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I Energy Fuel Mix 2002-2017

400,000,000

350,000,000

49% g2y

2.9%

2.1%

1.4%

300,000,000

X
-
—
5
o %cCL'6¢
o
N ,
%. %Sv 8¢
o
o o o o
o o o o
Q < QS Q
o o o o
o o o o
= < = p—
o o o o
Xe} o wn o
N N -~ —

TIAAIAL

50,000,000

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

2002

B Net DC/BLT ®WWind Solar

B Natural Gas B Water

HCoal M Other

B Nuclear

*Source: Historical ERCOT Demand and Energy Reports

C~

nrnnt



Electricity Price ($/MWh)

Figure 2: ERCOT Historic Real-Time Energy and Natural Gas Prices
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| 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 i
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 3.32 | 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
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Electricity Price ($ per MWh)
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Avg. Retail Electricity Price (¢/kvVh)

=S REDHEFE (22K, TX, 2002~2015)

INSEVEEEERE R (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
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129 — U8, Average
10 - _——
8 -
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Fiqure Copyright Robert Fares, 2018. Data from EIA.
| | | | | | |
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(HFT) PUCT : Scope of Competition
in Electric Markets in Texas
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* ERCOT: Electric Reliability Council of Texas
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Your Power. Qur Promise.

ercgt%‘ ERCOTD &

ERCOT Responsibilities

T B L * System reliability — planning and operations

i | *  Wholesale market settlement for electricity
production and delivery

* Retail switching process for customer choice

* Open access to transmission

tte

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

Euif o] * Over 550 generating units, providing 77,000

Mexico MW of generating capacity during peak
demand

* 46,500 miles of high-voltage transmission

~ Brownsville

_. ey & TAMAULIPAS
ERCOT region

(K Ffr) ACAT. the Wholesale Electric Market in ELCOT 2017
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(%) QSE : Qualified Scheduling Entities
LSE : Load Serving Entities
Resource-Entity:

TSP :Transmission Service Providers
DSP: Distribution Service Providers

(A7) ERCOT: ERCOT Market Dezain
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* LMP: Locational Marginal Pricing
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Contour Map: Real Time Markot - Locational Marginal Pricing Help?
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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

(HFfr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)



Reliabilityx} %k : Reserve., Adequacy. Commitment

* Reliability : FEHRBENIAIVRAV LN B EXHEL., BRI DS
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(588) ¥ H Df{E : 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

(GE) #t&h : Value of Reserves( $/MWh)
F&&H : Operating Reserve Demand (MW)
VOLL: the Value of Lost Load ( 9000 $ /MWh ) : Cap

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



ORDC ($/MWh)

ORDC:20174
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Figure 17: Winter and Summer Peak Operating Reserve Demand Curves
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Operating Reserve Adder
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(H Plr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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* CRR:Congestion Revenue Right
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* P2P: Point to Point Obligation
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. : Figure 43: Real-Ti i
Average Annual Real-Time Energy Market Prices by Zone teure eal-Time Congestion Costs

$40

(SMWh) 2011 2012 2013 20044 2015 2016 2017 | %L weer #1050
ERCOT  $53.23 $28.33 $3371 S$40.64 $26.77 $24.62 $28.25 BSOUTH
Houston  $5240 $27.04 $33.63 $30.60 $2691 $2633 $3181 | ' anorm
North §5424 $27.57 $32.74 $4005 $2636 $23.84 $2567 | E mHOUSTON
South §5432 $27.86 $33.88 $4152 $27.18 $24.78 $2038 | §°1%0  mERcoT
West $46.87 $3824 $37.99 $4358 $26.83 $22.05 $2452| 2

é $80
($/MMBtu) 2
Natural Gas  $3.94 $271 $370 $432 $257 $245 $298 | 2 °%

]

£

n

8

(K Pf) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Figure 29: Point-to-Point Obligation Volume
70

@ Financial Parties
@ Physical Parties
@ Generation Hedge

Total PTP volume (GW)

2015 2016 2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(HFfr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Reguration
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Network
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* Network Operations Model
= Network Operations Moded

“" : ) & 6
Reguratin || Network

| CRR Auction |

‘rﬁmm

CRR :Congestion
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i

Day-Ahead
Market
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Commitment
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Reliability || Adjustment
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Adjustment
Period |

Real-Time
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Regulation

" Market participants
" Qualification
Assets

" Relationship

Reliability Unit
Commitment

*Transmission Security
Analysis

*Resource Commitment
*Day-Ahead RUC
*Hourly RUC

Change Request (NOMCR)

ERCOT: iZEEI DN

Adjustment
eriod

*Energy Offers

*Trades

*Current Operating Plans
*Supplemental Ancillary

Services Market (SASM)

Network CRR Auction Day-Ahead

Modering Market
-Network Operations Model  *Semi-Annual & Monthly “Hourly Market -
Network Operations Model =CRR Offers and Bids “Energy Offers and Bids

*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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Electricity Price ($ per MWh)

$35

$30

$25

$20

$15

$10

$5

$0

g1 B T (ERCOT)

Convergence Between Day-Ahead and Real-Time Energy Prices

@ Day Ahead
@ Real Time
«/wAbsolute Difference

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Day-Ahead Market Volume (GW)

60

50

40

30

20

10

0 -

Volume of Day-Ahead Market Activity by Month

ElEnergy Only Awards @ Three Part Awards «@=Day-Ahead Purchase
=¢m=Real-Time Load «@=RT Load Hedged - CP

miiim

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(K Pf) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)



Ancillary Service Requirement (MW)
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(HFfr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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 When does the Day-Ahead Market occur? When do Real-Time Operations occur?
+ Clearing Process begins at 1000 .
+ Results posted by 1330 * Includes Operating Hour and Hour-Ahead

.

DAM DRUC Hour-Ahead Operating Hour

Hour-Ahead Operating Hour . :
P g Adjustment Period

Day-Ahead Operations Operating Period

Adjustment Period

Operating Period

| | | | |
0600 1330 0000 Real-Time 0000 60-m||t15.
Operations prior to
P Operating Hour

(B ) ERCOT: ERCOT Market Dezain
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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

(HFfr) 2017 State of the Market Report for the ERCOT Electricity Markets (5/2018)
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Net Revenues ($/kW - year)

Figure 81: Combined Cycle Net Revenues
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Peak Load & Planned Capacity (MW)
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ERCOT Reserve Margin for the Next Five Years
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(Hi FT) ERCOT’s Review of Summer 2018 (June- August)
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" Real-Time Hub Avg. SPPs Day-Ahead Hub Avg. SPPs
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o 270 180
£ 540 m2016 m2017 m2018 160 m2016 m2017 m2018
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$/MWh $/MWh
2018 Avg. Hub Avg. SPP | 2017 Avg. Hub Avg. SPP
in Real-Time in Real-Time
June $32.56/MWh $28.71/MWh SPPS : settlement point prices
July $47.20/MWh $30.83/MWh
August $38.17/MWh $28.50/MWh

(Hi FT) ERCOT’s Review of Summer 2018 (June- August)
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2018 Actual Peak

Final 2018 Summer

Demand (7/19/18) SARA*

Total Resources, MW 77.558 78,184 SARA:Seasonal
Thermal and Hydro 65,200 66,457 Assessment of
Private Use Networks, Net to Grid 3,019 3,298 Resource Adequacy
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

AN
Capacity Available for Operating Reserves, MW 2,175 \ 1,079

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-sernvice Thermal and
Hydro Resources with planned Thermal and Hydro Resources).

B prnnf O~ ** The outage information in this table was extracted on September 4, 2018.

No outages greater than
500 MW

(H FT) ERCOT’s Review of Summer 2018 (June- August)



A, B, C, D,E and F (MW)

7/19/2018 N EHEIFE

Hourly Average Demand, Capacity, and Reserveson 7/19/2018

90,000 Off-Line 14,000
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10,000 ke | 2000
0 el LLLLL LML R L un 0
2 345//7 8 910111213 14151617 18 19 20 21 22 23 24
Outages Hour Ending

mmm A Outages . B Quick-Start Resources C: Off-Line

D: Renewable HSL *Off-line capacity is a summation of capacity from resources that were simply off-line
— G PRC » O~ and those providing non-spinning reserves as an off-line resource.

------ PRC = 2300 (H Plr) ERCOT’s Review of Summer 2018 (June- August)
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Off-Line Resources and Resources on Outage on 7/19/2018

2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24
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m Qutages Off-Line - Not Providing Non-Spin
# Off-Line - Providing Non-Spin m Quick-Start Resources

(Hi FT) ERCOT’s Review of Summer 2018 (June- August)
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(Hi FT) ERCOT’s Review of Summer 2018 (June- August)
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Estimated Distributed Energy Resource
Response for July 19, 2018
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-------- Estimated Load w/o DER Deployed

— Load w/ DER Deployed Aggregation of ~100 DERSs located behind 93
- = -System Lambda unique transmission-levelloads
(H FT) ERCOT’s Review of Summer 2018 (June- August)
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2017 vs. 2018 Effective RUC Resource-

Hours The decrease in RUC

June through August Instructions occurred for both
300 additional capacity as well as
550 to help manage transmission
m2017 m2018 congestion.
» 200
3
T 150
IS
# 100
50
;R == L

Capacity Congestion

Primary Driver for the Instruction
(H FT) ERCOT’s Review of Summer 2018 (June- August)



On-Line ORDC Price Adders ($/M

BILCRIEADITEHMERICE ST
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Real-Time On-Line ORDC Reserves and Price

- -
o N
o o
o o

3

600
400

200

2,500

Adders for Hours Ending 15 through 18

June through August  The day with the largest

ORDC price adder was
August 18.
August 18th
June 5th * While there were other
« Actual On-Line ORDC Price Adders periods of lower off-line
ORDC reserves, higher
—On-Line ORDC Price Adders with Low levels of on-line ORDC

and High Values of Off-Line Reserves .
reserveswere belng

observed.

— E.g., on-line ORDC
reserves remained
above 3,600 MW on
July 19.

3,500 4,500 5,500
On-Line ORDC Reserves (MW)

(H FT) ERCOT’s Review of Summer 2018 (June- August)
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Peaker® BFENet-Marginld B /K EFZHV2011£

Accumulated Peaker Net Margin

Accumulated Peaker Net Margin for

by Year June, July, and August by Year
140,000 90.000
® On-Peak m On-Peak
e m Off-Peak 75,000
100,000 m Off-Peak
- . 60,000
O 80,000 5
g ’ * Data for 2018 ; 45 000
iIs only through ’
= 60,000 Aﬁgust ’ =
« < 30,000
40,000 ’
20,000 I 15,000 I
) ) I H = l l 0
N Y X o 0 A O N WYY O X O o0 ALY
NS N R A 0 o X RO NN N\~ BN R N SN
B ST S S PO DEESNESNEME SN N
Year D% Year

(H4 Ffr) ERCOT’s Review of Summer 2018 (June- August)
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