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The Power Sector Is Enduring Several Key Trends and

Policy Context \{QO\)\@
» Continuing Uncertainty for Carbon Policy \'()‘\6
* Flat Demand...except for a few areas of gropk®

* Rise of Renewables 00

* Electrification of...everything \O@( g

el
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The Power Sector Is Facing Several Chall g@ges

 Bad news: \®

—Deep decarbonization will be difficult (but easier than for t&@port
* Existing nukes are shutting down
* New nuclear and coal w/carbon capture are expensg @ow, over-budget

—Environmental controls (mercury, acid rain, efe.) are still looming
—Business models are changing quickNO@éAIators are changing slowly
—Demand for electricity is flat/

—(For producers): Wholes eI tricity prices are declining in real terms

* Good news: G\
—(For consumerss ail electricity prices are declining in real terms
—Shallow d onization is easy: Power emits less CO» than transportation

—Grox@}emand from EVs, pot-growing operations, and data centers
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Decriminalization of Recreational Marijuana Use
Might Be A Bright Spot for Electricity Provid&g)\e
oF
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Data Center Electricity Consumption Is G\gwmg

Data Center Annual Electricity Use 6\,

200 1.8%

2010 Frozen Efficiency Perc @’%’ of total U.S. electricity
Q ption that went to data

nters in 2014

150
,/
/ e\ 620 billion kWh
100 @6; Electricity saved between 2010-
.- 2020 thanks to efficient practices

510]
45%
mal 66\

Potential energy savings in 2020

Billion kWh/year

x @Q\(\ .......... . with additional energy efficiency
20@)\ 2010 2015 2020 measures
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Electrification of Everything (beyond EV\(S)Q)\@
X\

» Heat-intensive industrial processes O
p ,&0

—Smelting $O
—Refining 00
* Oil & gas extraction ‘o@‘ -

—Improves productivity

e®
—Reduces methane emi sib@

* Agriculture 6\
—High value ¢r }q&%reenhouses, hydroponics, aquaponics, aeroponics
—Commo\o@rops: electrified equipment

&
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O
The Rise of Renewables Is @qg%ing

6‘0\08(
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Wind Has Enjoyed Phenomenal Growth\o\g\e
Q8
\O

1997-2016 Installed Wind Power Capacity

Source: BP Statistical Review of World Energy 2016 * Graphic: Michael E. Webber, The University of Texas at Austin
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Solar Installations are Growing Je

2003-2015 Cumulative Installed Photovoltaic (PV) Power

Source: BP Statistical Review of World Energy 2016 * Graphic: Michael E. Webber, The University of Texas at Austin
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In Texas We Call It The Dead Armadlllo Cueve

Net load - March 31
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Regulation Procurements Went Down In ERCOT
Despite Increasing Wind Capacity ‘\0\)\8

6‘0\08(

\3
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Renewables Aren’t That Big of A Problem for
Conventional Utilities; Distributed Generatloq)t‘s\

* Grid management costs went DOWN in TX desQ'@%%e in wind
—Market design improvements $O
—Better wind forecasting
—Geographic dispersion
—Availability of fast-ramping nat g'uerators

 Utility-scale solar is %U harder than wind to accommodate
* DG is mysterious ‘Q se it's behind-the-meter
 Maybe DER gk@me baseload/primary & grid moves to the margin

o™
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What to do? Mixed signals... Je
RS
* Consider new market signals to reward cleanlinesi %’eliability
—Put a price on carbon (helps nuclear...) $O
—/ZECs (Zero Emission Credits) (helps nuclear...()O
—Capacity payments, etc. (helps nuclear, ¢cogt..)

* Re-regulate the markets \08

—After decades of calls to de—,q%@\g power markets to achieve efficiency and
cost-savings, power se now openly ponders re-regulation as a way to avoid

.

stranded assets an ieve deep decarbonization
—“Cash for Coal 2} lunkers”, etc.

e Conclu 'o\&}]arkets, technology and policy are required
—No t@g\ dimension gets us all the way there in an elegant fashion
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Because of These Concerns Secretary Perry Pushed
for Subsidies for Coal and Nuclear \00\
« NOPR = Noth\'©\§’roposed
Rulemaki

. Inclu@@payments for
(oﬂventlonal thermal power

\0‘0 blants
@ * The proposed payment program
6\?/ could be called Grid Resilient
‘ 0\06 InFrastructure That Ensures
G\\\\ Reliable Service
\
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Because of These Concerns Secretary Perry Pushed
for Subsidies for Coal and Nuclear \00\
« NOPR = Noth\'©\§’roposed
Rulemaki

. Inclu@@payments for
(oﬂventlonal thermal power

\0‘0 blants
@ * The proposed payment program
6\?/’ could be called Grid Resilient
‘ 0\06 InFrastructure That Ensures
W Reliable Service (GRIFTERS)
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Perry Says NOPR; FERC Says ]
Joshua Rhodes, January 8, 2018 @ e =
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Power Sector Can’'t Agree On Language Such As
“Baseload” \0\)\

0N
* Baseload = lowest demand over course of year ()\6
» Baseload = paid-off plant that gives mtanglloiAQ}]ue must be saved

* Baseload = power plants that ramp slo

* Baseload = coal, nuclear
» Baseload = resource w/ ehzed long-run marginal cost
* Baseload = resourc ast short-run marginal (dispatch) cost

e Conclusi \®&eload” IS now obsolete and possibly even damaging

\o\
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P
Action item: switch to a supply-fg{@b?mg

mindset rather than a Ioad{yjl@wing mindset

( &
\?x :
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In A Dynamic, Low-Marginal-Price World, FIeX|b|I|ty Is
Key \0\)\'

» Storage (primarily for ancillary services and lo d@%&mg

* Electrofuels manufacturing as flexible Ioad\&i@) storage
—Hydrogen, natural gas, ammonia

* Data centers as flexible load 8‘

« Water treatment as erxw

@G\e

o
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What if money
rained f!@b}m@the

skyQWhat if it
OW%re heavy?

\O\OG( ’ « Water: ~$4/1000 gals

@6 * Total Value: ~$136B
@G\?/ * Damage: ~$136B

o
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Floods Threaten the Power Sector Je

\C)\ Nebraska Nuclear Power Plant along the Missouri River
Source: Reuters, June 24, 2011
Webber Energy Group
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Floods Threaten the Fuels Sector Je
Motiva gﬁﬂr;eeu)tiz,migtr;(l éorl’ghur, X . ’\'{\b
. e Harvey

ﬁ@ijt in 4.4M bpd of
00 refining (25% of
national capacity)

(7
\O‘Oe e Crude production

@G mostly unaffected
6\?/ * Oil prices stayed flat,
‘ 0\06 gasoline prices
\\\\ increased
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P
Hurricane Harvey Might Be The Ig@@é‘?us For
Rethinking Our Relationshi% h Cars

\% *
N\\C:(\@
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Hurricane Harvey Is The Largest Single Incident Of
Automobile Destruction In The History of Hun’@ﬁkind
\S
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Hurricane Harvey Might Be The Impetus For
Rethinking Our Relationship With Cars \00\

W\
* Personal cars, fleets, and trucks \'()\6
were ruined $O

* Biggest incident of automobile ,()O
destruction in history

* Perhaps those cars sho&
replaced one-for-on
—Micro-Transit (Chari ‘Q

—Mass- custom@(e@ransrc (Uber & Lyft)

\o\
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