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How do you get around?

How does it make you feel?




How do you want to get
around?

How do you want to feel

during your commute,
trips to the store, or other

e —— daily routes?




Iransportation emissions
are stubbornly high,
pollute the air we all
breathe, and are a big,
big, issue.
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WE CAN
CHANGE THIS.

There are pathways and
possibilities, but much
needs to be done. And we
need to start now.

Transport
Emissions
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HOW DO WE DO 117



ELECTRIFY AND MORE.

We need to switch to 100% clean
electricity (for almost everything)
to move us and our goods around.

And by reducing the vehicle miles
we travel.

Cumulative carbon savings

Less electricity needed

Fewer chargers needed

Fewer crash deaths

More people using active transportation



WE HAVE CHOICES.

t's possible to decarbonize
everything through electrification,
but this scenario has some
significant costs.

2050 shown
unless otherwise specified

Cumulative CO, emissions 2020-2050
Social cost of carbon, 2020-2050
Electrical power need

Chargers
$ for chargers (cumulative, low-high range)

Annual crash fatalities in 2050 (2030)
Electric vehicles

People walking, biking, or micro-mobility
People using buses

Annual public road (no transit) spending
in 2050 (2030)

Annual transit expenditures* in 2050
(2030)

Annual per person transport spending in
2050 (2030)

Total annual personal transport spending
in 2050 (2030)

Electrification-only
vs. combination

40 Mt more
$3 B more

*Includes fare recovery



WE HAVE TO ACT BOLDLY
AND QUICKLY.

All scenarios are grounded in rapid,
policy-supported electrification, but
the optimal path combines reducing
vehicle miles traveled (VMT) with
electrification creating broader social
benefits beyond the obvious.

—‘.m.! Support rapid electrification

tg\ 9‘_ Invest in transit and active
O?O transportation (biking, walking,

and micromobility)

%ﬁ Improve our land use policies



WHY THIS RESEARCH?

To better inform how we design and advocate
for transportation policies and include new
analysis on how reducing VMT impacts
efforts to decarbonize.




WE HAVE A GREAT TEAI.

w solutlons @ Energy+Environmental Economics
Research scoping and Created the transportation model; Electricity sector
overall direction modeled co-benefits modeling
Leah Missik Val Hovland Dan Aas
Vlad Gutman-Britten Seth Monteith Clea Kolster

Kelly Hall Rubi Rajbanshi Robbie Shaw



METHODOLOGY



METHODOLOGY

Variables—Electrification

The model allows testing both the pace of adoption and the total rate of adoption.

S-CURVE = pace and rate of adoption

Increased
growth

Share

Early
adoption

Delayed
adoption

Decreased
growth

Time

o=
o2

EERRERE



METHODOLOGY
Variables—\Vehicle Miles Traveled (VMT)

All are further variable by geography.

= -

So K

Personal Transit mode Micromobility Walk, bike, Freight miles
vehicle miles use and cost/ trips avoided
traveled ridership

‘ ® People per =2~ Seattle 1.49 vs. WA Rural 1.42 ‘Q‘ Seattle 10 vs. WA Rural 4
SR vehicle Portland 1.5 vs. OR Rural 1.43 Portland 10 vs. OR Rural 4



METHODOLOGY

Geographies

Variables can be changed by geography,

and results can also be analyzed this way.

Regions

B Seattle
I Seattle suburb

B WA small city
WA rural

B Portland
Portland suburb

7 OR small city

OR rural
Freeway

County

Map created by
Hovland Consulting
for Climate Solutions
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METHODOLOGY
Health & Air Pollution

VOCs—Create smog, harm our lungs, can cause cancer °M 2.5—Can worsen lung and heart

broblems, linked to hospital admissions

and mortality
Scaled to
2050

Health
outcomes

NOx—Can cause respiratory infections

Air pollution > ‘ COBRA
data from

Co Beneﬁts R sk Assessment

model in 2025 by
geography
Health Outputs
$ Total Health Benefits (low & high) Work Loss Days
$ Hospital Admits, All Respiratory
$ Work Loss Days

Minor Restricted Activity Days (and cost $)
Mortality (low & high)
Asthma Exacerbation



METHODOLOGY

Electric Sector Modeling

This study uses E3's RESOLVE model to generate
optimal resource portfolios under alternative policy
regimes. RESOLVE co-optimizes investments and
operations to minimize total NPV of electric system
cost over the study time horizon:

* [nvestments and operations optimized in a single
stage to capture linkages between investment
decisions and system operations

» Selects resources based on total value to the entire
system, not just levelized cost of energy

Objective Function

Fixed Costs Variable Costs
Renewables Variable O&M
Energy storage Start costs

EE & DR + Fuel costs
Thermal Carbon

Transmission

Decisions

Investments @ System Operations

o

Constraints

RPS Target
GHG Target
PRM
Operations
Resource Limits



METHODOLOGY

Study Approach

This study takes a regional view of electricity supplies,
building on three key prior studies: Pacific Northwest
Low Carbon Scenario Analysis (2017), Resource
Adequacy in the Pacific Northwest (2019), Northwest
Zero-Emitting Resources Study (2020). The study
uses E3's RESOLVE model to optimize the portfolio of
resources serving loads in the “Core NW" region.




METHODOLOGY

Hourly

transportation

electrification charging loads

E3 shaped the annual loads provided by Hovland

Consulting
Load Shift |
data from t

with outputs from the Electric Vehicles
‘ool (EVLST). The EVLST tool uses trip
ne National Highway Transportation

Survey to identify at what times of day different driver

types will n

eed to charge their vehicles, determines

charging sessions such that each driver can meet
their mobility needs, and identifies what share of total
charging load can be shifted between hours when all

drivers can

still meet their mobility needs.

3000
2500

= 2000

<

= 1500

S 1000
500

2030 Light Duty Vehicle Load Shape




A REFERENCE CASE:

Business as usual



Greenhouse Gas Emissions

The reference case compared emissions in a
“business as usual” situation to scenarios that limit
global warming to what's minimally necessary for .
climate stability.

40 Business as usual

35

25

This means a 95% reduction from 2020 levels
needed by 2050 to limit warming to 2C or below.
These reductions align with the Washington Deep
Decarbonization Pathways and the Clean Energy
Transition Institute’s Pathways study for the NW.

MTCO.e
M
o

B Emissions
15

B Reductions needed
10

Reductions
needed

1990 2000 2010 2020 2030 2040 2050



Business as Usual

This case examines: GHG emissions, population,
VMT & modes, air pollution, safety, costs, etc.

MMt CO2e - Passenger+Freight

40

35

30

25

20

15

10

5

0

2020 2025 2030 2035 2040 2045 2050

4% reduction 2050 vs
2020

OR rural
OR sml city
Port. suburb
M Portland
WA rural
B WA sml city
Seat. suburb

M Seattle

~11% of passenger fleet,
~23% of buses are electric

by 2050. Freight does not
electrify.

M EVs - Passenger + Freight

16
Combusion vehicles
14
OR rural
12 :
OR sml city
10 Port. suburb
8 M Portland
6 WA rural
4 B WA sml city
, Seat. suburb
e ] M Seattle
0 R
2020 2025 2030 2035 2040 2045 2050



REFERENCE CASE

: : Person
Vehicle Miles Traveled Miles
In a business as usual case, we see a M-'"';:"g)r
significant increase in total miles traveled B 61 - 70

. 51 - 60
for personal and freight travel. B
E?EEWE}"
County
Passenger miles traveled
increases with population. sitions of miles 173

133
+30% increase

2020 2030 2040 2050

Map created by
Hovland Consulting
for Climate Solutions




Vehicle Miles Traveled

In a business as usual case, we see a

significant increase in total miles traveled
for personal and freight travel.

Freight miles traveled
increases with economics Biiions of miles

and population, 11

+45% increase

2020 2030

Freight

Truck M mi/yr 2045
G > 50
a5 - 50
e 10 - 25
— 2 - 10
<P
B Seattle
Seattle suburb

B WA small city
WA rural

16

2040 2050

Map created by
Hovland Consulting
for Climate Solutions
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Electricity

We need to have a clean grid. Washington
passed the 100% clean electricity law
(2019's Clean Energy Transformation Act),
but Oregon does not have a similar law in
nlace. We cannot meet our decarbonization
goals for the Pacific Northwest until after
Oregon passes a similar policy.

Power g/kWh

800

700

600

500

400

300

200

100

0
2015

2020

2025

2030

2035

e \\/ashington/Oregon

US reference, RTS

2040

2045

2050



Health B

enefits by Community Type

We do not experience harmful air pollution equally—a

result of histo

ric racist policies and practices like

redlining, urban renewal districts, abuse of eminent
domain, and inner-city highway construction, where

racist policies
color to move

have restricted and forced communities of
into concentrated, high-traffic areas next

to highways, ports, railroads, and industrial facilities.
As a result, communities of color and low-income

communities !

‘ace a disproportionate share of toxic air

pollution and

poor air quality.

RICHMOQND

Redlined
neighborhoods

PC: NYTIMES



REFERENCE CASE

People of Color & People of Color + Hispanic

S |
1. {Belingham Seattle | o - 00
4 “' . -

T | | sest.suburb I 31%

i POC

WA smicity NN 25

18%

Race and

Race Ethnicity

People of Color POC or Hispanic _ 23%
I 76% - 100% I 76% - 100% WA rural !
. 51% - 75% . 51% - 75% . 14%
N 26% - 50% B 26% - 50%
= 1% 2% =1 25% I -2
0% - 10% > 0% - 10% Portland 239
Freeway — Freeway )
e 1 o .
! 23%
8 Port. suburb 7% m People of
color+Hispanic
1 O + N 2/
o . | OR sml city 4%
= £ U aanaties e
: I s “ People of color
J‘-ﬂ _ OR rural ! | P
Eugene Bend - 10%
‘.' R
4 - \g,h 5
POC: Pgitie % St POC: Pgifle
of Colg ‘n' e of Colg
=TTy 3 ae - .
effccted by Ledbrd s | SN w K people of color + Hispanic

Hglfand Consulting
(A limate Salutions

Hiand Consulting
Wl Climate Solutions

Seat. suburb o2 921
WA smi city | 404
WA rural | 021 7 e
w2050
Portiand | G 6.4
Port. suburb -21257 4
OR sml city -192950
OR rural -303?76



REFERENCE CASE
Below 185% Poverty Level

Poverty

<185% powv. line
B 76% - 100%
I 51% - 75%
I 26% - 50%
[ 1% - 25%
0% - 10%
Freeway
County

® Poverty (<185%) Difference Below local 80% AMI

0% 20% 40% 60% 80%

Seattle [ 57%

Seat. suburb [ 44%

WA sml city [ 65%
WA rural [ 58%
Portland [ 71%

Port. suburb [ 50%

ORsmlcity 63%
OR rural [ 61%

k people of in poverty

w2025 m 2050

420
480

440
500

400
480

580
660

Seattle

Seat. suburb

WA sml city

WA rural

Portland

IUJ
)]
(]

420
Port. suburb

.
S

OR sml city

w3
o

OR rural

00
o
o))

660

80% Area Median Income

Seattle

Seattle suburb
WA small city
WA rural
Portland
Portland suburb
OR small city

OR rural

I 2, 200
N 2,300
I 560,600
I 557,300
I, 7 0,300
I,/ 0, 300
I 554,500
I 552,900

k people of in poverty

Seattle

Seat. suburb
WA sml city
WA rural
Portland
Port. suburb
OR sml city

OR rural

w2025 m 2050

900
1,040

1,080
1,240

00
940

1,100
1,240

I

840
980

460
560

NI
o

620

0
1,220

30-60+%
people in
poverty

We referenced
185% of the
poverty line
based on the WA
Environmental
Health Disparities
Map as well as
80% of the local
area median
incomes



ELECTRICITY BY THE NUMBERS

System cost $18.89B

REFERENCE CASE
Electricity

Total load (TWh) 198 _'1[ Peak Capacity (GW) 36

Resource Builds 2050 Energy Mix

Solar
5%
Wind
25,000 16%
Customer PV
20,000 i
’ / Biomass
/ b
15,000 A Large Nuclear
= ' 4%
= X Gas CCGT
10,000 3519,
X u
Hydro 3
5,000 64% Gas CCGT with CCS
8%
M Li-lon Battery Storage M Nuclear Relicensing
B CCGT Repowering B New Peaker
® Conventional DR Storage B Geothermal
m Solar Wind

® Small Hydro B CCGT with CCS 100% Capture Rate



THE SCENARIOS

We know we need to transition away from

fossil fuels, but now do we get there?
Which path is ideal?




SCENARIOS

Background on electrification

Each of these core scenarios hold electrification targets

constant (near-100% of vehicles are electric by 2050)

but vary in the vehicle miles traveled (VMT). We can

evaluate the impacts of changing VMT, but without near-

100% electrification, decarbonization goals are not met. Each scenario leads to

different electricity needs.

30%

45,000
40,000

20%
35,000
30,000
7 25,000

g »
= 20,000
0% Reference VMT

Electrification only High VMT 15.000
10,000

-10%
9,000

-20% Reference VMT reduction + Electrification Only VMT Increase +

electrification Electrification

-30%



SCENARIOS

Flectrification: Load scenarios

Hovland Consulting provided three

transportation electrification load scenarios.
hese scenarios vary the share of transportation Hovland Consulting Transportation Loads
demands met by different modes.

60 - VMT increase + electrification

50 - Electrification only

VMT reduction + electrification

E30-

20 1

10

BAU EV/VMT growth
0+

202 " 2030 2040 2045 2050




SCENARIOS

Flectrification: Load scenarios

Transportation electrification increases regional
load forecasts. Reference load growth is based
on a combination of regional load forecasts
(NWPCC 7th plan, PNUCC, BPA White Book,
TEPPC) as described in Pacific Northwest Low 250 -
Carbon Scenario Analysis (2017).

Total Annual Electric Loads

Electrification Scenarios

200 - Reference

_ 150+
=

100 -

50 -

0 I I 1 I I I I 1
2020 2030 2040 2045 2050




SCENARIO T;
AN IDEAL WORLD

Vehicle Miles Traveled Reduced

+ Electrification



WE CAN REDUCE OUR
PERSONAL VEHICLE
MILES AND ELECTRIFY.

Reducing VMT and electrifying
transportation has many benefits
and is the optimal scenario
for overall broad social benefit.

Scenario 1relative to business as usual.

Passenger Miles Traveled (M): 10%

(rural) to 35% (urban) reduction In
2050

OR rural
200,000 S
Port
M Portl
100,000 WA
s P e (ot B
WA
“ Seat
W 5ea

2020 2025 2030 2035 2040 2045 2050

Freight miles: 15% reduction

15,000

10,000

5,000

0
2020 2025 2030 2035 2040 2045 2050

WA rural

WA sml cit

I Seat. suburb
I



Scenario 1relative to business as usual.
P LU s W E CA N Passenger Miles Traveled (M): 10%
(rural) to 35% (urban) reduction In
2050
INCREASE SAFETY AND
M Portland
100,000 WA rural
B WA sml city
REDUCE COSTSI “ Seat. suburb
W Seattle

2020 2025 2030 2035 2040 2045 2050

rrrrrrr

200,000

Employing both decreased VMT

and electrifying leads to greater
total carbon reductions.

This scenario takes ample policy 5000 -

NN Seat. suburb
0

Cha nge d nd p ‘ dln I ng 2020 2025 2030 2035 2040 2045 205; -

Freight miles: 15% reduction




SCENARIO 1;

Comparison:

Portland
OR sml city
WA sml city

Seattle

Port. suburb

seattle Seat. suburb
DC metro

WOUId have DC only

Boston

to reduce Chicago
VMTby ..o
46% to e
match R

New York

I.Ondﬂn. London

Berlin
Paris

Vehicle Miles Traveled

VMT per capita

| 6,950
1 7.000
I 7,300
] 6::,500
I S350
I S, 450
8,650

5,350
7,600
7,550
7,500
7.450
7,400
0 7.350
¢ 7100
7,050
5900
3,500 .
3,000
2,500

Us average [N 10.450
OR rural
WA rural T 10,050

OR sml city
Oregon v
would have
Washington

to reduce Connecticut
VMT by California

New Jersey

29% tO lllinois

VMT per capita

9,450

7,@0@0

?300
8.850
é,zso
%8,800
éS,?ED
és,?oo
i3,450

Rhode Isiand N 7 550
match NY |

Pennsyivania N 7 550
state. New York N 6300



SCENARIO 1: JYMT + &

Reducing Passenger Miles Urban
& Vehicle Miles Traveled

Passenger Equivalent Equivalent
Miles Personal Vehicle Miles to

Traveled Traveled Reduction (with
Reduction  bus, walk, micromobility)

35% 47% London

(lower than NYC)

Washington DC

Suburban 35% 39% & London
Assumes ~1.5 people per car and 4-10 HVEldEE
people per bus. Small city 15% 20% New York state

States like
0 0
Rural 10% 10% CA CT NJ. IL
Miles Traveled References
Reduction
Other scenarios (EIA) have 8%
Freight 15% reduction. This represents different
economic growth scenarios.
State- 29% PMT 27% VMT reduction
wide reduction (personal & freight)



SCENARIOT: JVMT + &

Near-100% Electrification

This scenario
combines high
electrification
rates with
reduced vehicle
miles traveled.

% Passenger Fleet ZE by year - Passenger Cars

100%
90% ax@e Scattle
80%
70% —e Seta:t .
subur
60% —o— WA sml
50% city
40% —@— WA rural
Shi Portland
20%
10% —— POrt.
) suburb
2020 2030 2040 2050
% Freight Fleet ZE by year - Light Duty
Freight Trucks
100%
90%
80% e Scattle
0% —@-— Seat.
60% suburb
50% e WA sml
0 city
40% —&— WA rural
50% Portland
20% ortlan
10% —@— Port.
suburb

2020 2030 2040 2050

% Passenger Fleet ZE by year - Light Duty

Trucks

100%
90% e Scgttle
80%
70% Seat.

suburb
60% WA sml
50% city
— \WA rural
40%
30% Portland
0% Port.
10% suburb
2020 2030 2040 2050
% Freight Fleet ZE by year - Medium Duty
Trucks

100%
90%
80% e Scattle
70% - Seat. suburb
60% —&— WA sml city
50% —@—\NA rural
40% Portland
30% —@&— Port. suburb
20% —&— OR sml| city
10% —&— OR rural

2020 2030 2040 2050

% Freight Fleet ZE by year - Buses

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

Seattle

Seat.
suburb
e \WA s
city
= WA rural

Portland

Port.

suburb
OR sml

city

2020 2030 2040 2050

% Freight Fleet ZE by year - Heavy Duty
Trucks

100%

90%

e Scattle

80% =@ Seat.
70% suburb

60%

—@— WA sml

city

50% —@— WA rural
40%

30%
20% = Port.

Portland

suburb

10% —@— OR sml

2 city
2020 2030 2040 2050



SCENARIO T: l VMT + ’ 515 MMT total carbon

o emissions from 2020-2050,
Greenhouse Gas Emissions 475 MMT less than BAU =

$41 billion less in social cost

MMt CO2e - Passenger + Freight
40
35
100%
\ OR rural
30 - OR sml city
Port. suburb
80%
I Portland
25
WA rural
s WA sml city
20 60% o Seat. suburb
BN Seattle
40%
10
20%
5
0 0%

2020 2025 2030 2035 2040 2045 2050



SCENARIO 1: JYMT + &

Greenhouse Gas Emissions

Scope 1 Tailpipe Emissions

- 97% reduction 2050
MMt CO2e - Passenger+Freight Emﬂre et o i OR rural
39 OR smi

30 city

AD Port.
= suburb
All emissions 20 M Portland

35 100%

MMt CO2e - : WA rural

5
e Percent vs 2020 Passenger+ L”
30 Freight 5 3 '“:'tiﬂ-"'f
- 80% 0 |

2020 2025 2030 2035 2040 2045 2050

25
. B0% Scope 2 Electricity Emissions |
20 OR rural
1.4
) OR smil
- 1.2 city
- 40% 10 Port.
suburb
i 0.8 W Portland
0.6
- 20% WA rural
5 0.4
0.2 I*.-'_m smil
MMt CO2e - oIty
0 0% :

2020 2025 2030 5035 2040 2045 2050 Paﬁ;’;ﬁf” 2020 2025 2030 2035 2040 2045 2050



SCENARIOT: JVMT + &

Electrification Infrastructure
Vehicles =/ Chargers T.ﬂ

M EVs - Passenger + Freight

" 750,000 chargers needed
. comouson et Total cost = $1.2—2.4 billion

OR rura

OR sml city

Port. suburb

M Portland

WA rural

m WA sml city

™ Seat. suburb

2020 2025 2030 2035 2040 2045 2050



SCENARIOT: JVMT + &

Resource Builds 2050

MW

35,000

30,000

25,000

20,000

15,000

10,000

5,000

Reference
M Li-lon Battery Storage
B CCGT Repowering
B Conventional DR Storage

Solar
W Small Hydro

VMT Reduction + electrification

® Nuclear Relicensing
B New Peaker
B Geothermal
Wind
B CCGT with CCS 100% Capture Rate

System cost

$18.89 B =

Energy Mix

Hydro
54%

$5.63B

$24.52 B
+4.9

Solar
5%

Customer PV

1%
e — Biomass
\ 1% :
\ “Large Nuclear
S

Gas CCGT
1%

Gas CCGT with
G
15%




SCENARIOT: JVMT + &

Reductions compared to

Personal Transportation Spending business as usual -$4,370

per person per year saved
A lot of personal transportation costs are associated

with vehicle ownership and use. This scenario shows

SB transport - Passenger

overall reduced costs with lower fuel costs from 200 14000 oo ira
switching to EVs and by folks not owning a vehicle or 180
o o . ol o . . 12,000 OR sml city
driving less (walking, biking, or using transit). 160
10,000 Port. suburb
West Bus/public -
average transport_ Airline 120 s Portland
4% -\‘\. 4% 8,000
Other_xh \ 100
8% e WA rural
- 6,000

Finance

. _ .
2% N Vehicle mms WA sml city
Insurance S purchase 60 4,000
Q o
9% 42% i Seat. suburb
40
_ J 2,000
Malntecnanc_efff _ -0 B Seattle
9% Gas, oil
22%
— S/person

2020 2025 2030 2035 2040 2045 2050



SCENARIOT: JVMT + &

2025 2050
Health Benefits rommistion
frOm Red UCed . $ Total Health Benefits (low-high) $30-$68M  $278 - $ 626 M
Tal‘Plpe @ $ Hospital Admits reduced, All Respiratory $20 k $186 k
Em iSSiOnS @ $ Work Loss Days avoided $83 k $764 k
6232?6 vs. Business as @ $ Minor Restricted Activity Days avoided $210 k $1941 k
w Mortality avoided (low-high) =8 28 - 62
Asthma Exacerbation avoided 95 875
Work Loss Days avoided 460 4,265
Minor Restricted Activity Days avoided 2,700 25,100

*Team analysis using EPA’s COBRA model



SCENARIO 1: JVMT + &

Total benefits for - 176 reduced
People of Color + Hispanic asthma attacks

$88 ml||IOI1 In (Seattle)
These values presented are minimum values, o
Hes b | avoided health
as benefits may occur more proportionally to
vulnerable communities. costs by 2050
(Seattle)
k people of color + Hispanic with reduced Health Benefits, SM Reduced Asthma Work Loss Days Avoided
CO2, NOx, PM2.5 average Exacerbation
Race_ a'nd
il Seattle 812 — Ee— B
E BRHIERIAIG 903 — I EE——
Ej:% WA sml city = 415 ho? l111 l347
warural | — 101 m o1 bS5 :2222
Farticd & 461 Rt . . 156
Port. suburb % 271 . 12 - 22 H 105
OR sml city % 246 |04 |05 |225
OR rural k 357 | 3 | 3 | i




%55 million in
avoided health
costs by 2050

Health Benefits, SM Reduced Asthma
average Exacerbation

SCENARIOT: JVMT + &

Total benefits for
‘OW—inCOme Communities ;ggc?rty kpeoplegg;’;la\log:’r;vm\n;tsh reduced

Ievel Seattle
These values presented are minimum values, seat.suburt

as benefits may occur more proportionally to wasm iy

Work Loss Days Avoided

105
475

490

>
(Y
=
L

i
[
|
]

470 B s B 13

vulnerable communities. warers | — s . o E 2050
Portland “ 415 1 16 3 10 H:, -

F
%]
[R]
[
o
I
|_\
=
u
]
o
_ N
w
9]

Port. suburb

)
o
=
W

OR sml city

Us] I
f
W
9]
u
[o)]
N
u
|
w®
—
wn @
—
po ™
o)

OR rural

Poverty

<185% pov. line
. 76% - 100%
. 51% - 75%

B 26% - 50%

Health Benefits, SM Reduced Asthma
average Exacerbation

80% k people of in poverty with reduced Work Loss Days Avoided

AMI CO2, NOx, PM2.5

1% - 25%
0% - 10%
Freaway
County

230 11
Seattle 1,030 h 119

30

|

Seat. suburb 1215

WA s ity ey 570
WA rural 170 1,180
Portland 210 970
Port. suburb 105 555
OR sml city % 610
OR rural 160 1,160

I 22 109
237 1,184

13
h 143
2
B 27
3
. BES
=
71

Vil
B 40

e
705

8
B w2025
B 4z = 2050

| 30
351
n
229
5

I 66

| 41



SCENARIOT: §VMT + ¥
Active Mobility

People using transit or active modes

3,000
Compared to business as usual:
1 million more people using buses Q 2,500
OR rural
250,000 more people walking, °
op . . - “ OR sml city
biking, or using micromobility O9b o 20
O pt|O NS EJ. Port. suburb
5
% 1,500 M Portland
E WA rural
|_
1,000
B WA sml city
m Seat. suburb
500

M Seattle

2020 2025 2030 2035 2040 2045 2050



SCENARIOT: JVMT + &

Fatalities per 100M person miles

C h F t "t' Seattle 0.42
raS a a I IeS Seat. suburb 0.43
WA sml city 0.54
I .. WA rural 0.56
o\ 205 lives are saved in 2050 (and 42 omall cities and rural s o
) areas in OR have high  ror subu 0.42
in 2030) as a result of reduced VMT. fatality rates
OR rural 1.44
Reference Case (business as usual) Scenario 1
Fatalities - Passenger Fatalities - Passenger
1,200 1,000
900
1,000 OR rural 200 OR rural
OR sml city OR sml city
500 Port. suburb Zzz Port. suburb
600 ® Portland 500 = Portland
WA rural 400 WA rural
00 B WA sml city 300 B WA sml city
200

200

W Seat. suburb W Seat. suburb

100

MW Seattle MW Seattle

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050



SCENARIOT: JVMT + &

Annual Direct Costs

Reducing VMT saves on road costs, but
requires more spending on transit.

$14.8 B
$15B

VMT reduction +
Electrification

Scenario 1: o
seenario®: $4,376 net savings

Electrification



SCENARIO 2:
100% ELECTRIC (ALMOST)

Electrification only




Passenger Miles Traveled (M): business

COULD WE JUST GO o i

100,000 / WA rural
100% ELECTRIC? 50000 s T A s Y
A tully electritied transportation

. ° o go Freight miles: business as usual
system yields significant

health benefits with only zero st
5 . . // Wﬁtrural.
emission vehicles on the road.

EEEEEEE

0
2020 2025 2030 2035 2040 2045 2050



Passenger Miles Traveled (M): business
as usual

IT WOULD REQUIRE
SIGNIFICANT CHANGE S
AND INVESTMENTS. e —

Seat. suburb

200,000

2020 2025 2030 2035 2040 2045 2050

|t requires nearly all vehicles to
be electric by 2050. Ultimately

electrification-only does not have o
as many benefits as combining with oo [ ..

IIIIIII

redUCing Vehic‘e m”es trave‘ed' 02{]20 2025 2030 2035 2040 2045 2050

Freight miles: business as usual




SCENARIQO 2: Near 100%

Near-100% electrification & business as usual VMT

What if we just
made everything
electric and kept
our behavior the
same? Could we
still meet our
decarbonization
goals?

% Passenger Fleet ZE by year - Passenger Cars

100%
90% ax@e Scattle
80%
70% —tee— Sest. )
subur
60% —o— WA sml
50% city
40% —@— WA rural
Shi Portland
20%
10% —— POrt.
) suburb
2020 2030 2040 2050
% Freight Fleet ZE by year - Light Duty
Freight Trucks
100%
90%
80% e Scattle
0% —@-— Seat.
60% suburb
50% ] WA sml
, city
40% —&— WA rural
50% Portland
20% ortlan
10% —@— Port.
suburb

2020 2030 2040 2050

% Passenger Fleet ZE by year - Light Duty

Trucks

100%
90% e Scgttle
80%
70% Seat.

suburb
60% WA sml
50% city
= \WA rural
40%
30% Portland
20% Port.
10% suburb
2020 2030 2040 2050
% Freight Fleet ZE by year - Medium Duty
Trucks

100%
90%
80% e Scattle
70% - Seat. suburb
60% —@— WA sml city
50% =@ \NA rural
40% Portland
30% —@&— Port. suburb
20% —&— OR sml| city
10% —&— OR rural

2020 2030 2040 2050

% Freight Fleet ZE by year - Buses

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

Seattle

Seat.
suburb
e \WA s
city
= WA rural

Portland

Port.

suburb
OR sml

city

2020 2030 2040 2050

% Freight Fleet ZE by year - Heavy Duty
Trucks

100%

90%

e Scattle

80% =@ Seat.
70% suburb

60%

—@— WA sml

city

50% —@— WA rural

40%

Portland

30%
20% = Port.

suburb

10% —@— OR sml

2 city
2020 2030 2040 2050



SCENARIQO 2: Near 100%

Greenhouse Gas Emissions

Scope 1 Tailpipe Emissions

40
: 96% reduction 2050 vs
MMt CO2e - Passenger+Freight 020 35 ORrural
30 OR smil
25 crty
40 Port.
20 suburb
All emissions 15 ® Portland
39D
100% MMt CO2e - 10 WA rural
= Percent vs 2020 Passenger+
30 FI'Eight 3 W WA sml
0 city
80% 2020 2025 2030 2035 2040 2045 2050
25
- 50%, Scope 2 Electricity Emissions
1.4
OR rural
15 1.2
40%
1.0 OR smil
city
10 0.8 Port.
suburhb
20% 0.6 M Portland
5
04 WA rural
MMt CO2e - g5
2020 2025 2030 2035 2040 2045 2050 Freight 0.0 city

2020 2025 2030 2035 2040 2045 2030



SCENARIO 2: 100%

Resource Builds 2050

40,000

35,000

30,000

25,000

Reference

M Li-lon Battery Storage

B CCGT Repowering

m Conventional DR Storage
Solar

® Small Hydro

Electrification Only

® Nuclear Relicensing
H New Peaker
W Geothermal
Wind
B CCGT with CCS 100% Capture Rate

System cost $18.89B = $7.4B

Energy Mix

| Hydro
52%

Solar
A%

Wind
19%

1%

Gas CCGT
1%

Gas Peaker
0%

Gas CCGT with CCS
18%

Customer PV

Biomass
1%

Large Nuclear
1%



SCENARIO 2: Near 100% &

Health Benefits
from Reduced
Tailpipe
EmIssions

This scenario shows most
tailpipe-related health
benefits are similar by 2050,
but fewer health benefits
accrue in the short term.

g i

ODP000

$ Total Health Benefits (low-high)

$ Hospital Admits reduced, All Respiratory
$ Work Loss Days avoided

$ Minor Restricted Activity Days avoided
Mortality avoided (low-high)

Asthma Exacerbation avoided

Work Loss Days avoided

Minor Restricted Activity Days avoided

Change from
reduced VMT, 2050

~similar

~similar

~similar

~similar

~similar

~similar

20 less

100 less

Electrification +
VMT reduction,
2050 (2025)

$626 — $278 M
($68 — $30 M)

$186 k
($20 k)

$764 k
($83 k)

$1,941 k
($210 k)

28 — 62
(3-6)

875
(95)

4,265
(460)

25,100
(2,700)

Electrification
only 2050
(2025)

$622 — $276 M
($44 — $20 M)

$185 k
($13 k)

$761 k
($53 k)

$1,931 k
($135 k)

28 — 62
(1-5)

875
(60)

4,245
(295)

25,000
(1,700)

* Additional avoided mortality from reduced crashes is independently
modeled (not part of the COBRA modeling) and additive to avoided
mortality from reduced emissions



SCENARIO 2: Near 100% ¥

Total benefits for 274 work loss

People of Color + Hispanic [ days avoided
$88 million in Seattie)

These values presented are minimum values, o
N P NSO avoided health
dS DeNerIts may OCCFH.’ more proportionally to 15k fewer costs by 2050
vulnerable communities. than VMT +
electrification (Seattle)
scenario by 2050
k people of color + Hispanic with Health Benefits, $M Reduced Asthma Work Loss Days
reduced CO2, NOx, PM2.5 average Exacerbation Avoided
Efnffi;?: Seatile i 811 h 88 hm bam

POC or Hispanic
I 7s - 100%

|

1 2
B 11 B 47

! 3
NP 257 m2025

5 9 w2050
32 h 157
38 5
Port. suburb h 270 M 22 B 105
: 36 0 1
OR smicity [ 245 14 I 6 | 25

42 0 0 1
OR rural i 354 | 2 | 3 | 12

WA sml city - 414

5
WA rural 487

Ii

it
Portland 460

125 3 6 28
Seat. suburb 900 h 50 h 100 h 493

0
B 6
0
B 7
m

17
1

Hl 12
0




SCENARIO 2: Near 100% ’ Roughly 0.5-1 million people

Phlessthan VMT — benefit in almost every region

+ electrification

TOta‘ benefits fOr scenario by 2050

. .. 1 85% k people of in poverty with reduced Health Benefits, SM ReEducedbAs’;t-hma Work Loss Days Avoided
average xacerbation
low-income communities roverty  fomonmEs
level
I 80 I 3 I 6 I 32
. . Seattle 475 55 109 546
These values presented are minimum values, seat. subur [l 100 P s N
1 1 - 70 0 1 3
as benefits may occur more proportionally to WA ST Y e 470 n's p's Bss 2025
1t WA s e — 620 s R B 7s =20
vulnerable communities. " 1 2 8
35 1 1 5
ha Port. suburb h 215 B 1 H 20 H o
TEA
gy OR sml city B 355 |05 |19 |237
X 80 0 0 1
"'k\;'ﬂi.; - OR rural _ 620 13 15 | 22
Poverty . ;
<185% pov. line SR (o) . .
e TR h | . BOA‘, k people of in poverty with reduced Health Benefits, SM ReEducedbAi’Fhma Work Loss Days Avoided
=:;::32 AMI CO2, NOx, PM2.5 average xacerbation
11% - 25%
0% - 10%
County

170 7 14 68
Seattle 1,025 _ 118 _ 236 _ 1,178
180 A 8 L
Seat. suburb 1210 L ——— - w0

. 140 1 1 6
WA sml city 915 B 15 N 27 i 110 w2025
WA rural 1165 B i B 31 B 13 = 2050
Portland ey 970 E 38 -4 71 g 350
Port. suburb % 555 -1 26 -2 49 -12 228
OR sml city B 610 r 010 | 115 | 466

145 0
OR rural 1,145 I 6 | 9 | 41



SCENARIO 2: Near 100% ¥

Personal Transportation Spending

According to the Consumer Expenditures Survey, gas
and oil account for 22% of personal transportation

12,000 OR sml city
spending on the West Coast. Depending on location 160 \
Port. suburb

SB transport - Passenger

200 14,000
OR rural

180

and driving habits, people could see $1,000-2,000 in 140 10,000
annual savings due to the lower cost of fueling an EV -
compared to a gas— or diesel—powered vehicle.

s Portland
8,000

100
WA rural

Reductions associated with the lower costs of EV vs. ICE use 20 S
~$2,200 saved on gas/oil mmm WA sml city
$200-250 spent on electricity 60 4000
=Lower costs than BAU 40 T Seat. suburb

But ~$2,600 more per year than VMT reduction scenario 2,000

20 N Seattle

—©S/person
2020 2025 2030 2035 2040 2045 2050



Chargers
$1.6—3.1 B cost between

now and 2050 ($50—-100
M annually)

SCENARIO 2: Near 100% &

Electrification Infrastructure

As more electric vehicles hit the road, the ratio of Tzdggo )
: : : : ~4, chargers now
these vehicles to public charging stations should be 2050
between 10 and 20 electric vehicles per station. Need -940,000 chargers | |
195,000 more compared to VMT reduction scenario
Vehicles
Today M EVs - Passenger + Freight k chargers - Passenger + Freight
78,000 EVs out of ~11 M vehicles 0 Combusion vehiclec 1,000
2050 14 900
Need ~14 M EVs OR rural 200 OR rural
3.85 M more EVs compared to 12 o |
VMT reduction scenario . 700 ARty
Port. suburb 600 Port. suburb
8 m Portland 500 ® Portland
6 WA rural 400 WA rural
4 m WA sml city 300 m WA sml city
, w Seat. suburb 200 __ w Seat. suburb
W Seattle +0 - M Seattle
0 0 |l - e

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050



SCENARIO 2: Near 100% &

. . 2050 shown Change from Electrification + » Electrification
C Om p arison: unless otherwise specified reduced VMT VMT reduction only
E ‘ .t f t ‘ Cumulative CO, emissions 2020-2050 @ 40 Mt more 515 Mt 555 Mt
eC rl I Ca I O n O n y Social cost of carbon, 2020-2050 @ $3 B more $37 B $40 B
Society saves Electrical power need 0 11 TWh more 42 TWh 53 TWh
$3_4 B Iess Chargers 6 190 k more 750 k 940 k
$ for chargers (cumulative, low-high range) @ $300-700 M more $1.2-2.4 B $1.6-3.2 B
200 fewer I“’es Annual crash fatalities in 2050 (2030) @ 205 (42) more 874 (863) 1,070 (904)
SaVEd annua"y Electric vehicles @ 3.8 M more 104 M 14.2
Personal People walking, biking, or micro-mobility @ 250k fewer 700k 450k
transportation People using buses 1 M fewer 2 M 1M
spending grows Annual public road (no transit) spending in 2050 (2030) #L) $2.1 ($0.5) B more $7.4 ($7.3) B $9.5 ($7.8) B
by an additional Annual transit expenditures* in 2050 (2030) $2.5 ($1.5) B less $7.6 ($5.6) B $5.1 ($4.1) B
$2’600 Annual per person transport spending in 2050 (2030) $2,600 ($1,000) more $7,700 ($10,800) $10,300 ($11,800)**
Total annual personal transport spending in 2050 (2030) @ $40 ($14) B more $119 ($143) B $159 ($157) B

**Down from

*Includes fare recovery §12.350 in 2020



SCENARIO 2: Near 100% ¥

Annual Direct Costs

Annual direct costs for electrification only scenario are
$1.4 B more than VMT reduction + electrification

Scenatrio 1 $20.6 B
Scenario 2: Near
100% (Ielectric $22 B

$1.4 B additional cost

Business as usual

Scenario $4,376 net savings
Scenario 2: Near M
$1,787 net savings



SCENARIO 3:
NOT OPTIMAL

Increase in Vehicle Miles Traveled +

Electrification



WHAT HAPPENS IF
EVERYONE DRIVES
ELECTRIC, BUT DRIVES
MORE MILES?

t's possible to achieve full
decarbonization, but this
scenario is expensive and not
ideal.

Scenario 3 relative to business as usual.

Passenger Miles Traveled (M): 35% (rural)
to 10% (urban)% increase in 2050

OR rural
200,000

OR smil city

150}0{]{] Port. suburb
M Portland
100,000 S

’ B WA sml city
50,000

Seat. suburb

. T oo
2020 2025 2030 2035 2040 2045 2050

Freight miles: 12% increase

15,000 OR rural
OR sml city
Port. suburb
10,000
M Portland
//// WA rural
5,000 WA sml city

_/ Seat. suburb

0 I $ W Scattle

2020 2025 2030 2035 2040 2045 2050




Scenario 3 relative to business as usual.

Passenger Miles Traveled (M): 35% (rural)

to 10% (urban)% increase in 2050
OR rural
OR smil city

200,000

DRIVE MORE? e e —— e
e
Poor land use decisions that 020 2025 2030 2035 2040 2085 2050
increase sprawl and cause more rreignt miles: 12 increase
driving, economic circumstances
leading to more freight delivery, oy e

o . L —— i Seat. suburb
and potentially automation. o

uuuuuuuuuu

EEEEEEE

2020 2025 2030 2035 2040 2045 2050




SCENARIO 3: $VMT + &

An Increase in
Vehicle Miles Traveled

VMT has risen over time, with OR and WA
being exceptions. This scenario assumes they
see a rise similar to other states historically.

30-year increase

US avg M 27%
OR 3%
WA -3%
NM 39%
MS 7195%
ND 50%
MT 20%
LA 51%
FL 35%
OH 39%

MA 28%

VMT/person, 2007

USavg N 10.600

OR
WA
NM
MS
ND
MT

LA

FL
OH
MA

9,300
8,800
13,650
14,850
12,300
11,800
10,350
11,300
9,600
8,450

VMT/person, 2017

USave I 10.450

OR
WA
NM
MS
ND
MT

LA

FL
OH
MA

8,850
8,250
14,200
13,650
12,850
12,000
10,550
10,450
10,250
9,150



SCENARIO 3; $ VMT + &

Increasing Passenger Miles
& Vehicle Miles Traveled

Passenger Miles Equivalent

Traveled Increase to
Urban 10%
Suburban 10%
Small city 15%
North Dakota travel today, or
Rural* 35% change in travel in Florida or Ohio
over 30 years
Miles Traveled References
Increase
This represents an economic growth
Freight 12% scenario (value from Freight Analysis
Framework)
State- . 21% VMT increase
. 22% PMT increase .
wide (personal & freight)

* - T —— " . - - N gy g Pl o B la FE | oo T . - Ed ™MyAaArad A J.L
T f hHtne/f fvwaanag nere nrad /eitoe /Aafanilt /filae rand vurmt- 2920101 1 nAlf
I IUI al VM gl OWII’Ig aStel than UI ban, LLJO of S WY wyw.lolu.U =] Lo/ Uciadulyy 1o/ LICHIUVIIIL;ZLWY L. AU
L 1ALV AN, = - 4



SCENARIO 3: T VMT + ’ 30 MMT more carbon emissions

T 2020-2050 = $3 billion more in
Greenhouse Gas Emissions social cost of carbon compared to

electrification only scenario

MMt CO2e - Passenger+Freight

40

35
OR rural
30 OR sml city
Port. suburb
s Portland
25
WA rural
WA smli city
28 me Seat. suburb
I Seattle
15 _ .
96% reduction 2050 vs 2020 Bleckrneation +Low VNIT
Electrification only
10
5
0

2020 2025 2030 2035 2040 2045 2050



SCENARIO 3: $VMT + &

Resource Builds 2050

MW

45,000

40,000

35,000

30,000

25,000

20,000

15,000

10,000

5,000

Reference
m Li-lon Battery Storage
B CCGT Repowering
m Conventional DR Storage

Solar
m Small Hydro

VMT Increase + Electrification
® Nuclear Relicensing
B New Peaker
B Geothermal

Wind
m CCGT with CCS 100% Capture Rate

System cost $18.89B 4 $8.85B $27_74 B

+9.9

Energy Mix

Solar
4%
Wind
19%
Customer PV
Hydro 1%
50% Biomass
T — ] 1%
\. Large Nuclear
Gas CCGT 3%

1%

Gas Peaker
0%

Gas CCGT with CCS
21%



* Additional avoided mortality from
reduced crashes is independently

SCENAR'O 3 t VMT 1 ; modeled (not part of the COBRA
. modeling) and additive to avoided
mortality from reduced emissions
. Electrification + VMT Electrification +
f R d d ;Z?ZE:ev;I:,hMT s050 ‘eduction, 2050 VMT increase, 2050
0OmM rReduce | . ' (2025) (2025)

. . : ; .. $626 — $278 M $620 — $274 M
Ta | ‘ p | p o $ Total Health Benefits (low-high) ~similar ($68 — $30 M) (652 — $22 M)
: : . B $186 k $184 k
E m | S S | O n S $ Hospital Admits reduced, All Respiratory ~similar ($20 K) ($15 k)
o $ Work Loss Days avoided ~similar f$786; kl; ($$76537k|;
By 2050, tailpipe-related 1041 I 1023 &
since in both scenarios, _ _
L. 7 Mortality avoided (low-high) ~similar 23? g E 2; 66 1
nearly everything is (3 -6) (3-6)
electrified, meaning Asthma Exacerbation avoided ~similar ?97553 (87750)

tailpipe pollution is largely A
eliminated. But if we drive Work Loss Days avoided 40 fewer ‘(‘fﬁg‘;’ ‘2‘32525

more in the short term, we'll £, e 100 —



SCENARIO 3: $VMT + &

Total benefits for
People of Color + Hispanic

These values presented are minimum values,
as benefits may occur more proportionally to 30k fewer than Scenario

vulnerable communities. 1(VMT reduction +
electrification) by 2050

k people of color + Hispanic with reduced Health Benefits, $M Reduced Asthma Work Loss Days Avoided
C0O2, NOx, PM2.5 average Exacerbation
Race and
Ethnkity Seattle | — =00 O . e ———
POC or Hispanic
I 76% - 100% 114 4 T 34
— L Seat. suburb 897 e o I 100 EE—
— by : 52 0 1 3
WA sml city b 412 H 6 B 11 1 46
m 2025
WA rural | — i i )
483 hl'f .212 hj-z? = 2050
Portland | — 450 - 31 s 157
I 35 1 6
Port. suburb 270 h 12 l 22 h 104
: 32 0 0 1
ORsmicity |imemm 245 14 1 6 1 55
31 0 0 1
OR rural h 351 | 2 | 3 | 12




SCENARIO 3: t VMT + ; 20K fewer than Scenaric Roughly 0.5-1 million people

1 (VMT reduction + oy o .
electrification) by 2050 benefit in almost every region

Total benefits for
‘ o o t . 1 85% k people of in poverty with reduced Health Benefits, SM ReEducedbAi’Fhma Work Loss Days Avoided
ow-income communities ~ Poverty e

level

o Seattle e 475 — — 109 I— 54
These values presented are minimum values, seat.subur e 425 e 25 e ¢ 2
as benefits may occur more proportionally to WA sl iy ey a5 n’s 1l p’ss 2025
.y rural IL60 1 1 5 m 2050
vulnerable communities. e e — m s "7 m s
Portland hGS 415 : 16 : 30 w 150
Port. suburb 35 215 .1 10 .1 20 -694

: I 50 0 1 2
I 60 0 0 1
OR rural 615 | 3 | 5 | 22

Poverty

<185% pov. line
Bl 76% - 100%
I 51% - 75%
B 269% - 50%
1% - 25%
0% - 10%
Freaway
County

(o) _ |
80% k people of in poverty with reduced Health Benefits, 5M ReEdUCEdbAS’fhma Work Loss Days Avoided
AMI C0O2, NOx, PM2.5 average xacerbation

160 8 17 83
Seattle 1,025 — 115 — 35 I— 1175
165 5 10 49
Seat. suburb 1,210 b 71 h 142 h 699

WA sml city % 915 B s 26 1’110 2025
WA rural 110 1,160 .1 16 l2 31 .10143 = 2050
Portland L0 970 2 38 > 70 ﬁ 348

Port. suburb B 550 -2 25 -3 48 -14 227

ORsmIcity oy ¢ 1o 116 165

110 0 1 2
OR rural 1,140 1 6 | 9 | 40



SCENARIO 3: $VMT + &

Crash Fatalities

216 lives are lost in 2050 (and 37
in 2030) compared to BAU VMT.

Even more lives (425
in 2050) are lost
compared to the low
VMT scenario. Crash
fatalities are especially
high in rural OR.

Fatalities - Passenger
1,400

1,200

1,000

800

600

400 :
) _

2020 2025 2030 2035 2040 2045 2050

OR rural

OR sml city

Port. suburb
s Portland

WA rural
WA sml city
mm Seat. suburb
I Seattle

Electrification

Electrification + Low VMT




SCENARIO 3; $ VMT + &

Personal Transportation Spending

This scenario shows higher spending due to more
vehicle travel , as much as $4,676 more than the low
VMT scenario. Still, increased electrification yields
lower fuel costs but total transportation costs exceed
business as usual by approximately $296 annually.

SB transport - Passenger
200

180 e

160

140

120

100

80

60

40

20

2020 2025 2030 2035 2040 2045 2050

14,000

12,000

10,000

8,000

6,000

4,000

2,000

OR rural

OR sml city

Port. suburb

s Portland

WA rural

WA sml city

e Seat. suburb

B Seattle

—S/person



SCENARIO 3: $VMT + &

Electrification Infrastructure

As more electric vehicles hit the road, the ratio of
these vehicles to public charging stations should be
between 10 and 20 electric vehicles per station.

Vehicles Chargers

M EVs - Passenger + Freight 6.7 M mOre Evs $1l8_3-6 B COSt bEtween

18 o now and 2050 ($0.6—1.2 B
. more than Scenario 1)

45 OR sml city 350,000 more compared to Scenario 1

Port. suburb
10
m Portland
WA rural
== m WA sml city

1 Seat. suburb

m Seattle

2020 2025 2030 2035 2040 2045 2050



SCENARIO 3; $ VMT + &

Annual Direct Costs

Annual direct costs for increased VMT scenario are
$3.8 B more than VMT reduction.

Scenario 1 $20.6 B

Scenario 3:

VMT Increase + $24'4 B
Electrification $3.8 B additional cost

Business as usual $12,096

Scenario 1

Scenario 3:
VMT Increase +
Electrification




SCENARIO 3: $VMT + &

2050 shown Change with Electrification + EV + high VMT

C O m p a r I S O n : unless otherwise specified increased VMT VMT reduction (esp. rural)

| n C re a SEd V M T Cumulative CO, emissions 2020-2050 70 Mt more 515 Mt 585 Mt
Social cost of carbon, 2020-2050 $6 B more $37 B $43 B
Societal costs Electrical power need 0 20 TWh more 42 TWh 62 TWh
significantly Chargers ﬁ 350 k more 750 k 1,100 k
increase $ for chargers (cumulative, low-high range) @ $0.6-1.2 B more $1.2-24 B $1.8-3.6 B
Annual crash fatalities in 2050 (2030) @ 411 (77) more 874 (863) 1,285 (940)
Electric vehicles @ 6.7 M more 10.4 M 171 M
People walking, biking, or micro-mobility @ 250k fewer 700k 450 k
People using buses - 1.2 M fewer 2 M 0.8 M
Annual public road (no transit) spending in 2050 (2030) @ $3.5 ($.8) B more $7.4 ($7.3) B $10.9 ($8.1) B
Annual transit expenditures* in 2050 (2030) $3 ($1.8) B more $7.6 ($5.6) B $4.6 ($3.8) B
Annual per person transport spending in 2050 (2030) ~$4'7(|:?o(r$e1'800) ~$7,700 ($10,800) ~$12,400 ($12,600)

Total annual personal transport spending in 2050 (2030) @ $72 ($24) B more $119($143) B $191 ($167) B



SCENARIOS 1-3

Direct Costs Summary

30.0

25.0

+$3.8B
+$1.4B 3

20.0

18]

D150
10.0

5.0

0.0
VMT Reduction + Electrification Electrification Only VMT Increase + Electrification

m Incremental Electricity Costs m®Road Costs = Transit Costs



ELECTRICITY SECTOR:

Summary & Sensitivities

Load Management & SMR Resource Option



% ELECTRICITY SECTOR

45,000
40,000
35,000 +18 GW
= +14 GW +77%
30,000 +10 GW +63%
g +45%
25,000 ¥
15,000
10,000
5,000
- Reference VMT Reduction + electrification Electrification Only VMT Increase + Electrification
B CCGT with CCS 100% Capture Rate 5,056 8,678 10,020 11,216
m Small Hydro 539 539 539 539
Wind 5,348 9,936 10,430 10,430
m Solar 5,104 5,196 5,104 5,104
B Conventional DR Storage 1,559 1,559 1,559 1,559
H New Peaker 1,427 2,691 4,329 5,357
m CCGT Repowering 1,842 1,842 1,842 1,842
® Nuclear Relicensing 1,207 1,207 1,207 1,207

M Li-lon Battery Storage 758 1,464 2,116 3,163



% ELECTRICITY SECTOR

Example:; 2050
Daily Transportation

Flectrification Load

Baseline transportation electrification
shape has a dual peak. This load shape
assumes that there is widespread
public and workplace charging by
2050

Hourly Load Shape During a Winter Day in 2050
Baseline VMT Case

45000

40000 -
35000 -
30000 -
25000 -

= 20000 -
15000 -
10000 -

imm:llllllllll“lllllHourw -V loac

=

5000
0

——
, e 4
i ——

s \‘\\
// o /\Total load with EVs

Total load no EVs

01 2 3 456 7 8 910111213141516171819 20212223
Hour of Day



ELECTRICITY BY THE NUMBERS
% ELECTRICITY SECTOR

System cost $18.89B *= $748B $26.92 B

Total load (TWh) 198 0 ol Peak Capacity (GW) 36 + '

Resource Builds 2050 Energy Mix

Solar
40,000 4%

35,000
! Wind
30,000 1%
25,000 Customer PV
1%
Biomass
*————g 1%
15,000 '
‘—’J Large Nuclear
10,000 Gas CCGT
1%
B0 Gas Peaker
0%
= S —
Reference Electrification Only Gas CCGT with CCS
18%
M Li-lon Battery Storage ® Nuclear Relicensing
M CCGT Repowering B New Peaker
m Conventional DR Storage H Geothermal
m Solar Wind

® Small Hydro B CCGT with CCS 100% Capture Rate



Load Flexibility in RESOLVE

RESOLVE can shift loads to reduce the total
resource cost of the electricity system. In
this study, that shift is assumed to reduce
the capacity requirements of the NW
electricity system. E3 drew parameters from
EVLST to ensure that the amount of shifted
load does not violate the condition that
drivers meet their trip needs.

Total Load Shift (MWh/day)

Percent Load Shifted

Load Shifting in RESOLVE
Baseline VMT Case

40000 -

30000 -
< 20000 A
=

10000 -

O-

Load - Post Shift
Load - No Shift

——— Load - No Shift
- == |Load - With Shift
EV Load Shift

.............................................................................................................. Hourly EV Shlft

IIIIIIIIIIIIIIIIIIIIIIII

01 2 3 456 7 8 910111213141516171819 20212223



ELECTRICITY BY THE NUMBERS
% ELECTRICITY SECTOR ’

System cost $18.89B 4= $7.4B $26.32 B

Total load (TWh) 257 _'1[ Peak Capacity (GW) 45.7

Electrification Only
+ Managed Load

Resource Builds 2050 Energy Mix

45,000 Solar
9%

40,000
35,000 Wind
19%
30,000
25,000 Customer PV

0%

/ Biomass

1%

\ Large Nuclear
4%
Gas CCGT
1%
Gas Peaker
0%
—

Gas CCGT with CCS

20,000
=
=
15,000
Hydro
10,000 52%
5,000

Electrification Only Electrification Only + Demand Management 14%
M Li-lon Battery Storage B New CCGT
® Nuclear Relicensing B CCGT Repowering
B New Peaker Hm Conventional DR Storage
B Geothermal m Solar
Wind m Small Hydro
Customer PV m CCGT with CCS 90% Capture Rate

W CCGT with CCS 100% Capture Rate ® Nuclear SMR



ELECTRICITY BY THE NUMBERS
% ELECTRICITY SECTOR

Nuclear Scenarios

System cost $18.89B + $7.4B $25.3Z B

Total load (TWh) 257 .t[[ Peak Capacity (GW) 45.7

Resource Builds 2050 Energy Mix

40,000 Energy Mix - NuScale SMR Costs

35,000 Gas CCGT
1%
30,000
Large Nuclear \
25,000 3% \
= 20,000 Biomass
- 1%
15,000 -
10,000
5,000
- - | - Nuclear SMR
Electrification Only Electrification Only + Nuclear Electrification only + NuScale 359
SMR Costs
: 9%

m Li-lon Battery Storage m New CCGT

m Nuclear Relicensing m CCGT Repowering

m New Peaker m Conventional DR Storage

m Geothermal w Solar

Wind m Small Hydro
Customer PV B CCGT with CCS 90% Capture Rate

W CCGT with CCS 100% Capture Rate m Nuclear SMR



ADDITIONAL SCENARIOS:

What are the other possibilities?



ADDITIONAL SCENARIOS
55% VMT Reduction but no additional electrification beyond BAU

MMt CO2e - Passenger+Freight Current VMT per capita
40

Portland | 6,950
ORsmi city I 7,000
WA smicity I 7,300
OR rural Seattle NG 6,500
Port. suburb I 8,850
“ OR sml city Seat. suburb [ 3,450
DC metro I 8,650
Port. suburb DConly I 5,350
Boston I 7,600
W Portland Chicago NG 7,550
Cleveland I 7,500
WA rural New Orleans GG 7,450
Las Vegas I 7,400
m WA sml city Boise NG 7,350
Philadelphia |G 7,100
w Seat. suburb Buffalo NG 7,050
New York [ 5,900
W Seattle London NG 3,500— SUburbSI?BéaI?\sN&& OR (4’875)
Berlin NEEEGNNN 3,000 ’
0 Paris | 2,500
2020 2025 2030 2035 2040 2045 2050 — Seattle, Portland, and small

cities (~2,300-2,600)

45% reduction 2050 vs 2020

35

50% short
30 of
reductions
needed

25

20

15

10




ADDITIONAL SCENARIOS
55% VMT Reduction but with electrification

For the previous scenario to meet GHG goals we need:

97% cars, light-duty 96% medium- and heavy-duty freight
98% buses ...to be electrified by 2050

% Passenger Fleet ZE by year - Passenger Cars % Freight Fleet ZE by year - Buses
100% 100%
90% 90% Y e—Seatt|e
e Seattle
80% i 80% Seat. suburb
—@— Seat. subur
70% 70% m— \WA sml city
60% —— /A sl city 60% WA |
—_— rura
50% —@— \WA rural 50%
40% Portland
40% —@&— Portland !
30% Port. suburb
30% Port. suburb _
20% 20% w— OR sml city
? —@— OR sml city 10%
10% e OR rural

@ OR rural

| 2020 2025 2030 2035 2040 2045 2050
2020 2030 2040 2050

% Freight Fleet ZE by year - Heavy Duty Trucks

100%
e Scattle

O,
HO —e— Seat.

suburb
60% e \N A 5T

city
A0% e \WA rural

=i Portland
20%

Port.
suburb

2020 2030 2040 2050



55% VMT Reduction but with electrification

Vehicles

12

| = Combusion vehicles

10 |
,' OR rural

OR sml city
Port. suburb
m Portland
WA rural
m WA sml city
Seat. suburb

B Seattle

D f——
2020 2025 2030 2035 2040 2045 2050

M EVs - Passenger + Freight 6-2 M more EVS

Personal Spending
~$4,775 annually (~$2,945 less than Scenario 1)
Public spending:

Roads: $5.1 B ($2.3 B less than Scenario 1)
Transit: $8.3 B ($.7 B more than Scenario 1)

Combined difference = $1.6 B less



ADDITIONAL SCENARIOS A We cannot delay electrification

uptake and still achieve climate goals.

Slow Electrification Adoption How much slower of EV adoption?

MMt CO2e - Passenger+Freight 80% ca IS, | |ght-d uty
10 Low VMT version
80% reduction 2050 90% b uses
35 vs 2020 OR rural
30 = OR sml city ) . .
75% medium-duty freight
25 Port. suburb
20 M Portland 0 _ .
o T 72% heavy-duty freight
15
of
B WA sml city : o go
10 reductions ..are electrified by 2050
5 m Seat. suburb needed
. M Seattle
2020 2025 2030 2035 2040 2045 2050 % Passenger Fleet ZE by year - Passenger Cars
MMt CO2e - Passenger+Freight 100%
. 90%
W _ BAU VMT version AT ——mScattle
74% reduction 2050 . Seat suburb
=3 vs 2020 OR rural 70% s "Jr
A = OR sml city 60% —— \WA sml city
25 Port. suburb >0% Serural
40% =@ Portland
20 | Pc;rtlandI 20.5% 30% p—
WA o
15 rura short. of 20% —@— OR sm city
i m WA sml city reductions 10%
@ OR rural
m Seat. suburb needed -
2 2020 2030 2040 2050
5 W Seattle

2020 2025 2030 2035 2040 2045 2050



ADDITIONAL SCENARIOS A We cannot delay electrification

uptake and still achieve climate goals.

Delayed Electrification

S years 10 years 15 years

MMt CO2e - Passenger+Freight MMt CO2e - Passenger+Freight MMt CO2e - Passenger+Freight
40 40 40
6 7% 35 67% ) 282% 41% reduction 539%
35 88% | . reduction 35 2050 vs 2020 OR rural
- ;%{;L:)CE;GH short of 30 2050 vs short of i short of | oz ety
2020
BAUVMT = 2020 goal 2 goal 25 goal Port. suburb
20 20 . 20 | ' m Portland
15 15 | 15 N WA rural
10 = 10 | 10 m WA sml city
c 5 c w Seat. suburb
. B Seattle
0 0 0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
40 40 40
5 4.6% . 21.3% ° 41.2%
20 90% | short of 30 74% . short of 0 54% reduction short of
reduction reduction 2050 vs 2020 OR rural
25 2050vs 04l 25 2050vs — goal 25 goal = OR sml city
LOW VMT 20 | 2020 20 0 - | Port. suburb
15 15 i ® Portland
: | WA rural
Lt 10 10 m WA sml city
5 5 5 m Seat. suburb
0 0 | W Seattle

0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050



Automation: VMT Increase i b st

- 0
Overall VMT increase of 20% Cumulative CO, emissions 2020-2050

Higher in urban areas Social cost of carbon, 2020-2050
Non-linear increase Electrical power need
Lower transit use Chargers
Shared automation $ for chargers
Many assumptions Electric vehicles

People using buses
Did not speculate about safety, personal cost P J

impacts Annual public road (no transit) spending
in 2050

Annual transit expenditures* in 2050

Automation + VMT
Increase Vvs.
electrification-only

15 Mt more

$2 B more



What's missing?

Some elements were too complex to model or we lacked adequate
data to do so:

Job growth, benefits, and impacts

Local economic impacts

Land use impacts

Scope 3 emissions

Non-tailpipe pollution impacts

Traffic congestion impacts and associated time spent
Biofuels and hydrogen-based solutions

* Principally for freight

* Would alter electricity load impacts



KEY TAKEAWAYS:

What does all this mean?









ELECTRIFYING IS
GOOD FOR US.

We can see improved
health and air quality,
reduce how much we
spend to get around, and
address climate change.



WE CAN CHOOSE
OUR HEALTH AND
OUR CLIMATE.

Increasing transit use,
biking, and walking

and reducing vehicle
dependency leads to even
more health, safety, and
economic benefits.
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process, but we need strong
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WHAT KIND
OF POLICIES
DO WE NEED?

&
allla

Need to support rapid electrification now

Must Invest more in transit, active
transportation, and other ways to reduce
vehicle trips

Must improve our land use policies

Seek to prioritize health, safety,
climate, economy in all our policies




THIS 15100% POSSIBLE.

We can and should electrify (almost) everything
and reduce our overall vehicle miles for our
collective health, safety, economic well-being,
and for a stable climate.



APPENDIX



Renewables Supply Curve

* Renewables available to the region are based on a supply curve that
captures regional and technology diversity options for development

* Transmission adders reflect the need to ensure that new renewables built in
the Northwest are deliverable to loads; scenarios with more renewables
require more transmission investment.

Renewable Resource Supply Curve (S/MWh)

Il Hydro Solar o wind [ Geothermal
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Energy Storage Costs

+ Pumped hydro storage: up to 5,000 MW assumed to be available at a cost of
$2,450/kW based on a survey of existing literature

* Pumped hydro is assumed to have an effective capacity of 50%

<+ Battery storage: unlimited quantities of lithium-ion and flow batteries assumed to
be available

* Cost assumptions (current & future) derived from Lazard Levelized Cost of Storage v4.0,
including high, mid and low-cost projections

Li-lon Battery All-In Costs ($/kWh) Flow Battery All-In Costs ($/kWh)

$900 $900

Installed Cost ($/kWh)

$0
2020 2025 2030 2035 2040 2045 2020 2025 2030 2035 2040 2045

Capital costs shown for 4-hr storage devices; RESOLVE can select optimal duration for energy storage resources



All-in Levelized Fixed Costs

4+ All resource costs are based on NREL ATB 2019

+ Each resource has its own financing assumptions which determine the annual
levelized cost presentedin the graph below: these are the fixed cost inputs into

All-In Levelized Fixed Cost $/kW-yr (2018S)

RESOLVE

700

600 _/

500

400

300

200

100

0

-

——Geothermal

*Renewable

— resourcesare also

——Nuclear - SMR .

subjectto supply

curve cost
——CCGT with CCS 100% adjustments

Capture

——Pumped Hydro Storage

——Wind - TRG6 (36% CF) *

——@Gas - CT - Frame

2020

2025

2030

2035

Solar - Tracking *
2040 2045 2050



Key Resource Cost Parameters in
2045

2045 Capital Cost (2018 2045 Fixed O&M Cost (2018

Resource Type $/kW) S /kW-yr) Operations

Utility-Scale Solar PV (Single-axis tracking) S 980 S12 No fuel cost

Onshore Wind (TRG6 - ~¥36% CF) $1,080 $35 No fuel cost
“Must run” with scheduled

CGS Relicensing $ 406 $ 162 ustrun™ With schedute
maintenance outages

NREL ATB Nuclear Small Modular Reactors $ 5,650 $ 99 Uranium fuel; Heat rate of 10,000

(SMR) ’ Btu/kWh; Flexible operations

Gas Combustion Turbine (Frame) — Peaker

S 850 S12 NG fuel; Heat rate 12,000 Btu/kWh
Resource

CCGT with Carbon Capture and Storage $1700 ¢33 NG fuel; Heat rate 8,000 Btu/kWh;
(Post-Combustion 90-100% Capture) ’ Operations equivalentto CCGT

4-hour Li-lon Battery $ 590 S2 Round trip efficiency of 92%

Biogas (a drop-in fuel to gas units) N/A Equivalentto Gas CT High fuel cost ~23$/MMBTU




Levelized Cost of Firm Resource Energy based on 2045

Costs

* The LCOE of candidate resources gives a preview of resource selection (but is
NOT a model input) to meet different energy needs e.g. peaker at low
capacity factors and low-cost baseload energy at high capacity factors

Levelized Cost of Energy S/MWh

600

500

400

300

200

100

10%

20%

- Advanced Nuclear

= CCGT with CCS @ 100% Capture
~-=CGS Relicensing
- CCGT Repowering with Biogas

30%

New Gas Peaker

Above 15% cap factor, CGS is always the
cheapest source of zero carbon energy
Biogas is the cheapest source of zero carbon
capacity i.e. peaker-type operation

CCGT with CCS offers both lower cost
capacity and energy, operating between 20-
55% capacity factor

If operated above 60% cap factor, nuclear
SMRs (at NREL's advanced nuclear cost
estimates) can provide carbon-free energy at
70-100S/MWh

40%

50% 60%

Capacity Factor

70% 80% 90%



Natural Gas Core NW Price Forecast

* Natural gas price projections based on SNL Forwards for prices
up to 2035 and EIA Future Database beyond 2035

* NW Sumas Gas hub price most proximate to Core NW region

* In comparison biomethane clearing price estimated at 23
S/MMBTU (see Slide 14)

Core NW Natural Gas Price Projection— NW Dumas Gas Hub Monthly Gas Price Variation (% relative to average)

4.5
115%
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1.0 95%

0.5

0.0 90%

2020 2030 2040 2050 1 3 5 7 9 11
Year Month (1-12)
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ELCCs sourced from Resource Adeqguacy in the
Northwest (2019)

100% 100%
Diverse Wind (NW, MT, WY)
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Biomethane costs and quantities

Northwest Biomethane Supply Curve
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1) supply curves sourced from Pacific Northwest Pathways to 2050
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CLEAN VERICLES RULES

Newly adopted in the PNW



CLEAN VEHICLE RULES

The Clean Truck Rules are a set of two

rules that require manufacturers to sell a
percentage of electric and cleaner medium-
and heavy- duty (MHD) trucks, as wel
as one rule that increases the number of
zero-emission vehicles (ZEVs) sold (for

passenger vehicles and light-duty trucks).

Class 2b-3 Class 4-8 Class 7-8 Tractors




CLEAN VEHICLE RULES

Advanced Clean Truck rule

Will require manufacturers to produce

Passed OR November 18th
Passed WA November 30th

and sell a minimum percent of new zero- o,
emission medium- and heavy-duty trucks. e 70% .0
Class 4-8 rigid (i.e., non-tractor) trucks - O
-E Class 7-8 tractor trucks 00
S 60% .
E 55%“_.,,.,..0' 55%
O 3 50% e 50% .0
30-50% by 2030 o w0
% 40% O
$ o m .......... o ............ o ............ o
0 8 30%. 00" 40%  40%  40%  40%
— O y § o ‘“::w:t" 35%
El- 20%"..',.-" ““::::::w,- 30%
E o :Ilim"” 4%
A Qg ........... OOO " 15%
T 10%

2024 2025 2026 2027 2028 2029 2030 2031 2082 2033 2034 2035
Model year

Figure 1: Zero-emission sales percentage schedule by vehicle group and model year.



CLEAN VEHICLE RULES

Low NO, rule

An emissions standard that requires

reduced nitrogen oxide emissions from new
fossil fuel MHD trucks sold.

The new NOx standards would be cut

to about 75% below current standards
beginning in 2025 and 90% below current
standards in 2027.

Y

Passed OR November 18th

Expected in WA in 2022




CLEAN VEHICLE RULES

Why does this matter?

Transportation is the largest source of climate pollution in the PNW.

Heavy-duty vehicles account for only 10% of vehicles on US roads but contribute 28% percent of
climate emissions from the on-road transportation sector.

Investing in zero-emission trucks is an investment in public health.

Air pollution from dirty diesel trucks disproportionately impacts low-income and BIPOC (Black,
Indigenous and people of color) communities.

Every diesel truck, van, and bus we replace with a zero-smog, electric version creates immediate
health benefits to local communities, families, workers, and truck drivers.



Transportation is the largest source of climate
pollution in the PNW.

Heavy-duty vehicles account for only 10% of vehicles on US
roads but are responsible for 28% percent of transportation

climate emissions.

WHY
DOES THIS
MATTER?




Investing in zero-emission trucks is an
investment in public health.

Air pollution from dirty diesel trucks disproportionately
impacts low-income and BIPOC (Black, Indigenous and people
of color) communities.

WHY
DOES THIS
MATTER?

Every diesel truck, van, and bus we replace with a zero-smog,
electric version creates immediate health benefits to local
communities, families, workers, and truck drivers.
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