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@f\'iufwce PJM as Part of the Eastern Interconnection

Key Statistics

Member companies 1,010+

Millions of people served 65
Peak load in megawatts 165,492

MW of generating capacity 180,086
Miles of transmission lines 84,236
2018 GWh of annual energy 806,546 |

Generation sources 1,379 |‘
Square miles of territory 369,089

States served 13+DC | A 21% of U.S. GDP
is in PJM

As of 1/2019

WWW.pjm.com




@%%‘%ECT.ON Greatest Engineering Achievements
ALUANCE of the 20" Century
10. Air Conditioning/ 5. Electronics
Refrigeration 4. Water Supply and
. 9. Telephone | Distribution
8. Computers 3. Airplane
7. Agricultural Mechanization 2. Automobile
6. Radio and Television (PHEVs Someday)

1. The Grid/ Electrification

Source: National Academy of Engineering
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@Gm Microgrids ... New York City After
Gk Superstorm Sandy




@Eféii%éw Power Engineering is not Rocket Science. . .

... Itis much more important than that!
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1980’s Reliability. . .

.. .Lightning & squirrels

The future is not ours to see. ..
1986 NSF
Internet 56k

U. of lllinois

= NSFnet Backbone

NSFnet Backbone Network

National Cealer For Atmespharic Kesesrch
Maceh 19, 1546



@E@éﬁ%&w The Internet of Things (I0T) c. 2019
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@%‘é&g\g&om The cost to build and operate new gas, wind and solar
power is challenging existing generation resources

Operating costs of Costs to build and
100 existing plants i operate new plants
90 - (2020) : (including incentives for
: wind/solar, 2020)
80 -
70 -
60 -
$/IMWh 50 - ERsLs $50 $39
40 -1 BREE $33 :
30 - s2s ;[
20 | B 520
$21
10 -
Coal Nuclear Combined Combined  Wind Solar
Cycle Gas-Cycle Gas-
Fired Fired

Falling wind and solar costs, and lower gas prices have
been acceleratlng the retirement of coal and nuclear plants
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i’iﬁl&%‘?“ Wind Generation in PIJM

Cumulative
Nameplate
(MW)
25,000 -
1 Wind Generation in PJM:
| Operational and Proposed
— 18,900 MW
20,000 N
If you like wind ...
15,000 -
In planning queues
12/2015
... YOou have to
10,000 ]
love Storage
5,000 —
| Operational
; ]

2000 2002 2004 2006 2008 2010 2012 2014 2076 2018 2020 2022
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Hourly Average Wind Capacity Factor 28.6%

Capability Factor
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Solar --The Infamous “California Duck Curve”

Net load - March 31

”LI'MyoG can’t store
you’ll have no electricity
after 4”

ree I'\OU rs

overg




@ Grid-Scale Energy Storage --- 296+ MW in PJM

Innolith’s

Advanced Battery
Inflammable electrolyte

8 Twice the energy density
50,000 cycle--no power fade
Tested 2 Years -- 2MW in
PJM

Sodium can replace Li at
much Lower cost
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Capial requirement x Technology nsk

Choose Wisely for GW Scale
MANY MORE STORAGE TECHNOLOGIES

Flow batteries

Lithium-ion batteries

- Molten salt

- WA Flywheel (low speed)
Sodium-sulfur (NaS) batteries

Superconducting magnetic
Adiabatic CAE energy storage (SMES)

Compressed air energy
storage (CAES)

Pumped hydro
storage (PHS)

Valley of ﬁ‘at'h

Research Developmernt Demonstration Deployment Mature Technology
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Electric Vehicle Fleet Forecasts Keep Rising

e==iEA 2016

w(EA 2017

w(EA 2018

w=E xxonMobil 2016

w=f xxonMobil 2017

et xxonMobil 2018
Opec 2015

Opec 2016

Millions of Vehicle

Opec 2017
3P 2016
(P 2017
—Cp 2018
—tNEF 2016
—CNEF 2017
—CNEF 2018

Wwhy EVs-- Anyone See a

Problem Here

~—

Simple Solution is good for
The Environment and Power Sales
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Global Energy Use By Fuel Type

(percent of 2016 consumption)
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Source: BP 2018 Energy Outlook
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Eﬂféii.cgéw Grid of the Future--Meeting the Challenge

\\ ¥ >

Source: EPRI






Oitier 26 Project Partners
Advanced Synchrophasor Protocol Project

Project Financial . Demonstration
Vendor Utility
Partner Host

Bonneville Power Administration * .

j COEEOATIZ Bridge Energy Group
¢ DE-OE0000859 —
O Dominion Energy + + EPG
Electric Power Group + *

Electric Power Research Institute

Project Collaborators

Streaming Telemetry Transport Protocol ERCOT ¢
Grid Protection Alliance (Prime) * *
ISO New England +
BONNEVILLE MEhtaTeCh ‘
lg;RR(l)DTECTION WASHINGTON STATE Oklahoma Gas & Electric * + WSU
[UNIVERSITY OSlsoft *
ALLIANCE @ Peak Reliability *
| PingThings :
* Electric Power Group LAB“‘"’“'“ PJM Interconnection ¢+ EPG

Southern California Edison

- hd
SPSPW’?W” OGE &GE San Diego Gas & Electric + + wsu

Power Pool

- Schweitzer Engineering Laboratories * .

’ E:g".g‘y'?" é/ ‘ Utilicast Southern Company Services

. Southwest Power Pool + + Wsu
P> eeaceeinsry | EBISON ercots 1se newsngans sourglgm:}v Space-Time Insight

Trudnowski & Donnelly Consulting Engineers
- Utilicast
— ELECTRIC POWER %USCUmVCISIFyOf. > B R l D G E
EPIRI |l ) Southern Caliornia @ oSkl crour Tennessee Valley Authority * * WSsuU
. . University of Southern California
SPACE-TIME N) 18D m
INSIGHT ngThmgS “/@ Consulting Engineers MEHTA TECH, INC. V&R Energy

Washington State University +

26 11 11 12 6




What enabling technologies can we now leverage?

@

« Power electronics

g Vs ' TMS320F2807x
« Communications & Control ; B Pccolo™ cUs

13 TEXAS
INSTRUMENTS

« Data Science & (D NTA > M P computing
Sciente -
L

They are all getting cheaper and better! . = K



@E‘f{lﬁ?&w “Skate to Where the Puck is Going to Be”
EV Charger Wayne Gretzky

/\fjew York

B = “‘éﬁi— ’

OFF Power Grid

Building

Power -

Electronics

=3
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s

User submits
PROMOD
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Digipede

- Results

tpasseﬁ Jg |b sent to
Omaa;jsrllﬁqee A Specified
location
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Source PIM




Intelligent Alarm Processing & Artificial Intelligent for Load Forecasting

Weather-Only
Short-Term Nueral Network

Forecast - /

I
.
\ |

S o | /4
Forecast 7

Combiner
Module

ﬂuigent\.
Application for automatic

Dy.nahr?ic]c combirtl)ati.on quality check & correction
WeIShLS Tor COMBINING — ysar can Combined forecast . Of inputted hourly &
the three forecasts specify desired  published as final five-minute actual loads

combination weights  hourly forecast Source PIM

Similar-Day
= | 0ad Forecaster




@ Role of a Leader
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The best way to predict

the future iIs to create It!
---Peter Drucker




