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EV sales increased by 4.4x from 2020 to 2023, rising 
from 2% of vehicle sales to 9%
 2024 sales indicate flattening demand, resulting in many 

recent articles on “decreasing demand” 
 PHEV have remained about 20-25% of EV market

Over 5 Million EVs Sold in the U.S. through Q2 2024

Annual U.S. EV Sales

1 million EVs

2 million

5 million

EV market share 
stabilized in 2024

2020 Projections of U.S. EV Sales vs. Actual
Total EVs in 2030

10 million EVs 

20 million EVs 

35 million EVs 

Source: Atlas EV Hub

EV sales since 2020 have 
been at the upper end of 
range projected at that time

2024 Q1 15% 
above 2023 Q1

https://www.atlasevhub.com/
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System planners incorporate EV adoption 
projections into their modeling to identify the 
necessary generation and transmission 
infrastructure required to support EV charging

System Planners are Projecting Rising EV Adoption
California EV Adoption Forecast

5-7 million by 2030

1-8 million by 2030

MISO EV Adoption Forecast

Source: MISO Futures Report Series 1A, November 2023.
Source: Portland General Electric, Load and DER Forecasting 

Brattle PGE EV Adoption Forecast

200-350k by 2030

Source: CEC, Final 2022 IEPR Update, February 2023

https://cdn.misoenergy.org/Series1A_Futures_Report630735.pdf
https://assets.ctfassets.net/416ywc1laqmd/46I2n65SyTv3TUMMdq1l55/a993aebb7b7a84ebd3209d798454a33a/DSP_Part_2_-_Chapter03.pdf
https://efiling.energy.ca.gov/GetDocument.aspx?tn=250084


brattle.com | 5

At Brattle, we utilize our internal Decarbonization, Electrification, & Economic Planning 
(“DEEP”) Model to conduct analyses of electric and gas load impacts across scenarios

Approach to Electrification Load Modeling
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 Peak demand growth projected to 
increase through the early 2030s 
due to electrification in most 
scenarios

 Majority of load growth driven by 
heating electrification with some 
contribution of EV demand

 Load growth mitigated by 
expanding demand-side load 
flexibility programs, such as EV 
managed charging

Peak Demand: Maryland Electrification Load Forecast

Maryland Peak Demand Forecast

Source: The Brattle Group, et al., An Assessment of Electrification Impacts on the Maryland Electric Grid, December 2023. 

https://www.psc.state.md.us/wp-content/uploads/Corrected-MDPSC-Electrification-Study-Report-2.pdf
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 For ERCOT, analyzed several drivers of LDV EV adoption to develop a “propensity” score by zip code 
– Drivers included: Historical EV adoption rates, population density, and income levels

 Allocation concentrates adoption primarily in urban and suburban zip codes surrounding major cities 
 The highest adoption zip codes in 2029 all started out with relatively high adoption in 2022

Spatial Distribution: LDV Electrification Load in ERCOT

2029 LDV Allocation by Zip Code
Texas-Wide EV Adoption

Source: The Brattle Group, ERCOT EV Allocation Study: Methodology for Determining EV Load Impact at the Substation Level, October 2022. 

https://www.ercot.com/files/docs/2023/08/28/ERCOT-EV-Adoption-Final-Report.pdf
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Spatial Distribution: ERCOT MHDV Electrification Load
Texas Forecasted EVs by Zip Code

2029, Regional Delivery Vehicles 
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Projecting distribution of MHDV charging demand 
requires taking a vehicle-specific view on adoption 
 For regional delivery trucks, we projected EV adoption 

based on whether the zip code has a warehouse of a 
major company expected to be an early EV adopter 

 Identified warehouses coordinates using Google Maps 
 Mapped coordinates to zip codes 

using Census zip code locations 
 Electric regional delivery vehicle adoption 

is projected around city outskirts and along 
major highways

Source: The Brattle Group, ERCOT EV Allocation Study: Methodology for Determining EV Load Impact at the Substation Level, October 2022. 

https://www.ercot.com/files/docs/2023/08/28/ERCOT-EV-Adoption-Final-Report.pdf


Temporal Distribution: Electric Vehicle Load Shapes
LDV-BEV LDV-PHEV Class 2b-3

Source: EVI Pro-Lite Source: EVI Pro-Lite Source: California Load Shapes Report
Notes: We assume the commercial LDV load shape is 
representative of this vehicle class. 

Class 4-8 Truck Class 7-8 Tractor Trailer School Bus

Source: 2023 ICCT Report
Notes: The profile is an aggregated profile of all class 4-8 trucks. 
The ICCT report utilized the HEVI-LOAD tool which is the same 
tool used in the California reports. 

Source: 2021 California Report
Notes: Specifically, the tractor-trailer load shape is used for this 
category. 

Source: 2021 California Report
Notes: Specifically, the school bus load shape is utilized. 
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Profiles show natural charging profiles, without any utility TOU or programs to incentivize off peak charging.

https://www.energy.ca.gov/sites/default/files/2021-06/CEC-500-2019-046.pdf
https://theicct.org/wp-content/uploads/2023/05/infrastructure-deployment-mhdv-may23.pdf
https://www.energy.ca.gov/sites/default/files/2021-09/5%20LBNL-FTD-EAD-HEVI-LOAD%20Medium-%20and%20Heavy-Duty%20Load%20Shapes_ADA.pdf
https://www.energy.ca.gov/sites/default/files/2021-09/5%20LBNL-FTD-EAD-HEVI-LOAD%20Medium-%20and%20Heavy-Duty%20Load%20Shapes_ADA.pdf
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Temporal Distribution: Managed Charging Mitigates Upgrades

Source: Energy Hub, From obstacle to opportunity: How managed charging can mitigate the distribution impacts of EV charging, 2023. 

EV Charging Diversification Reduces Peak Demand

TOU Rates Shift EV Demand to Off-Peak Hours

Demand drops 
during system peak, 
but increases in 
overnight hours

Demand reduced 
during peak and 
reduces overall

https://www.energyhub.com/wp-content/uploads/2024/05/EH_White-paper-Impact-of-Residential-EV-Charging_Final.pdf


Substantial Load Growth Projected from Multiple Sources

brattle.com | 11Source: The Brattle Group, Electricity Demand Growth and Forecasting in a Time of Change, May 2024

Load growth from data centers, cypto mining, and industrial, transportation, and building 
electrification is projected to add more than 75 GW of load over the next 6 years.
 Transportation and building electrification 

account for about 20% of projected load growth
 Transmission vs. T&D investments for load
 Added demand for clean-energy generation 

will require additional transmission 

https://www.brattle.com/insights-events/publications/electricity-demand-growth-and-forecasting-in-a-time-of-change/


Infrastructure Needs for Rising Demand



Investment will come from different market participants across the supply chain, including utilities, 
merchant developers, competitive suppliers, and EV owners
 $30-50 billion for Generation & Storage to meet higher energy demand & peak loads (assuming renewables supply 

50% of EV energy demand)
 $15-25 billion for T&D upgrades to serve peak demand, access renewables, and connect to charging infrastructure
 $30-50 billion for Chargers & Customer-Side Infrastructure to provide sufficient home, workplace, and public chargers 

20 million EVs Require $75-125B of Investment by 2030 

Payback time is 7.2 years if avoided GHG emissions (46 MMT/year) included

Annual Vehicle Fueling CostsElectric Sector Investment Costs

Mid Case = $101 billion
 (about $9 billion per year 
or $450 per EV per year)

Payback for electric 
sector investments: 

8.6 years

$12 billion per year 
of fuel savings

($600 per EV per year)

Source: The Brattle Group, Getting to 20 Million EVs by 2030: Opportunities for the Electricity Industry in Preparing for an EV Future, 2020. brattle.com | 13
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California will need to add 52 GW of new 
clean energy resources through 2035, 
about 4.3 GW per year

Projected Resources Needs Rising Across the Western U.S. 

CPUC Planned Resource Additions through 2035

Source: CPUC, Integrated Resource Planning (IRP) Proposed 2023 Preferred System Plan (PSP) and 
2024-2025 Transmission Planning Process Portfolios Analysis, October 2023. 

PacifiCorp Planned Resource Additions through 2042

PacifiCorp is projecting a need for 25 GW 
of new resources by 2033, about 2.5 GW 
per year

https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/2023-10-20_psp_workshop_slides_ver5.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2023-irp-cycle-events-and-materials/2023-10-20_psp_workshop_slides_ver5.pdf
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Role of storage will shift as the power system 
decarbonizes and relies on clean resources to 
balance hourly generation and demand
 Near-term (2020s): Provides fast-responding AS 

and meets evening peak demand; best met by 
shorter-duration (1-4 hour) storage

 Mid-term (2030s): Balances hourly generation and 
meets longer evening peak hours; requires mid-
duration (4-8 hour) storage

 Long-term (2040s): Generate daily for 10+ hours 
to balance generation with demand and for 20-100 
consecutive hours to maintain reliability in highly 
decarbonized system

Role of Shorter and Longer Duration Storage
4-hr Storage Hourly Average Charge and Discharge Profile

2020s

2030s

2040s

Storage 8Hr
Storage 4Hr 
Onshore wind
Offshore wind
Solar 

Marginal Capacity Value of Renewables and Storage 
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LDES will Compete with Other Clean Resources to Meet Long-Term Needs

Scope of Working Group

Li-ion 
battery 

10
hours

36
hours

160
hours

Shorter Duration,
Higher Cycles

Inter-day 
LDES

Multi-day 
LDES

Competition 
from carbon-

free fuels

Competition 
from Li-ion

Source: Adapted from U.S. Department of Energy, Pathways to Commercial Liftoff: Long Duration Energy Storage, 2023. 

LDES encompasses a wide 
range of durations that can 
be split into two buckets:
 Inter-day LDES: 10-36 hrs
 Multi-day LDES: 36-160 hrs

LDES faces competition from 
other clean energy 
technologies to meet future 
system needs at least cost
 Inter-day LDES will compete 

with shorter duration Li-ion
 Multi-day LDES will compete 

with dispatchable clean 
resources 

Longer Duration,
Lower Cycles

Existing 
applications

New 
applications 

(e.g., firm 
carbon-free)

https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-LDES-vPUB.pdf
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Generation Development Has Increased by Nearly 10x in Decade

Total Active Capacity in Interconnection Queues across the U.S.

Source: LBNL, Queued Up: 2024 Edition: Characteristics of Power Plants Seeking Transmission Interconnection As of the End of 2023, April 2024. 

95% from 
Solar, Wind, 
and Storage

https://emp.lbl.gov/sites/default/files/2024-04/Queued%20Up%202024%20Edition_R2.pdf
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Interconnection and Permitting are Barriers to Development 

Primary Reasons for Solar and Wind Project Cancelation in Past 5 Years

Permitting Issues
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Despite growing capacity being developed, annual capacity additions have remained 
relatively flat, ranging from 30 – 40 GW per year over the past six years
 Generation interconnection processes have been overwhelmed by surging requests for 

interconnection and stalled processes in CAISO, PJM, MISO and SPP

Interconnection Rates Have Stalled in Many Regions

U.S. Generation Additions by Year and Type (GW)
Rates of Interconnection Agreements by Region (% of Load)



BPA has experienced a huge surge in applications, most of which are in the study phase 
and only a small percentage have come into service.

Queue Analysis: Bonneville Power Authority

• Currently, 138.7 GW of active requests in the queue with 111 GW submitted since 2021
• BPA received 48 GW of Generator Interconnection requests in 2022 alone

BPA Project Request Phase by Queue Entry Date

brattle.com | 20

Active BPA Requests by Year and Technology



Demand Flexibility and Virtual Power Plants (VPPs)

Quickly increasing electricity demand and system peak loads also offers substantially 
increased opportunities to more cost-effectively meet system needs
• Most electrification demand is flexible

– Examples: Electric Vehicle (including V2G), building HVAC, thermal storage, solar+storage

• Many electrification loads and distributed energy resources (DERs) are highly controllable
– RMI: 60 GW of dispatchable VPPs can be developed by 2030 to provide RA and flexibility/operational reliability 
– VPPs offer resource adequacy at (1) significantly lower cost and (2) without delays in generation interconnection 

brattle.com | 21

Source: The Brattle Group, Real Reliability: 
The Value of Virtual Power, May 2023.

https://rmi.org/insight/virtual-power-plants-real-benefits/
https://www.brattle.com/real-reliability/
https://www.brattle.com/real-reliability/
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Proactive Transmission Planning is Key to Reducing Costs 

Resource 
Planning Gen Procurement

GI Cluster 
Study

Transmission 
Reliability 

Study
Transmission 
Upgrade Plan

Reliability Upgrades

Resource 
Planning Gen Procurement

GI Cluster 
Study

Transmission 
Multi-Value 

Studies
Transmission 
Upgrade Plan

Multi-Value Upgrades

G
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 T
x 
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Inc. Tx Costs

Lo
ad

Integrated resource and 
transmission planning

Current Process
without Proactive Transmission Planning

Updated Process
with Proactive Transmission Planning
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Annual U.S. Transmission Investments 1996-2023
Annual Transmission Investment 
as Reported to FERC by Region

brattle.com

$25+ billion in annual U.S. 
transmission investments, but: 
 More than 90% of it justified solely 

based on reliability needs without 
benefit-cost analysis

– About 50% solely based on “local” 
utility criteria (without going through 
regional planning processes)

– The rest justified by regional reliability 
and generation interconnection needs

 While significant experience with 
transmission benefit-cost analyses 
exists, few projects justified based 
on economics to yield cost savings

 FERC Order 1920 may change that

Does not include transmission investments of non-
jurisdictional entities (e.g., BPA, TVA, WAPA, …)

Sources: The Brattle Group analysis of FERC Form 1 Data; EEI "Historical and Projected Transmission Investment" report.
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$26B in major regional and interregional transmission projects towards construction in 
the Western U.S., including:
 Gateway West and South ($8B)
 CAISO 22-23 Policy Projects ($5.5B)
 TransWest Express ($3B)
 NVE Greenlink Nevada ($2.5B)
 BPA East-West Cluster Upgrades ($2B)
 SunZia ($1.5B)
 SWIP-North ($1B)
 Cross Tie ($0.8B)
 Southline ($0.8B)
 Ten West Link ($0.6B)

Western U.S. Transmission Projects are Being Built



California’s Transmission Planning Process (TPP)

California’s TPP combines (1) scenario-based, zonal resource development outlooks prepared 
by agencies with (2) planning and procurement of transmission solutions by CAISO
– See overview and board-approved 2022-2023 Plan
– Improved generator interconnection process (link)
    offers substantial headroom

Source: CEERT summary of CA transmission planning

https://www.caiso.com/Documents/Transmission-Planning-Process-Overview.pdf
https://www.caiso.com/planning/Pages/TransmissionPlanning/Default.aspx
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Interconnection-process-enhancements-2023
http://www.caiso.com/Documents/Briefing-ResourcesAvailable-NearTermInterconnection.pdf
https://ceert.org/wp-content/uploads/2023/pdf/231207_CA-progress-in-advancing-transmission-planning-permitting.pdf


SPP’s Proposed Consolidated Planning Process (CPP)

Southwest Power Pool (SPP) is consolidating its siloed planning processes (e.g., for 
generator interconnection, integrated regional transmission, transmission service 
requests and interregional) into a single holistic process

Source: SPP, Strategic and Creative Re-Engineering of Integrated Planning Team (SCRIPT), CPP Task Force, Dec 13, 2021

Current Planning Process Proposed Consolidated Planning Process
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https://www.spp.org/spp-documents-filings/?id=297513


MISO Long-Term Transmission Planning (LRTP)

Scenario-based LRTP    Several tranches of “least regrets” portfolios of multi-
value transmission projects (MVPs)
MISO 2022 LRTP results
 Tranche 1: $10 billion portfolio of proposed new 

345 kV projects for its Midwestern footprint
 Supports interconnection of 53,000 MW of 

renewable resources 
 Reduces other costs by $37-70 billion
 Portfolio of beneficial projects designed to benefit 

each zone within MISO’s Midwest Subregion
 Postage-stamp cost allocation within MISO’s 

Midwest Subregion

MISO is currently in the process of finalizing      
$23 billion of Tranche 2 projects (link)

MISO 2022 LRTP, Tranche 1 Projects
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Source: 3-29-22 LRTP Presentation (misoenergy.org)

https://cdn.misoenergy.org/20220329%20LRTP%20Workshop%20Item%2002%20Detailed%20Business%20Case623671.pdf
https://www.utilitydive.com/news/miso-midcontinent-tranche-2-lrtp-transmission-expansion/709576/
https://cdn.misoenergy.org/20220329%20LRTP%20Workshop%20Item%2002%20Detailed%20Business%20Case623671.pdf
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11 years of experience in utility and electric power 
industry planning and regulatory analysis, including 
utility resource planning, transmission planning, and 
generation interconnection processes

His expertise includes long-term generation and storage 
resource planning, transmission planning and development, 
and electrification of transportation and heating. Mr. Hagerty 
has experience working on matters related to electric vehicle 
adoption and system impact analysis; renewable resource, 
generation, and storage asset valuation; decarbonization 
policies; and transmission benefit-cost analysis.

Speaker Information

Michael.Hagerty@brattle.com 

J. Michael Hagerty

mailto:Michael.Hagerty@brattle.com
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