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Texas’ Projected Population Growth (millinn<)
1980-2040

32.9 millic

28.9 million
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1980 1990 2000 2010 2020 2030 2040

Sources: U.S. Census, Texas State Data Center 0.5 scenario

(K ) ACAT. the Wholesale Electric Market in ELCOT 2017
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2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
ERCOT | 25.64 |44.26 | 44.64 | 72.79|55.22 | 56.35|77.19|34.03 | 39.40| 53.23 | 28.33 | 33.71 | 40.64 | 26.77 | 24.62 | 28.25
Gas 332 | 5.40 | 5.68 | 8.01 | 6.38 | 6.64 | 850 | 3.74 | 4.34 | 3.94 | 2.71 | 3.70 | 4.32 | 2,57 | 2.45 | 2.98

(Hi Plr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Avg. Retail Electricity Price (¢/kvVWh)
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— Texas
129 — US. Average

Figure Copyright Rabert Fares, 2018. Data from EIA.
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2002 2004 2006 2008 2010 2012 2014

Year
(BHHEIA  (HPT)Scientific-American

INSEY SR EEF M ME(2016/9)

AEP Central 52 355
AEP North 49 295
CenterPoint 55 400

Oncor 55 390
Sharyland — McAllen 14 103
Sharyland Utilities 22 155
TNMP 49 320

(HFfr) PUCT : Scope of Competition
in Electric Markets in Texas
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BLAOREEA=DHFEZERIAA (ERCOT. 2018/4)

. Cumulative Planned (Signed Interconnection

. Cumulative MW Installed Agreement with Financial Security)

. IA Signed - No Financial Security

2011 9,604 MW

2012 10,407 MW

2013 11,065 MW

2014 12,470 MW

2015 15,764 MW

2016 17,604 MW
Future outcomes uncertain
r N\ _
157 MW (II:I:II Fﬁ') ERCOT
2018 20,890 MW 2,642 MW 23,689MW
2019 20,890 MW 4,825 MW 4,688 MW 30,403MW

2020 20,890 MW 5,233 A% 4,838 [ 30,961MW

5,000 MW 10,000 MW 15,000 MW 20,000 MW 25,000 MW 30,000 MW
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ERCOT: TXF B ARAEBENVATLDE

 ERCOT : Electric Reliability Council of Texas
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NERC&ISO-RTO

NERC v ISO. RTOY v

Québec
Interconnection

Alberta
Electric

P — IS0
Midc?;l(t)inent New England
caligcgma "~ New York 1SO

’ PIM
. Interconnection

Western

Eastern

"

Interconnection ,/ Interconnection
Includes El Pasoand %Y Includes partions of East Texas {
Far West Texas ERCOT N aricd thve Panhandie region Electric Reliability
Interconnection Council of Texas

NERC: North American Electric Reliability Corporation
XK EREEERES

(HE ) ERCOT : NERC-Interconnection



ercat

Your Power. Our Promise.

—— o/ Affiarillo: o
® Albuguerque A Little Rock @

ARKANSAS

OKLAHOMA

NEW MEXICO

Shreveport o

e

\ LOUISANA

CHIHUAHUA
COAHUILA

Gulf of

Mexico

DURANGO Brownsville

NUE VO LEON
TAMAULIPAS

Monterrey
ERCOT region

FRCOTDHEE

ERCOT Responsibilities

System reliability — planning and operations
Wholesale market settlement for electricity
production and delivery

Retail switching process for customer choice
Open access to transmission

ERCOT: By the Numbers

90% of the electric load in Texas is in ERCOT
75% of ERCOT'’s load is in the competitive
market, including 24 million customers
Over 550 generating units, providing 77,000
MW of generating capacity during peak
demand

46,500 miles of high-voltage transmission

(4 Pfr) ACAT. the Wholesale Electric Market in ELCOT 2017
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e SCED:Security Constrained Energy Dispatch
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* LMP:Locational Marginal Pricing
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Contour Map: Reoal Time Markot - Locational Marginal Pricing Holp?

ERCOTD 7 ILZA Ltz fiss (LMP) :4/15/2014 08:30
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D HEFE (ERCOT. 15/1~17/12)

For this analysis uplift includes:
* Reliability Unit Commitment
Settlement

- Operating Reserve Demand
Curve (ORDC) Settlement
“Revenue Neutrality Total
“Emergency Energy Charges
"Base Point Deviation Payments
"Emergency Response Service
(ERS) Settlement

“Black Start Service Settlement
“Block Load Transfer Settlement

(Hi Ffr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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(5281) Tl A D{ffE : ORDC
ERCOT’s new ORDC

The Operating Reserve Demand Curve (ORDC)

VOLL

Value of Reserves ($/MWh)

0 2.000 4.000 6.000 8.000

(3E) %t : Value of Reserves ( $/MWh)
F& 8/ : Operating Reserve Demand (MW)
VOLL: the Value of Lost Load ( 9000 $/MWh ) : Cap

FR)P -Market
(LHFfT) Power-Marke LOLP : the Loss of Load Probability (10%)



ORDC ($/MWh)

2017 MDORDC(EEN. 4RI 7 AvY)

Figure 16: Seasonal Operating Reserve Demand Curves, by Four-Hour Blocks
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(Hi Ffr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)



ORDC ($/MWh)

ORDC: 20174k &= EEFE—/K ORA: 2017 M 1T{E B &M &

Operating Reserve Adder

Figure 17: Winter and Summer Peak Operating Reserve Demand Curves 140 $6
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(HiFlr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Average Annual Real-Time Energy Market Prices by Zone

(SMWh) 2011 2012 2013 2014 2015 2016 2017
ERCOT  $5323 $2833 $33.71 S$40.64 $26.77 $24.62 $28.25
Houston  $5240 $27.04 $33.63 $39.60 $2691 $2633 $31.81
North §54.24 $27.57 $32.74 $40.05 $2636 $23.84 $25.67
South §5432 $27.86 $33.88 $41.52 $27.18 $24.78 $29.38
West $46.87 $3824 $37.99 $43.58 $26.83 $22.05 $24.52
(S/MMBtu)

Natural Gas  $3.94 $271 $370 $432  $257 $245  $2.98

(HFfr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Figure 43: Real-Time Congestion Costs
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Figure 29: Point-to-Point Obligation Volume
70

@ Financial Parties
M Physical Parties
[ Generation Hedge

Total PTP volume (GW)

2015 2016 2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(Hi Ffr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Monitor Credit » Monitor Performance = Update Outages =
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Modering Market Period Settlement
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Regulation

*Market participants
" Qualification

" Assets
*Relationship

Reliability Unit
Commitment

"Transmission Security
Analysis

"Resource Commitment
* Day-Ahead RUC
“Hourly RUC

ERCOT: HiZEL5 | Diin

Network
Modering

“Network Operations Model
“Network Operations Model
Change Request (NOMCR)

*PTP Options and Obligations

Adjustment
eriod

Energy Offers
"Trades
Current Operating Plans
*Supplemental Ancillary
Services Market (SASM)

- Day-Ahead
CRR Auction Market
Semi-Annual & Monthly *Hourly Market _
- CRR Offers and Bids - Energy Offers and Bids

= Ancillary Service Offers
DAM PTP Obligation Bids

Real-Time
Operations Settlement

*CRR Auction

*Day-Ahead Market -1 Hour
Settlement Interval

“Real Time Operatioms -15
Minutes Settlement Interval

*Network Security Analysis
Security Constraint
Economic Dispatch(SCED)

5 Minutes Dispatch

*Load Frequency Control(LFC)
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(HFlr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)



Ancillary Service Requirement (MW)
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- ORCA : the Operating Reserve (Curve) Adder
*[ 75 53 hR 1 co-optimization
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*Value of Reserves ( $/MWh) . ORDC: Operating Reserve Demand Curve
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For this analysis uplift includes:
* Reliability Unit Commitment
Settlement

- Operating Reserve Demand
Curve (ORDC) Settlement
“Revenue Neutrality Total
“Emergency Energy Charges
"Base Point Deviation Payments
"Emergency Response Service
(ERS) Settlement

“Black Start Service Settlement
“Block Load Transfer Settlement

(Hi Ffr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Net Revenues ($/kW - year)
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Figure 81: Combined Cycle Net Revenues
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ERCOT Reserve Margin for the Next Five Years
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2018%

FEFDHRKF

2018 Actual Peak

BT Th—F4E

Final 2018 Summer

SARA :Seasonal
Assessment of
Resource Adequacy

Demand (7/19/18) SARA*
Total Resources, MW 77,558 78,184
Thermal and Hydro 65,200 66,457
Private Use Networks, Net to Grid 3,019 3,298
Switchable Generation Resources 3,057 2,727
Wind Capacity Contribution 4,229 4,193
Solar Capacity Contribution 1,136 1,120
Non-Synchronous Ties 917 389
Peak Demand, MW 73,308 72,756
Reserve Capacity, MW 4 250 5,428
Total Outages, MW 2,075* 4 349
Extreme Outage Scenario “\ 6.915
Capacity Available for Operating Reserves, MW 2,175 1,079

_ prents

Source: Einal 2018 Summer SARA
* The totals for the Final 2018 Summer SARA column combine multiple
rows into a single row in some cases (E.g., already in-senvice Thermal and

Hydro Resources with planned Thermal and Hydro Resources).
** The outage information in this table was extracted on September 4, 2018.

No outages greater than
500 MW

(K Ffr) ERCOT’s Review of Summer 2018 (June- August)
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Customer Driven.
Community Focused.”

(K F) Austin-Energy
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KIGHFHREBEAE (utility-scle) DHEFL E R A (Ercot, 2018/4)

2011 I 42 MW | Cumulative Planned (Signed Interconnection . N .
. Cumulative MW Installed . Agreement with Financial Security) - |A Signed - No Financial Security

2012 I 82 MW

2013 . 121 MW

2014 - 193 MW

2015 288 MW

(K Ffr) ERCOT
- A 1,000 N
2019 1,102 MW 1,259 MW 795 MW 3,156 MW
3,356
2020 1,102 MW 1,459 Wi 795 [0\ '
MW
0 MW 500 MW 1,000 MW 1,500 MW 2,000 MW 2,500 MW 3,000 MW



100MWLL_E @D Distributed Scale SolarE

Rita Blanca EC
1 MW in negotiation

Brazos G&T
10 MW by 8 co-ops under negotiation

Big Country EC
0.5 MW in operation

El Paso Electric
3 MW in operation

Pedernales EC
15 MW under construction

Kerrville
5 MW out for RFP

Bandera EC
2 MW in operation

CPS Energy
1.2 MW in operation
5 MW out for RFP

STEC
5 MW out for RFP

B  Electric Cooperatives

Municipal Litilities

(& #)Rocky Mountain Institute (HFfr) GreenBiz

i
M
s

7
¥
Y

Other

(2/28/2018 )

3 (T35 M)

CoServ
2 MW in operation
4 MW out for RFP

University of North Texas

3 MW out for RFP

United CS
10 MW in operation

ETEC
14 MW for member
co-ops in negotiation

Austin Energy
2.8 MW in operation

Bluebonnet
6 MW out for RFP

Mid-South Synergy
1 MW in operation

MP2 Energy
1.5 MW in operation

Guadalupe Valley EC
2 MW shared solar

Floresville, Bowie,
San Marcos
7 MW out for RFP

Nueces EC
0.7 MW in operation



INEYBNHEICHDLHENIARMDEIE#HRZ (£X)

Wholesale energy costs are now just one-third of costs of delivered electricity
Average US retail rate, broken down into wholesale power and other costs

100%

32%
80% 33% o

57%  56% g1y 23

63% 0
60% e 9% 73% other costs
40%
68%
20% wholesale
energy
costs

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Source data: Potomac Economics and DOE EIA; US ISO/RTO wholesale energy costs used as proxy for US-wide wholesale energy

(K FT) GreenBiz (2/28/2018 )



FEEY) —T— O FERE (0.99MW, FIRERDCOOP)

Avoided energy costs are only one-third of solar PV benefits for some co-ops

20-year present benefit of 0.99 MW-AC distribution-scale solar array in central Texas,
broken down by type of value

Distribution
3%, e _-ISO/RTO charges
el / 2%

Power contracting/hedge

5%
Generation capacity

12%
Transmission

44%

(K FT) GreenBiz (2/28/2018 )
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() RPS:Renewables Portfolio Standard. REC: Renewable Energy Credit

LMPs: Locational Marginal Prices, PPA:Power Purchase Agreement
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B Energy ®MGen. Capacity ™ Environment B T&D Deferral ™ Loss Savings

(H ) Austin Energy. Clean Power Research (20124F)
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ELECTRIC SERVICE
Meter #
Read Date 01/17/2018 02/13/2018 Read Diff.
Delivered Read 16264 16896 632
Received Read 4280 4558 278
Net Read 11984 12339 355
Meter # 4y
Read Date 01/17/2018 02/13/2018 Generation j] (%3'535:3—'\,6#]8% ;E'
Solar PV Read 30296 30977 681 = = i, e _‘
XL TEREREIC

Whole House Consumption in kWh 1036 TX3$5 (Charge)
Total Generation in KWH 681
COA - Electric Residential
F L1 (1L 811 1| R e S PO, $10.00
Tier 1 first 500 kWh at $0.02801 perkWh . . .. ....... ... ... .......... $14.01
Tier2 next 500 KWh at QU 05832 Dar KW . ..o coiiwas sivenim e s & $29.16
Tier 3 next 36 kWh at $0.07814 perkWh . .. ... .. ... ... ... ... ... ...... $2.81
Regulatory Charges 1,036 kWh at $0.01362perkWh .. ................ $14.11
COmmunity BENSHt ChAIGES ... cox snvnnes ssanans snalinns ane i snsens $5.81 -EE- R —5—
Power Supply Adjustment 1,036 kWh at $0.02936 per kWh, Winter . . . .. .. $30.42 gz & 7 :
Solar Credit 681 PV kWh at $-0.097 perkWh . . ...................... -$66.06 % =4l LTZ )
Residential Sales Tax J2E&EL-INAZ
THABIERMOLNL: ;s s R e S s s E s s M aas $40.26 ( Credit
City SIES TAX 1% -« v e evee e e e e e e e e e el $0.40 TES( )o
TOIRLCUBHENY EMABOES . . o oo vimins wisi i b s mi v b e $40.66 _

(HiFT) Austin Energy
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