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Overview

Scenario 4.
HHP for
: Scenario 3. existing gas
Csoclgn(?lrilr%azt'e Hybrid heat customers,
Heat Pump pumps (HHP) new gas
(CCHP) for all gas customer
customers would become
electric with
CCHP

Per the requirements of the Decarbonization Study Compliance Filing Dockets UE-220066, UG-
220067 and UG-210918, PSE conducted a decarbonization study that analyzed the impacts on
both the gas and electric utility analyzing the infrastructure requirements, emissions and costs
associated with each scenario. The analysis also evaluated the impacts to customers by
translating the financials into customer rates, showing the annual customer cost for each scenario.

A All four scenarios leveraged equipment burn out as the point for transition as well as a
technology adoption curve that the Cadmus Group (Cadmus) used based on market potential.
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Total electric & gas portfolio, system and conversion net costs per scenario

Electrification: NPV of Total Net Incremental Costs (Electric and Gas)
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ASHP = Air source heat pump

S CCHP = Cold climate heat pump SOUND
HHP = Hybrid heat pump (dual fuel heat pump, gas furnace backs up heat pump) ENERGY
T&D = Transmission and Distribution

Key: Note: Costs on this slide are direct costs. Externality costs are included in a subsequent slide. a PUGET




Gas system shows benefits from targeted electrification for constrained

parts of the system
ElementF-St udy the i mpacts and benefits of g@adecconst haiane g uadn

Total load # Estimated Benefits/

Scenario Time period Fuel blend : : cost to .
constraint Conversions convert opportunities

Base case i 100%

NG current 100% NG (1046 BTU 472,000 scf/hr* 11,800 $177M

Reduces constrained
2032 100% RNG 322,000 scf/hr 6,600 $99M areas on system occurring
with lower carbon fuel

Scenario 17 ASHP
Scenario2i CCHP

Reduces temperature

Scenario 37 HHP 2032 100% RNG 642,000 scf/hr 16,050 $240M .
where actions are needed

Scenario 41 HHP 2032 100% RNG 610,000 scf/hr 15,250 $228M Reduces temperature
+ CCHP where actions are needed

*scf/hr: standard cubic foot per hour

The study of the gas system impacts found the following impacts:
ALocation and popul ation matters

AHeat content changes over time with low carbon fuels, targeted electrification can offset impacts in most areas

AElectrification costs are greater than gas pipeline upgrades for largely constrained areas
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Portfolio and conversion costs outweigh the emission reduction benefit to

SOCIety Combined Gas and Electric -- Societal Benefit vs. Scenario Cost
Net of 2023 Reference Case
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*Societal benefit is calculated using net emissions which use the WECC wide market emission rate which changes year to year. PUGET
@ SOUND
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PSE Gas + Electric utility operations emissions

Near term increase in total emissions while renewable energy on the system builds, followed by long-
term emission reduction across all scenarios

PSE Gas + Electric Emissions

12,000,000

Benchmarked to 23 IRP (Reference) 10,000,000
A CCHP scenario --
A 2030: 5% above Reference
A 2045: 50% below Reference
A HHP scenario --
A 2030: 2% above Reference
A 2045: 32% below Reference R

8,000,000

6,000,000

Metric Tons CO2

2,000,000

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

ASHP =———=CCHP =—HHP HHP/CCHP ===23EPR Reference + 23 Gas IRP Reference Case
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Annual residential costs for heat pump customers vs all gas customer
In 2030, costs are similar across all scenarios

$5,000
$4,609
$4,500
3,992
$4,000 $3.953 . $3,892
2030 residential bill impacts 53,500
A Billing impacts across all scenarios '
are very similar. $3.000
A A customer would likely not get a
price signal to move if their $2,500 .
equipment does not need replaced. $2,058 $2,057
$2,000
$1,500
$1,000 $240 $240
$500 $959 $840 $839 $840 $968 $775
Note- the equipment costs are annualized $0
over 10 years (refer to slide 22 for total HP Conversion Gas HP conversion Gas HP conversion Gas HP conversion Gas HP Gas
equipment mveStment)' Air Source Heat Pump Cold Climate Heat Pump Hybrid Heat Pump Hybrid Heat Pump + Cold Climate Reference

Heat
2030

m Electric m Gas-Base m CCA Carbon Costsm Furnace m Conversion Costs HP
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Annual residential costs for heat pump customers vs all gas customer
In 2045, costs are similar across all scenarios

$7,000 $6,553
$6,000
2045 residential annual $5,000

impacts
A Looking out 20 years, any of these  $4,000
scenarios could flex in either

direction
$3,000
$2,000
$492
$1,000
$980
Note- the equipment costs are annualized $0
over 10 years (refer to slide 22 for total HP Conversion Gas HP conversion Gas HP conversion Gas HP conversion Gas HP Gas
equipment investment). Air Source Heat Pump Cold Climate Heat Pump Hybrid Heat Pump Hybrid Heat Pump + Cold Climate Reference
Heat
2045

mElectric mGas-Base m CCA Carbon Costsm Furnace m Conversion Costs HP

PUGET
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Roadmap showing the magnitude of the infrastructure builds that would be
required to meet the energy and capacity needs of Scenario 2 - cold climate heat

pump

" 100 Electrification Pilots 2030
(122,000 CCHPs)

-0 . 8.6 million MWh of
" utility-scale renewables

2045
.. 570 Electrification Pilots
(686,000 CCHPs)

“0 . 26 million MWh of
7% utility-scale renewables

e
: S
2035 “ .22 million MWh of
%, 260 Electrification Pilots 7% utility-scale renewables
(308,000 CCHPs) @ ri} 47 utility-scale batteries
& 12 million MWh of (4,700 MW capacity)
7% utility-scale renewables 3,600 MW of Cross-

63 36 utility-scale batteries Cascades transmission
(3,600 MW capacity)

% 1,800 MW of Cross-
Cascades transmission

28 utility-scale batteries
[} (2,800 MW capacity)

1,200 MW of Cross-
Cascades transmission

% ~1 transformer per year
(9 total)

3 58 utility-scale batteries
(5,800 MW capacity)

4,600 MW of Cross-
Cascades transmission

2025

~6 local transmission
; projects (91 miles)

, ~7 local transmission

‘. 13 Electrification Pilots projects (117 miles)

?) (16,000 CCHPs)

-0 . 3.6 million MWh of
75 utility-scale renewables

% ~3 transformers per year
(48 total)

; ~4 local transmission

% ~3 transformers per year
projects (59 miles)

(62 total)

% ~4 transformers per year
3 6 utility-scale batteries (31 total)

(570 MW capacity)
% 1 transformer per year

(2 total)
Key Cold climate heat pumps ] Miles of local 115kV New distribution substation
. ol ) . MW of capacity resources . MW of Cross-

7 ggilot)tgd, ai 2E(I)%ctr|f|9dat|C)tn | ‘(1 .MWh ofb lIJt|I|ty-scaIte_: il £ built, as ggnen:[i)c/: utility-scale tEransmlssllzon ?ggded, ast % Cascades transfo'rmers ne:ac:eg, "

ilot size (1, residential 79 renewable generation bui battery installation (100 MW) nergize Eastside projects transmission needed assuming completed within
customers) (16 miles) previous 5 years

_ _ PUGET
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Decarbonization study key findings

Based on the assumptions of the Study;

A Emissions increase in the near term, until more renewable resources are built
A The cost of reducing emissions is greater than the benefit to society
A For an average residential customer, costs increase similarly across all scenarios over time

A All scenarios increase energy costs for low-income customers in the near term
A Low-income energy bills for either fuel have small delta between them in the near term, it is unlikely to trigger a
customer to switch without a need to do so

A There are additional benefits to targeted electrification on certain parts of the gas system,
this will be further evaluated within the targeted electrification strategy

_ _ PUGET
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GRC stipulation O: study scenarios

(- s

Aeully electrifying customers
based on Cadmus burn out
rate

ALeverages standard heat
pumps

Ancorporates Climate
Commitment Act (CCA)

Ancorporate Cadmus Inflation
Reduction Act (IRA) est.

Scenario 1. Air
Source Heat Pump
(ASHP) - standard

(5Full electrification with only
Cold Climate Heat Pumps
(CCHP)

ABased on CCHP performance
research

Ancorporates CCA
Ancorporate Cadmus IRA est.

Scenario 2. Cold
Climate Heat pump
(CCHP)

(ﬁHHP Existing gas customers &\
Electrify new customers with
CCHP

ALeverages retrofit
opportunities with HHP

Ancorporates CCA
Ancorporate Cadmus IRA est.

e ..
AConvert existing gas
customers to Hybrid Heat
Pump (HHP) based on
Cadmus burn out rate
Ancorporates CCA
Ancorporate Cadmus IRA est.

Scenario 4. HHP
for existing, new
customers electric
with CCHP

Scenario 3. Hybrid
Heat Pump (HHP)
for all gas
customers

14

Cadmus Scope

Migh level IRA assumptions
AUpdated load shapes for each scenario
AConservation for each scenario
APerformance of CCHPs

E3 Scope

ARegional market assessments
Adigh level regional IRA Assumptions
AResource costs and supply curves

GRC Stipulation O - Decarb Study 2023

PSE Scope

AFlows into PSE resource & system
planning models

ADevelop financial analysis to show
rate impacts for both gas and electric
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High-level modeling approach

AlLoad profiles for each
scenario with
respective
conservation bundles
+ est. IRA demand
side (Cadmus)

ARegional impacts
from electrification
(E3)

\

8 3

Analysis

AGas & Electric 23 IRP
models

AGas & Electric
System Planning
models

ARegional
transmission impacts

GRC Stipulation O - Decarb Study 2023

A Utility costs

Alnclusion of IRA
impacts

ACustomer cost
impacts

Financial

I EWATES

Output

Alntegrate findings into
targeted electrification
strategy

AElectric & Gas
customer rates

AConservation
numbers for various
scenarios

AStudy report
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Modeling approach T details regarding input usage

-~

INPUTS PSE MODELS i OUTPUTS
o i o = \
Electric T&D Gas T&D System : _ _
PSE Service Territory System Planning Planning | Electric T&D  Gas T&D Gas Electric
Cadmus: System System Portfolio  Portfolio
: Planning Planning Model Model

A 4 scenarios
A Load supply curves
K A Conservation bundles

&

14

Gas Portfolio Model

-

PNW

E3:
Regional Electrification

A Resource Costs

k ARNG, hydrogen supply curves

&

il

v

Gas Portfolio Electric Portfolio
Model Model

/

16 ‘ GRC Stipulation O - Decarb Study

2023

Electric Portfolio MOWE

)

Per Scenario:
A Volume of infrastructure
\ A Fuel supply & emissions where applicable)

f

S

Financial Analysis

: Per Scenario:

. A Total utility costs
' A Total customer cost

. A Est. customer rate impacts @
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GRC Stipulation O T updated decarbonization study timeline

__________________________________________________________________________________________________________________________________________________________________________________________ Q

Cadmus Work

E3 Work
Review
’\ Cadmus &
E3 Results
- Electric Portfolio
Analysis
Gas Portfolio
\ Analysis
Electric System
'\ Planning
Analysis
Gas System
Planning
Analysis
\ Financial Analysis |
. . . Draft : PUGET
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Scope update provided at final parties meeting on 12/8/23

(Pg. 35) PSEG6s final u p and theerebultd o its a
electrification pilot will be made available to the public with no
designations of confidentiality.

r b oA z a

t ASplan tasmiakg theystudy, outputs and

most of the inputs public (PSEs resource
models, transmission models, and market
prices are confidential).

a. A more up-to-date electrification scenario that takes into account
recent performance trends of cold climate heat pumps (CCHPSs)

PSE generation & T&D system impact
results shared on September 28, 2023.
Cadmus reviewed load results in meeting
on August 10, 2023.

b. An accounting of both near-term (3-5 years) and long-term costs and
benefits of electrification, including carbon reductions and avoided gas system
infrastructure costs due to fewer new customer connections.

Shared near and long-term PSE
generation & T&D system impact results
on September 28, 2023. Updates provided
in the December 8, 2023 meeting.

c. A segmentation of new and existing customers to separately evaluate the costs
and benefits of electrifying new and existing customers and a scenario whereby
PSE seeks to electrify all new customers and projected corresponding carbon
emission reductions.

PSE generation & T&D system impact
results shared on September 28, 2023.
Cadmus reviewed load results in
meeting on August 10, 2023.

d. Areview of the time to build out and the cost of incremental electric system
costs based on recent cost trends in power and capacity, as well as sensitivity
analysis around electric system assumptions to understand how these
assumptions impact the viability of high electrification scenarios.

ANERNENAY

PSE generation & T&D system impact
results shared on September 28, 2023

18 GRC Stipulation O - Decarb Study 2023
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Scope update provided at final parties meeting on 12/8/23

e. Updated unit costs, including the incentives provided by the Inflation
Reduction Act (IRA).

Comments/Questions

See Cadmus presentation from August
10, 2023.

f . Study the
constrained delivery systems.

i mpacts and benefits of

el ect

See pPSEmMEsentaian lomSepteonger 28 s
2023.

g. Collaborate with adjacent consumer-owned utility electric service providers to conduct
coordinated electric delivery system and gas delivery system studies or pilots.

This item is being met via the
Targeted Pilot work with SCL.

h. Evaluate how to use the biennial conservation planning process to advance least-cost

Plan provided via email on August 31,

decarbonization strategies i n PSEG6s gas wutjil y $ 2023/ Updates provided in the ecemied |

switching to electric utility service. 8, 2023 meeting.

I. Include regional forecasted load and market price sensitivities that reflect See E3 presentation from August 24,

regional electrification. 2023.

j- An evaluation of the impact of electrification with and without hybrid heat PSE presentation on September 28t for

pumps on gas and electric rates, to provide an update to the existing analysis PSE generation & T&D system impact

in the E3 study referenced above. results, and Rate Impacts shared on
November 8" & December 8™,

k. The results of the updated study will be incorporatedi nt o PSEG6s 2025 Nat NfAal @GaEswill incorporate and expand on this

Integrated Resource Plan and a compliance filing in this docket by January 2025.

study in the 2025 Natural Gas IRP.

19 GRC Stipulation O - Decarb Study 2023
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2023 Gas IRP & Electric Progress Report Loads

2023 Gas IRP & Electric Progress Report Loads

2023 Gas IRP & Electric Progress Report Loads

enario 4: fAHP

2023 Gas IRP & Electric Progress Report Loads

Full Electrification with air source heat pump (ASHP)

Full Electrification with cold climate heat pump
(CCHP)

Hybrid Heat Pump (HHP)

HHP Existing & Electrify new customers with CCHP

100% of gas furnaces converted to ASHP, starting in
2024 and the annual stock turnover reaches to 100%
heat pump adoption in 2045.

74.2% (~591,000) ASHP and 25.8 (~206,000) ductless
heat pump (DHP) in 2050

100% of gas furnaces converted to CCHP, starts in
2024 and the annual stock turnover reaches to 100%
heat pump adoption in 2045

100% (~797,000) CCHP in 2050

100% of gas furnaces converted to hybrid heat pumps
(std ASHP), starts in 2024 and the annual stock
turnover reaches to 100% heat pump adoption in 2045

74.2% (~591,000) HHP and 25.8% (~206,000) DHP in
2050

100% of gas furnaces converted to hybrid heat pumps
(std ASHP), starts in 2024 and the annual stock
turnover reaches to 100% heat pump adoption in 2045

58.29% (~464,000) HHP, 20.2% (~161,000) DHP, and
21.6% (~172,000) CCHP in 2050

100% of gas water heaters converted to market
verage water heaters, starts in 2024 and the annual
tock turnover reaches to 100% electric water heater
doption in 2050

100% of gas water heaters converted to market
average water heaters, starts in 2024 and the annual
stock turnover reaches to 100% electric water heater
adoption in 2050

100% of gas water heaters converted to market
average water heaters, starts in 2024 and the annual
stock turnover reaches to 100% electric water heater
adoption in 2050

100% of gas water heaters converted to market
average water heaters, starts in 2024 and the annual
stock turnover reaches to 100% electric water heater
adoption in 2050

75% of gas dryers are converted to electric dryers,
tarts in 2024 and the annual stock turnover reaches
0 75% electric dryer adoption in 2050

75% of gas dryers are converted to electric dryers,
starts in 2024 and the annual stock turnover reaches
to 75% electric dryer adoption in 2050

75% of gas dryers are converted to electric dryers,
starts in 2024 and the annual stock turnover reaches
to 75% electric dryer adoption in 2050

75% of gas dryers are converted to electric dryers,
starts in 2024 and the annual stock turnover reaches
to 75% electric dryer adoption in 2050

29% of gas ovens and ranges are converted to electric
vens and ranges, starts in 2024 and the annual stock
urnover reaches to 29% adoption in 2050

29% of gas ovens and ranges are converted to
electric ovens and ranges, starts in 2024 and the
annual stock turnover reaches to 29% adoption in
2050

29% of gas ovens and ranges are converted to
electric ovens and ranges, starts in 2024 and the
annual stock turnover reaches to 29% adoption in
2050

29% of gas ovens and ranges are converted to
electric ovens and ranges, starts in 2024 and the
annual stock turnover reaches to 29% adoption in
2050

Some homes converted from electric resistance
heating to heat pump, if DSR is cost effective, starting
in 2024

Some homes converted from electric resistance
heating to heat pump, if DSR is cost effective, starting
in 2024

Some homes converted from electric resistance
heating to heat pump, if DSR is cost effective, starting
in 2024

ISome homes converted from electric resistance
heating to heat pump, if DSR is cost effective, starting
in 2024

70% of gas furnaces converted to ASHP, starting in
2024

70% of gas furnaces converted to ASHP, starting in
2024

70% of gas furnaces converted to ASHP, starting in
2024

70% of gas furnaces converted to ASHP, starting in
2024

70% of gas water heaters converted to market
average water heaters, startingin2 0 2 4

70% of gas water heaters converted to market
average water heaters, startingin2 0 2 4

70% of gas water heaters converted to market
average water heaters, startingin2 0 2 4

70% of gas water heaters converted to market
average water heaters, startingin2 0 2 4

50% of gas cooking equipment converted to
electricc ooki ng equi pment, st

50% of gas cooking equipment converted to
alectridcnogo kiinn g2 Ce2gdu i pment , st

50% of gas cooking equipment converted to
@ectticicrog@ kiimg2 @234i pment, st

50% of gas cooking equipment converted to
@ectticicrog kiimg2 @234i pment , st

0% of industrial loads electrified, starting in 2024 and
reaching 30% of industrial load by 2050

30% of industrial loads electrified, starting in 2024 and
reaching 30% of industrial load by 2050

30% of industrial loads electrified, starting in 2024 and
reaching 30% of industrial load by 2050

30% of industrial loads electrified, starting in 2024 and
reaching 30% of industrial load by 2050

Small transport customers emissions were included
per the CCA in the emission results.

Small transport customers emissions were included
per the CCA in the emission results

Small transport customers emissions were included
per the CCA in the emission results

Small transport customers emissions were included
per the CCA in the emission results

Il ncludes combinati on cu§{
customers converting from non-PSE gas service to
PSE electric service, and PSE gas service converting
tonon-PSEel ectri c service

Il ncludes combination cu
customers converting from non-PSE gas service to
PSE electric service, and PSE gas service converting
tonon-PSEel ectric service

Il ncludes combination cu
customers converting from non-PSE gas service to
PSE electric service, and PSE gas service converting
tonon-PSEel ectri c service

I ncludes combination cu
customers converting from non-PSE gas service to
PSE electric service, and PSE gas service converting
tonon-PSEel ectri c service

Includes climate change

Includes climate change

Includes climate change

Includes climate change

Updated DSR for new load

Updated DSR for new load

Updated DSR for new load

Updated DSR for new load
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Meeting Agenda

1.
2.
3.
4.

Study Scope

Cold Climate Heat Pump Research

Inflation Reduction Act Research

Decarbonization Scenarios & Electric and Natural Gas Baseline Sales Impact

PUGET
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Study Scope

An updated comprehensive decarbonization study after 2023 CPA gas-to-electric conversion
@\ assessment, as part of Section O of Settlement Stipulation and Agreement between PSE and Settling
Parties

——=1 Comprehensive review of ASHP and CCHP technologies, recent performance trends of CCHPs as
) 1! Well as equipment costs

7o\ | | | o —

( ) Review of Inflation Reduction Act (IRA) for its impact on electrification

N

°e| Evaluation of the impacts of Cold Climate Heat Pumps (CCHPs) and hybrid systems for new and
° existing customers within the residential sector

Electrification end uses assessed in this study includes space heating, water heating, cooking and clothes
dryers.

PUGET
ENERGY 24 CADMUS



old Chmate H

CADMUS




Cold Climate Heat Pumps (CCHPs): Definition

AThe Northeast Energy Efficiency Partnerships (NEEP), a U.S. Department of Energy (L
Regional Energy Efficiency Organization, established the CCHP Specification in 2014.

> The NEEP specification adds a requirement for efficiencyFaa$ AHRI standard test protocols for determining
the Heating Seasonal Performance Fa¢td6PF) do not include testing at temperatures beloW17

AThe Northwest Energy Efficiency Alliance (NEEA) has adopted the NEEP standard for
own specification for ductless CCHPs while including an additional capacity requireme

AFurther, in 2022, ENERGYAR adopted a cetlimate designation for residential ASHPs.

Heating Seasonal Performance Factor (HSPF) is a standard metric of efficiency used by the Air Conditioning, Heating, and
Refrigeration Institute (ARHI) to estimate the seasonal heating efficiency of an ASHP. HSPF is the ratio of heating output (in Btus)
over the course of the heating season divided by the electricity used (in watt-hours).

HSPF2 to replace HSPF (effective January 1, 2023), which attempts to better align measured efficiency with actual efficiency through
a modified testing procedure. HSPF2 ratings are approximately 15% below previous HSPF ratings for ducted systems.

Coefficient of Performance (COP) is an instantaneous, unitless metric of efficiency (energy out divided by energy in) that is
frequently used to characterize heat pump performance either at a particular temperature condition or as a seasonal measure of
efficiency.

Seasonal COP (sCOP) is typically reported within field studies of heat pump performance.




Measuring CCHP Performance

A Actual performance of heat pumps typically been lower than rated efficiencies as
measured by HSPF

A A small field study in MA and NY including 23 homes®iaf source cold climateeat
pump heating found an averag€ORf 2.38(equivalent to HSPF §.1

> Approximately 29% lower than treCORpredicted by the rated HSPF of the equipment installed.

Al a OKS OfAYFOS 2F Y2al 2F t{9Qa& 0SNNAI
highersCOPsay be expected in PSE service area.

PUGET
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CCHPs: Benefits and Challenges

Benefits of CCHPs

A CCHPs offerimproved efficiency at lower temperatures, with many CCHPs continuing to operate at temperatures at or below -13°F.

A Many CCHPs, though not all models, can be sized to provide the sole source of heating without backup.

A Variable capacity output provides improved comfort and efficiency through reduced cycling at mild temperatures and partial loads for both
heating and cooling.

Challenges of CCHPs

AWhile it is not expected to be a constraint ibackipEdri resistanceiot athery, mec
supplemental heat at colder temperatures (due to only having limited models that are able to meet 80% to 100% of rated capacity at 5°F).

A Since ductless CCHPs do not use an existing central distribution system, they may face challenges with adequately distributing
conditioned air throughout a home.

A Itis common to use electric resistance baseboards in small rooms where placing an indoor unit is and this adds to installation and
operating costs.

A The added systems are typically not install ed wretguireseparaiethermagstats bre d
controls for each system.

A Some cold climate models may only be able to modulate down to 50% of the rated capacity, which can still lead to cycling during mild
temperature conditions (e.g. 45-50°F+)

A CCHPs have a significant cost premium and despite their widespread availability, awareness at both the customer and contractor levels
remains low.

PUGET
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Winter Peak Loads from Electrification: CCHP Impacts

CCHPs are expected to have lower peak demand impacts at all temperatures relativeGECH®3s due to improved
efficiency, however actual peak demand impacts may depend on a few factors:
1 COP during peak conditions
1 Many norCCHPs and CCHPs may have similar COPs at more modest temperatures (d8Fund 30
1 As aresult, during typical PSE winter peak conditttamand reductions from CCHPs compared to F0GHPs may be modest
1 Use of supplemental electric resistance

1 The use osupplemental electric resistanceill be a primary driver cddded electrical demandrom converting natural gas heating to
heat pumps.

1 Ductless heat pumps are not installed with supplemental electric resistance (including CCHPSs)

9 Central heat pumps typically use supplemental electric resistance (including CCHPs) when not installedfuebadudilguraion with a
backup furnace.

1 Heat pump balance point

1 Temperatures below the balance point will require the use of backup heating to maintain indoor comfest heat pumps with electric
NEAA&AGEYOS o6F O1dzlJs | dzEAf ALFNE NBarAadlyOS KSIFG éAftf whé&indded SR Ay
thermostatsetpoint
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Winter Peak Loads from Electrification: CCHP Impacts

Average Winter Peak Demand frdductlessCCHP Compared
to DuctlessNon-CCHHFSingle Family, Existing)

Percent Savings in Winter Peak

Average kW Demand with CCHP vs n€@CHP
Peak Period 14%
t S t SWR 19%
t ST t SHWR 29%

Average Winter Peak Demand fradnictedCCHP
Compared tductedNon-CCHRSingle Family, Existing)

Percent Savings in Winter Peak

Al LY Demand with CCHP vs n€dCHP
Peak Period 12%
Peak Period#85°F) 16%
Peak Period®7°F) 14%

PercentDifference in Energy Consumptirom DuctlessCCHP,
Ducted CCHP, anStandardASHRSingle Family, Existing)

Percent Consumption Difference in

Equipment Type Energy with CCHP vs n@@CHP

Standard ASHP
Ducted CCHP 18%
Ductless CCHP 19%
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Study Assumptions:

A Ductless CCHR=se not installed
with integrated electric
resistance backup

A Ducted CCHPRare installed with
electric backup

A Dual-fuel systems the heat
pump will switch off when below
the balance point (3%) and
eliminates electrical demand
(outside of the furnace fan and
air handler operation) during
those periods.

CADMUS



Heat Pump Costs

Baseline Technologies

Cost data is based on the contractor

interviews conducted as part of 2023 IRP

Gas Furnace $5,380 CPA.
Gas Boiler $9,500
Gas Wall Furnace $3,513
Central AC - Replace on failure $8,450 - _ _
Additional gas-to-electric conversion costs
Centrally Ducted ASHPs o
. were panel upgrade, wiring and duct/pad
Centra"y Ducted ASHP i Base $14,800 costs and included in the anaIySiS.
Centrally Ducted ASHP i Dual Stage $17,175
Centrally Ducted ASHP 1 ENERGY STAR $17,800
Centrally Ducted ASHP i Cold Climate $19,425 Cost Type
Centrally Ducted ASHP i Dual Fuel $11,277 Panel Upgrade (average range) $1,668
Centrally Ducted ASHP + Furnace i Dual Fuel $16,250 Duct configuration (when existing
$1,400
system does not have AC ducts)
Ductless Heat Pumps
Wiri 250
Ductless Heat Pump i Base $13,174 ming $
Ductless Heat Pump i ENERGY STAR $14,588 N
*Avg Central AC and Dual Fuel Heat Pump capacities were reported at 2.79 tons
Ductless Heat Pump i Cold Climate $14,941 **Avg Ductless and Ducted Heat Pump capacities were reported at 2.94 tons

PUGET
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Inflation Reduction Act

A High Efficiency Electric Homes Rebates Act (HEEHRA) is largely focused on providing IRA
rebates to income-eligible consumers for electric equipment and electrification projects. Guidance/Assumptions:
A Both HEEHRA and the 25C tax credit include specific incentives for electrification A HOMES/HEEHRA + 25C tax
improvements and electrical upgrades needed to switch to heat pumps and other electric credits to be combine

appliances. A Dual-fuel systems are eligible
for HEEHRA and 25C (if
A The Home Energy Performance-Based, Whole House Rebates program (HOMES) electric is the primary fuel)
provides rebates for homeowners based on whole-house energy retrofits. PSE IRA funding based on
A The HOMES Rebate program and 179D tax deduction indirectly encourages proportion of housing units in
electrification through incentivizing site energy use or energy cost reduction. SviEaf]edr\llJI%e area compared to

A States will apply to the U.S. DOE for funding to implement their HEEHRA and HOMES HOMES program indirectly

. : ; 0 T
programs through their respective state agencies. UGS 25%IOr EISCHrification
HEEHRA program contributes
75% funds for electrification

A Washington State Department of Commerce expected to handle funding for the state and Teaslres

run programs sometime in 2024

25C only applies to
homeowners (primary
residence)

A Expanded tax credits (25C) are available as of January 2023 through the IRA.

A DOE guidelines published for HOMES and HEEHRA on July 27th, 2023

PUGET
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PSE IRA Funding for CCHP (Scenario 2)

®
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SOUND
ENERGY

Share of CCHP Annual Incremental Consumption by IRA and Non-IRA Funding over 10 Yrs

it

Added CCHP Usage (MWh)

180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000

20,000

2024

2025 2026 2027 2028 2029 2030 2031

mm CCHP Added Annual Incremental Consumption (IRA Funded)
m CCHP Added Annual Incremental Consumption (Non-IRA Funded)

= Porcent Covered by IRA Funding for CCHP

34

2032

2033

20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Percent of IRA Funding
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IRA Impact on Heat Pump Costs

Egé%?tia%lpl\%?act of 25C Tax Credit and HEEHRA Rebate on Cost of Heat Pumps for a customer with a household income in the range of 80-
00

Base Cost Est. 25C Tax Est. HEEHRA

Equipment Estimate Credit Value Rebate? NELCOSt

Centrally Ducted ASHP

Centrally Ducted ASHP i Base $14,800 b b $14,800
Centrally Ducted ASHP i Dual Stage $17,175 b b $17,175
Centrally Ducted ASHP i ENERGY STAR $17,800 $2,000¢ $8,000 $7,800
Centrally Ducted ASHP i Cold Climate $19,425 $2,000¢ $8,000d $9,425
Centrally Ducted ASHP i Dual Fuel® $11,277 $983¢ $8,000 $2,294
Centrally Ducted ASHP + Furnace i Dual Fuel° $16,250 $2,000¢ $8,000 $6,250

Ductless Mini-Split Heat Pump (assumed 3 tons)

Ductless Mini-Split Heat Pump i Base $13,443 b b $13,443
Ductless Mini-Split Heat Pump i ENERGY STAR $14,886 $2,000¢ $7,443 $5,443
Ductless Mini-Split Heat Pump i Cold Climate $15,246 $2,000¢ $7,623¢ $5,623

Sources: 26 C.F.R. 925C; Public Law 117-169 (2022): 1817-2090;
a While this table shows the HEEHRA rebate estimate for residents making 80-150% of AMI, customers, residents making <80% AMI would be expected
to receive the full $8,000 for all qualifying heat pumps, given the cost estimates used.
b Equipment is not assumed to meet the efficiency criteria for ENERGY STAR or for CEE Tier 3.
¢ Equipment meeting ENERGY STAR or different CCHP specifications may not meet CEE Tier 3 criteria.
@ PUGET d Equipment meeting CCHP specification may not qualify for ENERGY STAR designation.
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Study Scope

RESIDENTIAL (Focused Scope)
A Electric and natural gas baseline sales impact for four

different scenarios.

A Space heating, cooking, water heating and dryer end-uses.

5] COMMERCIAL
aal A Same assumptions as 2023 CPA and for all four scenarios.

A Space heating (ASHP), cooking and water heating end-uses.

NI:! INDUSTRIAL
A Same assumptions as 2023 CPA and for all four scenarios.

A A portion (~30%) of natural gas loads is converted to electric
based on prior analysis by Cadmus and ES3.

PUGET
SOUND
ENERGY 37

PSE Service Area Load Impacts:

Electric only T natural gas equipment
converts to electric (increases PSE
electric load)

Natural gas only i converted to
electric equipment (reduces PSE
natural gas load)

Combination service T converted to

electric equipment (increases PSE Av
electric load and reduces PSE natural

gas load

Study Implications:
This study investigates at four technology

scenarios however this does not represent the
likely mix of technologies within programs.

CADMUS



Methodology - Decarbonization Scenarios

5@ SCENARIO 1. FULL ELECTRIFICATION WITH ASHPs for new and existing residential customers A ASHP FULL

Under this scenario the end-of-life replacement of natural gas equipment with ASHPs (with no natural gas backup) will reach 100% annual adoption
within the study horizon.

SCENARIO 2. FULL ELECTRIFICATION WITH CCHPs for new and existing residential customers A CCHP FULL

The end-of-life replacement of natural gas equipment with CCHPs will reach 100% annual adoption within the study horizon.

ASHP or ductless system with the natural gas backup for new and existing residential customers.
The end-of-life replacement of natural gas equipment with HHPs will reach 100% annual adoption within the study horizon.

—
SCENARIO 3. HHP WITH ASHPs for new and existing residential customers A HHP
SCENARIO 4. HHP WITH ASHPs for existing customers / CCHPs for new customers A HHP&CCHP

ASHP or ductless system with the natural gas backup for existing residential customers
All new residential customers have CCHPs.
The market adoption rate of HHP or ductless system with natural gas backup was 100% for existing residential applications.

All commercial and industrial customers have the same adoption across all scenarios.
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Impact on Residential Baseline Energy Forecast (All End-
Uses)

Natural Gas Forecast Electric Forecast

700,000,000 24,000,000
600,000,000 22,000,000
500,000,000 20,000,000
5 5
g 400,000,000 £ 18,000,000
= 5
£ 300,000,000 <= 16,000,000
s E
=
200,000,000 14,000,000
100,000,000 12,000,000
0 10,000,000
R T R S N TR S SR o S e B S S N T IR T I - T A TG RN R T R S S T R R S N - S N T S T - TR T A N I AN
U I A I I I I A A S I A ) & u > & VAP PP PSPPI IS PSS )
I ITHLEITLEETEFTEEF LT T TIPS P PIFIIIFLEFLL L L LLLITLFTFTTTTFTF TP &S
—Residential Base (No Electrification) ~===Sc 1-ASHP FULL ==—=Sc 2-CCHP FULL Sc3-HHP =——=5c 4-HHP & CCHP = Residential Base (No Electrification) ===Sc 1-ASHP FULL ===Sc 2-CCHP FULL Sc3-HHP  ===Sc 4 - HHP & CCHP

Sc 1-ASHP FULL: 40% electric increase and 89% gas decrease in 2050 from the base case forecast
Sc 2 - CCHP FULL: 35% electric increase and 89% gas decrease in 2050 from the base case forecast
Sc 3 - HHP: 37% electric increase and 82% gas decrease in 2050 from the base case forecast

Sc 4 - HHP&CCHP: 36% electric increase and 82% gas decrease in 2050 from the base case forecast
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Therms (at generator)

Impact on Residential Energy Forecast (Gas Heating / Heat Pump End Uses)

Natural Gas Heating Load Forecast

(2041-2050)

(2041-2050)

200,000,000 7,000,000
180,000,000
6,000,000
160,000,000
140,000,000 5,000,000
120,000,000 8
£ 4,000,000
c
100,000,000 &
=
= 3,000,000
80,000,000 =
=
60,000,000 5 000,000
40,000,000
1,000,000
20,000,000
0 0
2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
——5Sc 1-ASHP FULL — —Sc2-CCHPFULL Sc 3 - HHP — —Sc4-HHP & CCHP
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Electric Heat Pump Forecast

2045 2046 2047 2049 2050

2048

2041 2042 2043 2044

eS¢ 1 - ASHP FULL == =S¢ 2 -CCHP FULL Sc 3 - HHP = =5c4-HHP & CCHP
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Added Peak Demand T Residential, Heat Pump End Uses
(2041-2050)

3,000
2,500

2,000

1,000
50
. — — — — — — — - -
& & 5 s s ° =~ &

Winter - MW
=
()]
o
o

o

o

w2

® 3
o > 3

S S
M Sc1-ASHP FULL M Sc 2 - CCHP FULL M Sc 3 - HHP B Sc 4 - HHP&CCHP

Sc 1 - ASHP FULL shows 2,383 MW increase to the PSE system peak by 2050

Sc 2 - CCHP FULL has added winter peak equals to 77% of Sc 1 - ASHP FULL (1,828 MW) by 2050

Sc 3 - HHP shows 39 MW increase to the PSE system peak by 2050, which is 2% of Sc 1 - ASHP FULL

Sc 4 - HHP&CCHP shows 115 MW increase (5% of Sc 1 - ASHP FULL) to the PSE system peak by 2050

PUGET
ENERGY 41 CADMUS



Adoption Curves

Residential Adoption Curves

100%

90%

80%

70%

60%

50%

Percent Adoption

40%

30%

20%
10%

0%
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042

—Heat Pump / Water Heat ——Cooking - Existing  =——Dryer - Existing ——Cooking - New =——Dryer - New

Residential Adoption Estimated:

End of life equipment reaches maximum adoption of 100% for all heat pumps and
water heaters, and dryers and cooking in new construction.

75% adoption for existing dryers
29% adoption for existing cooking

Ramp rates based on Council 2021 Power Plan

Commercial Adoption Curves

Percent Adoption

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

—Cooking - Average =~ ——Heat Pump/Water Heat

Commercial Adoption Estimated:

Heat Pump and water heat (70% max) i based on ACEEE 2020 study
AEl ectrifying Space Heating in EXxist.i
Chall engeso

Cooking (50% max) - assume market barriers for converting some gas cooking
equipment (estimated)

Ramp rates based on Council 2021 Power Plan



Residential Equipment Adoption Forecast

~314k Water heaters, ~67k Dryers, ~77k Cooking equipment in 10 years; ~778k Water heaters, ~132k Dryers, ~418k Cooking equipment in 27 years
Scenario 1 ASHP FULL Scenario 2 CCHP FULL

2,500,000 2,500,000

Units in 10 years: Units in 10 years:
Il ~167kASHPs ~229k CCHPs

) a iy 1L 1! ~61k Ductless HPs Units in 27 years:
%1,500,000 UnItS |n 27 years gl,SOO,DDD ~797k CCH PS
~591k ASHPs
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1,000,000 1,000,000
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m Cooking Equipment m Water Heater m Dryer ~ Air Source Heat Pump - Full Replacement m Ductless Heat Pump - Full Replacement ® Cooking Equipment @ Water Heater @ Dryer Cold Climate Heat Pump

Scenario 3 HHP Scenario 4 HHP&CCHP

o Units in 10 years: e Units in 10 years:
200000 gl I ~167k Hybrid ASHPs 2000000 - ~134k Hybrid ASHPs
il ~ L .
alf i 61k Ductless HPs . L 1t (existing cons.)
. Units in 27 years: FA— ~44k CCHPs (new
1 oo ~591k Hybrid ASHPs ... cons.)
’ ~206k Ductless HPs ~ ~ ~49k Ductless HPs
200,000 - \ o I Units in 27 years:
o _eaiil | oo mmail ~464k Hybrid ASHPs
& @"%{“m@ s 10"3~9“’°~9“’”@“’%°"’“’¢°“’\@°’@“’b§ SO L PP PSS PP w&“n@’f’%f\f&qw‘ nP“’ x“’ + m“w“ﬁm@ew@“@"’%& »:’: Q:Qt LSS0 ~172k CCHPs

= Cooking Equipment m Water Heater o 16 1 k D I H P
W Dryer Hybrid Air Source Heat Pump mDryer Hybrid Air Source Heat Pump -~ u Ct eSS S

M Ductless Heat Pump (DHP) - Partial Load Ductless Heat Pump [DHP) - NC Full Replacement W Ductless Heat Pump (DHP) - Partial Load Cold Climate Heat Pump
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E3's Outputs: Regional Electrification Assumption
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Puget Sound Energy (PSE)
GRC Settlement Study:
Regional Context

Stakeholder Meeting

August 24, 2023
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Study Description

€ Overarching Goal of E306s Anal ysi s:

A Develop a set of metrics for the regional infrastructure, electric resource availability and
renewable fuelst hat can be expected due to Washingtonos
decarbonization policy commitments and plans

€ Three core tasks provide input to PSEOG6s ongoli
electric system studies such as the next IRP analysis

1. Impacts of Heating Decarbonization Pathways on Regional Infrastructure
2. Renewable Electric Resource Supply and Costs
3. Renewable Fuels Supply and Costs

@ Energy+Environmental Economics 47



1. Impacts of Heating Decarbonization Pathways on
Regional Infrastructure d Electric Peak Demand

R L Electric System 1-in-10 Peak Demand i Western WA
e Objectives ittt ettt

State Energy Strategy Scenario

25

A Assess impacts of heating electrification on electric firm

capacity requirements West of the Cascades
+8 GW

N
o

A Estimate the impact on regional gas infrastructure
requirements considering design day gas demand for
both buildings and power generation

I Incr. Buildings
[ Incr. Transportation
[ Existing

+4.5 GW

+5.8 GW
+2.3GW
+0.9 GW I
2045

2023 2025 2030 2035 2040

[y
(95

=
o

Peak Load (GW)

€ Key Findings

(0]
o ————————————— -

Electric System 1-in-10

Only the State

A Peak electric demand in Western Washington will Energy Strategy

increase by 8 GW in 2045, mainly driven by heating Ay

electrification, if the state follows the electrification T _
trajectory envisioned in the 2021 State Energy Strategy. _ fid SCenario

25

scenario is used

A A hybrid electrification approach using dual-fuel heat
pumps will reduce peak impact on the electric system to
3.6 GW by utilizing the capacity of existing gas
distribution systems.

[}
o

oGy +36GW
+03Gw *08GW *1.9GW

2023 2025 2030 2035 2040 2045

s —
(=] (9,1

Peak Load (GW)

[, ]

Electric System 1-in-10
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1. Impacts of Heating Decarbonization Pathways on
Regional Infrastructure d Capacity Requirements in 2045

Alternative 2

R : : Alternative 1. Local Non-GHG Emittin
€ Serving new heating peak demands West of Cross-Cascades RESOUICES g
Cascades will require investments in local generation Scenario Transmission
and transmission. Expansion + East- | 23 Clean Firm 2b.
. . side Resources Resources Offshore Wind
A Cross-Cascades transmission expansion to
connect to renewables or thermal generation outside Capacity of resources required if incremental peak were served entirely with one
of Western WA resource type (in practice, a portfolio of options could be deployed)
A Local Non-GHG Emitting Emissions Resources State Energy 8.2 GW 8.2 GW* 20-80 GW*
such as hydrogen, nuclear SMR or off-shore wind. SIUELEEY
i Clean Firm Resources such as hydrogen CTs and Hybrid 3.7 GW 3.7 GW 9-36 GW
nuclear SMR meet CETA requirements of 100% clean
energy. Upfront capital costs of resources required if incremental peak were served entirely

I Off-shore wind does not provide firm capacity, so with one resource type

nameplate capacity additions to meet winter peaks are State Energy

very large Strategy $15-50 Billion** $11-46 Billion*** $58-264 Billion
€ Inpractice, a portfolio of solutions will likely be most Hybrid $9-25 Billion $7-23 Billion $26-119 Billion
appropriate.
* An ELCC value of 98% is applied to the clean firm resources assuming a 2% forced outage rate. Offshore wind is assumed a wide
A 1 range of ELCC at 10-40% given changing values with system load profiles and penetration levels
e SO meC I €an resources al SO p rovi d ec I €an en ergy to ** Transmission expansion cost is assumed at $435/kW based on costs of two proposed cross-Cascades transmission expansion
the System in addition to the Capacity_ projects in BPA&s 2022 Transmission Cluster Study. Tot abpluscleas t

firm resource cost

** Upfront cost assumptions are $950-9,000 for clean firm resources (representing cost ranges of example technologies with hydrogen
CT on the low end and a mix of hydrogen CT and nuclear SMR on the high end) and $2,900-3,300 for offshore wind, based on
technology cost ranges from NREL ATB 2022. Hydrogen pipeline cost to bring hydrogen produced from outside of Western WA is
added assuming $10 million per mile of pipeline cost and 350-800 miles of pipeline needs to be built to bring hydrogen from Eastern
WA or Wyoming/Utah.
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2030 Renewable Resource Supply Curve
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$80

Levelized Cost (52022/MWh)

$20
$10
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570
$60 -
$50
$40 -

$30

Renewable Electric Resource Supply and Costs

Objective: Assess the renewable resource availability to serve loads in the Northwest under the impacts of regional heating

decarbonization and provide inputs for future PSE work on clean resource cost potential

Key Findings:

A To meet clean electricity targets in 2030, Pacific Northwest will need to leverage a combination of renewable resources, including local wind and remote

wind from Montana.

A To meet 100% clean electricity requirements with renewables by 2045, the Pacific Northwest will need require a portfolio of local and remote solar and wind

resources, potentially including offshore wind

A By 2045, significant transmission upgrades will be needed to access the full potential of high-quality out-of-state resources, as well as offshore wind

2045 Renewable Resource Supply Curve

= Wind
Solar

B Geothermal

W Hydro
Offshore Wind

M Transmission

Projected 2030 NW Load Projected 2045 NW Load Net of
Net of Current Hydro + Current Hydro + Renewahle
Renewable Generation : $100 4 Generation (assuming same load !
(assuming same load growth ! Southern ID Solar (New Tx) $90 | growth rate as the Electrification |
ra_tef“s th:hElist”:l'F“tt"’" scenario from the Washington I
scenario rrom € Washington | 1
State Energy Strategy) : WA/OR Offsh Wi | Wlnd = >80 State Energy Strategy) I
shore Win
! § $70 4 WA/OR Offshore Wind
: . .. :
NW Load Net : 1 S $60
of Current | : 8 H
Hydro + | | B Geothermal g S50 i
Renewable : 1 S s - 1
ion® - 40 3 1
Generation* 1 § % ] Hydro E E 8 I
o} %) T $30 A = !
[} < z % <§i 1
. g x 1
% = Total achievable Offshore Wind $20 @) = Total achievable |
= g resource potential o © 9] resource potential |
= o of offshore wind is ® Transmission $10 IS @ of offshore wind is :
@ 9 uncertain. 8 = uncertain. |
o = S0 T +
0 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 22,500 25,000 27,500 0 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000
Potential Generation (aMW) Potential Generation (aMW)

* 80% of 2030 load is shown above given that CETA might allow provisions for up to 20% in offsets in 2030 to help achieve
carbon-neutral electricity

22,500 25,000 27,500
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3. Renewable Fuels Supply and Cost

D

D

Objective: Update renewable fuel supply curves
from the previous E3 gas decarbonization
studies for PSE to reflect recent federal policies
and impacts from low-carbon fuel market
conditions

Key Findings for Biomethane (RNG)

A Competition in low-carbon transportation fuel
markets, not the cost of production, will likely
drive biomethane fuel costs for PSE

A RNG costs are high across most feedstocks
and worldviews

A Under a conservative worldview, limited
resource types are available and
transportation policies provide high
premiums over production costs.

A Under an optimistic worldview, a broader set
of resource types become available and
transportation sector demand is lower.

@Energy Environmental Economics
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clean fuels
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S - Biomethane
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$80

2023 $/MMBTU
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TBTU TBTU
$80 Bl Landfill Gas and Wastewater
s Manure
$60 B Municipal Solid Waste
Il Residues

Cost of Production

$0

2023 $/MMBTU
£
o

0 20

Biomethane only sourced from
WA/OR/ID as a part of a regional

market

Anaerobic digestion using landfill &
wastewater gas, and manure

High demand from LCFS and RFS
markets, with full credits from the two
markets internalized in fuel cost

40 60 80 100 0 20 40 60 80 100
TBTU TBTU

Conservative

Optimistic

National market with access to resources in all
states west of Mississippi River + British
Columbia

+ Thermal gasification after 2030 using
municipal solid waste, and agricultural & forest
residues

Less demand, assuming partial RFS credits
and no LCFS credits due to transportation
electrification driving a reduction in RNG
demand.



3. Renewable Fuels Supply and Cost s 0 Synthetic Fuels

€ Key Findings for Synthetic

Fuels

A PSE has a variety of options
for hydrogen and synthetic
natural gas production, each
with their own risks and
benefits.

A Using dedicated wind
resources maximizes IRA
incentives but increases
challenge of matching
hydrogen supply to
hydrogen demand

A Using grid electricity
provides more flexibility in
meeting demand but may be
more expensive depending
on how much IRA incentive
can be internalized.

@Energy Environmental Economics

Summary of hydrogen resource assumptions, costs, benefits & risks

Mid-Term

Resource Benefits
Costs

A Guaranteed full 45V credit under A Storage challenges reduce
Dedicated annual and hourly-matching rules suitability to meet high-load-factor
. $(5)-$20/ . ’ )
Wind, Eastern MMBTU A Hedges against risk of procuring demands
Washington hydrogen made with higher- A Competition for highest-quality
quality WY wind wind for direct electric loads
A If highest-quality wind is used, A High cost of transportation costs
Dedicated becomes the cheapest hydrogen requires pairing with highest-
. $(5)-$25/ . . )
Wind, MMBTU resource available quality wind
Wyoming A Storage helps supply high-load- A Competition for highest-quality
factor demands wind for direct electric loads
. . May not be possible to secure full
Grid-Tied ngh—l_oad—factor demandg easily 45V credit
met with baseload operation . . . .
Eastern . . Deliverability, additionality, and
Washington Flexible operation can reduce hourly matching may increase
9 costs and increase 45V tax credit y 9 y
costs
Distributed,
Grid-Tied $(5)-30/ Can be built even when new A Similarrisks to grid-tied eastern
Western MMBTU hydrogen pipelines cVéashingtonwind
Washington
A Low-capacity factor wind and
British $20-$45/ May be helpful to balance :Eife'!tsyetsocze;“re 45V credit
Columbia MMBTU hydrogen blending into LDC A Competition for highest-quality
wind for direct electric loads

52



GRC Stipulation QUpdat

a0 dzR & ‘

Electric Portfolio Model Output

¢

PUGET
SOUND
ENERGY

g



Updates made to the 2023 Electric Progress Report model to evaluate
the Stipulation O decarbonization study scenarios

A Start with the 2023 Electric Progress Report reference portfolio
A Leveraging Aurora model

A Key Changes:
A Adjust load/peak to reflect each scenario
A lncrease the cost of hydrogen to that pr o\
A Updated resource costs from E3
A Updated conservation potential and costs
A Updated demand response potential and costs

PUGET
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MW

Electric peak and load impacts for each scenario

Incremental Annual Load over Reference

Winter Peak + PRM by Scenario
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— Scenario 1- ASHP Scenario 2 - CCHP e ScENaM0 3 - HHP Scenario 4- HHP + CCHP == == == EPR Reference
==Scenario 1 - ASHP Scenario 2 - CCHP ==Scenario 3 - HHP Scenario 4 - HHP + CCHP
Key:

ASHP = Air source heat pump

CCHP = Cold climate heat pump

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)
EPR = Electric Progress Report
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Electric portfolio outputs, showing megawatts (MW) of new builds for each
scenario
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Key:
ASHP = Air source heat pump

CCHP = Cold climate heat pump

Total Resource Additions

17,395
16,728
15,787
6,722 6,704 ‘ 6,643 ‘
2030 2045 2030 2045 2030 2045

Scenario 1 - ASHP Scenario 2 - CCHP Scenario 3 - HHP

Demand Side Resource

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)

EPR = Electric Progress Report

15,360

6,518

2030 2045

Scenario 4 - HHP + CCHP
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Reference Portfolio
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Electric portfolio outputs, showing megawatts of builds by resource type for

eaCh Sce n arl O Builds by Decarb Scenario
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Scenario 1 - ASHP Scenario 2 - CCHP Scenario3-HHP  Scenario 4 - HHP + CCHP EPR Reference
Key: Demand Side Resource DERs Solar M Storage M CETA-compliant Peaking Capacity m Wind
ASHP = Air source heat pump PUGET
S7 CCHP = Cold climate heat pump SOUND
ENERGY

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)
EPR = Electric Progress Report



Electric portfolio megawatts of conservation for each scenario
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Key:
ASHP = Air source heat pump

CCHP = Cold climate heat pump

Conservation Additions

927
817
769
238 234 231
2030 2045 2030 2045 2030 2045
Scenario 1 - ASHP Scenario 2 - CCHP Scenario 3 - HHP

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)

EPR = Electric Progress Report
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Electric portfolio clean energy transformation act (CETA) achievement for
each scenario

CETA Acheivement

140%
126%
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100% 95%
85% 87% 86%
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60%
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20%
0%

Scenariol - ASHP Scenario2 - CCHP Scenario3-HHP Scenario4-HHP+ EPR Reference
CCHP

W 2030 ™ 2045
Key:

ASHP = Air source heat pump PUGET
59 CCHP = Cold climate heat pump SOUND
HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump) ENERGY

EPR = Electric Progress Report




Electric portfolio cost outputs for each scenario

Scenario 1 - Scenario 21 Scenario 3 - Scenario 41
EPR Reference
ASHP CCHP HHP HHP + CCHP
$ 1000s
NPV W'”;‘;‘g:gc'a' Cost $ 17,606,979 $ 22,908,342 $ 22,515 887 $ 22,100,974 $ 21,683,514
Social Cost of $ 3,239,669 $ 3,701,943 $ 3,602,939 $ 3,364,238 $ 3,562,271
Greenhouse Gases ! ! ' ' ' ' ’ ’ ' '
Total Scenario NPV $ 20,846,648 $ 26,610,284 $ 26,118,826 $ 25,465,212 $ 25.245.785

Key:

ASHP = Air source heat pump

CCHP = Cold climate heat pump

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)
EPR = Electric Progress Report

PUGET
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GRC Stipulation QUpdat

a0 dzR & ‘

Gas Portfolio Model Output
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Updates made to the 2023 Gas Integrated Resource Plan model to
evaluate Stipulation O decarbonization study scenarios

A Started with the 2023 Gas Utility IRP i Mid Demand forecast
A Leveraging SENDOUT Model

Equipment costs for CCHP and Performance based on Cadmus CCHP memo
Incorporate costs updated to reflect the IRA demand side impacts from Cadmus

The Cadmus load shapes were incorporated for each scenario

o T o Po

Did not include Carbon Offsets as they are equivalent to Climate Commitment Act (CCA)
allowance purchases

o

Updated renewable natural gas (RNG) supply curve from E3 regional analysis

A Green Hydrogen supply curve from E3 regional analysis

PUGET
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Gas peak and load impacts for each scenario

1200
120000
1000  gue—
S 100000
N ~ ‘“w
800 T - e NN
- R & 80000 S
a TN 2 N
=~
E M B -E '\\\.\\
8 600 ~ 3 o \\'\\“_\
= S € 60000 \\\\
2 T~ -8 ™ N
i o .
400 — = \\
e 2 40000 Ben
< e SN
200 N
20000
0
m@’h w&% w&b @Aﬁ w@"b '\,@?} w&g w@;& w&’» m&% '90? 'Pq’o) w&b m&q w&‘b 19’50) 'LQDQ 'PQ '»“Q m"& "99‘ '\,@?’ '\9&3 '19&\ '»“bfb w@?) @")Q 0
S AT A R S A A R AR T N S AR U RS S I S R
SRR N R U i P P R P i
2023 IRP Peak Demand 2023 IRP Zero Growth Peak Demand
2023 IRP Demand 2023 IRP Zero Growth Demand
Scenario 1 - NonCCHP with Ramp = - =Scenario 2 - CCHP with Ramp . ) . )
Scenario 1 - NonCCHP with Ramp = - =Scenario 2 - CCHP with Ramp
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Gas portfolio volume of output resources for each scenario
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SC-1: ASHP SC-2: CCHP SC-3: HHP SC-4: HHP+CCHP  Preferred Portfolio
2023 IRP

Pipeline Not Renewed [ GreenH2 [ESupplySide M Gas to Electric ODSR

Key:

SC = Scenario

ASHP = Air source heat pump PUGET

CCHP = Cold climate heat pump SOUND
ENERGY

HHP = Hybrid heat pump (dual fuel heat pump, of gas back up heat pump)
DSR = Demand side resources (energy efficiency, conservation)
MDth = 1000 Deka Therms



Pipeline renewals per scenario
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