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WIND +

Powering the Future.
Together.

AWEA

WIND

Houston, TX  May 20 - 23, 2019

INVN=ERIENE

EDUCATION
PROGRAM SCHEDULE WIND +

Powering the Future. Together.

AWEA Pre-Conference Seminars (Additional registration required)

. Wind 101: Introduction to W
. The Gro Wir and Opportunities Through 2030
.

d: EDF

WINDPOWER Opening Reception

5:00 pm - 7:00 pm

Sponsored k

y Greer

Exhibit Hall Open
2:00 am - 6:00 pm

Welcome General Session: Powering the Future Together
11:00 am

AWEA Booth
Fors ! Presentati

Renswable Energy dorterson | oot
1:00 pm - 2:15 pm

Innovating

1:00 pm - 2:15 pm 1:00 pm - 2:15 pm
S A Shared Future
Electrification and

Renewable Energy

Leveraging )
Existing Offshore Estimates
Energy Advances
1:45 pm - 2:10 pm 2:00 pm - 2:25 pm
3 Africa Keeping Up-To-Date
About Trel
Industry News

in

See the AWEA

s 0pp fo speaker bios, and more. 3

ommittee meetings, detailed session descriptior

2 FHES e ER



o

WIND +

Powering the Future. Together.

DOWNLOAD THE AWEA EVENTS APP NOW:

- Access the Show Schedule

- Navigate the Floorplan

- View Exhibitor Details

- Favorite Your Sessions

- Network with Fellow Attendees

- Download Presentations / Show Resources
- Participate in Q&A and Session Polling

AWEA'T

AVAILABLE IN THE APP STORE OR GOOGLE PLAY
USE YOUR BADGE NUMBER (PRINTED ON THE FRONT OF YOUR BADGE)
TO ACCESS ATTENDEE NETWORKING QUESTIONS? VISIT THE AWEA BOOTH #2403

BEXFAR 4G

WIND +

Powering the Future.
Together.

Houston, TX
May 20-23, 2019

Ul Education Program

s=— Sessions by Topic

&+ Networking/Other Events

Stand-|

: B
N [

Floor Plan

Sponsors Poster
@  Exhibitors
AWEA
Exhibitor Spotlights

«
& Products
20!

Speakers

‘-
Qo Attendee Networking

ﬁ
WIND’OWEEAR)r

#WINDPOWER2019

VISIT THE AWEA BOOTH #2403 TO:

- Connect with AWEA Staff

- Learn About Member Products & Services
- Book Your Booth for Next Year

- Buy Wind Merchandise & Apparel

- Find Out About American Wind Week

- Participate In AWEA Booth Presentations

- Join the WINDPOWER Town Hall On Thursday

AEABA 4G 16:38
= Schedule
Q Search
4 Wednesday, 22 May 2019
10am

(EHS) Owner/Operator Networking Group

(WDET) Wind Technician Training &

i\f Education Working Group Meeting

AWEA Operations Committee Meeting

The Potential Wind + Storage Roadmap

The Texas Story - From Wind at our
{} Backs to Strong Headwinds

3 i PR RIS

Cancel

»

12am
lam
Zam
3am
dam
S5am
Gam
7am
8am
9am
10am
11am
12pm
1pm
2pm
3pm
4pm
S5pm
6pm
7pm
8pm
9pm
10pm
11pm
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Haliade-x 12 MW

The most
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WECC (high_solar) + ERGIS (RTx30)
05-12 03:00 EST =

=1

Saskatchewan

Grand Challenge #3 Using big data and high performance computing to orchestrate
“wind turbi , and grid formatio provide stability, resiiiency,

8 REURIEFNE ) Rt W
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Optimized :
Ensemble Algorithm

Forecast

O PIRERE TR T 2458 2 /14

EETHETE 2025 R F R IERE S BRET] 5.56W » 415
RE T EES N E RIS B T UIREEES ) LS s i Z BT
WL AT AR SR AGE [l IEREFY T 1R 5 BB - RSRSeimAa g
AT & -p R AR 2 R 2030 Faifh g 2 5 R i
@r(The Growing Offshore Wind Industry: Supply Chain Projections and
Opportunities Through 2030) - F&EHfE(LfEH s s am L - TS
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JEZ e -

Gk v)iGaT i R IR 2R 2030 FRiEEREE ) Z %
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Research Questions

1. What is the like
contracting bety
period 2020-203¢

ly scen ario for o ttshore power

\uni\] Pers and utiliti

es xhum;i the

2. Given the forecast for Power contractine what
\[Lmntm( omponents will be neede 1 and which
years l uilc i the wind farms now requ

lired to meet
state commitment

3 (,‘\uut.’n‘mzr“l\{ for power contracting and the
predicted volume of ¢ ymponents that will b uh'd
what is the total ¢ \H\ — and potential revenue
Opportunity — that can be expected from the
contracts?

10 Eafkatam W7 FE

Offshore
Substation
PREEE
(RIS 1)
Onshore (25/161 kV)
nsho
Substation
sl SRR
E%Eiﬂkw (161 kV)
3 T
(161 kv)
E!Eﬁﬁgﬂl;ﬁ@ﬁ t " . | T
(161 wTEE  WTE ] )
(161 kV) (161 kV) 1 iﬁmfﬁ(ﬁcag?e
Upland Cabtlj ) &Dﬁﬁ(éﬁtlﬁw Inter-Array
(Onshore Cable Export Ca

11 B S RS~ R E

® IR IZE 2030 FEZELITEM ¢ (¥ A)
fhiEtZE 2030 FF&NEEE RN ZEESETHAFIERR
18.6GW([& 12) > i H A ¥4 700 (&E7T(682 (&)1 AE 1T

(% 3) » FEFRZ LA THRAMA
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2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
EMD BRI BCT EMA ENY HN) EVA

12 2018-2030 F-fE R R A B B

* 3 HEEEE I EHE R E A AR

Capital Expenditure

(Billion USD)

More than 1,700 offshore wind turbine & 20.6
tower '
More than 1,750 offshore turbine &
. . 16.2
substation foundations
More than 8,000 kilometers of upland,
10.3
export & array cables)
More than 60 onshore & offshore
) 6.8
substations
Marine support, insurance & project 5.3
management '
Total by 2030 68.2

15
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Estimated
Quantities

Onshore substations 17
Upland Cable (km) 457-512
Export Cable (km) 3,496-3,771
Array Cable (km) 3,883-4,535
Offshore Substation (count) 46
WTGs (count) 1,713
Foundations (WTG and OSS) 1,759
S 80b
$ 70b

CAPEX estimate
W
]
=

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

mmmm Onshore substation EPCI s Upland cable EPCI
[ Offshore substation EPCI I Export cable EPCI
s Array cable EPCI I Foundation EPCI
WTG EPCI N Other (insurance, marine support, PM)
= Aninual CAPEX

13 B I L e i R e B B A M
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Annual quantities [units)

Annual quantities (units)

o JHE IREME N EE(WTGs & Foundations)

WTG Foundations
500 2000 500 2000
450 1800 o 450 1800
400 1600 § = 200 1600
350 1400 E £ 350 1400
300 1200 £ 2 300 1200
250 1000 £ Z 250 1000
g =
200 800 g g 200 200
150 600 & T 150 600
=
100 400 E 5 100 400
50 I I 200 ¥ 50 200
] o ] 0
D A ‘% b Q D W o A 4D D 40
O v PP g S DA AN R
w“%“qf"'b"?“ww'bw't? AP AR AR A AR AR AR AR AR AR
Year of component contract Year of component contract
Cumulative quantities BAnnual quantities B Cumulative quantities BAnnual quantities
=X A = N
(& 14 HRAH S ARPREEE T
Py i
® ki (Offshore) : & EE U ER1EE4E (Substations & Cables)
Offshore Substations Export Cable
4500
1: = 1,400 2000
= E 1200
s R 2500
7 g £ 1000 2000
6 :“E 2 soo 2500
5 § 3 2000
4 = F 600
. 23 1500
5 % E 00 1000
1 E 200 SO0
o ] ]
(= I $ [T Y = - = R = T ]
Lo O O B [ I B I B |
=2 2 @ @ o @ o 9 o 9 9
i T B I I I I BT B~ I ]
Year of component contract Year of component contract
¥ Cumulative quantities WAnnual quantities B Cumulative quantities B Annual quantities
Array Cable
5000 _
T 1400 =
£ 1,200 4000 —_:4
£ 1,000 z
= 3000 =
Z 800 g
£ 5
Z 600 2000 &
— o
S 400 E
E o0 111 I
<
0 i, :

202020212022 20232024202520262027 20282029 2030

Year of component contract

Cumulative quantities W Annual quantities

15 BB E M
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Cumulative quantities [units)

Cumulative quantities (km)



Annual quantities (units)

® [EIR(Onshore) : EEEILA1EE4E (Substations & Cables)

Onshore Substations Upland Cable
10 18 200 600
9 16F 180 -
£ E
8 14§ F 160 500 £
7 12§ g0 200 £
6 0% I 120 £
5 . g 5 100 300 &
4 £ Z 80 H
3 6 £% 60 200 £
4
2 E z H0 1ou§
1 2 2 20
0 0 0 0
R R A R S S . AT T ARG
A g i gl S AT i R P PP LD PP S
A AR AR A AR AR AR AR AR AR 4D A AR AR AR AR AR AP
Year of component contract Year of component contract
W Cumulative quantities ®Annual quantities B Cumulative quantities MAnnual quantities

16 [t EdmeH F R E TN
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(Z)  RINITSEEZRE(ERCOT)

# N e]FEE 2 & (ERCOT, Electric Reliability Council of Texas)
RTECRIEN 75% - Hhifs 5z 90%H = mI SE s SRS HYI R = FIIRHE -
HHESRZEN A KILEET A 5EEZ & & (North America
Electric Reliability Corporation, NERCYE &~ = KF#HE 2457
—  HIBEENE I 15 2 811 2903 {F & (Independent System
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BTSN s T e R ARIEACERaEE AT T - ([ 18 ~ [ 19)

Western
Interconnection

Inehutes £ Pass ared .
et Toas // Interconnection
. e Inchudas porfios of Eagt Tenas

v 220 MW with SPP o and the Fanhandic reglan

600 MW with SPP

ERCOT
_ Interconnection
30 MW with CFE
at Eagle Pass
100 MW with CFE
at Laredo 300 MW with CFE at McAllen

18 ERCOT [ty Ny R 48 837t

Quick Facts
650"" generating units,

excluding Private Use Networks

0/ of load is competitive-
7 5 /6 choice customers —
more than 8 million electric-service
IDs (premises)

78,000+

megawatts (MW)
of capacity (as of
December 2018)

Maore than 25 million

consumers in the ERCOT region

46,500+

circuit miles
of high-voltage
transmission

Transmission projects energized in
2018 totaled $2.2 billion

73,473 MW

71,445 MW

& 19 ERCOT 2018 R4 ik I 23 i B
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(=) ERCOT 2018 B4 &EIFILER
1 FEHREEERIERHTKE

TEINAT AR LT F) 3 IR I 7 KB & - e
ERCOT Hill& A B TR FEZE ZIHTHY =& - #fE 2R ERCOT 2 2018
FEFEEFCRE S 7B sk B HIRAER e FHY 358
s ® Jmke TATA P Z HER K- B¢ 2017 FJE £ 2018
FORFIN B IEER AR - 2018 FEFLGHHEE
& 1% 8 S Recsk: A iEkEH ERCOT kz PUCT Y/
SRR > UK SR T 5 BRI S A 2R R RS (RS
LIFSIE fe 5 5 i 38 1 T -

I Arnual Energy —[] Peak Demand

370,000 GWh 76,000 MW
360,000 GWh 74,000 MW
350,000 GWh 72,000 MW
340,000 GWh 70,000 MW
330,000 GWh 68,000 MW
320,000 GWh 66,000 MW
310,000 GWh 64,000 MW

2014 2015 2016 2017 2018

20 2014-2018 4 HEIEHL A AR T K R
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2018 FFEE AR HE P A (AR B (A P R S A st T e s 188
MHEAZ GRS - I 2019 4£4) » PUCT $57x ERCOT
I7» ERCOT i & it BIRF L F i (1L -
R
JHEFETS 2018 AR FHkE S 3760 (HIEFE - ELiEC 2017 AEH4 T
T 5% MELEEEFATF 19% 2R HRE 1458 - (@& 21
Z HAMER B BRI RE ~ KTT ~ AR ~ AERE ~ HIRAE
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24.8%
Coal

' 93,249,395 MWh

!
44.4%
Natural Gas

l 167,205,565 MWh

-
{ 18.6%
Wind
' 69,796,019 MWh

1.3%
Other*

5,007,950 MWh

o
10.9%
Nuclear

' 41,124,921 MWh

21 2018 B3 A A R

3. MriksHAVBHSE
EEAE = E R it 2018 AR GRS FH SR B B PR AEAHEL I T 30%6
MAT A ELEHF & L E HEEEFRNRAREAE - 1M
ERCOT EiZ2KI5RE ~ RS BRI B8 M 2 /NI R IR R

PAHFIHH B EREM I > NI/ B IEE -

2018 - 21,751 MW
2017 - 20,682 MW
2016 - 17,604 MW
2015 - 15,764 MW
2014 - 12,470 MW

2018-1,719 MW

) 2017 - 1,000 MW
N -
':. :' Solar capacity 2016 - 556 MW
b \\' 2014-2018
/'\ 2015 - 288 MW
2014 - 193 MW

22 2014-2018 5 ERCOT F\JJ K KGRE R E R Bl R EIE
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2018 4 > HIFHAI R ZSABEERFR K - FEINPEE 2 B I
SKIGHN T 4T 500 MW » [T 5% 6 2 RIS TR K BAF I RFRA Fy
8% » HTHETZ 2023 FFLARTE DAL RIS Y = < 2877 > FERg i
AETHEE | ERCOT EH#E Y H Mt & (FH g R R Ry 1
£ 29%) - R A NP E & H 71 IRy &8 - ERCOT
S THET— L R R E & 2 I IETE (Far West TEXAS
Project, FWTP) » H.&& s &l BN W R ATEE FTHY 345kV

T TR AR IS O T RARES M o DASCHT I — (R Y R A

T>”H

345KV B EE 4RI - 15 LL i 22 TE H S o] SE RN PR AL EE Syl

[FJEF 22 H] DUB D SRR FETE -

FAR WEST TEXAS PROJECT

CULBERSON | LOVING U WINKER cravars
_ RIVERTON "

- Ay
75~ BAKERSFIELD

_—
ocword
ntain o
o
3 }
= Serrdino
*ieoq . Mesa Wy

" JEFF DAVIS

SOLSTICE

[E 23 FWTP RAGH 2 2 i sE S e ]
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5. MricflrayiR A
ERCOT B zatHEA 7 = 1ERSE 17— BEMRAETT VA - FIEH
Btttz oGlsE R &R (DER) Z8u% > W 2@ E 2 (#
f ek o SR 2 e RS H B B AT B - R HGIRRE
oLl By B A e A s B B HE ST ERCOT Z8iiki
[FHRERI ST FACKNIRHES > RACHRERY ERCOT {5H —fEZ
it > B 2018 - 12 H &5t 2,300 MW 2 AT
R IEAEWTFET - {HIN ERCOT H ATt Fife < & B et Al
i HAE - SRS EERE S S psE A R GRS » DAltiE A
ERCOT HEHFN T -
()  ERCOT mBHARFESHHE
ATFAC ERCOT Hils K EHAREIRGF - (15 R GHRZERIR
A2 PPk - G2 IREID A ~ SR bRAYE TR - FHAERERTH
AETAERE MDA R SR E I B e - SO A 2E M e % Z BN AR5 DA
HEFFRIHRZABE -
ERCOT ZEBIRE AN HATT SRR > FrE28E(GHEAE
RER)ER PR L e RE SN IR s 2 (45 & Rl » H R IB S I [ iy
1% - 28 SE] H EAE B B s Z HFE © 1 ERCOT

BN S 5 47 8 ¥ {T — I SCED(Security-Constrained
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Economic Dispatch) - =5 & 2342 HAGIRIE ~ ATRESFAERVEHGIRM
PReH R ~ IRAHERERIRG] (PRH B IREE ) FRE > e HAT

SR R BT 2 0 MATA SR EIR(E AR KR E
K HE & A PR B8 BRSO S R IBUE PR (E S - ERCOT ZEAH R
5 2 EHEARSSTA H Ry R (A ik %5 (Regulation Service) ~ PREERZ &

A %5 (Responsive Service) DL & JE Bl B 5 ## A %5 (Non-Spinning

Service) - (& 24)

Regulation Up
157 to 687 MW*
Regulation Down
156 to 604 MW

Responsive

1.Primary Frequency Response

2 Load Resources on Under Freguency
Relays (UFR)

2,300 to 3,200 MW

Non-Spin
967 to 2,361 MW

B R 5 E H

& 24 ERCOT

\\>§>

1. FAFEFGERR %5 (Regulation Service) :
SR B AR 5 2 PR P B 3 BE ] (Automatic Generation

Control, AGC)52k ° .4t EMS it EF 4 Fhai s iR ZEfl(E
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St R WA > ERm ARG BB AR S S E
(Regulation Up)=i[#(K 35 2 (Regulation Down) » {H Z AR

RENTZERI T AERAE L F #EE - TS IRRFEIE 5 Jrssit

/

SCED I #e 2 - 5580 ILFaMRmiE RS T KE - F il
A5 i 2 F R EEIIPREJ ORISR L R st B L&

HIET - Bt TR E R G E LU RF 28 -

o SR S R - B (T B - TR L= T T T L 8 £ LR L o T L R 2
B L ol i Lt W S St e e L AR

Real Time Base Point + Regulation == = 5 Min Dispatch Base Point

[
N
(6]

113

SHAFERAR S i RIS 2 R

Reg-up Requirement for March 2018
700

600

400

300
200
alll il
0
12345

6 7 8 91011121314151617 181920212223 24
Hour

MWV

26 FEpA RS (R D)FEKE (2018 4 3 H)
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2.

PRI S FERR 75 (RRS, Responsive Reserves Service) :
ERCOT B & & [F] B I8 540 » WRBLEM AT 248 [F20 4
o WA BRI 2 240 Z st El VA S B SRS - 1M
F A AH (BR T 1% RE ) B0 i 2K B IR 28 JHE E | 2 (MW/HZ)
K 4E#SE I (Deadband) - [fiifi¢ 2012 4 3 H#E » ERCOT Z4%
FI A B\ SR oRE 28 B I A B R DR 2 as ~ ZENE -
2R B R %5 F B Ryt R S-St 38 AR Bk R A e 8 2
A EPUEPTIRRENE - NIt ERCOT B 7 {&{H A0 HUS
PR E RS - S39MIRET i % Al e B E LS 50% EfRZ
PR R & - st 2 (AR 5 R S8 TR B L
((RIREEEESCE Ky 59.7Hz » HFRRY 30 R NFATT) © 5550
ERCOT 755y 2014 FRAMGEHTTRIFECZERGIEE - MFEE
(2015 F)HEATREH R E BRI E RS ER B IEE & -

Inertial Response

1 Arresting Period
i
1

T Rebound Period Recovery Period

Secondary Response Control

1 Primary Response Control




MW

2800

2750

2700

2650

2600

0 2 4 6 8 10 12 14 16 18 20 22

2017 Responsive Reserve
Service Requirement

2016 Inertia Heat-Map
28 ZAniE EXE/ NGRS FEIR S T oK Z 2 &

OGOl Summay Cutolment + Farecast + ValleyForscost RES CAT Ut nerla DER FOD QNS HetLosd

Yallow

Orange

29 ERCOT Zinid & 2 Bt m M ETE R
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3. FERI 575 (Non-Spinning Service) :
Ry b R AT Je S A (A 25 B 2 DA R 2 a FRUMI B 7 e et
B 1% (3% ERARIEAR R i SR SRR A ple 2 ZE3E) B
i ERCOT Z&EF Ry 30 o nl et A2 EmrE R & > H 2
eSS ~ BESRSEEEIRAH BFR E P EIEE e deft - i
FTRERKBE RS EWRE(LEL - BETNERE - FHIk
IR FE N 2RI TR &S -

Non-Spin Requireements, 2018

Dec T T T J7T T T T T T T 1 2200
Nov e
Oct 2000
Sep

11800
Aug
Jul

11600
Jun
May 11400
Apr
Mar 1200
Feb
Jan L 1000

123 45678 91011121314151617 181920212223 24

30 2018 4R BB (AR R B
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