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CO2 Pathways

Paris Agreement

Reference Case by Sector
Reference Case by Sub-Sector
Impacts by Measure Type

Benefits by End Use and Sub-Sector




[USHistoricand Projected Emissions Under 2080 Target ] - The Paris Agreement targets limiting global warming below 2°C,

U.S. GREENHOUSE GAS EMISSIONS with an a(_jditiongl goal to keep global temperatures below 1.5°C,
from pre-industrial levels

7,000

17% BELOW 2005
6% 22% AELOW 2005 * The US rejoined the Paris Agreement in 2021, signaling a
= commitment to global climate action

a
5,000

AN * US targets include a 50-52% reduction in 2005-level (baseline)

o N emissions by 2030, and a net-zero goal for 2050
HISTDR]( EMISSIONS :_\ A

s — e UTKBEOWNOSLEVESINDD o Energeia notes that the UNFCCC has modeled US targets to be
U.S. PROJECTED EMISSIONS UNDER 2025 TARGET insufficient to achieve those temperature goals

2,000 — = = U.S. PROJECTED EMISSIONS UNDER 2030 TARGET LEVELS IN 2030

* Every 5 years, each country must submit a climate action plan,
known as a Nationally Determined Contribution (NDC)

MILLION METRIC TONNES OF CO, EQUIVALENT

1,000

o o 2000 008 200 o 200 02 0% * The United States NDC highlights key roles for renewable energy,
efficiency improvements, transport electrification, carbon
capture, and aiming to curb methane emissions

* Some US States, which are detailed later, have committed to
more ambitious emissions reduction targets

Source: United Nations Framework Convention on Climate Change (2022) Source: The Paris Agreement, United Nations (2015)
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* Baseline US emissions projections show a steady increase or

7,000 minimal change, even with high development and adoption of
6,000 te— new technology
§ 5,000 =
- ;ggg * Majority of US emissions from transport, coal, and residential
2 2000 and commercial end uses
1,000 .. . .
o- 00000000000 * Transport emissions remain relatively constant throughout the
T 0N O~ 0 0 O = N O T WO MNSN0 N0 = NOO ST NN O~ 00O H
SRRERRRRRERRRE8B8R3R333R88R¢E forecast period
——Reference case MMmt CO2 High Economic Growth MMmt CO2
Low Economic Growth MMmt CO2 ——High Zero-Carbon Technology Cost MMmt CO2

Low Zero-Carbon Technology Cost MMmt CO2
Source: Energeia Research, US EIA (2022)
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High Zero-Carbon Tech Cost Scenario ———Low Zero-Carbon Tech Cost Scenario

Reference Case

o

Source: EIA (2023), Annual Energy Outlook 2023 - Table 2. Energy Consumption by Sector and Source
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High Zero-Carbon Tech Cost Scenario ——Low Zero-Carbon Tech Cost Scenario

Reference Case

Source: EIA (2023), Annual Energy Outlook 2023 - Table 2. Energy Consumption by Sector and Source
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* The EIA’s latest electrification scenarios for residential and
commercial buildings are shown to the left

* The reference case includes consideration for federal legislation

and benchmarks, including the Inflation Reduction Act (IRA)

* Residential buildings see the most significant changes,
commercial and industrial sectors are about 50% lower
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Total Annual Gross System
Cost Benefits ($ Billion)
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2030
m HVAC/Envelope Water Heating
m Refrigeration Washing/Drying

Computers and Electronics m Lighting

2050

Cooking
= Non-Electric

Source: Source: LBNL (08/13/23), Demand-side solutions in the US building sector
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2030 2030
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Residential Commercial

2050 2050
EE mEE +DF

Note: EE = Energy Efficiency, EL = Electrification, DF = Demand Flexibility
Source: LBNL (08/13/23), Demand-side solutions in the US building sector, https://doi.org/10.1016/j.oneear.2023.07.008
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* Aggressive deployment of EE, BE and flexibility measures

generates $107 billion in annual power system cost savings by
2050

Most benefits, almost 90%, from HVAC and water heating

Most benefits in residential, and most are in the 2030-2050
period



https://doi.org/10.1016/j.oneear.2023.07.008

Building Emissions

Modeling Methodology
Building Segments and Sizing
Market Potential Sizing
Standards and Regulations

Voluntary Technology Adoption Drivers
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Existing

Appliance Stock
End of Life
> -
Appliances
Appliance
Lifetimes

Source: Energeia
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Remodelled

Uptake
Propensity

v

Electricity
Wholesale Prices

Ibs CO, per Unit
of Fuel

Gas LRMC

Gas Wholesale
Prices

Buildings

v

Retail Gas &
Electricity Rates

Tech Costs

Government

Rebates

v v v
I ]

8,760 Appliance
Profiles

Appliance Energy
Efficiencies

Energeia’s sub-load modeling tool
estimates customer bill, power and gas
sector and CO2 impacts of policies on
energy efficiency and electrification

Although significant inputs and
assumptions are required to configure the
model, it can deliver highly granular
estimates on a:

o Spatial;

o Enduse;

o Technology;

o Policy; and

o Customer segment basis

Legend

- = Key Input

|:| = Key Output
I:l = Intermediate Input
- = Energeia Input
- = QOther Inputs



Commercial End Use (GJ)

m HVAC

Water Heating

Kitchen/Cooking

W Other Gas Use

Source: Energeia Analysis, Commercial Baseline Study (2012), DOE/EIA (2012)
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W Other Gas Use

Source: Energeia Analysis, Commercial Baseline Study (2012), DOE/EIA (2012)
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25

* Accurately planning and optimizing building electricity usage
requires a detailed knowledge of end uses and technologies

* Different premise, end use and technology types will require
different least cost solutions

* This information is available for selected existing buildings in
the NREL Res and Com Stock models

0 5 10 15 20 25

Total Energy Demand (PJ) Millions
H Offices Hospitals Aged Care H Hotels
m Law Courts Public Buildings Retail W Restaurant
M Schools M Tertiary Warehouse

Source: Energeia Analysis, Commercial Baseline Study (2012), DOE/EIA (2012). Note: “Schools” estimates
use public and private school data from Commercial Baseline Study and DOE datasets



These graphics show typical outputs of the end use modeling

E 7 tool, including example remodeling activity, gas savings and
§ ¢ energy savings (assuming 100% replacement here)

s 5

g * Whether or not this actual converts is a function of model
R configuration, e.g.:

i : o Timing and nature of bans on new connections and appliances

i o Electrification incentives and differentials in energy costs
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

H Offices Hospitals Aged Care M Hotels o CUStomer u ptake propens Ity
M Law Courts Public Buildings Retail M Restaurant
M Schools M Tertiary Warehouse

Source: Energeia Analysis, P&S
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m Offices Hospitals Aged Care ¥ Hotels m Offices Hospitals Aged Care W Hotels
® Law Courts Public Buildings Retail M Restaurant m Law Courts Public Buildings Retail M Restaurant
M Schools M Tertiary Warehouse m Schools M Tertiary Warehouse

Source: Energeia Analysis, P&S Source: Energeia Analysis, P&S
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Residential

New Build ‘

End of Life

Q

Commercial

4

New Build ¢
End of Life <> ‘
Key — 3 million > 7 million
<> 80% Electric Appliance Sales all-electric all-electric
o . . homes homes
© 100% Electric Appliance Sales (cumulative) (cumulative)

—— 6 million heat
pumps installed
statewide
(cumulative)

Source: CARB (12/22), 2022 Scoping Plan for Achieving Carbon Neutrality

ENERGEIA

* Standards and regulations need to be mapped to identify when
they impact on end of life replacements and/or new
construction in the stock and turnover model

* The remaining activity is then subject to customer behavior
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Cumulative Program
Electrification

2024 2025 2026 2027 2028 2029 2030

Average Program Rate

——Best Program Rate

Source: Energeia Research and Analysis, BE Program Administrator Interviews (2024

Source: Energeia Analysis

Probability of Changing to Lower Cost

* Research has identified best practice vs. average practice in CA

o Differences based on customer barriers, which vary by customer segment

* Based on our experience modeling customer behavior, Energeia
developed an appliance ‘switching’ model, featuring:

o Negative Intercept — Recognizes higher hurdle for switching away from incumbent

o 20% Residual —

* Key modeling applications:

Research shows 20% of customers unlikely to switch regardless

o The level of incentives needed to drive efficient appliance adoption

o The pros and cons of mandating appliance efficiency compared to using

pricing signals
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Radiant Heat

Pump

Instant Heat
Pump

Space Heating Water Heating

Gas to Electric

Source: Energeia Analysis
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Appliance Space Water |Appliance

Heating | Heating

Electricto Gas



Participation Rate (%)
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Participation Rate (%)

15

200

Mo Marketing

|

-

0 100 200 300

Annual Incentive [s/participant-yr)

——High Marketing Medium Marketing Low Marketing

Note: SMB = Small and Medium-sized Businesses
Source: NREL (2021)
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Electrification Barriers

Consumer Barriers

Grid Barriers

Natural Gas Barriers
Workforce Barriers
Whole-of-System Case Study
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Key Consumer Barriers

Survey Results

Upfront Cost Analysis
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Financial Incentive

High Upfront Costs to Consumer
Consumer Concerns Over Reliability
Consumer Has Low Energy Costs
Consumer Uncertain of Value
Consumer Has Lack of Awareness

Consumer Can't Find Contractors

Long Project Timelines for...

Comsumer Financing Challenges
High Program Dropout Rates
Consumer Disagrees with BE

Consumer Feels Inconviencenced
Electric Costs Higher for Consumer
Lack of Pathway for Renters

Supply Chain Delays for Products

Source: Energeia
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3 4
Barrier Frequency

From our research and interviews, we

found that customers are primarily

concerned with high upfront costs

* Qurinterviews also identified:

[ Education | o

o

Promotion

| Concierge | Database |

Concierge | Streamlining | Spares

| On-Bill Financing

O

Customers are concerned with quality over
health benefits

100 AMP panel upgrades are sometimes
necessary

Installation cost and time are difficult
barriers for LI people

Financing can be an issue for LI segment

:
EnnEiEgeliREamlining * Based on the above, strategies have been

Concierge | Streamlining | Spares o

@)

identified for addressing the barriers

Focus on upfront costs most important

Streamlining, turnkey service and spares
addresses inconvenience barrier

An integrated, best practice approach to
panel upgrades probably a good idea

Education also key as addresses multitude



Expenditure ($'000s)

s14—
so_Jl_IIlll

Electric l{EIectric aslnstan\i Electric }{Electric Gas Direct

Gas
Furnace

Electric
Induction

Electric
Radiant HeatPum Instant Heat Pump Resistance

Heater

Space Heating Water Heating Appliance
M Opex (4-Year) Capex

Source: Energeia Research

$12

Incentive Level ('000 $)

$10 - W

$8 -

$6 1

$4

$2

o | - [

H Net Incentive ($) & SFD IRA Tax Credit (EEHI) ($) B SFD IRA (HEEHRA) ($)

Note: SH = Space Heating, WH = Water Heating, LI = Low Income, Ml = Middle Income
Source: Energeia Analysis (2024), TECH Clean CA (2024), BEI (2022)

ENERGEIA

WH Cooking WH |Cooklng SH | WH |Cooking
LI Mi HI

Heat pumps are typically higher cost than gas, with a lower
operating cost

o Energeiaresearch found that there is almost no difference in installation costs
when switching to ducted electric heating

o Previous conventional wisdom was that switching installation costs was much
more expensive

Payback periods can vary, but none are less than 5 years

This creates split incentives, where the benefit from an
investment is split from the cost
o People typically their own home for around 12-13 years

o Renters typically move every 4.4 years

Best practice here is to offer upfront incentives to address
higher upfront costs and landlord split incentives

o Fundingis drawn from electricity consumption, clawing back price reductions
to help fund them

o Not entirely fair, as everyone benefits, regardless of their private knowledge of
their likely tenure



Key Grid Barriers

Grid Augmentation Costs

Key Cost Mitigation Strategies
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Gas demand varies significantly by state and by season

o Winter demand driven mainly by space heating

o Summer demand driven mainly by water heating and other

* Example peak day load impact estimates based on wholesale
gas consumption data at the total level for the given jurisdiction

Peak Day Demand (GW)

* Bottom right example shows different timing of a change in the
peak month depending on the policy settings assumed

0:00
1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
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16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00

M Electricity Gas Space Heating Gas Water Heating m Other Gas Usage
Source: Energeia Modeling; Note: Gas to electricity conversion assumes 100% energy conversion; Peak

dai is the averaie of the toi 2.5% of ieak dais in Summer
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2 @ B
Low Temp Water Heating Schneider Wallbox Tesla PowerWall 2 LG Solar Panels
Heat Pump Heat Pump Electric Vehicle Charger Battery
Source: Energeia Analysis
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Source: Energeia Analysis
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* Example technologies for minimizing the impact of building
electrification on peak grid demand shown top left

* Heat pumps reduce demand compared to resistive instant loads,
but are higher in upfront cost terms

* Heat pumps and EV chargers that can be remotely controlled
provide another tool

* Orchestrating the resources can significantly alter load on the
grid, moving it away from the peak and into the valley

800

700

600 1
500 1— , - \ —
400 -, g E g - - 3 —

Neutral DER 100% (MW)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

B Load-Space Heat Load-Water Heat Load-Other
EV-Charging mmmm Battery-Discharging Battery-Charging
I Rooftop PV ——Net Demand

Source: Energeia Research



Key Natural Gas Sector Barriers

Avoidable Costs



[GasConnection Cost(Detached DWElling EXAMPIEINII - avoiced costs of new gas connections per dweling are sgrificar

$6,000 o Costto install gas into the dwelling itself

»5,000 o Costs to connect to gas services (pipe running from the main in the street
» $4,000 to your gas meter)
H $3,000 — o Cost for the mains in the street, and their connection to the nearest gas
};’ $2,000 system connection point
=]
U $1,000 * Avoided augmentation costs are also significant

$0 r , , . . . . . . . .
Dwelling Costs . House Service  Distribution System | Total Avoided Cost * Builder savings from avoided gas reticulation and gas service connection
Connection Cost  and Interconnection charges will ultimately feed through to lower prices

Cost
, *  What is less well understood are the following key issues:
Source: Energeia Research
~ Available Avoided Gas Connection Costsby Type e o
= Reduces gas demand, and accelerates electrification
o Impact of decommissioning gas assets
Dwelling Costs v v v v = Costs not widely available

= Allocation of costs to consumers or tax payers not well understood

House Service v v % %

Connection Cost * A key remaining challenge for the gas industry and policymakers is how to

best manage and allocate these costs

Distribution System
and Interconnection x X x x * Decommissioning costs are key cost assumption, which remains relatively
Cost obscure

Source: Energeia

"ENERGEIA




Industry Barriers

Workforce Capacity

%+ ENERGEIA



Number of FTEs Required

2044 |

Number of FTEs Required
vs. BaU

1,400
1,200
1,000
800
600
400
200

2023

800
600
400
200

-200
-400
-600
-800

-1,000
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2024
2027
029
2031
2034
2035
2036
2037
2038
2045 |
2046
2047
2048
2049 |
2050 |
2051 |
2052
2053

——Type A Gasfitting
Refrigerated Air-Conditioning Work

Note: Assumed 8 hours per working day and 249 working days per year

Source: Enerieia Analisis

1,000

Type A Gasfitting (with REL)
—— Electrician

—_—

pENAN

vs. BaU

Number of FTEs Required

2023

025
2026
2027
2028
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2049
2050
2051
2052
2053

—Type A Gasfitting
Refrigerated Air-Conditioning Work

Note: Assumes new builds are all-electric, a gas appliance sales ban, and elec. appliance incentives
Source: Energeia Analysis

Type A Gasfitting (with REL)
——Electrician

Different policies will have different impacts on labor requirements
o Gas bans on new and remodeled housing

o Gas bans on gas appliances depends on which ones

o Incentives a softer, voluntary impact

Best practice is to model impact of different policies against total
labor supply

o Any bans should be set in the future with enough warning
o Ideally, they should be staggered, and build up over time
o Thisrules out full bans

Investigation and development of the training institutions is also a
best practice method for aligning training capacity to needs

1,000
800
600
400
200

-200
-400
-600
-800

-1,000

2023
2027
2028
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2047
2049
2050
2051
2052
2053

—Type A Gasfitting
Refrigerated Air-Conditioning Work

Note: Assumes new builds are all-electric, 2030 gas appliance sales ban, and elec. appliance incentives
Source: Energeia Analysis

Type A Gasfitting (with REL)
——Electrician
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1. Base Case

® Network Incremental Demand Costs
Electricity Costs
Solar PV Costs
Gas Connection Cost

u Appliance R&D Costs

Source: Energeia Modelling

2. Solar Install 3. Full Electrification 4. Electrification Only
Mandates

Network Hosting Capacity Costs
Gas Costs
Appliance Costs
M Gas Network Incremental Demand Costs

15 Year NPV ($M,2021)

—
I
2. Solar Install Mandates 3. Full Electrification 4. Electrification Only
® Network Incremental Demand Costs Network Hosting Capacity Costs
Gas Costs

Electricity Costs

Solar PV Costs

Gas Connection Cost
= Appliance R&D Costs

Source: Energeia Modelling

ENERGEIA

Appliance Costs
B Gas Network Incremental Demand Costs
— Net Benefits

Modeling of the unoptimized policy scenarios found that rooftop
solar PV and/or electrification mandates would increase net
costs overall
The biggest drivers of higher costs were found to be

o electric appliance costs;

o solar PV costs;

o electricity network peak demand costs; and

o solar PV hosting costs

The team then focused on identifying the optimal set of
complementary measures to maximize net benefits
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Install Building  Electrification + Mit + Mit Electrification Electrification
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® Network Incremental Demand Costs Network Hosting Capacity Costs Electricity Costs
Gas Costs Solar PV Costs Appliance Costs

m Gas Connection Cost

M CO2 Emissions Costs

Source: Energeia Modelling
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2. Rooftop PV 3. PV + Building 4. Building 1b. Base Case+ 2b. Solar PV 3b. PV + 4b.
Install Mandates Electrification  Electrification Mit + Mit Electrification  Electrification
Only + Mit Only + Mit
M Network Incremental Demand Costs Network Hosting Capacity Costs Electricity Costs
Solar PV Costs Appliance Costs

Gas Costs
m Gas Connection Cost

m CO2 Emissions Costs

Source: Energeia Modelling
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Gas Network Incremental Demand Costs = Appliance R&D Costs

- Net Costs

Key mitigations include:

* Controllable heat pumps for water and space heating

o Dynamic operating envelopes for networks and integration of flexible
CER

o Excludes any natural gas stranded costs, a topic for future webinars

o Modeling of optimized policy and regulatory settings results in a
multi-billion savings in discounted present (economic) value terms

* Savings is mainly due to the complementary measures
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I Summary by StakeRolder N - Most cost or capital barriers are addressable, main issues for

policymakers relate to consumers and industry retraining

o Appliance premium the biggest barrier

Owner-Occupiers Higher Electricity Equipment Costs | Gap Funding, Financing . . .
Appliance financing can be helpful
Higher Electricity Bills Educate / Promote Lower Gas Bills © PP g P
Landlords Higher Appliance Upfront Cost Gap Funding, Financing o Gas decommissioning impacts on appliance stranding
Renters Higher Rents Gap Funding  Key question is which types of stakeholders will not benefit, and
Higher Electricity Bills Educate / Promote Lower Gas Bills how to transfer gains to losses?
Builders / Remodelers '
e Al e Ceas € e, Menaing o Transition to electric impacts different consumers differently (res

Higher Electricity Infrastructure Costs| BTM Resources and non-res)

Educate / Promote Lower Gas Costs o How to compensate for gas decommissioning and stranded asset
coat,fom thase enefling the most
Regulated Grids Higher Peak Costs Efficient Cost Recovery = Electrifying consumers greatest beneficiary in long-term
Higher Mitigation Costs Efficient Cost Recovery * Near-term windfall gains possible for consumers and industry
Suppliers, e.g. CCAs Higher Wholesale Costs Higher Revenues
* Analysis assumes effective gas and electricity mitigations put
Regulated Grids Higher Stranded Assets Efficient Cost Recovery into place: €.g.
Higher Decommissioning Costs Efficient Cost Recovery o Smart storage water heating
Technicians Higher Retraining Costs Mitigate Step Increases

o Use of electric water heating for voltage management

Retraining Funding

o Efficient gas network decommissioning

Source: Energeia
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Key Takeaways and Recommendations

* Key Takeaways

O

O

O

O

O

O

Building electrification is an essential part of the US’s decarbonization pathway

There are four main electrification triggers: new build, replacement, end-of-life, and retrofit

Building electrification impacts different consumers differently

Key barriers to electrification are higher upfront costs, higher grid costs, industry capacity constraints, and program funding
Electrification can impact on electricity sector costs, but these impacts can often be mitigated

Bans on appliances in new construction or at end of life can create step changes in workforce requirements

* Key Recommendations

O

Use bottom-up modeling of premises at the sub-load level to provide granularity needed to identify and size the key barriers and
solutions

Overcome cost barriers via financing or rebates, recovering these costs from imposts on electricity usage aligned with expected
benefits

Overcome electricity grid cost barriers by ensuring cost reflective pricing avoids cost shifting and cross-subsidies, and encouragement
of load flexibility and management

A largely unknown key risk is the cost of gas network decommissioning, which Energeia believes could be at least in part funded by
repurposing electrification benefits

Address potential industry labor constraints by giving industry plenty of notice, staggering any bands to minimize step changes in
demand, and ensuring retraining capacity

## ENERGEIA






* Q&A * Where to find Energeia and Ezra Beeman

o Add your questions in the chat o Website
o Unanswered questions will be answered via email :‘?L * Energeia.au
 Vote for your favorite Power Session webinar topic " Energeia-USA.com
o Removing Barriers to Efficient Transport Electrification o Linkedin
o Best Practice Virtual Power Plant Programs . " Energeia
o Achieving Efficient Adoption of Behind the Meter Resources " Energeia USA
o Including Consumers and Distribution in System Planning o Email
o Best Practice in Grid Resiliency Planning using Microgrids h@ ) insiqhts@enerqeia..com.au
= ebeeman@energeia.com.au

* Watch for a follow-up email with links to the recording and
presentation to share
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https://energeia.au/
https://energeia-usa.com/
https://www.linkedin.com/company/1015902/admin/
https://www.linkedin.com/company/7792464/admin/
mailto:insights@energeia.com.au
mailto:ebeeman@energeia.com.au
https://bit.ly/Charging_Ahead_240618
https://bit.ly/Charging_Ahead_240618

I'hank You!

Energeia USA
132 E Street, Suite 380
Davis, CA 95616

P +1 (530) 302-3861
energeia@energeia-usa.com

energeia-usa.com


mailto:energeia@energeia.com.au
mailto:energeia@energeia.com.au
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