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SUMMER SEMINAR 2019
TRANCENBMATION

EPRI 2019 Summer Seminar Agenda

August 12-13, 2019
Chicago, Illinois

The integrated energy network is undergoing a rapid transformation enabled by
interconnected, “intelligent” technologies that increase carbon reduction, enhance resilience,
grow customer choice, and improve grid operation and planning. The 2019 Summer Seminar
examines the adoption of the advanced digital technologies that will optimize the evolving
integrated energy network, reduce carbon, and chart a pathway to enhance value to
customers, utilities, and society.
DAY 1
Session 1: INTELLIGENT TRANSFORMATION
Session 2: ENVISIONING THE FUTURE
Session 3: UNCOVERING NEW PATHWAYS TO LOWER CARBON
Session 4: REDEFINING RESILIENCY
Session 5: DECIPHERING THE DATA BEHIND THE STORY
DAY 2
Session 6: SECURING THE EDGE OF THE GRID
Session 7: SHIFTING THE PARADIGM
Closing: REFLECTIONS ON INTELLIGENT TRANSFORMATION
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SESSION 1: INTELLIGENT TRANSFORMATION
Mike Howard, President and CEO, EPRI

Anne Pramaggiore, Senior Executive Vice President and
CEO, Exelon Utilities
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- Statistical difference
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1950 1985 2015

Source: Carbon Dioxide Information Analysis Center
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Accelerating Carbon Reduction Across the Economy

The Carbon Reduction U.S. CO, Emissions by Sector
Technology Timeline
|| a
Industry/

Rounded fo the nearest gigaton (Gt}
@ of remaining emissions Energy Cleaner Electric  Transport Buildings
’ Efficient i

U.S. Energy CO, Emissions

: Efficiency Electricity
~6 Gt CcOo, 2005 e e 2005

5 ---1 Present Electrification Prasent
5 I...l  Day Day
Low-Carbon
ey Resources - e
~4 i i 2030 2030 | OEERAN 3% |
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Histarioal data from BIA Manthy Energy
¥ 201F. Projections from

Next Steps: Expanding Low-Carbon R&D 7

The Path to 2050: Creatling Affordable, Low-Carbon Oplions i S

The Path to 2020: Acceleraling Demonsiration and Deployment

Acceleraling Elechic Vehicle (EV) Adopfion
and Infrastructure Modemization

B  Renewable/EV-Ready Integrated Grid

1] EV Charging Infrasiructure and
¥ Customer Behavior

Grid Energy Storage integration

Heet Hechificafion

askepri@epri.com

wWww.epri.com
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2030 - 2050: Continue Progress, Develop Technical Opﬁans

Energy Efficiency (@IS Zero-Carbon Electricity

Cleaner Electricity
Cleaner Transportation
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Integrating Low-Cost Renewables

Wind & Solar: -
756 TWh
581 TWh (175 TWh additional
328 TWh Projected increase if 20% of
Increase Increase nuclear fleet retires)
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Grid-Connected Battery Storage

Estimate of Storage Capacity b Balancing variable
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SESSION 2: ENVISIONING THE FUTURE
Looking Ahead to 2030
Moderator: Mike Howard, President and CEO, EPRI
Maria Pope, President and CEO, Portland General Electric
Enrico Viale, Head of North America Region, Enel S.p.A.
Kevin Payne, President and CEO, Southern California
Edison
Christoph Frei, Secretary General and CEO, World Energy
Council
¥ 2 & ER¥ AR EY X K2030F
TERN ST EEL AR 2 AT R ARG
(World Energy Council, WEC) 2019# 2 Ik iv iRk 3L ELR| -~ 4B %
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(Market Design) 2 7 & # % 5 7 % Jf L edB iR 3040 ¢ LA
TR R ARR S RO E N RAREE o

@ Issues Monitor — Global Trends

A

g « Similarpicture to last
s _ year: Consolidation
) et Al 1 of energy transition

N @\ O trends with high

Q“'@ e emphasis on
. e renewables and
| '. energy efficiency

World Energy Issues Monitor 2019 - Global Impact P

@ Critical uncertainties: wha
@ Action priorities: what keeps energy leaders busy at work
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Tracking Innovation since 2010

UP
- Pe

Lot )u’\{C.,"

Technology innovation
clusters of renewable
energies, electric

storage, & innovative
transport are moving

up.

This technology push
is going hand in hand
with innovation in
new market designs
and decentralised
systems.

Uncertainty P

World Energy Issues Monitor 2019 - Global - Innovation Impact

@ Timetracking of select issues from 2010 to 2018
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“uberisation in energy” WORLD
ENERGY
COUNCIL

Internet of things (IoT) in
energy

automating transactions
between large numbers of
small devices

enabled by distributed
ledgers / blockchain

has potential to deliver
system services at scale

and thereby reduce physical
infrastructure needs

1R G- A iR a3 f" /i i* (Uberization)
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SESSION 3: UNCOVERING NEW PATHWAYS TO
LOWER CARBON
Accelerating Economy-wide Emission Reductions
Moderator: Arshad Mansoor, Senior Vice President, Research
and Development, EPRI
Part One: The Path to 2030 — Accelerating EV Adoption
and Infrastructure Growth
Setting the Stage: Jamie Dunckley, Technical Leader,
Energy Utilization, EPRI
Anne Pramaggiore, Senior Executive Vice President and
CEO, Exelon Utilities
Doran Barnes, CEO, Foothill Transit
Phil Jones, Executive Director, Alliance for Transportation
Electrification
¥ 3 & FR'E AP IRDRTRIE - hPRRE R
FENRENRLI BT ELAE R AT Ak MR e
Fpbed R LS EARRRF RIS E G R LED
Z ®2030# 7 #2 REE P R 20058 B E23% (4Bl 1) o

Transportation Electrification Objective

Today's EVs emit less CO, than the average car in every state
Electricity will be half as carbon intensive in 2030

2030:
Vehicle Miles Traveled New Vehicle Sales
EV§I 87 EVs Gasoline
o
D = )
o ) o
ey e
G li Below 2005
asoline 4/" 0 g
i il R S e
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U.S. EV sales are increasing

1,300,000
1,100,000
900,000
700,000
500,000
300,000

100,000

(1000000 DM J SDMJ SDMJ SDMJSDMIJSDMJSDMIJSDMIJSDM ]I
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

I Other Nissan MEETesla WEBMW mEEChevrolet MEFord seeePHEVtotal ====BEV total

Bl12 % B £ (2010-2019# )T & & 4 & &
2018 £ M7 &8 4 & £ %361,0008m(7 F ¢ v+ 2.1%)
g;z}u-’ THEHLE ‘:\3488,0005;@(7% bt 23%) ¢ RS R
BaE R GI0F (D F 4 94.2%)  § RTH D L K
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EV growth is driving battery costs down

Lithium-ion battery pack price ($/kWh) Demand for lithium-ion batteries (GWh/year)
1,200 1,800
I EV []E-Bus [ ESS A Observed price == 18% learning rate 1600
1,0004A 4
! £ 1,400
800 A £ 1,200
i 2030 implied price & 1,000
609 a $70/kwh
A 800
2025 implied price
400
200
200
0 s et 0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Source: BNEF 2017 Lithium lon Price Survey
s 92019 Beciric Power Research irsfhse, inc. Allrightz resened. =ErR2l | EERARs T
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More models with more range

264
254 260

% Vehicle Type By 2022

60 B SUV/Crossover 240

55 Sedan 220 o .

= *~130 EV models will be

£ 50 Msubcompact g on the market
8 45 B Minivan/Wagon/Van 171 180 tcm
2 Coupe © i
240 W pickup Truck 160 & = Average range will be
;g 35 W Ultra-Luxury/limited Edition 140 ‘E- ~2 60 mI|ES
= 30 112 109 120 w
% 55 100 & ® More SUVs/crossovers
g 20 101 101 30 §
£ < "+ Trucks!
2 15 60

10 40

5 20
Q 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 9
82019 Szctriz Power Bz archIreShie Inc Allfights reserad (= e r=1 | .
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- Consumers
o

Network to Charge Station

Network to Network | I Site Hosts

Physical Charging Vehicle to Grid
Interface

How interoperable are EV consumers?

17 2015 Beciric Power Researchirstifuie, Inc. Allrights reserved EPPRE | niEainn:

FIIS 68 3043384

Part Two: Beyond 2030 — Advancing Low-carbon Fuels



and Decarbonization
Setting the Stage: Neva Espinoza, Director, Generation
Research and Development, EPRI
Stan Connally, Executive Vice President of Operations,
Southern Company
Maria Korsnick, President and CEO, Nuclear Energy
Institute
Mike Rutkowski, Senior Vice President, Research and
Technology Development, Gas Technology Institute

195 £ W3 %% (U.S Environmental Protection Agency, EPA) -

B e Wi % %ML R ¢ (Intergovernmental Panel on
Climate Change, IPCC) 2014 # T LA 7 @ 23RIF 3 7 H# 3§ v
Al E65%COxF 2 31 E)~11%CO(FREZ 2308 %)~ 16%
PR EAR PR &)~ 6% NoO(R 97 4) ~ 2%4 1§
e A F8FA2IE T F WV (ArRl16) 74 8RR
25% ~ BAREZ 1 108 % 24% ~ 1 E21% ~ 23 14% ~ H # ik
10% ~ 2= # 47 6% o

Economy-Wide GHG Emissions Reduction Must Address

Hard-to-Decarbonize Sources

F-gases 2%

b Nitrous|
\Oxide
"-\§95
A Electricity and
Heat Production
coz

A\
e
Methane
25%

16% Industry

21%

Carbon Dioxide
{Fossil fuel and industrial

Carbon Dioxide
(forestry and ather
land usey S
11%

4

o

e Agriculture, Forestiy
Transportation | and Other fand Use
24%
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Decarbonization Trend of U.S. Utilities

3
- AEP
e
- Southern
2007 2052
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Southern Company's low-carbon future

We will maintain our customer focus while building on our significant progress to date.

2018 | 2 2030 B 2050 >

/ . Constructive Healthy Capital
35% 50‘0/0 LOW Regulation Spending
Reduced Reduced to NO
CUSTOMER
v Diversified portfolio of low- to no-carbonresources f y
v Robust R&D todayto deliver technology solutions beyond 2030 \ High Renmnawz‘//
Low Prices
v’ Supporting national energy policy for flexibility, affordability, High Customer
reliability and resiliency Satisfaction
o S —— =PRI
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SESSION 4: REDEFINING RESILIENCY
Emerging Technologies Benefiting Customers and the
Grid
Moderator: Anda Ray, Senior Vice President, External
Relations and Technical Resources, EPRI
Jerry O'Sullivan, Deputy Chief Executive, Electricity
Supply Board
Elliot Mainzer, Administrator and CEO, Bonneville Power
Authority
David Springe, Executive Director of the National

Association of State Utility Consumer Advocates
(NASUCA)

$4% £ HEP - TR Y 2B T e

e g A ehe x SRdt 4 4D e fE 0 2 B 1t (Decarbonisation) -
4 ¢ .« it (Decentralisation) ~ # = it (Digitalisation) ¥2 % 1 it
(Democratisation) > 7% 9 i # B s o fit cnfd A s R s B it
HATEpECEFEL S Sy AL hp A EHEECR2]) -

Four Drivers of the Energy Transition to 2050
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Interconnection with Europe, Fuel Mix, and Rénéwables.

Peneftration

UK Gas and Electricity Interconnectors

All Island Fuel Mix 2018

== (G35 interconnector

(existing) Naceray o
= Electricity interconnector h’::;"“ Wi 282
(existing)
=== Electricity interconnector / Hydro, 1.8%
(proposed) m Coal) Other Renewable,
| enmiak ; BE% |\\ Other NonRenewable >
o ¥ Ol poy Imports 0.8%
Ireland o
Oublin g3 ; Penetration of Non-Synchronous Renewables
F $ IN EACH EUROPEAN SYNCHRONOUS SYSTEM 2010-2020
United Kingdom', /e fsncs . ™
F & SETmany -
& N
o l
11 Yy Belgh [ ]
S [ | ] Ea [10%]
France Sountes The boase of Lo | | | | B B
= L] L m
www.GlSreportsonline.com A0 2045 2000|2010 2015 2020|2000 2045 2000 (2010 2015 2020 zmo 205 F20 [0 mus 020
Iretnd and Great Britmin Continestai Sandnmi oyprs Nam2
Northern el Eirope
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Irish Government Climate Action Plan 2019

Electrification . Services/Smart Grid
* Increase the number of EVs t0 950,000 G- ¥ * Replace all mechanical meters
(>90% new cars in 2030) i with smart meters by 2024

® High penetration of variable
renewable electricity through
system services and market
arrangements

* Electrical heating in 600,000 S— E
residential homes by 2030 .

* Ban oil and gas boilers by

2025 and petrol/diesel cars from 2030 = . .
= Support microgeneration

70% Renewable Electricity by 2030 Thermal Generation

* 3.5GW offshore

® Phase-out of coal and peat-
fired electricity generation by
2025

= Carbon price of >£80 per
tonne by 2030

* 8.3 GW onshare
» 15GW solar
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Impact of Electrification of Transport and Hedﬁn'g Sectors

Total Electricity Requirement | High
45 - — Forecast for Ireland : e
Median
Total Electricity | 1 =2 GCSs17
Requirement | i = High
(Twh) ( A==T | | | |
[ Low
30 Historical |

TER (TWh)
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2030 Challenge - Increased System Compléxiff

Power system
dominated by weather-
dependent renewables

Increase in

system demand

Large-scale
deployment of
battery storage
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Solutions to Maintain System Stability and Resilience

[N

Hydrogen Storage Demand Response

2019 Bocvic Fowar Resacron Instause, Inc. AMIghS resened. == | o

Battery Storage -
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= Large wind resource (onshore / * No large hydro or nuclear

offshore) = Limited interconnection

* Expertise in VRE integration * Electrification of heating and

* A leader in smart networks transport sectors
* Clear national carbon targets Electricity demand growth

= Stable regulatory/policy regime

o @015 Bachic Powar asecichirmasa I ALGHS isiarved EPR | Lz
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SESSION 5: DECIPHERING THE DATA BEHIND THE
STORY Artificial Intelligence and Data Analytics Deliver
Value Across the Grid

Moderator: Andrew Phillips, Vice President, Transmission and



Distribution, EPRI

Setting the Stage: Drew McGuire, Program Manager,
EPRI

Steve Sundstrom, Group Vice President, Utility Segment,
C3.ai

Brian Hurst, Vice President and Chief Analytics Officer,
Exelon Utilities

Joachim Vanzetta, Chair of the Board, ENTSO-¢, and
Director, System Control, Amprion
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SESSION 6: SECURING THE EDGE OF THE GRID
Cyber Security for the Future Power System
Moderator: Katie Jereza, Director, External Relations, EPRI
Setting the Stage: Matt Wakefield, Director, Information,
Communication, and Cyber Security, EPRI
Pedro Pizarro, CEO, Southern California Edison
Scott Aaronson, Vice President, Security and
Preparedness, Edison Electric Institute and Secretary,
Electricity Subsector Coordinating Council
Anjos Nijk, Managing Director, European Network for

Cyber Security (ENCS)
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Electric Sector

Systems
S Knowledge Technical
) Expertise
(o) G008 (o) 1 .
~ : " A Organized
{ -+— Resources
N/ ' Attacker

OUTSIDER N | Objective

Uity THREAT
Business

Systems Explaits a Vulnerability

_ N Permitted
{ Employee ) Access

t

(. AMI

MALICIOUS / —
NON-MALICIOUS Electric ( comer )

SEsionics Substations ]I

Plants | /

:

fB]35 Anatomy of Threat Activity (Source : EPRI Cyber
Security Strategy Guidance for the Electric Sector)
5”’ﬂﬁﬁéfﬁ®ﬁa%%Wﬁ?*ﬁ§’?&~ﬁﬂ
dou BT e @ﬁ;] SREH Bl P IRF P
SR AT P E R R o A ] s R
B E Y ’é‘*#ﬁ B 'g’r%] TR LY @”‘#ﬁ v H
N A I '3'?@'] UL E LB 'Q%J*Eri\  F&
CE R RN REAG SUE RS MR e S R g) W
ﬂ@?%%%%a’@%@%?ﬁwa%ﬁ T P
TEIZE BATEEBY L B brE B ATOE X LIRS
Pldo @ BT RIT/OTH & THREP > BT s g T4
MUk BOFE 24 U ATBATR R T X B Bk e
ﬁw;,Wﬁﬂﬁﬁfiﬁ%ﬁﬁﬁ%;ﬂ?Mﬁﬁééﬁﬂ
H A REARTAEE o REAS FRIRF A FaS
preh o FE Fﬁ;}%"v kPP % 0 F R TR R E R R D
fed s RS- T RESBRBRES S Nk
FoRTEMELL > o



SESSION 7: SHIFTING THE PARADIGM
The Convergence of Regulation, Policy, and Technology
Innovation
Moderator: David Victor, Professor, School of Global Policy
and Strategy, University of California, San Diego
Barbara Nick, CEO, Dairyland Power Utility
Clara Poletti, Chair of Board of Regulators, Agency for the
Cooperation of Energy Regulators (ACER)
Daniel Simmons, Assistant Secretary, Office of Energy
Efficiency and Renewable Energy, U.S. Department of
Energy
Brandon Presley, Northern District Commissioner,
Mississippi Public Service Commission
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& Regional

temperatures

colder than the
North Pole! J
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MISO Wind Generation: January 2019 Polar Vortex

Regional Temperatures low as -33°F

100,000 MW

000w o (100,603 MISO Load

MISO Wind
Generation

8,000 MW

4,000 MW

0 MW (Megawatts)

5am Noon 7 pm S5am Noon 7 pm 5am Noon 7 pm DAIRYLAND POWER
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X BREMHESIE D F P F 2 P Oregon Clean Energy

(-) & 3 2 & Oregon Clean Energy Center(-t 247 # % T
R)

1. Oregon, OCE ;% & sc iR ¢

$2017# 77 7 (4o R139) 3248 AR 23 22305 iR
s g5 e | m,mmt&(:ﬁ i %1% ) 55 5 SGT6-8000H ~ /% #1871 55 5
SST6-5000) » H %4 /4 R BAFr> L 458> £3lie 2 BT
LR AT L A A }\,}g, B A IrET AP EAT AR Y
W4 L 86OMW > /&})1 e 5 60% (ISOME 2 7)) @ %/ &
pd it iT2 TR WERE A4 G458 T RAE > BEA
d ¢k 3R m }]?ﬁ]]‘;;},\)x;]ﬁf,}/ o

Oregon Clean Energy Center SIEMENS
Overview Iingewuity for Ufe
Location Oregon, OH, USA

Configuration 2x 1 SGT6-8000H

Total power output 869 MW net

Plant efficiency ~ 60 % net

Generator type SGen6-2000H

Steam turbine type SST6-5000

Commercial operation  July 2017

% B Oregon, OCE¥Z st h® w BRI P+ ofEi ¥
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OREGON CLEAN ENERGY CENTER
A leader in clean and reliable power generation.

AIR QUALITY ' = - Chio-

natural

COMBINED-CYCLE

: TECHNI]LE]EY
RELIABLE, AFFORDABLE st t

ELEGTHIEITY

23 i =
-
GLEAN AIR PROGRESS ECONOMIC GROWTH COMMUNITY PARTNERSHIP

OCE generates reliable, Construction of the plant Dedicated to being a good Employee culture and

around-the-clock clean supported 1,500 jobs with an neighbor through employee routine training that puts

electricity. estimated $362 million volunteering and local safety first.

economic impact on Lucas Co. school partnerships.
OregonCleanEne: anter.com | 816 N Lallendorf Road, Oregon, OH 43616
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SGT5-2000E SGT5-4000F SGT6-5000F SGT5-8000H

HL-class
SGT6-2000E SGT6-8000H
53.3% / 52.2% 59.7% 59.3% 61% >63%
W43 & 5 RS AE R T xS e R
(5) Siemens*t @ 1998 & #-%2 o £ o & HpES > st d RSk
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Simple cycle power generator GT (ISO fEAE (&)

Type SGT6-2000E | SGT6-5000F | SGT6- SGT6-9000HL
8000H

Power output | 117MW 250MW 310MW 388MW

Gross 35.4% 39.3% 40% 42.3%

efficiency

Heat rate 10,169kJ/kWh | 9,160kJ/kWh | 9,000kJ/kWh | 8,519kJ/kWh

Turbine speed | 3600rpm 3600rpm 3600rpm 3600rpm

Pressure ratio | 12:1 18.9:1 21:1 24:1

Exhaust mass | 368kg/s 588kg/s 650kg/s 700kg/s

flow

Exhaust 532°C 598 °C 645 °C 680 °C

temperature

312 7 P3RS B R

Combined cycle power generator(ISO FZAE{&{4)

Type SCC6-8000H SCC6-8000H SCC6-8000H
1S/1x1 2x1 3x1

Net Plant Power 460MW 930MW 1,390MW

output

Net Plant 61% 61% 61%

efficiency

Net Heat rate 5920 kJ/kWh 5910 kJ/kWh 5910 kJ/kWh

Number of gas 1 2 3

turbines

Pressure/reheat Triple/Yes Triple/Yes Triple/Yes

Combined cycle power generator(ISO FZEAE{E{4)

Type SCC6-9000HL SCC6-9000HL

1S/1x1 2x1

Net Plant Power output STIMW 1,154MW

Net Plant >63% >63%

efficiency

Net Heat rate <5,714 kJ/kWh

Number of gas turbines 1 2

Pressure/reheat Triple/Yes Triple/Yes
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Standard Service concept for 9000HL SIEMENS
Offers best in class availability ligessssity for Life
IIIIIIIIII o
33/66 EBH or 1250 / 2500 ES BRI
Da [EBR 1 OM- ‘W L=
w
Al standard interval . . '. .
5 C1+R1 Major Cl+R1 Major
L]
Rl componens Cambustor 3 r‘::"’""“' Combustor ::"::::
Sl Ramoved for Turbine Stage 1 u Stage 1-3 Turbine Stage 1
Inapection Compressor Stage 1-4 Compressor
Raotor
e o= w0 108 1 amg 3400
AL E = 0] - B3k ) Bk I 108 I 133
£e 0 ) ¢ 0 0 U
i g cl HGPL ci Major " I PGl Major
aﬂ Retor Inspaction 2500 ERS

b, ~25% less outage days compared to advanced gas turbine industry standard

EBH Eguvalont Base Hours, ES  Equivalent Sans, RES Rotor Equivalent Starts, Ci+ A1, Combusior inspection w/ Turtine mow 1 enchange, Mapor  Major Overhaul

*

Page42 Siemans CCPP Sokition SCCB-S000HL / Thomas Biardel / 31-May-2019

B] 44 Siemens & 12 ¥ &y
a. Siemens SCC6-9000HL ¥ 2 1% Hp
(a) 33,000EOH# 1,250ESPF 44 17 CI+R1(# Bl ¢ 7 7% % 22 i i
N O M
(b) 66,000EOH £t 2,500ESP* 34 (= MI(§= Bl & & 2% % &2 F #hid &
S35 2 rR A § -4 g ) -
(c) 100,000EOH# 3,750ESP*#4 {7 CIHRI(# Fl ¢ 7 W& % & F
N N A
(d) 133,000EOH £ 5,000ESp# 34 i MI(§5 Bl & 7 %% 2 /5 i
B A SRS )
b. #~ 2 #3R7F Siemens V84.2k w & ik i3 3T 2 :
(a) 4,000EOH 2 8,000EOH#, 7 ) #
(b) 24,000EOH#, *MI(FF 24 %) °
Siemensi$ 2113 RHEFRE  PREFEL L LN Beps
25% o (EOH % »%if #& P #ic > ES % »k4=# = # > ERS # F % »%
At CHRI M2 a2 FmB 5 1aE 7 {# > Ml F
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45):
Digitalization in Field Service: SIEMENS
Increased productivity by improving uptime lngewsaity for Life

Remote Field Assistance brings
Expert Experience to Your Site

Robotic Arm used for Field Service Digital Field Service Protocols

= The robotic amm for combustor parl = Satisly the need of experlise know-how = Digital data ecllection during outage for
assambly increases significantly the at shor notice, at any fime and in a comprehansive view on machamcal
availabdily of the power plant countres with iravel restrictions, condition of 1he cusiomer Neat

* The robot stretches safety aspects of

: 2 *  Wilh Remcie Field Service Assistance =  Oplimizalion of further inspection
maintenance actvities o the next lavel, your staff on-sie engages In real tima scope and improved availability
interaction with OEM experts
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b. Remote Field Assistance brings Expert Experience to Your Site
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C. D1g1tal Field Service Protocols
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Performance data for simple cycle operation Performance data for combined cycle operation

50 Hz 60 Hz 50 Hz 60 Hz
Power output 593 MW 405 MW cCixins  ccaxi CCx11s  ccaxt
Fuel (examples) Natural gas, LNG, distillate oil, other fuels on request Net plant output 87T0MW  1740MW | 595MW | 1,190 MW
Frequency 50 Hz 60 Hz Net plant efficiency >63% >63% >63% >63%
GT ramp-up 85 MW/min 85 MW/min Plant tum down 40% 40% 40% 40%
Efficiency 42.8% 42.6% Net heat rate <5,714 kJkWh <5,714 kIkWh
Heatrate 8411 kIKWh 8451 kUKW Sl sl
(7,972 BtukWh) (8,010 Btu/kWh) Number of gas turbines | 1 2 1 2
Turbine speed 3,000 rpm 3,600 rpm Pressure/reheat Triple/Yes | Triple/Yes | Triple/Yes  Triple/Yes
Pressure ratio 241 241 Steam temperature >600°C | >600°C | >600°C | >600°C

Exhaustmassfow | 1,00 kg's 2205 1bis) | 725 kgls (1,543 i) Ry PR RN (L AR i 12

Exhaust temperature  670° C (1,238° F) 670°C(1,238°F) Physical dimensions

NO emissions Down to 2 ppm with SCR | Down to 2 ppm wiith SCR 50 Hz 60 Hz

CO emissions 10 ppm 10 ppm Weight (approx.) 497,000 kg (1,095,700 Ib) | 305,000 kg (672,400 b)
Note: Length 13.0 m (42.6 feet) 10.8 m (35.4 feet)
Simple cycle ratings are gross values at ISO ambient conditions. Height 53m (174 feet) 5.0m (16.4 feet)
Combined cycle ratings are netvalues at ISO ambient conditions.
Actual performance will vary with project-specific conditions and fuel. Width 5.5m (18.1 feet) 4.3m (14.1 feet)
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Gas turbine firing temperature °C
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First Fire CcCOoD Fired Hours*
Nov. 2002 Aug. 2003 63,140
First Fire cop | Fired Hours*
Nov. 2007 July 2008 | 47,203
Apr. 2009 Dec. 2009 | 45,842
Apr. 2010 Dec. 2010 | 41,113
First Fire CcCOoOD | Fired Hours*
May 2008 Aug.2008 | 36.630
July 2008 May 2010 ‘ 21,868
I = SR = As of June 2016 Total 255,796
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9F.05 7F.05
2003 2005 2012
4-stage VGV Single crystal alloys 3-stage VGV
4-stage turbine DLN 2.6+ 14-stage compressor
X Field-replaceable blades

Single crystal alloys
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Gas Turbine | SS  Combined | Combined
Output MW)* | Cycle Output Cycle
(MW)* Efficiency *
7HA.O1 280 419 61.8%
7HA.02 346 509 62.0%
9HA.01 429 643 62.6%
9HA.02 519 774 62.7%
3x ¢ Net, ISO, Gas Turbine World (2015 #)
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7HA.01 7HA.02 9HA.02
* CORE HA TECHNOLOGY * COMBUSTION AFS * FLOW SCALING * SPEED & FLOW
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validation Area GE Test stand Facility On-Grid Prototype
Performance HR/MW/RAM @ ruil Map @ Limited
Fleet Risk RAM/Operability @ rull Map @ ot quantified
Pressure Ratio Surge Risk RAM/MW/HR . Full Map ‘ Not quantified
Exhaust Characteristics HR/RAM . Limits Validated . Site Limited
Hot/Cold Flexibility MW/HR/RAM @ rull Map @ site Limited
Load following Capability Ramp Rate/RAM . Fully Quantified . Site Limited
Grid Code Compliance RAM/Dispatch . Limits Validated . Grid Limited
Test Schedule Flexibility :\:::tr:t::::t;o Lo ‘ GE Control ‘ Dispatch Control
Test Cost Investment . Expensive . Potential Revenue
Test Stand Growth Future Technology .Very Scalable . Limited to Site
Data Quality RAM/Operability @ High Quality @ LimitedinField
Validation Date Product volume . 2 Years earlier . After COD
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27T 2% ~+RB0 P I fEmPLp RO HERE
Vendor MHPS GE Siemens
Type MS501JAC 7THA.02 SGT6-
9000HL
ISO Base Rati
ase Batme 425 384 405
MW)
Number of
DEr O 15 14 12
Stages
Compressor Compression
pe 23 23.1 24
ratio
Number of Cans 16 12 12
Combustor ; ; . .
Cooling Method | Air Cooled | Air Cooled | Air Cooled
N f
Turbine umber o 4 4 4
Stages
Rated Speed 3,600 rpm 3,600 rpm 3,600 rpm
Approx. Lx W x H 15.0x5.6x | 9.8x4.0x | 10.8 x5.0x
(m) 5.6 4.3 4.3
A . Weight
pprox. Weig 347 273 305
(ton)
Efficiency(%, LHV) 44.0 42.6 42.6
Heat Rate
8,182 8,450 8,451
(kJ/kWh, LHV) ’ ’ ’
Exhaust F1
A oW 738 730 725
(kg/s)
Exhaust T tu
xhaus Oempera re 649 650 670
4]
NO
. 25 25 25
Exhaust (ppm@15%02)
Emissi CcO
mission 9 9 10
(ppm@15%03)
Turn D Load
urn Down Loa 50 18 30
(%)
R Rat
amp 1ate 42 60 85
(MW/min)
Starting Time
. <30 <30 <30
(minutes)
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SUMMER SEMINAR 2019

TRANCENRMATIAN

EPRI 2019 Summer Seminar Agenda

August 12-13, 2019
Chicago, Illinois

The integrated energy network is undergoing a rapid transformation enabled by
interconnected, “intelligent” technologies that increase carbon reduction, enhance resilience,
grow customer choice, and improve grid operation and planning. The 2019 Summer Seminar
examines the adoption of the advanced digital technologies that will optimize the evolving
integrated energy network, reduce carbon, and chart a pathway to enhance value to
customers, utilities, and society.
DAY 1
Session 1: INTELLIGENT TRANSFORMATION
Session 2: ENVISIONING THE FUTURE
Session 3: UNCOVERING NEW PATHWAYS TO LOWER CARBON
Session 4: REDEFINING RESILIENCY
Session 5: DECIPHERING THE DATA BEHIND THE STORY
DAY 2
Session 6: SECURING THE EDGE OF THE GRID
Session 7: SHIFTING THE PARADIGM
Closing: REFLECTIONS ON INTELLIGENT TRANSFORMATION



Day 1

August 12, 2019 - Monday

WELCOME 8:00 - 8:15

Welcome to Summer Seminar. Mike Howard, President and CEO, EPRI

Welcome to Chicago: Anne Pramaggiore, Senior Executive Vice President and CEO,
Exelon Uiilities

SESSION 1: INTELLIGENT TRANSFORMATION

Advanced digifal technologies that were at the periphery of the electric grid only a few years ago are now
integral to improving its operation, resilience, and expansion. From generation to end use, the profiferation of
Tinteliigent ” grid-enabled fechnologies is optimizing utility operafions, strengthening the grid against new threats,
and enhancing the customer expenence. Digital technologies can enabie cost-effective decarbonization, secior-
coupling, integrated energy nefworks, and consumer engagement. Innovations in digitalization could enable
further economy-wide decarbomization.

Mike Howard, President and CEQ, EPRI 8:15-830

SESSION 2: ENVISIONING THE FUTURE
Looking Ahead to 2030

Executives leading compahies ceniral to the electric industny's transformation will apply a future-focusad lens fo
heip visualize the “inteliigent fransformation” of the integrated energy network. What are some exampies of
successiul transformalion in other indusines? What will the digital utility look likke in 2030 fo 20507 Which
technical and reguiatory challenges must be addressed to make this vision a reality?

Moderator; Mike Howard, President and CEQ, EPRI 8:30 —9:30

= Maria Pope, President and CEO, Portland General Electric

= Enrico Viale, Head of North America Region, Enel S.p.A.

« Kevin Payne, President and CEQ, Southem Califomia Edison

« Christoph Frei, Secretary General and CEQ, World Enengy Council

BREAK 9:30 —10:00

SESSION 3: UNCOVERING NEW PATHWAYS TO LOWER CARBON
Accelerating Economy-wide Emission Reductions

Advances in cleaner energy and energy efficiency have enabled significant carbon emission reductions across
the efectric sector. Accelerafing the fransformation to a fow-carbon future reguires an economy-wide, cross-
sector approach. Emerging drivers of a low-carbon future will include more renewable energy, enhanced anergy
efficiency, and increased electric transporfation. How can the eleclric secior serve as a calalyst in doubling the
U5, economy-wide carbon emission reductions achieved since 20057 Is it possible fo achieve 100 percent of
energy from renewables or inverter-based resources? What role will the digitally enabiled fourth “wave”™ of energy
efficiency play in achieving fiture carbon reductions? How will industry stakeholders measure the success of this
transifion to a cleansar energy future?

Moderator: Arshad Mansoor, Senior Vice President, Research and Development, EPRI 10:00 —12:00

Part One: The Path to 2030 — Accelerating EV Adoption and Infrastructure Growth

Part Two: Beyond 2030 — Advancing Low-carbon Fuels and Decarbonization

Sefting the Stage: Jamie Dunckley, Technical Leader, Energy Uiilization, EPRI

+ Anne Pramaggiore, Senior Executive Vice President and CEO, Exelon Utilities
+ Doran Barmmes, CEO, Foothill Transit

= Phil Jones, Executive Director, Alliance for Transportation Electrification

Sefting the Stage: Neva Espinoza, Director, Generation Research and Development,
EPRI

* Stan Connally, Executive Vice President of Operations, Southem Company
+« Maria Korsnick, President and CEQ, Nuclear Energy Institute

+* Mike Rutkowski, Senior Vice President, Research and Technology Development, Gas
Technology Insfitule

LUNCH 12:00-1:15




SESSION 4: REDEFINING RESILIENCY
Emerging Technologies Benefiting Customers and the Grid

Most people know the importance of preparing for emergencies; the challenge lies in planning for high-impact,
fow-frequency events. New technologies mean that there are constantly changing opportunities to achieve
greater resiience. Af the grid level, new technologies, such as sensors, monitors and fiow conirols, enable
system operators to harden and befter profect the electric grid. At the distribution and end-use levels, distributed
energy resources, energy sforage, and communication technologies creale an opportunity for a “shared
integrated grid” where cusfomers’ energy assets become part of a shared solufion that can enhance grid
refiability and resifiency. Consumers are ulfimately the beneficiaries of improvements in energy system resilience
and may participate in increasing that resilience through their own grid-edge investments. Achieving increased
resilience will reguire more local, decentralized decisions, following a ceniralized rule sel, fo ensure consumers’
distributed and advanced energy resources can be used Dy grid operators in an efficient. cosi-effective manner.

Moderator: Anda Ray, Senior Vice President, External Relations and Technical Resources,

EPRI

1:15—-2:30

Jerry O'Sullivan, Deputy Chief Executive, Electricity Supply Board
Elliot Mainzer, Administrator and CEO, Bonneville Power Authority
Steve Chriss, Director, Energy Services, Walmart

David Springe, Executive Director of the National Association of State Uiility
Consumer Advocates (MASUCA)

BREAK 2:30 - 3:00

The exponential growth of the power system and energy use data delivered through advanced digital technology
integration provides an apportunity o improve operations and beffer serve cusfomers. Adapting the power
system for the future reguires fransformational change to safely and refiably maintain the trilions of doliars of
efectric industry assets while continuing to reduce costs. Innovative approaches — such as the use of artificial
inieliigence, unmanned aeral vehicles, advanced sensors and data analytics — and the collaborafive
engagement of all energy stakeholders are essenfial fo deciphering the story behind the data and deffivering
greater customer value.

SESSION 5: DECIPHERING THE DATA BEHIND THE STORY
Artificial Intelligence and Data Analytics Deliver Value Across the Grid

Moderator: Andrew Phillips, Vice President, Transmission and Distribution, EPRI 300 —4:00
Setting the Stage: Drew McGuire, Program Manager, EPRI

Steve Sundstrom, Group Vice President, Utility Segment, C3.ai
Brian Hurst, Vice President and Chief Analytics Officer, Exelon Utilities

Joachim Vanzetta, Chair of the Board, ENTSO-e, and Director, System Control,
Amprion

Close the Day: Andrew Phillips, Vice President, Transmission and Distribution, EPRI 4:00

EPRI — TPC Leadership Meeting (1)

At EPRI Summer Seminar, August 12, 2019
The Burnham Room, Loews Chicago Hotel

Time: 4:15 — 5:00pm, August 12, 2019

Location: The Burnham Room at Loews Chicago Hotel

Meet and Greet

Discuss collaboration between EPRI and TPC in power delivery & utilization areas
o Integrated grid / Smart Grid
o Electrification
o Blockchain and Energy Internet of Thing (EiOT), EPRI UBIG...

o Innovation Summit and Electrification meetings



o More...

e Future Actions

Participants
Taiwan Power Company Electric Power Research Institute
Mr. Bin-Li CHUNG Mr. Arshad Mansoor
President of Taiwan Power Company Senior Vice President for R&D
Mr. Teh-Chen SHEN Mr. Mark McGranaghan
Deputy General Manager of TPRI VP, Distribution & Energy Utilization
Mr. Jen-Hao HSUEH Mr. Andrew Phillips
Special Assistant to the President VP, Transmission & Distribution Infrastructure
Mr. Hung-Yi YEN Mr. Robert Chapman
Deputy Director of Peipu Construction Office, DNFPP Vice President for Energy & Environment

Mr. Tiangan (TG) Lian

Sr. Regional Manager China / Taiwan




Day 2

August 13, 2018 - Tuesday

WELCOME
+» Mike Howard, President and CEO, EPRI

8:00 - 8:05

SESSION 6; SECURING THE EDGE OF THE GRID
Cyber Security for the Future Power System

cooperation to esfablish homoogeneous ievels of cyber securty.

Customer-owned (han-utility), grid-connected distributed energy resources (DER) — such as rooftop solar
photovolfaics, electric vehicle charging infrastructure, energy sforage, and grid-connecied loads — are on fhe
rise. To maximize their potential and effectively mitigate risk, It is important to better understand DER
cybersecuniy vulnerabilities when seffing communication and control strategies. Utiiies need increased
awareness of changing threats and improved operational visibility of intelligent, online devices including a range
of gnd equipment, distributed resources, and remoilely accessible end-user and customer-connected
applications. Protection from ongoing cyber threals requires technical solutions. In addition, the successil
configuration and implementation of these solutions require the provision of legal regufations and government
policy to address the economic framework condifions, minimum standards, and methods of cross-regional

Moderator. Katie Jereza, Director, Extemnal Relations, EPRI

Setting the Stage: Matt Wakefield, Director, Information, Communication, and Cyber Security,
EFRI

+ Pedro Pizarro, CEQ, Southem California Edison

» Scott Aaronson, Vice President, Security and Preparedness, Edison Electric Institute
and Secretary, Electricity Subsector Coordinating Council

= Anjos Nijk, Managing Director, European Network for Cyber Security (ENCS)

8:05-9:20

BREAK

920 —9:50

SESSION 7: SHIFTING THE PARADIGM
The Convergence of Regulation, Policy, and Technology Innovation

solutions through an economy-wide lens?

Inteliigent transformation and the new technologies that come with if require dynamic thinking regarding the
regulations and policies thal impact the elecinic secfor. The realities of dnving fransformation can make changes
difficuit even when technologies are readily available. Societal goals of providing customers sare, refiable,
affordable energy, while individualizing choice and control, are faced with the realily of regional differences in
resources, policies, and reguiation. How can new technologies and regulation converge fo enable consumer
choice and lower costs while avoiding a digital divide? What needs to be done to change the paradigm and view

Moderator: David Victor, Professor, School of Global Policy and Strategy, University of
Califomnia, San Diego

» Barbara Nick, CEO, Dairyland Power Utility
s« Clara Poletti, Chair of Board of Regulators, Agency for the Cooperation of Energy
Reguiators (ACER)

+ Daniel Simmons, Assistant Secretary, Office of Energy Efficiency and Renewable
Energy, U.S. Depariment of Energy

+ Brandon Presley Morthem District Commissioner, Mississippi Public Service
Commission

9:50 —11:05

CLOSING
Reflections on Intelligent Transformation

Moderaior: Mike Howard, President and CEQ, EPRI

« Pat Vincent-Collawn, Chairman, President, and CEQ, PNM Resources, and Chair,
EPRI Board of Directors

» Marie-José Nadeau, Honorary Chair, World Energy Council and Chair, EPRI Advisory
Council

11:05-11:30

ADJOURN

11:30




EPRI — TPC Leadership Meeting (2)

At EPRI Summer Seminar, August 13, 2019
The Burnham Room, Loews Chicago Hotel
Time: 11:40-12:15 , August 13", 2019

Location: The Burnham Room at Loews Chicago Hotel
e Meet and Greet
e Discuss collaboration between EPRI and TPC in generation areas
o Advanced Fossil Plants, CO> Capture, Utilization, and Storage
o Cross Sector Technologies...
o Operations and Maintenance
o More...

e Future Actions

Participants
Taiwan Power Company Electric Power Research Institute
Mr. Bin-Li CHUNG Mr. Tom Alley
President of Taiwan Power Company Vice President for Generation

Mr. Teh-Chen SHEN Ms. Neva Espinoza

Deputy General Manager of TPRI Director, Generation
Mr. Jen-Hao HSUEH Mr. David Sorrick

Special Assistant to the President Director, Generation

Mr. Hung-Yi YEN Mr. Tiangan (TG) Lian
Deputy Director of Peipu Construction Office, DNFPP Sr. Regional Manager China / Taiwan
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Generation

2019 Research Portfolio

Advanced Fossil Plants, CO2 Capture, Utilization, and Storage
66 Fossil Fleet for Tomorrow
165 CO2 Capture, Utilization, and Storage

Cross Sector Technologies
64 Boiler and Turbine Steam and Cycle Chemistry
87 Fossil Materials and Repair
185 Water management Technology

Environmental Controls and Combustion Performance
71 Combustion and Fuel Quality Impacts
75 Integrated Environmental Controls
77 Continuous Emissions Monitoring

194 Heat Rate Improvement

Major Component Reliability
63 Boiler Life and Availability Improvement
65 Steam Turbines-Generators and Auxiliary Systems
79 Combined Cycle Turbomachinery
88 Combined Cycle HRSG and Balance of Plant

Operations and Maintenance
68 Instrumentation, Controls, and Automation
69 Maintenance Management and Technology
104 Balance of Plant Systems and Equipment
108 Operations Management and Technology

Renewables
193 Renewable Generation
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Energy and Environment

2019 Research Portfolio

Power Generation
49 Coal Combustion Products - Environmental Issues
54 Fish Protection
55 Water Availability and Ecological Risk
195 Endangered and Protected Species
196 Water Quality
203 Air Quality and Multimedia Characterization, Assessment, and Health

Energy and Environmental Analysis
178 Integrated Energy Planning, Market Analysis, and Technology Assessment

201 Energy, Environmental, and Climate Policy Analysis

Energy Sustainability
198 Strategic Sustainability Science

Environmental Aspects of Renewables and Distributed Energy Resources
197 Environmental Aspects of Fueled Distributed Generation and Energy Resources

Environmental Aspects of Transmission and Distribution
51 Transmission and Distribution: Environmental Issues

60 Electric and Magnetic Fields and Radio-Frequency Health Assessment and Safety

Workforce Health and Safety
62 Occupational Health and Safety
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Power Delivery & Utilization

2019 Research Portfolio

Distribution
174 Integration of Distributed Energy Resources
180 Distribution Systems
200 Distribution Operations and Planning

Energy Utilization
1 Power Quality
18 Electric Transportation
94 Energy Storage and Distributed Generation
170 End-Use Energy Efficiency and Demand Response
182 Understanding Electric Utility Customers
199 Electrification for Customer Productivity
204 Advanced Buildings

Information, Communication, and Cyber Security
161 Information and Communication Technology
183 Cyber Security

Transmission
34 Transmission Asset Management Analytics
35 Overhead Transmission
36 Underground Transmission
37 Substations
39 Transmission Operations
40 Transmission Planning

173 Bulk Power System Integration of Variable Generation
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Nuclear

2019 Research Portfolio

Materials Management
41.01.01 - Primary Systems Corrosion Research Program (PSCR)
41.01.02 - Pressurized Water Reactor Steam Generator Management (SGMP)
41.01.03 - Boiling Water Reactor Vessel and Internals Program (BWRVIP)
41.01.04 - Pressurized Water Reactor Materials Reliability Program (MRP)
41.01.05 - Welding and Repair Technology Center (WRTC)
41.04.01 - Nondestructive Evaluation Program

Fuels and Chemistry
41.02.01 - Fuel Reliability Program
41.03.01 - Used Fuel and High-Level Waste Management Program
41.09.01 - Radiation Safety Program
41.09.03 - Water Chemistry Control Program
41.12.01 — Nuclear Fuel Industry Research Program (NFIR)

Plant Performance
41.05.01 - Nuclear Maintenance Applications Center
41.05.02 - Plant Engineering Program
41.05.03 - Instrumentation and Control Program

41.07.01 - Risk and Safety Management Program

Strategic Initiatives
41.08.01 - Advanced Nuclear Technology Program
41.09.02 — Remediation and Decommissioning Technology
41.10.01 - Long Term Operations (LTO)
41.11.01 - Flexible Operations Program



FIE R

https://custom.cvent.com/0C2B71276B454075AA018365A85CB80E/files/527bb559fa
5b45ae948a319fedda67f3.pdf

https://oregoncleanenergycenter.com/

https://oregoncleanenergycenter.com/docs/OCE-Ohios-Most-Efficient-Natural-Gas-

Power-Plant-Now-Online.pdf

https://www.govtech.com/fs/Gas-Fueled-Plants-are-Changing-the-Electricity-Grid-

Landscape.html
https://www.toledoblade.com/Energy/2017/04/04/Natural-gas-plants-rate-high-in-

reliability.html
https://scfuturemakers.com/companies/general-electric-greenville/

https://www.ge.com/power/gas/gas-turbines/7ha-

turbine?tr cp id=w2le&tr a id=jIBv&tr pn id=1Q8W&tr v idx=4v&tr redirect=1
https://www.ge.com/content/dam/gepower-

pgdp/global/en US/documents/product/gas%20turbines/Fact%20Sheet/7ha-fact-
sheet-oct15.pdf
https://etn.global/wp-content/uploads/2018/09/ADVANCEMENTS-IN-H-CLASS-GAS-
TURBINES-FOR-COMBINED-CYCLE-POWER-PLANTS-FOR-HIGH-EFFICIENCY-ENHANCED-
OPERATIONAL-CAPABILITY-AND-BROAD-FUEL-FLEXIBILITY.pdf
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