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NERC&ISO-RTO

NERC %7

Québec
Interconnection

~

Eastern
Interconnection Interconnection
tno::t;d:.skisl‘ 5;&;: :nd ERCOT ™G Includes partions of East Texas

™, and the Panhandle region
Interconnection

NERC: North American Electric Reliability Corporation
EXKEREEERES

(K FRr) ERCOT : NERC-Interconnection

1ISO. RTO<w

Midcontinent

California IS0
1SO

iSouthwest,
Power Pool

Electric Reliability’
Council of Texas

¥ — IS0
New England

">~ New York 1SO
PJM

.. Interconnection
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Texas’ Projected Population Growth (millions)
1980-2040

To meet increases in
electric load created

37.0 million

— by Texas’ rapid
32.9 million ]
SRR population and
economic growth,
25.1 million : ‘
Texas will require
20.9 million o
additional power,
17.0 million . )
14.2 million transmission
and distribution,
customer demand
response and energy
efficiency.

1980 1990 2000 2010 2020 2030 2040

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

(HHFfr) 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

(H ) ERCOT: ERCOT Market Dezain



Your Power. Qur Promise.

ercots ERCOTD M E

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
Euiflor * Over 550 generating units, providing 77,000
Mexico MW of generating capacity during peak
| demand
| * 46,500 miles of high-voltage transmission

A \

ERCOT region

(K Flr) ACAT. the Wholesale Electric Market in ELCOT 2017
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Avg. Retail Electricity Price (&/kvwh)

INTELY &

= IREEDHEFE (K. TX, 2002~2015)

— Texas
129 — US. Average
10 - _—
8 -
6 -

Figure Copyright Robert Fares, 2018. Data from EIA.
| | | I | | |
2002 2004 2006 2008 2010 2012 2014
Year
(BH¥EIA  (HFF)Scientific-American

INSEY R EE LT M E(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

(HFT) PUCT : Scope of Competition
in Electric Markets in Texas
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Cancellation Fee: 520 per
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| Ram™e - 10% Renewable 500kWh  2000kWh Termsof Service R
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8. 8 A ,
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500 kWh 2000 kWh
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Cancellation Fee: $175.00

Fact Sheet @
Terms of Service @
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OR

SIGN UP
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Inflation-Adjusted Comparison of Residential
Regulated and Competitive Rates(2016/9)

Current Lowest and Average Residential Plans
by TDU Service Territory (2016/9)

AEP Central 5.6 94

AEP Central 9.6 131 5.6 -57.25% AEP North 5.0 94
AEP North 100 136 50 —63.24% CenterPoint 5.4 91
, Oncor 4.5 8.3
CenterPomnt 104 14.1 54 —61.7% Sharyland — McAllen 56 08
Oncor 9.7 132 45 —65.91% Sharyland Utilities 45 133
TNMP 10.6 144 50 —65.28% TNMP 5.0 9.2

13.45

(H Flr) PUCT : Scope of Competition in Electric Markets in Texas
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Contour Map: Real Time Markot - Locational Marginal Pricing Heolp?
Last Updated: Apr 15, 2014 08:30 Download KML: Contours and Points J Points Only / Toxas Countios

T < S13543%
B < $133 32
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B < $12063
N <« $117 46
< S115.28
B <S$111.11
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o < S108 27
S < $101.690
I « $93.42
«$352%
< $35208
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«$8573
«$32.%5%
«<$753%
«$76.22
«$73068S
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N < $60.35
B < $57.19
N < $55.01
B < $50. 82
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B < $45. 50
N« $41. 32
. < $3315
B < $34 55
N < $31 81

ERCOT@'J7)b94AFii§1ﬂﬁ$§(LMP) ©4/15/2014 08:30

. - - .

Howver over points 10 view details.
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D HEFE (ERCOT, Y734 L. North-Zone)

. th-
Since Q1 2015, average power prices have dropped from $26 to $17/MWh; trailing 12-month
price averages 522 / MWh
63
60 -

40 - 36
30
0 " T T I
2008 2009 2010 2011 2012 2013 2014
Source: ERCOT real time settlement data, north zone, 2008-2016

(K A7) ACAT. the Wholesale Electric Market in ELCOT 2017

2015 2016



$7

$6

$5

$4

$3

$2

$1

Natural Gas Price ($ per MMBtu)

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

all-in*E) 7 )L 32 A LB D HEFED (ERCOT. 14/1~16/12)
$80 B Energy w/o Adders [ Operating Reserve Adder $8
I Reliability Adder I Ancillary Services
$70 CIUplift «@-Natural Gas Price
. $60
E
T ss0
E $40
z .
2 $30 B = = =
: - -
" s20 TR 4
so

JFMAMJ JJASONDJFMAMIJ JASONDIJFMAMIJ JASOND

2014 2015 2016

s$o

Service Settlement, and Block
Load Transfer Settlement.

(HFfr) 2016 State of the Market Report for the ERCOT Electricity Markets (5/2017)
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ERCOTMEAZYIR(20155F) : ARAMNS
E_’ — .
ERCOT U.S. Average
Wind Other (Mostly Petroleum)
Non-Hydro Renewables
= (Mostly Wind)
= Nuclear Natural Gas
>
E Nuclear
e
L
Natural Gas
Coal
Other (Mostly Petroleum)
’;" Non-Hydro Renewables
S (Mostly Wind)
1] Nuclear
é. Nuclear Natural Gas
@
Q
©
(&)

Coal

Natural Gas Coal

Sources: ERCOT (2015 data); EIA (2015 data) (H477) ACAT. the Wholesale Electric Market in ELCOT 2017
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(ERCOT

FRFEHITILEA LEBDOHE (V—5F)

2011 2012 2013 2014 2015 2016
ERCOT $53.23 $28.33 $33.71 $40.64 $26.77 $24.62
Houston $52.40 $27.04  $33.63  $39.60  $26.91  $26.33
North $54.24  $27.57 $32.74  $40.05  $26.36 $23.84
South $54.32 $27.86  $33.88  $41.52  $27.18  $24.78
West $46.87 $38.24  $37.99  $43.58  $26.83  $22.05
Natural Gas
($MMBtu)  $3.94  $2.71 $3.70 $4.32 $2.57  $2.45

Implied Heat Rate (MMBtu per MWh)

|
\

v, DER O

Implied Heat Rate and Load Relationship

a5

a0 |

35 |

30 |

25 |

20

15 |

1

o

<2

W2014 [@2015 mW2016

nﬂﬂﬂ““"h"

25-30 30-35 35-40 4045 45-50 50-55 55-60 60-65 >6
Load Level (GW)

(HFfr) 2016 State of the Market Report for the ERCOT Electricity Markets (5/2017)
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*ORDC (Operating Reserve Demand Curve)
*VOR (Value of Reserve)
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-EMAAR DEEEGIET
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TTho—DKEAETBEE YT :0ORDC

Operating Reserve Adder

120
BN Hours

& Non-zero Hours
@ All Hours

100

80

oI IlIIIIlIII

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

6

o

4

Hours Reserve Adder Active
o

2

o

(Hifr) 2016 State of the Market Report for the ERCOT Electricity Markets (5/2017)

$8

W
~

w
(=]

Average Reserve Adder ($ per MWh)

-
-

W
o

ERCOT’s new ORDC

The Operating Reserve Demand Curve (ORDC)

0 2,000 4.000 6.000
(GE) #it&h : Value of Reserves ( $/MWh)

& %M : Operating Reserve Demand (MW)

VOLL: the Value of Lost Load ( 9000 $ /MWh ) : Cap
LOLP : the Loss of Load Probability (10%)

(K FRr) Power-Market
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Projected Planning Reserve Margins

[ Existing Capacity [ New Gas B New Solar @ New Wind B New Coal [ New Storage
25%

16.9% 20.2% 19.6% 19.5% 19.0%

20%

15%

Projected Reserve Margin

10%

5%

0%
2017 2018 2019 2020 2021
Source: ERCOT Capacity, Demand and Reserves Report - December 2016

(H FT) 2016 State of the Market Report for the ERCOT Electricity Markets (5/2017)
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35,000

30,000

25,000

20,000

15,000

10,000

5,000

Mw

Mw

Mw

BAOREBEEAEDHERERIAH (Ercot, 2017/12)

a Cumulative MW Installed m A Signed-Financial Secunty Posled m A Signed-No Financial Securty
______________________________________________________________________ 29,402
24,753
20,682

17,604
15,764

12470
11,065
20,682

20,682 § 20,682

4,785

13!»
1,854

1173 1385

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

(& %)) ERCOT Generator  (HFf) Scientific-American
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Natural Gas Other 1%
5% N\

(BE#)ERCOT  (H4FR)Scientific-American



CREZ Map m—n . CREZ:

Competitive Renewable

(Lasher 2014 Energy Zone

Amariflo
B
Wichita Falls
Lubbock ~ I 3 Texarkana
Fort Worth)DRallas ad
Abilene el
El Paso Midiand : : - .
Odessa : 2 Wace . Nacogdoches
San’Angelo €3 .ﬁff%
,College Station
® & Austin Beaumont
i Houston
D&l Rio SanAntonio}
Legend v B Vidf';toria-
CREZ Zones Transmission Service
- Panhandie A Provider (TSP)
B PanhandieB oot BN i Lavedo rowm Sl
aian Brazos Oncor :
B centeal Cross Texas
B central west  ETT STEC
CRA e
B Mccamey v WETT McAllen

Brownsville
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ANEHEEEA=DHEFEERIAH (Ercot, 2017/12)

3,600 mw - Cumulative MW Inslalled m A Signed-Financial Secunty Posted m A Signed-No Financial Securty

3,000 MW - 2,952
2,752

2,500 MW

2,143

2,000 MW

1,600 MW

1,000 MW | 1,000

500 MW -
0 Mw —__

2010 2011 2012 2013 2014 2015 2016 2018 2019 2020
(& #!)ERCOT Generator  (H FT) Scientific-American




More than 100MW of Texas Distributed— Scale Solar Project are Underway
R

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

I Electric Cooperatives

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

reeeel

Floresville, Bowie,
San Marcos
7 MW out for RFP

Nueces EC

) 0.7 MW in operation
Municipal Utilities Other

(&%) Rocky Mountain Institute (HFf) GreenBiz (2/28/2018 )
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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%

80% S Ren
0

57%  56% AR

63% 0
60% = 69%  73% other costs
0
40%
68%

20% 44% wholesale
energy
costs

0%

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 Fhr) GreenBiz (2/28/2018 )



FENERY) —T— D FEFE IR (0.99MW, central-TX. co-ops)

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
39, ISO/RTO charges

2%

‘\ Transmission

44%

Power contracting/hedge
5%

Generation capacity
12%

Energy
34%
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ERCOTTIZDFEEE
*BIH 7> 51)—H—E X :Regulation. Responsive. Non-Spin
*BIH I RILX — 18R E (LMPs. SPPs)
)T ILEA LTIV E— 558 (LMPs, RPAs) . 1553 % (SPPs)

OERCOTT 15 D %1

SEMOXMIEEEL S . CRR(Congestion Revenue Right) TN
*Scarcity-Pricing

* LMPs&SPPs (Settlement Point Prices)

- RPA (Reserve Price Adders)



ERCOT:HiiZS &

() QSE : Qualified Scheduling Entities
LSE: Load Serving Entities
Resource-Entity:

TSP : Transmission Service Providers
DSP: Distribution Service Providers

(H ) ERCOT: ERCOT Market Dezain



ERCOT: hiZEXE| Dk

: f : R | Reliability Unit Real-Time R
Reguration | CRRAuc__tlon _- Comm|t¥nent Operations

Mavet Patecants mmm
Quattcatons .

Assats
Aeanonsnos

- CRR :Congestion
Reserve Right

Operations Settlement

l\%gg\gﬁﬁ% _ | Settlement

| - 15 Minute SetBement Interval

(H ) ERCOT: ERCOT Market Dezain
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* When does the Day-Ahead Market occur? When do Real-Time Operations occur?
« Market opens at 0600 . Operating Period
« Clearing Process begins at 1000 )
+ Results posted by 1330 * Includes Operating Hour and Hour-Ahead

DAM DRUC X X Hour-Ahead Operating Hour
Adjustment Period

Day-Ahead Operations Operating Period

X X Hour-Ahead Operating Hour
Adjustment Period

Operating Period

| | | | | |
D600 1330 0000 Real-Time 0000 60_m|ns.
Operations prior to
Operating Hour

(B A) ERCOT: ERCOT Market Dezain
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FERC(@)Oeder841

FERC: A —4'841, 201852 H15HIRR
—NOPR (Notice of Proposed Rulemaking) [£11/17/2016

FISOICH LT, ANL—U R A DMEZ EEETEHEMAZBELTAE
L—UDMiGICSATELHEAZEBREE L,

-Hh IR, HEERIICIEAKIRA T WEBERPLIRIILF—FREM—ILTY
T4V CHIGIZSMTES L1,

-ISO. RTODEET) 7 : &KMD3/4%H/\—,

"IRIIF—THE. ToII)—hiE. BETHS

-ARL— D3 DY) ER L DFEEEFE A TRIRELZRRY ILEEIC,

* “a resource capable of receiving electric energy from the grid and storing
it for later injection of electricity back to the grid.”

*Storage-Resources (/\wT1)—,  TT5A47k1—)L. 5K, BEZE)
- SR ISOFIIMI9DADOIEIZA) IERZHOTIGIL—ILEZERK
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*Technical Capability: ensure that a resource using the participation model is
eligible (#9#7:) to provide all capacity, energy, and ancillary services that the
resource is technically capable of providing in the RTO/ISO markets

*Dispatchability: ensure that a resource using the participation model can be
dispatched and can set the wholesale market clearing price as both a wholesale
seller and wholesale buyer consistent with existing market rules that govern
when a resource can set the wholesale price;

* Physical and Operational Character Accounting: account for the physical and
operational characteristics of electric storage resources through bidding
parameters or other means; and

*jSetting a Minimum Size: establish a minimum size requirement for participation
in the RTO/1SO markets that does not exceed 100 kW.
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*Commissioner Richard Glick, a Democrat, noted that “energy
storage capacity is expected to grow more than sevenfold

over the next five years, with performance that is equal to or,
in some cases, superior to conventional forms of generation g
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Operating and planned utility-scale battery power capacity
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U.S. utility-scale annual battery installations, 2003-2018

power capacity, megawatts (MW) operating, as of October 2017
planned, as reported to EIA
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