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» Wind and Solar
energy
generation is

growing
rapidly in the
US

U.5. annual net generation, wind
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Source: U5, Energy Informafion Administration, Elecfric Power Monthly



* Blue Line —system frequency
with traditional synchronous
machines (HIGH INERTIA)

* Red Line —Some renewable
energy penetration (MEDIUM
INERTIA)

* Green Line — High renewable
energy penetration (LOW
INERTIA)

Increasing % of
non-synchronous
generation

1

RoLaE Inertia

SOURCE: INCITE - INNOVATIVE CONTROLS FOR RENEWABLE SOURCE INTEGRATION INTO
SMART ENERGY SYSTEMS




 Solarirradiance
levelsin Texas

Annual Average Solar Irradiance v
4.7 - 5.0 KWh/m2/day :
5.0 - 5.4 KWh/m2/day

B 5.4 - 5.8 kwh/m2/day

B 5.8 - 6.2 kwh/m2/day 400 Miles
Bl 2 - 66 kwnim2/day !




Wind speedsin
Texas
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102°

400

500 Kilometers

50
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150
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350 Miles

Texas
Annual Average
Wind Speed
at80m

Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator®, Web: http://www.windnavigator.com |
http:/iwww.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: UTM Zone 14 WGS84.
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« ERCOTWeather North

Regions Map Wichita Falls

[ ]
Dallas-Fort Worth

o
Abilene

* Midland North Central

Far West

AL.IStin
South Central

San Ant:)nio

® Corpus Christi




201/ Case Values

Load

Reglon MW Generation

Region MW
Far West 3007.34
North 1473.56
West 1675.58
South 6570.22
North Cenftral 13,145.79

« [Initialvalues by

weather region Far West 1306.74

North 1473.56
West 1675.54
South 6751.33
North Central 22261.69

South Central 10372.81
Coast 22734.62
East 5765.64
Total 63,000
Total Capacity 84,622 MW

South Central 12263.32

Coast 18189.51
East 3187.57

Total 67109.26




2045 Load Projection

Figure 1 - ERCOT Gross Summer Peak Demand Forecast
AAGR of 0.9% for

peak demand 2011- L
o Iﬂzlﬁﬂ 2:j3|:|| e
15000
—————————————————————————————————————————————
e
g 2020, 74,328
6,000
forecasted AAGR of 0
1.2% from 2021-2030 .
AAGR = Average 0 S0
Annual Growth Rate 00

A AR ale 4 010 Ml N4 0le b M0 dE 2 J0l6 i W
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ERCOT Load Growth
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Projected Renewable Energy Development (ERCOT LTSA)

100 MW - 300 MW

JRRENT TREND
(IITERAT »

100 MW - 700 W




Nort

Nort

Souf

N
N Central

N

34 Unit
12 Unit

43 Unit

20 Unit
19 Unit
17 Unit

« 2045

Generation

South Central 5 Units 14 Unit Additions

East 1 Units 5 Units
West O Units / Units

Far West O Units 38 Units
Coast 19 Units O Units
Total 114 Units 120 Units




Battery Addition (21 GW Total)

47

« 2045 Battery

Additions
0 I 1

North North South South Fa West Coast
Central Central




This is a synthetic power system model that does NOT
the actual grid. It was developed as part of the US ARP#
Grid Data research project and contains no CEll. To refe
the model development approach, use:

A.B. Birchfield, T. Xu, K.M. Gegner, K.S. Shetye,and T,
Overbye, “Grid Structural Characteristics as Valid:
Criteria for Synthetic Networks,"” IEEE Transaction
Power Systems, vol. 32, no. 4, pp. 3258-3265, July 2017.

For more information, contact abirchfield@tamu.edu.

» Thermal
Overloadsin
Steady-State
(Lines with
Red Bubbles)

Case: save02 (1).pwb Status: Blackout | Simulator 21

System Can No Longer Supply Load BLACKOUT!!! Simu
MUST BE ReStarted




. Existing 345 kV Transmission

=-w-wmm-m  New Transmission Pathways
« ERCOTplanned

tfransmission
upgrades

-
3 "t e




2017 Case Transmission System 2045 Case Transmission System

This is a synthetic power system model that does NOT represent
This ls 2 synthetic powsr systsm modsl that doss NOT reprassnt the actual grid. It was developed as part of the US ARPA-E

the sctusl grid. it was devslopsd 8 part of the U S ARPL-E Grid Data research project and contains no CEIl. To reference
Gril Data ressarch project and containe no CENL To refsrencs ) the model development approach, use:

the modsl devsiopment approach, uss: . A.B. Birchfield, T. Xu, K.M. Gegner, K.5. Shetye, and T.J.
A8 Birchfiekd, T Xu, K.M. Gegner, K_%. $hetye, and T.L SN Owerbye, “Grid Structural Characteristics as Validation
Overbpe, “Grid $tructural Characteristics as valdation ; Criteria for Synthetic Netwerks,” IEEE Transactions on
Criteria for Synthetic Networks,™ IEEE Transactions on Power Systems, vol. 32, no. 4, pp. 32538-3263, July 2017.
Power Systeme, vol 32 no. 4, pp. 3255-3265, July 2017
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Basics on Transient Stability

SOURCE: INCITE- INNOVATIVE CONTROLS FOR RENEWABLE
SOURCE INTEGRATION INTO SMART ENERGY SYSTEMS

Underfrequency Load Shedding
(forced blackouts) occur at
59.3Hz

Critical busses - faults applied
where there is high generation
Monitoring busses — used to
represent the case



Max Penetration
Threshold - 71%

» Frequency
» No UFLS
» 0.1 Hz Reliability Margin



Voltage - 71% [y
Penetration 0 .

» The system converges




/6% Threshold -
Frequehics

» UELS

» Oscillation




/6% Threshold
- Voltage

T S eﬂ.ausv’v'«e ancanca:
ktiewy‘\lfit

H‘, i
L

» Oscillations do not
show any sign of
converging




Off-Peak Load and Resource
Balance (Steady-State)

WND (Wind)
SUN (Solar)
NG (Natural Gas)

BIT (Bituminous Coall) 40% Bemand

WAT (WOTGI’) Battery Load

NUC (Nuclear) Total Demand: 83 GW

TotalGeneration Capacity: 78 GW



Frequency — Oft Peak

Bus_V (k¥) Bus_VWpu Bus_FrequencyinPU @ Bus_Frequency

&0.35
&3
80.25
602
60.15
60.1

60.05

Staggered Charging Scheme




Voltage
— Off
Peak

VOLTAGE STABILIZES




Short Circult

D .l. PRE-RETIREMENT TO POST-RETIREMENT SHORT
U y CIRCUIT DUTY REDUCTION

@ Three-Phase Fault
30000

» Significant decrease in short 25000 o
circuit currentin some areas 50000
May need to change/update 15000 S

*

protection elements 10000

v

.
.
5000 . ‘
2 *
‘ o Y 3 - ‘ Q-»

May need to watch inv erter
parameters for weak fault
current <000

DECREASE IN FAULT CURRENT(A)

o

0 Far West North West South N.Central S. Central Coast East
SENDING BUS NUMBER




