUC Mimic) Available Gen (CCP Max)

Back
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I Load Resources Providing RRS since 1998

3600
3400 | ERCOT’s Resource Contingency Criteria is 2750 MW,
. . . 3422
3200 | Load Resources with underfrequency relays provide a portion of
3000 |frequency containment reserve (at 59.7 Hz, full response in 0.5 s)
2800
2600
2400
2200
2000 2136 By 2018 over 300 LRs, ~4200 MW;
2114 Participation rates are 1600-1700 MVY
1800 il of offers and about 1400 MW of
1600 701 awards in every hour
1400
1900 Single site loads (no aggregation), 100-250 MW:
1000 » Chemical plants each site >150 MW
+ Air separation plants that extract industrial gasses, each site < 100
800 MW
600 » Natural gas compression sites, part of pipeline operation
400  Qil field loads (from few kW to tens of MW),
00 | 402 * Industrial process loads (i.e. cement plants, manufacturing plants),
. + Very few large commercial sites, mainly data centers.
June | June | June | June | June | June | June | June | June | June | June | June | June | June | June
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
ercots =
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Weak Grid Issues and WSCR/Voltage Satiability limit calculation in
near Real-Time, 2016

Weak Grid Challenge:

« ~4 GW in service, ~1.6 GW planned
* No local load or synchronous generators
« System Strength/Voltage support issues

Real Time Limit Assessment (every 10-minutes)

- WSCR assessment based on actual grid and wind conditions " 5

 \oltage Stability assessment :

« Panhandle Transmission Interface Limit determined by the more -
conservative of the two assessments

Real -Time Transmission Limit due to Voltage Stability
and Weighted Short Circuit Ratio Considerations

TR g 4500
108 1 E_
| ”ﬂ[ £ 4000 !
o o AR | B .
T voo VAUV ARA AR RARAAR AN
BT . ..
S % 3000 WM "W | |
:: | , » § % 2500
synAnAcaNANEAREAERANE —2017 —2018
Time {second) O 1000 2000 3000 4000 5000 €000 7000 8000 9000
) Hours Back
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Back

Revision to the AS Product Set Approved

Current target for FFR implementation is March 1, 2020

ECRS will be implemented no earlier than January 2022

Current Framework

Regulation

157 to 687 MW

Responsive Reserve Service

1. PFR

2. Load Resources on Under
Frequency Relay (UFR)

3. 10 minute ramp

2,300 to 3,200 MW

Non-Spin

967 to 2,361 MW

Overall A/S: 3,807 to 5,958 MW*

— ercot>
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NPRR 863

Regulation
egulatio No Change
157 to 687 MW
FFR

« Triggered at 59.85 Hz and full response in 15 cycles
* Once deployed, sustain for up to 15 mins. Once recalled, restore within 15 mins

PFR

* PFR capable capacity reserved on generators or Controllable Load Resources
(CLR)

e Minimum 1,150 MW must be provided by resources capable of PFR

Responsive Reserve Service (RRS)

Fast Frequency Response (FFR)

Load Resources on UFR

. Load Resources on UFR

Primary Frequency Response (PFR) + Triggered at 59.70 Hz and full response in 30 cycles

« Sustain until recalled. Once recalled, restore within 3 hours

2,300 to 3,200 MW » Beyond the minimum PFR, up to 60% of total RRS can come from Load
Resources on UFR or FFR.

ERCOT Contingency Reserve Service
(ECRS) Generation

< Online or offline capacity that can be converted to energy within 10 minutes
10 minute ramp + Dispatched by SCED

Load R Load Resources (UFR not required)
ek Sl * Up to 50% of ECRS capacity can come from Load Resources with or without UFR
may or may not be on UFR « Once deployed, must respond within 10 minutes. Restoration within 3 hours

508 to 1,644 MW

. No protocol changes.
Non-Spin » Proposed methodology for Non-Spin Reserve Service quantities in this framework -
quantities computed using 2018 A/S Methodology are reduced by ECRS
0 to 1,180 MW quantities.

Overall A/S: 3,807 to 5,958 MW*

*Quantities computed/estimated using 2018 Ancillary Service Methodology. “*Quantities estimated using this reference. ***Quantities estimated using this reference and
method in box on far left.

For Discussion Purposes Only. The intent of this slide is to represent NPRR 863 (with STEC comments from 10/1/2018). Protocol language prevails to the extent of any
inconsistency with this one page summary.


http://www.ercot.com/content/wcm/key_documents_lists/73770/FAS_CBA_2016_AS_Quantities_11032015.xlsx

I Key Success Factors

PUBLIC

Granular real-time dispatch and accurate forecasting is key;

Primary Frequency Response Capability enabled on all online
resources provides valuable safety net for the system;

Real-time awareness tools in the control room are essential for efficient
and reliable operations with high levels of renewable resources;

Real-time limit calculation based on actual system and resource
conditions;

Ancillary Services can satisfy essential reliability needs for the system
—  Use market-based solutions as much as possible
—  Design products to attract load participation along side generation

Some of the reliability requirements need to be implemented through
grid codes. Modern renewable generation technology can provide grid
support.

coordination between grid/market operators, generation
owner/operators and turbine/control manufacturers

Resolving integration issues increasingly requires ongoing

ercot>
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| Thank you! Questions?

Julia Matevosyan

jmatevosjana@ercot.com
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IAPPENDIX
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IVoItage Support Requirement, 2008

PUBLIC

Generation Resources greater than 20 MVA shall operate with AVR in voltage
control mode to maintain voltage set point at the point of interconnection;

Reactive power capability of 0.95 lead/lag (at P,,,) is required at all MW output
levels 210% of the Renewable Resource nameplate capacity;

-

The requirement may be met through - |
a combination of the Resource’s
VAr capability and/or dynamic VAr
capable devices.

— Ot

T T T T T T T Q-

0.3 04 0.5 0.6 0.7 0.8 0.9 Il — Q+(IRR)
P - Real Power Output at POl

=]
[N
(=]
N

0.1 - == == Q- (IRR)

Q - Reactive Power Output at POI

-0.2

SR I e T et

-0.3
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I Low and High Voltage Ride Through, 2014

1.2

1.1

1.0
5 0.9
[«
& 0.8
=07
=
206
o
205

a
0.4 -

S 03
0.2
0.1
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* No Tripping, No Ceasing to Inject:
— Remain interconnected to the grid

— Provide support to recover the
voltage

HVRT:
— Maintain active power
— Absorb reactive power

h | = LVRT:
19 cycles
Time (Seconds) — May temporary reduce active
L | - | L l power to increase reactive power
Fault Clzaring Perind S u p po rt

— Recover active power shortly after
fault is cleared
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