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Northwest Close to Blackouts

i Northwestmported Electricityor all 120
Winter Storm Pushed Northwest Close to Rolling Hours of Cold Snap
Blackouts
CLEARING UP ‘migm
A roneRale 4 Hydroshort on watey natural gasmaxed out
P & wind power collapsed teero
Multiple Utilitie A +2,000 MW of coal retirementsso far
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Northwest has LorkexportedElectricity to California
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Path forHydropower
surplusesin the Northwest
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High VoltageDirect
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NorthwesBeginning to ImpoHlectricity via CA

AC+DC Interchange NW>California
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Graphs below zero indicate flows from CA to NW




Power Grid BasicsA Service Like No Other!

Electricityssimultaneously
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Distribution
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Alternating Current (AC) Electricity
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Stator winding

{u) Three-phase rotating-field generator

Rotating Magnetic Field

Speed of

rotation

precisely ST

controlled mavngaer "
« forceful wind

ThreePhasd&equires 3 Wires

60 cycles per second sine waves

Phase | Phuse 2 Phise 3

(XX
XA

Cuatputs

>
N
AV,

/X
7

8

AW
iy

e
;VAY‘
b/

(b Three-phase sine wave

V All Generators must Bgnchronized

| | V  IncreasingDemandrlends tdecreaseSpeed of Rotation
SPINS ELECTRICAL YOUR
GENERATOR ouTPUT HOMES
o s FRR L i o G o510 V  DecreasingDemand tends tmcreaseSpeed of Rotation
genarate electnicty businesses
In your



Demand/Supply Balancinghysics

B
Electrical Demand and Supply Must Be Equal at All Times
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A No over supply
No under supply

V The Laws of Power Grid
Physics ardJnforgiving

V Consequences of not
maintaining supply &
demand balance are
blackouts




Controllable SupplyBlackout Insurance

Effective Capacity 26 of Installed NameplateGeneration that can b€ounted onDuring Hours of Maximum Demand

S

PacNW Existing Resources
2018

Load + Resource Balance (Greater N , OR, ID, parts of UT, WY) Nameplate GW

R
Peak Load 421 i, gl
12 k£
Firm Exports 11
PRM (12%) 52
Total Requirement 48.4 \
Resources Nameplate GW Effective % Effective GW
Coal 109 100% 109
Controllable Gas 122 100% 122
. Biomass & Geothermal 0.6 100% 0.6
High
Nuclear 12 100% 12
EffeCtlve CapaCIt Demand Response 06 0% 03 Balancing Authority Areas include: Avista, Bonneville
Hydro 352 53% 187 Power Administration, Chelan County PUD, Douglas
U nco ntl’0||ab| j| Wind 71 N 05 Effective GW NorthWestern Energy, PacifiCorp (East & West),
1| solar 16 12% (1 02 Gectharval Demand Portland General Electric, Puget Sound Energy, Seattle
Low T Sour anassnna EH e City Light, Tacoma Power, Western Area Power
1 i oreee ° — ° e S Aammstrarf&n N N N N S .
Effe Ctlve Capaclt) Total Internal Generation 69.1 44.7 2 ‘\
Coal & Natural Gas
Total Supply 72.5 47.2 are 1/3 of

nameplate but

1
1/2 of effective I
1
1
\

Surplus/Deficit

V 50% of Effective Capacny:
Hydro I
V 40% of Effective Capacityll

Capacity Surplus/Deficit -1.2 GW

Source: E3 Resource Adequacy in the Pacific Northwest, 2019
Note: other top-down analyses (e.g. NWPCC) suggest need starting in the 2020-2021 timeframe.
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Coal = 16% of U.S. Electricity
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Natural Gas = 43% of U.S. Electricity

e ————————————
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U.S. Electricity: Coal to Natural Gassl Switching
% | NN

Figure 2-8: Electric Power Generation (Billion kWh) and Emissions (MMT CO; Eq.)

B Nuclear Generation (Billion kwh) = Total Emissions (MMT COz Eq.) [Right Axis] 3500
4,500 | m Renewable Generation (Billion kWh) .
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B Coal Generation (Bilon Kih) Electricity Generation Flattened
4,000 | m Natural Gas Generation (Billion kwh) 3000
= 3,500 .
2 oz 36% CO, Reduction
S 5
E 3,000 g
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£, 50 | 2000 £ Down 869 MMT since 2005
g s
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Hydropower = 5.7% of U.S. Electricity

Northwest Hydropower
Like Nowhere Else:

Electricity Provided

V 50% of PNW Region

V 60% of Washington
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Nuclear = 18.6% of U.S. Electricity
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Wind = 10.2% of U.S. Electricity

Wind AT v
0.5% of PNWi e "3, | liba
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Northwest Wind Powedtffective Capacity

WIND ELCC - WINTER

ELCC by VER Zone

50.0%
Overbuild Factor ~ 450% Montana Wind Zones
40.0% 3 O % Ao W B
%, @ o weP footprint
+18,000 MW 2;3; S
of Washington Wind
20.0%
Replaces only 15.0% I
1,000 MW 10.0% '55%
of January 5.0% x -
100% Effective Capacity  0.0% : :
November December :'January ’: February March
(:} Wind VER 1 =+=Wind VER 2 -—Wind.\;E.R.:’». ) =o=\Wind VER 4 =e=Wind VER 5
WRAP

ELCC = Effective Load Carrying Capability



Solar = 3.9% of U.S. Electricity

Solar e e :

------------------

Uncontrollable
&
Power/Energy
Dilute
o lotal generation (MWh)
by plant
LowMW/MWh Mwn
Per Acre 56:2k 72!( 8( g 11O1M 21C221

Note that circle sizes are proportional to the data point

Source: epa.gov/egrid/dataxplorer



Northwest Solar Powé&iffective Capacity

SOLAR ELCC - WINTER

ELCC by VER Zone

16.0%
14.0%
12.0%
10.0%
Northwest Solar
Extremely Low (. 204 to 3%
EffeCtlve 4.0% oo : ------------------
CapaCItyln —) 2.0% %_—/
Winter 0.0% : :
November ‘ December January February @ March
2 ——Solar VER 1" 2 50lar VER'2 " 1580lar VER'S
A
ol

ELCC = Effective Load Carrying Capability



NW Supply & Demand Balancinfinuary 2024 Cold Snap

V 38 Balancing Area
Authoritiesin Western
Power Grid

V Maintain supply &
demand balance
including scheduled
generation imports
and exports

:Expanded:
jONort hwest™

I Footprint |

_______

b4 AC-DC-AC tie



NW Electricity Demandanuary 2024 Cold Snap
_Z [

Northwest (NW) region electricity overview (demand, forecast demand, net generation, and total interchange) 1/11/2024

— 111712024, Pacific Time 01/16/2024 08H PST
« NW demand: 59,040

e V Demand Curveower& Must bePrecisely Matched
A Controllabl&ffective Capacity
. V Area Under Curvelsergy
10.00 Electricity Demand Cold Winter Days January 2024
Daily Rhythm of Life

T I I l l l ]
11 Jan 2024 1Z Jan 2024 13 Jan 2024 14 Jan 2024 15 Jan 2024 16 Jam 2024 L}' 17 Jan 2024 18 Jan 2024

— — NW demand
€ia’ Data source: U.S. Energy Information Administration  Note: yaxis is megawaltours (energy) per hour or average megawatts (power)



NW Electricity Supplyganuary 2024 Cold Snap

Northwest (NW) region electricity generation by energy source 1/11/2024 - 1/18/2024, Pacific Time FUth? Concerns with
megawatthours Shut“ng DOWn Coal &
25.000 No New Natural Gas

mmmm) \Vind & Solar amarasitit o t he 0 10 effedativelmdégativeglemart 6
OAverages are the eawany " Yrpberey e;éeP”'

20,000 Ought Susceptible
Hydropower
15.000 A Ecological & Financial
) Cqsts toOverbuild
=1 Wind & Solar

10,000 I

Wind Energy Drops by 94%

\

/ \

] 1

£.000 1 1

R &ostly !
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] 1
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s  Probability i

] ] 1

] 1
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. Game J

B R ————— ’
-5,000 T T | | | | | |
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— Wind Solar Hydro = Unknown Other = Petroleum Matural gas = Coal = MNuclear
€ia’ pata source: U.S. Energy Information Adminisiration  Note: yaxis is megawaltours (energy) per hour or average megawatts (power)



NW Hydro:Flexes Polar Vortex Muscle

Northwest Hydro Flexes it's Polar-Vortex Muscle
and 'Gone Went the Wind'

The question isn't, can you integrate tens-of-thousands of average megawatts of unreliable
wind farms into the grid? The question is, should you?

RICK DUNN, P.E.
JAN 22, 2024

ille Power A

ation (BPAT) electricity generation by energy source 1/11/2024 — 1/17/2024, Pacific Time

megawatthours
12,000
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=N M (‘1_ z ‘ Il
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r f L r L J
R r' 5 IJ l : L] L ] r jl | ] 3
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M LLL 1 IF Si 1 .| | { J
6,000 4 T LT X | ]
FI sl ; L
i 1 J 01/1412024 19H PST || [ L
000 [ - * Wind: -1 % {
Ld Solar: 0

Iy| + Hyoro: 985

« Otner: 121
| « Natural gas: 826
2,000 \PJ\L‘I‘ ||« Nuclear 1,164
" ———

) : == — "\J“"‘j:l i v ;_;_7_7 — 1~
2000, T T T T T T 1
11 Jan 2024 12 Jan 2024 13 Jan 2024 14 Jan 2024 15 Jan 2024 16 Jan 2024 17 Jan 2024 18 Jan 2024
. . - Wind Sol; ~— Hydt ~— Othe Natural = Nucl
https://rickdunn.substack.com/p/northwhgtroflexesits polar P\ " AEEh e e

€1’ Data source: U.S. Energy Information Administration

‘ WA & ORWind Power at Zero or L&aging Coldest Temperature
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2. WA & OR Clean Energy PoliciéGlobal & U.S. Perspectives



WA Clean Energy Transformation Act (CETA)

CETA Requirements

Washington state commits
to 100% clean energy

Washington is the latest state to go all-in on clean, carbon-free

electricity.

NE(L;JTRAL 1 OOO/O

CLEAN
2025 2030 2045
NO COAL GHG NEUTRAL 100% CLEAN
STANDARD STANDARD STANDARD
Y A A K S RS V 20% of utility portfolio can be CQemittinggeneration with offsets

electricity.

V Has effectivelyeliminatednvestment innew natural gageneration so far
On May 7, Gov. Jay Inslee signed the 100% clean electricity bill into law,




Oregon Clean Energy Bill

Governor Kate Brown Signs Clean Energy Bills, Sets Goal for
100% Clean Energy by 2040

July 27, 2021

A Directs two largest utilities to deliver 100% clean electricity to
customers by 2040

A Stairstep from 80% clean electricity by 2030, to 90% percent
by 2035 and 100% by 2040

A Prohibits new or expanded natural gas-fired power plants in -
the state (also illegal to build nuclear plants)



Washington & Oregon//hat Dirty Energy Problem

CO: total emissions (tons)
by state, 2022

tons

0 8.99M 22.4M 30.3M 52.9M

Trend, CO: total emissions (tons), by state, 2018-2022

Select a state in the map above or the graphs at the right to see its trend here.

Source:https://www.epa.gov/egrid/data-explorer

US: 1,745,134,437 (tons)

CALIFORNIA
NORTH GAROLINA
LOUISIANA
WYOMING
ARIZONA
VISCONSIN
ARKANSAS 34.8M
COLORADO 33.8M
MEW YORK 305M
MISSISSIPPI 30M
UTAH 29.8M
NORTH DAKOTA
CKLAHOMA 29.1M
SOUTH CAROLINA

- 223M
NEWMEXIGO = 20.1M
NEW JERSEY - 158M

NEVADA-  142M
PUERTORICO - 142M
MONTANA - 13.0M
MARYLAND = 11.8M
COMNECTICUT - 11 1m
WASHINGTON = 10.8M
OREGON - g.13M
MASSACHUSETTS - 8.95M
HAWAI = 6.76M
RHODE ISLAND = 3174
ALASKA = 3.05M
SOUTH DAKOTA - 2.91M
NEW HAMPSHIRE = 2.84M
DELAWARE - 3304
MAINE = 2.15M
IDAHO = 2.02M
DISTRICT OF COLUMEIA - 42,382
VERMONT - 38,881

Sort by Amount

Hydropower Like Nowhere El:

o ———————————————

s

\
% of U.S. Total (1,745 MMT)
1

|
10.8 MMT (0.62%)

vV WA

4

DT ————

|V OR = 9.13 MMT (0.52%);
\ 4


https://www.epa.gov/egrid/data-explorer

CO, Reductions.ocal versus Global

Tracking Washington’s Greenhouse Gases

120

Poor Hydro Year &
| nclude s

& 2020 - Clean Energy Transformation Act
C‘) Ot @ ’20- Hémﬂuomcarbons
‘ 2023 - Cap and Invest
Eﬂ 2023 - Clean Fuel Standard

€3 2025 - Clean Vehicles
Major climate policies - year effective

100

80 1990 1999
93.5 MMT* 111.5 MMT*
Baseline Peak

2019
102.1 MMT*
9.2%above 1990

60

45% @
below 1990

70% @ ;
i below 1990 [N Net
o :
a :

95% @
below 1990

» PR
& & &S

y

40

20

& O N o &

3 3
$ ¢ Ll *

Actual Future limits

g
R

https://ecology.wa.gov/airclimate/reducinegreenhousgas-emissions/trackingreenhous@ases/ghginventories

Oécut s ar eprevenrtbee s s
worst effectsf climate changm our

stateds coastline:
forests, environmi

What the rest of theorldis doing
mattersk says something

A Extent &ate of CQ reductions

V  Virtue signaling vs. global impacts

A Bending the Curve @oing Over a Cliif
V  GridReliabilityRisk
V Increasing Energgtes
V  Landuselmpacts



https://ecology.wa.gov/air-climate/reducing-greenhouse-gas-emissions/tracking-greenhouse-gases/ghg-inventories

As We Push Grid to BlackoGinbal CO, Emissions Rise
e J

Atmospheric CO

420 ppm today
: N . ._ 280 ppm prendustry
/ . 1 T 4 Y YATOR " T Our World )
Annual CO, emissions by world region %8 | <200 ppm some plants {i
!—Zmissions fronlw fossllfuclsarlcl|ndustr\1-r are included, but not land-use change emissions. International aviation and shipping are included as separate entities, as they are not included <150 ppm all plants die,
in any country's emissions.
EB Table B Chart V SI nce 2007 £ Settings

A U.Sdecreasedby 1,070 MMT +37,000 MMT per Year
35 biion A Chinaincreasedby 4,420 MMT

30 billion t

International
aviation
International
shipping
Oceania

Asia (excl. China
and India)

China ¢ 11,400 MMT

V China
A 2 new coal plantper weekin 2022
A In 2023, new coal plant constructi
eight-year high.

25 billion t
20 billion t

India

Africa

South America
North America
(excl. USA)

United States <¢— 5’060 M MT

European Union
(27)

Europe (excl.
EU-27)

15 billion t

10 billion t

5 billion t

0t

1900 1920 1940 1960 1980 2000 2022



Rapi d Grheaydransitiod?

Global primary energy consumplion by source
. . . in Data

Primary energy is based on the substitution method and measured in terawatt-hours.

B8 Table B Chart o Settings

Other renewables
Modern biofuels

160,000 TWh Solar
Wind 6.3% Hydro
140,000 TWh T
! Nuclear 3.8% Nuclear
Matural gas
120000TWH
r
100,000 TWh i
N e e o o e e T o o
80,000 TWh o
60,000 TWh
sopooTwh  Electricity is 16% of
Coal

«= Global Energy Consumed
20,000 TWh

0TWh Traditional biomass

1900 1920 1940 1960 1980 2000 2022
Source:https://ourworldindata.org/energyproductiorconsumption


https://ourworldindata.org/energy-production-consumption

U.S.Total Energ@Consumption in 2023

Pt ittt sl ~
~ 0 H
U.S. primary energy consumption by energy source, 2023 i A FOSSII fuels :83 /0 i
total = 93.59 quadrillion total = 8.24 quadrillion British thermal units N e ;
British thermal units
' e A Wind & Solar =2.6% <=
nuciear
ellz'\:nt;i: 10% - hydroelectric A Hydro - 09%
9%
petroleum % 18% - wing A Total Renewables = 9%

38%

5% - biomass waste ]
renewable

energy 9%

32% - biofuels biomass

2 Nuclear = 9%

14

: A Electricity Represe®i8so of

Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,

) April 2024, preliminary data total U . S . Energy

€la’ Note: Sum of components may not equal 100% because of independent rounding.

Wind was 18%x 9% =1.62% & Solar was 11%x9%=0.99%
Wind & Solar combined were 2.6% of U.S. primary energy consumption in 2023



U.S. Electricity Generation

P2

Sources of U.g.rselectricity generation, 2023

Total = 4.18 trillion kilowatthou

Fossil Fuels 60%
xR e A Renewables 21.4% |

geothermal 0.4%

wind 10.2%

______________________________________________________

other 0.8% A Wind & Solar = 14.1% <= 84%
nuclear 18.6% New Generation
—a—] A Hydro =5.7% Under

Development
coal 16.2%

—_— A Nuclear = 18.6%

natural gas 43.1%

o
o

Sourcehttps://www.eia.gov/energyexplained/electricity/ A 3 9 % N O r]- C 02 E m itti n g
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re ComiMmWY!or

Washington State Energy Strategy
+10,000 aMW =10 x Columbia Generating Station Nuclear Plant

Decarbonizing the Electricity Sector
Double end use electricity load by 2050

—)
v Electricity to displace fuels in transportation, industry,

O
O o >cl
9 / /O 7@ e
v" Hydrogen electrolysis and electric boilers as flexible

growth in electricity end use demand by 2050 demand resources

U.S. annual average wind speed at 80 meters

Invest in new transmission capacity and renewable

43 O/ of electricity % ) - )
O imported by 2050 generation, coordinating with other states

A Ds femine el el Ty Develop distributed energy resources with smart

-
4 O/ from WY & f‘i‘g - o
1 8 6 O MTwind =Rl grid capabilities to ensure reliability and flexibility
|
|
|
\

Strengthen market mechanisms to ensure resource
adequacy and efficient electricity markets.
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WA Energy StrategyEverywhere but Here

-
2027 State Energy Strategy
Electric capacity additions — electrification scenario
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Wind & Solar:.Land Use Impacts

Transmission Lines Needed to Bring
Wind and Solar Power to Population Centers

Renewable Land Use
100% Reduction
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Each point on the map indicates 200 MW.

Sites not to scale or indicative of site location.

the area of Portland and Seattle combined

Energy i tal

Portland land area is 85k acres
Seattle land area is 56k acres
Oregon land area is 61,704k acres 56

Source: Public Generating Pool study by E3 Consulting submitted to WA State Legislature prior to passage of CETA

Existing Hydropower
stays in Place



Transmission LinBsvelopment & Operations Friction

V High up front capital costs & long siting,

permitting & constructiotead times
A 15 years or more not uncommon

V Wildfirelegal and financial risks
A Risk mitigation includepreemptive shutoffsand
blackouts

PGRE exits bankruptcy, but long-term LPaciﬁCorp: Wildfire Insurance Costs Pose

wildfire risk could put it 'back in the . . . S
soup ‘Material Threat’ to Financial Stability
CLEARING UP « September 8, 2023




Boardmarto-HemingwayTx Line Case Study
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LandUse Conflict®evelopment Friction

- Land-use conflicts
] are a key issue WARNING
today and those ROBERT BRYCE

conflicts are already

~~ AMERICAN
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I' pr?w.n_g to be the \| Tally Of US Wind & Solar Rejections Hits 735
: Ilmltlng faCtor : What the media, and academics, won't tell you about the raging backlash in rural America
: in the growth Of : against Big Wind and Big Solar, in 10 charts
I renewables. ]
A e e e Cumulative US Wind & Solar

Rejections, 2015 To 2024
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"NOT.IN'OUR

At least 735 rejections or
restrictions of wind or
solar projects since 2015

' BACKYARD

Rural America is fighting back against
large-scale renewable energy projects
ROBERT BRYCE « AUTHOR

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

‘Soures: Revewable Rejetion Dtsbise © Robert Bryce

Source:https://www.americanexperiment.org/reports/nimtourbackyard Tally Of US Wind & Solar Rejections Hits 78&obert Bryce (substack.com)



https://www.americanexperiment.org/reports/not-in-our-backyard
https://robertbryce.substack.com/p/tally-of-us-wind-and-solar-rejections?r=kv2hx&utm_medium=ios&triedRedirect=true

NotInMy-Backyard: NIMBY Case Study
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Endangered Specie®ust Another NIMBY

e
Nowhere to Hide

Washington Department of Fish & Wildlife has
I d e n tcollisionevdh wind turbidges as one of
several direct sources of mortality



