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2.
C

lim
ate policy is driving SIG

N
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A
N
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3.
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G
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A
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G
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1. A
 changing clim

ate is placing 
increasing strain on our energy 
infrastructure
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B
.1

G
lobal surface tem

perature w
ill continue to increase until at least the m

id-century under all 
em

issions scenarios considered. G
lobal w

arm
ing of 1.5°C

 and 2°C
 w

ill be exceeded during the 21st 
century unless deep reductions in carbon dioxide (C

O
2) and other greenhouse gas em

issions occur in 
the com

ing decades.

B
.2 M

any changes in the clim
ate system

 becom
e larger in direct relation to increasing global w

arm
ing. They 

include increases in the frequency and intensity of hot extrem
es, m

arine heatw
aves, and heavy 

precipitation, agricultural and ecological droughts in som
e regions, and proportion of intense tropical 

cyclones, as w
ell as reductions in Arctic sea ice, snow

 cover and perm
afrost.

B
.3 C

ontinued global w
arm

ing is projected to further intensify the global w
ater cycle, including its variability, 

global m
onsoon precipitation and the severity of w

et and dry events.
B

.4 U
nder scenarios w

ith increasing C
O

2 em
issions, the ocean and land carbon sinks are projected to be 

less effective at slow
ing the accum

ulation of C
O

2 in the atm
osphere.

B
.5 M

any changes due to past and future greenhouse gas em
issions are irreversible for centuries to 

m
illennia, especially changes in the ocean, ice sheets and global sea level.

4

Intergovernm
ental P

anel on C
lim

ate C
hange, C

lim
ate C

hange 2021: The P
hysical S

cience B
asis

https://w
w

w
.ipcc.ch/report/ar6/w

g1/dow
nloads/report/IP

C
C

_A
R

6_W
G

I_S
P

M
.pdf 
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Ê
M

any utilities in the N
orthw

est set new
 sum

m
ertim

e 
PEA

K
 D

EM
A

N
D

 R
EC

O
R

D
S during heat dom

e event on 
June 29-30, 2021

Ê
Sum

m
ertim

e peaks are now
 approaching or 

EXC
EED

IN
G

 W
IN

TER
 PEA

K
S across the region

Ê
H

igher sum
m

er peaks C
R

EATE C
H

A
LLEN

G
ES across 

generation, transm
ission and distribution system

s
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S
um

m
er H

igh Tem
p and Peak Load by S

ervice Territory
S

elected W
E

C
C

 U
tilities

Seattle (Puget Sound Energy)

Portland (Portland G
eneral Electric)

Source: Tem
perature data: N

O
AA. Peak load: SN

L (S&P M
arket Intelligence).
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Energy 
efficiency &

 
conservation 

Low
 carbon 

electricity
Low

 carbon 
fuels

Electrification

Buildings

Industry
Other

Buildings

Transportation
Existing loads Electrification

+60%
California Electric Loads under Deep Carbon Reductions

California Electric Resources under Deep Carbon Reductions

Clean electricity displaces fossil fuels as the m
ain source of prim

ary energy

R
esults from

 Long R
un R

esource A
dequacy U

nder D
eep D

ecarbonization P
athw

ays for C
alifornia, funded by C

alpine C
orp
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T
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g
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a
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re
 

m
u

ltip
ly

in
g

Entity
D

escription
British C

olum
bia

C
lim

ate C
hange Accountability Act (2007): Econom

y-w
ide, 40%

 
reduction by 2030, 60%

 by 2040, 80%
 by 2050

W
ashington

C
lean Energy Transform

ation Act (2019): Electricity only, no coal by 
2025, carbon-neutral by 2030, 100%

 clean by 2045
O

regon
100%

 C
lean Energy Bill (2021): Electricity only, 80%

 carbon reduction 
by 2030, 90%

 by 2045, 100%
 by 2040

Idaho Pow
er

100%
 clean energy by 2045

Avista
C

arbon neutral electricity by 2027, 100%
 clean energy by 2045

Puget Sound Energy
Beyond net-zero by 2045, w

hich includes: a carbon neutral electric 
system

 by 2030 and 100%
 clean electricity by 2045.

N
orthW

estern
90%

 carbon reductions by 2045
Portland G

eneral Electric
80%

 carbon reduction by 2030, net zero carbon by 2040

12

M
ost of the Pacific Northw

est Region is now
 covered by som

e type of clean energy goal
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Ê
Vehicle charging load w

ill be becom
e noticeable in 

the N
EXT FEW

 YEA
R

S

Ê
Initial adoption likely to be concentrated in certain 
locations creating D

ISTR
IB

U
TIO

N
 C

H
A

LLEN
G

ES

Ê
U

tilities w
ill need to be ready for SM

A
R

T C
H

A
R

G
IN

G
 

rates, panel installations, charging stations, etc.
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e

 p
e

a
k

s

Ê
State policy just beginning to encourage adoption of 
ELEC

TR
IC

 H
EAT PU

M
P technologies for residential 

and sm
all com

m
ercial buildings

Ê
Peak load m

ay increase A
S M

U
C

H
 A

S 100%
 in som

e 
areas due to heat pum

ps replacing gas or oil

Ê
M

ost regions w
ill need to m

eet electric peaks w
ith 

N
EW

 G
A

S PEA
K

ER
S, increasing peak day gas dem

and

C
oldest 

Portland 
H

our

C
oldest 

Spokane 
H

our

N
ote that the perform

ance of the sim
ulated 

ccASH
P

is consistent w
ith 4-ton system

s 
listed in the N

EEP C
old C

lim
ate H

eat Pum
p 

Specification Listing

Supplem
ental heat 

triggered at cold 
tem

ps
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he generation supply m

ix is 
evolving rapidly tow

ard variable 
and dispatch-lim

ited resources
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tte
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s

Ê
The prim

ary scalable resource for m
eeting C

alifornia’s clean energy goals is solar pow
er

•
R

equires supplem
entation w

ith a significant quantity of battery storage

Ê
W

ind and geotherm
al help provide portfolio diversity but are lim

ited in quantity
•

Largest scalable w
ind resources are offshore and out-of-state 

•
Enhanced geotherm

al is a prom
ising em

erging technology

21%
 

CF
12%

21%
 

CF
11%

High Electrification 

S
ource: C

E
C

, https://w
w

w
.energy.ca.gov/sb100 
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Im
age source: Resource Adequacy in the Pacific Northw

est (Various utilities, 2019)

Ê
U

tilities w
ill need to procure w

ind 
and solar resources at an 
U

N
PR

EC
ED

EN
TED

 PA
C

E

Ê
B

ATTER
Y STO

R
A

G
E m

ay be helpful 
for integration and resource 
adequacy

Ê
R

etaining existing N
U

C
LEA

R
 and 

H
YD

R
O

 reduces costs

90 GW
 of w

ind, solar and batteries 
added by 2050 in the Northw

est under 
98%

 carbon reduction scenario
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Ê
G

ood renew
able 

resources don’t exist 
everyw

here
•

W
ind in C

olum
bia G

orge, 
eastern slope of R

ockies, 
S

nake R
iver P

lain

•
S

olar in eastern O
R

 and 
W

A
, southern ID

Ê
Transm

ission access 
w

ill be a key challenge
•

B
PA system

 is congested 
across the C

ascades

•
Lack of R

TO
 m

eans 
pancaked transm

ission 
charges for rem

ote 
resources

T
ra

n
s
m

is
s
io

n
 w

ill b
e

 a
 s

ig
n

ific
a

n
t c

h
a

lle
n

g
e

 fo
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rg
y
 

p
ro

c
u

re
m

e
n

t

Existing renew
able generators in the Pacific N

orthw
est 



4. S
upply-dem

and balance is 
increasingly precarious 
throughout the W

est
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Ê
Increased frequency, severity and geographic 
extent of heat events

Ê
C

ontinued retirem
ent of firm

 resources across the 
region

Ê
Very little developm

ent of new
 firm

 resources in 
recent years

Ê
R

esum
ption of peak load grow

th caused by m
ore 

extrem
e w

eather, data centers, electric vehicles, 
etc. T

he W
estern Interconnection is facing im

m
ediate resource 

adequacy challenges 
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0
3

0
 (u

p
 to

 ~
1

4
 G

W
 n

a
m

e
p

la
te

 ca
p

a
city),

significantly exceeding average 
capacity expansion rate for 2010-2020 

(~1 G
W

/year)
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Ê
U

tilities planning to add 14,000 M
W

 by 2025 and 
38,000 M

W
 by 2033

Ê
The resource additions are just about sufficient to 
m

aintain resource adequacy under m
ost scenarios

•
The am

ount of nam
eplate capacity is m

uch larger than the 
am

ount of effective capacity needed to m
aintain reliability

S
o

u
th

w
e

s
t is

 ro
u

g
h

ly
 in

 b
a

la
n

c
e

, b
u

t m
a

in
ta

in
in

g
 th

a
t w

ill 
re

q
u

ire
 re

s
o

u
rc

e
 d

e
v
e

lo
p

m
e

n
t a

t a
 s

u
s
ta

in
e

d
 h

ig
h

 p
a

c
e

M
aintaining regional reliability 

w
ill require significant 

investm
ents in new

 resources
based on utility plans

Afterm
ath of W

estern 
Energy Crisis

S
ource: E

3, R
esource A

dequacy in the D
esert S

outhw
est
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Ê
R

equested W
ater B

oard to extend once-through cooling com
pliance deadlines for up to 

three years for 3750 M
W

 of gas plants
Ê

O
rdered 3300 M

W
 of new

 resource procurem
ent by A

ugust 2023
q

Increm
ental to 4000 M

W
 of resources already in developm

ent

C
a

lifo
rn

ia
: N

o
v
e

m
b

e
r 2

0
1

9
 C

P
U

C
 o

rd
e

r to
 h

e
lp

 a
d

d
re

s
s
 

p
ro

je
c

te
d

 re
s
o

u
rc

e
 a

d
e

q
u

a
c
y
 c

a
p

a
c

ity
 s

h
o

rtfa
lls

C
u

m
u

la
tiv

e
 N

e
w

 R
e
s
o

u
rc

e
 A

d
d

itio
n

s
: 2

0
2
0
-2

0
2
2

Source: C
PU

C
 https://w

w
w

.cpuc.ca.gov/-/m
edia/cpuc-w

ebsite/divisions/energy-division/docum
ents/sum

m
er-2021-

reliability/tracking-energy-developm
ent/cec-m

ay-reliability-w
orkshop-tracking-energy-developm

ent-m
ay-2022.pdf 

N
a
m

e
p

la
te

 (M
W

)
N

e
t Q

u
a
lify

in
g

 C
a
p

a
c
ity

 (M
W

)
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C
P

U
C

 M
id

-T
e

rm
 R

e
lia

b
ility

 P
ro

c
u

re
m

e
n

t o
rd

e
rs

 re
q

u
ire

 
a

n
o

th
e

r 1
6

 G
W

 o
f e

ffe
c

tiv
e

 c
a

p
a

c
ity

 fro
m

 n
e

w
 re

s
o

u
rc

e
s
 

Ê
9.5 G

W
 total m

ust be online by Sum
m

er 2025
•

2023: 2 G
W

 | 2024: 6 G
W

 | 2025: 1.5 G
W

 |
+ 2.5 G

W
 any year before 2025 (for D

iablo C
anyon)

•
A

ll resources m
ust be “zero-em

issions”

•
N

o new
 fossil generation is allow

ed

•
D

em
and R

esponse qualifies if it m
eets additionality requirem

ents

Ê
2 G

W
 online by Sum

m
er 2026*

•
1 G

W
 “firm

, zero-em
itting resources”

•
1 G

W
 long-duration storage (m

in. 8 hours)

Ê
H

igher assum
ed PR

M
 (22.5%

) to address increased risk
Ê

M
eant to be sufficient to allow

 retirem
ent of 6 G

W
 of 

O
TC

 plants (gas + D
iablo C

anyon)

W
e are 

here

W
e are 

here

S
ource: C

P
U

C
 https://docs.cpuc.ca.gov/S

earchR
es.aspx?docform

at=A
LL&

docid=389603637 

CA DW
R also now

 signing contracts w
ith therm

al 
generators for Governor New

som
’s “strategic reserve”



5. M
aintaining reliability during 

the transition w
ill require som

e 
difficult decisions 
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Ê
T
ra

n
s
itio

n
 to

w
a
rd

s
 re

n
e
w

a
b

le
s
 a

n
d

 s
to

ra
g

e
 

in
tro

d
u

c
e
s
 n

e
w

 s
o

u
rc

e
s
 o

f c
o

m
p

le
x
ity

 in
 re

s
o

u
rc

e
 

a
d

e
q

u
a
c
y
 p

la
n

n
in

g

•
T

h
e
 
c
o
n
c
e
p
t
 
o
f
 
p
l
a
n
n
i
n
g
 
e
x
c
l
u
s
i
v
e
l
y
 
f
o
r
 
“
p
e
a
k
”
 
d
e
m

a
n
d
 
i
s
 

q
u
i
c
k
l
y
 
b
e
c
o
m

i
n
g
 
o
b
s
o
l
e
t
e

•
F

r
a
m

e
w

o
r
k
s
 
f
o
r
 
r
e
s
o
u
r
c
e
 
a
d
e
q
u
a
c
y
 
m

u
s
t
 
b
e
 
m

o
d
e
r
n
i
z
e
d
 

t
o
 
c
o
n
s
i
d
e
r
 
c
o
n
d
i
t
i
o
n
s
 
a
c
r
o
s
s
 
a
l
l
 
h
o
u
r
s
 
o
f
 
t
h
e
 
y
e
a
r
 
–
 
a
s
 

u
n
d
e
r
s
c
o
r
e
d
 
b
y
 
C

a
l
i
f
o
r
n
i
a
’
s
 
r
o
t
a
t
i
n
g
 
o
u
t
a
g
e
s
 
d
u
r
i
n
g
 

A
u
g
u
s
t
 
2
0
2
0
 
“
n
e
t
 
p
e
a
k
”
 
p
e
r
i
o
d

Ê
R

e
lia

b
le

 e
le

c
tric

ity
 s

u
p

p
ly

 is
 e

s
s
e
n

tia
l to

 o
u

r d
a
y
-

to
-d

a
y
 liv

e
s
 a

t h
o

m
e
 a

n
d

 a
t w

o
rk

 –
 a

n
d

 w
ill 

b
e
c
o

m
e
 in

c
re

a
s
in

g
ly

 im
p

o
rta

n
t

•
M

e
e
t
i
n
g
 
c
o
o
l
i
n
g
 
a
n
d
 
h
e
a
t
i
n
g
 
d
e
m

a
n
d
s
 
u
n
d
e
r
 
m

o
r
e
 

f
r
e
q
u
e
n
t
 
e
x
t
r
e
m

e
 
w

e
a
t
h
e
r
 
e
v
e
n
t
s
 
i
s
 
m

a
y
 
b
e
 
a
 
m

a
t
t
e
r
 
o
f
 
l
i
f
e
 

o
r
 
d
e
a
t
h

•
E

c
o
n
o
m

y
-
w

i
d
e
 
d
e
c
a
r
b
o
n
i
z
a
t
i
o
n
 
g
o
a
l
s
 
w

i
l
l
 
d
r
i
v
e
 

e
l
e
c
t
r
i
f
i
c
a
t
i
o
n
 
o
f
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
 
a
n
d
 
b
u
i
l
d
i
n
g
s
,
 
m

a
k
i
n
g
 
t
h
e
 

e
l
e
c
t
r
i
c
 
i
n
d
u
s
t
r
y
 
t
h
e
 
k
e
y
s
t
o
n
e
 
o
f
 
f
u
t
u
r
e
 
e
n
e
r
g
y
 
e
c
o
n
o
m

y

P
lanning for reliability is increasing in com

plexity – and 
im

portance

G
raph source: https://tw

itter.com
/bcshaffer/status/1364635609214586882

G
raph source: http://w

w
w

.caiso.com
/D

ocum
ents/Final-R

oot-C
ause-A

nalysis-M
id-A

ugust-2020-E
xtrem

e-H
eat-W

ave.pdf
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Ê
The com

bination of solar and batteries 
is effective at m

eeting sum
m

ertim
e 

needs driven by heat events
•

S
upplem

ents the existing portfolio of hydro 
and natural gas generation

Ê
W

intertim
e cold w

eather events w
ill 

pose an increasing challenge due to 
electrification of building heat
•

Vehicle electrification w
ill also add to the 

challenges

Ê
C

alifornia and the N
orthw

est w
ill each 

need over 30 G
W

 of firm
 capacity to 

m
aintain resource adequacy even 

after adding hundreds of G
W

 of w
ind, 

solar and batteries
•

“Firm
 capacity” are resources that can run 

w
henever needed

T
h

e
 la

rg
e

s
t re

s
o

u
rc

e
 a

d
e

q
u

a
c
y
 c

h
a

lle
n

g
e

 w
ill b

e
 d

e
liv

e
rin

g
 

e
n

e
rg

y
 d

u
rin

g
 e

x
te

n
d

e
d

 re
n

e
w

a
b

le
 d

ro
u

g
h

ts

S
ource: E

3, R
esource A

dequacy in the P
acific N

orthw
est, 2019

Low
 renew

able production 
despite > 100 GW

 of 
installed capacity during 

som
e hours

High Load

Low
 W

ind &
 Solar

Low
 Hydro Year

1

2

3

Loss of load 
event of 

nearly 48 hrs
Loss of load 

m
agnitude of 

over 30 GW
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Ê
Pacific N

orthw
est 

exam
ples show

s the 
D

IM
IN

ISH
IN

G
 

M
A

R
G

IN
A

L R
ETU

R
N

S 
as m

ore of a single 
resource type is 
added to the system

Ê
A m

ore diverse 
portfolio retains m

ore 
value at higher 
penetrations

T
h

e
 c

a
p

a
c

ity
 c

o
n

trib
u

tio
n

 o
f w

in
d

, s
o

la
r, s

to
ra

g
e

 a
n

d
 d

e
m

a
n

d
 

re
s
p

o
n

s
e

 d
e

c
lin

e
s
 a

s
 m

o
re

 a
re

 a
d

d
e

d

Diverse W
ind (NW

, M
T, W

Y)
Solar

6-Hr Storage
Dem

and Response

S
ource: E

3, R
esource A

dequacy in the P
acific N

orthw
est, 2019
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C
alifornia, S

eptem
ber 6, 2022: A

ll hands on deck!

CAISO
 System

 O
perations on Septem

ber 6, 2022
(M

W
)

Generation During Hour of Highest N
et Load

(M
W
)

Generation During Hour of Highest N
et Load

(M
W
)

Natural gas: 26 GW
+1 GW

 vs. Aug 14, 2020

Nuclear: 2 GW
Diablo Canyon Pow

er Plant

Im
ports: 8 GW

+1 GW
 vs. Aug 14, 2020

Prim
arily from

 (1) PNW
 and (2) AZ

Hydro: 5 GW
Sim

ilar levels to Aug 14, 2020

Storage: 2 GW
+2 GW

 vs. Aug 2020

Solar: < 1 GW

W
ind: 2 GW

The net peak period in sum
m

er evenings, the 
greatest challenge for m

aintaining reliability
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A
c
h

ie
v
in

g
 a

 fu
lly

 z
e

ro
-c

a
rb

o
n

 g
rid

 w
ill re

q
u

ire
 n

e
w

 
te

c
h

n
o

lo
g

ie
s

Ê
FIR

M
, C

A
R

B
O

N
-FR

EE R
ESO

U
R

C
ES w

ill be crucial for 
reliability if gas resources are retired

Ê
C

andidates include:
q

E
nhanced geotherm

al

q
N

ew
 nuclear (e.g., S

m
all M

odular R
eactors)

q
Fossil generation w

ith carbon capture and sequestration

q
Very long-duration storage energy storage

q
C

lean fuels such as renew
able natural gas, hydrogen or 

synthetic gas

Ê
These technologies have not yet been proven to be 
safe, resilient, and cost-effective and are N

O
T YET 

C
O

M
M

ER
C

IA
LLY AVA

ILA
B

LE

Ê
O

N
E O

R
 M

O
R

E M
U

ST EM
ER

G
E to enable a reliable, 

zero-carbon grid



C
onclusion
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T
hem

es

1.
A changing clim

ate is placing IN
C

R
EA

SIN
G

 STR
A

IN
 on our energy infrastructure

2.
C

lim
ate policy is driving SIG

N
IFIC

A
N

T IN
C

R
EA

SES in the need for energy production 
and delivery capability

3.
The generation supply m

ix is EVO
LVIN

G
 R

A
PID

LY tow
ard variable and dispatch-lim

ited 
resources

4.
Supply-dem

and balance is IN
C

R
EA

SIN
G

LY PR
EC

A
R

IO
U

S throughout the W
est

5.
M

aintaining reliability during the transition w
ill require som

e D
IFFIC

U
LT D

EC
ISIO

N
S
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T
hank you!

A
r
n
e
 
O

l
s
o
n
,
 
S

e
n
i
o
r
 
P

a
r
t
n
e
r
 
(
a
r
n
e
@

e
t
h
r
e
e
.
c
o
m

)
 


