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It's already happening: electricity
generation is changing significantly
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Megawatts

The shifting supply mix requires significant
changes in grid operations

The more diverse supply mix creates challenges and requires more
operational flexibility of electricity grid operations, including storage

Electricity Demand and Traditional Electricity Demand and Supply Mix with
Supply Mix High Renewable Generation
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Increasingly ambitious state clean-
electricity goals and mandates...

Renewable & Clean Energy Standards

www.dsireusa.org / September 2020
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https://s3.amazonaws.com/ncsolarcen-prod/wp-content/uploads/2020/09/RPS-CES-Sept2020.pdf

Generation (%)

...are in conftrast to still relatively low
actual levels of renewable generation...
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Source: 2018 Renewable Energy Grid Integration Data Book, U.S. Department of Energy, National Renewable
Energy Laboratory (NREL) and the Lawrence Berkeley National Laboratory (LBNL), March 2020.
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...and substantial gaps between goals
and renewable development activities

Required RPS Capacity Additions (GW)
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Source: Galen Barbose, “U.S. Renewables Portfolio Standards: 2021 Status Update (Early Release),”
Lawrence Berkeley National Lab, Feb 2021. rps.lbl.gov brattle.com | 7



Also happening: renewable generation
Investments beyond state mandates

Experience in regional markets with low-cost renewable resources
shows significant renewable development beyond mandates:

1. Voluntary PPAs by Investor-Owned Utilities in Excess of RPS
Requirements due to low-cost resources available and fuel-cost hedge
value (“steel for fuel”)

2. Purchases by Public Power and Municipal Utilities Not Subject to RPS
responsible for about a quarter of renewable generation purchases

3. PPAs with Commercial & Industrial Customers (such as: Google, Amazon,
universities) accounting for increasing shares of renewable deals

4. Merchant Renewable Generation developed with financial hedges to
support the financing of generation investments (merchant or quasi-
merchant wind projects about a third of recent developments)
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Good news: the U.S. has large amounts of
high-quality wind and solar resources

= Wind generation investments occurred almost exclusively in areas with lowest-cost
wind resources

= Continued cost reductions and technology improvements likely will also create
opportunities in regions with access to high-quality solar

= Challenge is to cost-effectively balance intermittent energy output (better in regional
markets)

Wind Capacity Factor Solar PV Capacity Factor
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Source: MacDonald, Alexander E, Christopher T.M. Clack, et al., “Future cost-competitive electricity systems and their impact on

US CO2 emissions,” Nature Climate Change (Jan 2016): DOI: 10.1038/NCLIMATE2921. (Reproduced with permission from Earth
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Inter-regional transmission will be needed to
access & diversity low-cost clean energy

Resource diversification
can offer significant
benefits:

= Regional diversification
of resources (and
customers’ electricity
usage) reduces the
investment and
balancing cost in a
future with high levels

of intermittent California gf‘

resources

= Diversity of resources
(and load) also increases
the value of
transmission that
interconnects them
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Many studies show that more fransmission would
be needed to achieve cost-effective outcomes

Existing and Conceptual U.S. “Macro Grid” (ESIG)
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MIT Study

“The Value of Inter-Regional Coordination and
Transmission in Decarbonizing the U.S.
Electricity System.” Joule 5(1) (2020): 115-
134.Summarized at_

(also summarizes other
studies)
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https://www.esig.energy/wp-content/uploads/2021/02/News-Release-ESIG-Transmission-White-Paper-1.pdf
https://www.greentechmedia.com/articles/read/study-transmission-is-the-key-to-a-low-cost-decarbonized-u.s-grid

New: approx. $80 billion in proposed U.S.
offshore wind projects

About 30,000 MW* “under development” in US ... mostlyin the North Atlantic
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Source: US DOE (2019). 2018 Offshore Wind Technologies Market Report, See also: Outer Continental Shelf Renewable Energy Leases Map
Book, March 2019, BOEM

*This number includes the 25,824 MW from the bar chart plus other announced projects, such as
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https://www.energy.gov/sites/prod/files/2019/08/f65/2018%20Offshore%20Wind%20Market%20Report.pdf
https://www.boem.gov/Renewable-Energy-Lease-Map-Book/
https://www.utilitydive.com/news/dominion-proposes-78b-offshore-wind-project-positioning-virginia-as-hub/563332/

Electrification of fransportation, industry, and
homes is iImportant ...but moving slowly
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https://wiresgroup.com/wp-content/uploads/2019/03/Electrification_BrattleReport_WIRES_FINAL_03062019.pdf

The configuration of the electricity grid
Is also changing at the local level
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Case Study: Decarbonizing New England

SEPTEMBER 2019

Achieving 80% GHG Reduction
in New England by 2050

The Road to 100%
Renewable Electricity

Why the region needs to keep its foot
on the clean energy accelerator

PREPARED FOR

Brattle g&aes

gggggggggg 9%V ACCESS

ond to a short pre-workshop survey via PollEverywhere. All responses will be
onymous. Thanks in advance for your responses!
https://PollEV.com/eresources411

Offshore Wind Transmission:

Johannes Pfeifenberger

Sam Newell
Walter Graf
Kasparas Spokas

Northeast Regional Ocean
Council & Mid-Atlantic Regional
Council on the Ocean Webinar 4
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https://brattlefiles.blob.core.windows.net/files/17233_achieving_80_percent_ghg_reduction_in_new_england_by_20150_september_2019.pdf
https://www.brattle.com/news-and-knowledge/news/study-coauthored-by-brattle-economists-assesses-policies-and-pathways-for-achieving-100-renewable-electricity-in-rhode-island-by-2030
https://brattlefiles.blob.core.windows.net/files/21229_offshore_wind_transmission_-_an_analysis_of_options_for_new_england_and_new_york_offshore_wind_integration.pdf

All New England states aim to reduce
GHG emissions by 80% in 2050

Example: Massachusetts historical GHG emissions and 2050 emissions limit

MMT CO,e
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Source: MA GHG Emissions Inventory, December 2018. Note: Energy-related emissions (e.g., transportation, electricity, buildings, industrial) in this figure are based on state inventory.

brattle.com | 16



One potential path to meet New
England’s 2050 decarbonization goals

MMT CO.e Vast electrification of most economic sectors
New England: 175 and a nearly decarbonized electric sector
MA: 74 likely is needed to meet these 2050 goals

Transportation

Electrify 90% of light-duty
vehicles and 80% of all other
on-road transportation by 2050

Residential
Electrify 95% of fossil fuel
demand and retrofit 50%
of buildings by 2050 New Eng|and: 41
MA: 18 ‘/
95% clean grid by 2050 12
_ - At or below
Industrial 12 As projected (limited electrification) 11 GHG targets
Non-energy 16 Decrease by 20% by 2050 13

2015 2050
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Electrification of fransportation and home
heating will double electricity demand

Projected 2050 New England Demand
Scenario: Electrification Focused

Electricity Consumed (TWh) Peak Generation Needed (MW)
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Source: Monthly conventional demand based on ISO-NE 2018 monthly demand pattern. See appendix slides for more detail. Hourly temperatures based on 2018 weather conditions, which
was an average year for heating demand, but had a relatively warm February. Incremental electrified demand based on Brattle analysis.

The 2050 portfolio of generation resources will need to meet this new pattern of demand.
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Decarbonizing New England will require a
massive buildout of clean energy resources

— Replace about 50% of supply currently from fossil fuel-fired resources

— Supply the 100% increase in demand from electrification

Historical and Projected 2050 New England Generation Mix

W Scenario: Electrification Focused
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Source: : ISO-NE, Key Grid and Market Stats, /, accessed June 28, 2019.


https://www.iso-ne.com/about/key-stats/

Is New England adding enough clean
energye¢

— State-by-state commitments to adding clean energy resources in New England have
accelerated substantially over the past decade and are expected to increase

Historical and Planned Renewable Procurements in New England

MW
2,000
Unspecified/
Other
1,500
dro
2019-2030 Avg.
" 830 MW/year
2010-2018 Avg.  wina BT T R
500 300 MW/year = I I IOIre
-

2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Sources and notes: ABB, Velocity Suite and Brattle analysis of state r'enewable procurement programs. Historical solar capacity includes only installations over 1 MW.
Planned solar procurements include MA 83A resources, SMART program resources, and CT Public Act 17-3 resources.
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Achieving 2050 goals requires significant
acceleration of clean-energy investments

Cumulative Clean Energy Resources in New England
Required for 80% GHG Reductions
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Annual clean energy resource additions need to increase by4—8x overall

Large-scale solar resource additions will need to increase by 10-25x to meet these goals
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Progress: Rhode Island is fargeting @
100% clean electricity grid by 2030

To achieve carbon-free electricity supply, Rhode Island must
substantially accelerate renewables procurement, well beyond its
existing renewable energy standard (RES)

Rhode Island Energy Demand and
GWh Renewable Generation

Single-Technology Capacities
Needed to Fill Gap

100% Renewable Mw
9,000 Energy by 2030 4,500 4,300
8,000 RI Load
e~ % (Baseline) 4,000
7,000 3,500
— 3,500
5000 2030 Gap = 4,600 GWh 3,000 f
(4,300 to 5,200 GWh) 2-3 more
5,000 2,500 RevWind About 10x
contracts more DG
2,000
4,000 1,700 solar than
3,000 = E=Nanm W vew e rowen Projected 1,500 1100 ;urtrelrlmtlg
.0% 1,400 _ Installe
Current RES - - - 1,000
2,000 - - 900
16:’_% ________ Existing/ 500
1,000 Net Metering Procured
. I I I I I I I I I (including VNM) 0
0 [ | RE Growth Land-Based Offshore Wholesale Retail
2020 2022 2024 2026 2028 2030 Wind Wind solar solar

Note: Load is grossed up to account for BTM PV that produces RECs.

Source:
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https://www.brattle.com/news-and-knowledge/news/study-coauthored-by-brattle-economists-assesses-policies-and-pathways-for-achieving-100-renewable-electricity-in-rhode-island-by-2030

The cost of renewable resources are
decreasing, even in New England

Renewable
Generation Costs:
based on NREL's
2020 ATB, including
“conservative” case
with limited cost
declines

System Upgrade
Costs: based on
best available
market data on
system capacity
and upgrade costs
for each resource

type

Source:

S/MWh
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S75
$50
$25

$0

$/MWh

$200
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$150
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$100
$75
$50
$25

S0

Offshore Wind Costs >/MWh
$200
$175

High renewable generation costs 5150
and high system upgrade costs 5125
‘-__"‘“"'----—--.k _______________ Range $100
| - Base Costs
oo $75
f ________________ $50
Low renewable generation costs $o5
and low system upgrade costs
$0
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Wholesale Solar Costs S/MWh
$200
$175
$150
$125
Range $100
Base Costs
$75
$50
$25
S0

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Land-Based Wind Costs

Base Costs

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Retail Solar Costs

Base Costs

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Notes: All monetary values in 2020 dollars. Total resource costs account PTC and ITC phaseout, maintaining 10% ITC for
solar through 2030.
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https://www.brattle.com/news-and-knowledge/news/study-coauthored-by-brattle-economists-assesses-policies-and-pathways-for-achieving-100-renewable-electricity-in-rhode-island-by-2030

... wWhich requires only a modest premium
above existing electricity rates

2030 Rhode Island Rate Impacts of 100% Renewable Energy

Average Monthly Bill Increase for Typical Residential Customer ($/mo)

¢/kWh
35 $116 +511 +513 +511 +513 +$31
Range reflects
+4.2-10.4|¢/kWh resource
30 +0.7-4.6 ¢/kWh +1.5-5.0 ¢/kWh acquisition cost
+1.1-3.2 ¢/kWh +1.2-4.1 ¢/kWh l uncertainty
25  23.2¢/kWh
20 Transm.

Policy

15

o Note: Current 2020 rates can provide a reference point for the
10 Distrib. 2030 rate impact of increasing RES to 100%. This does not imply
the rate components will be the same in 2030 as in 2020.

5
0
2020 Basic Market RECs 1.100% Land- 2. 100% Offshore 3.100% 4. 100% Retail
Residential Rate Purchase Based Wind Wind Wholesale Solar Solar
A-16

Notes: All monetary values are shown in 2020 dollars. Assumes typical residential customer consumes 500 kWh/mo.
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https://www.brattle.com/news-and-knowledge/news/study-coauthored-by-brattle-economists-assesses-policies-and-pathways-for-achieving-100-renewable-electricity-in-rhode-island-by-2030

But developing clean-energy resources in
New England faces many barriers

Onshore Wind

ISO-NE analysis found that an additional 700 MW can be added in northern Maine
before transmission upgrades are likely necessary, and states have not agreed on how to plan or pay for the
upgrades to the highest quality resources.

ME placed a moratorium on new wind farms in 2018 that was recently lifted.

Offshore Wind

Large-scale capacity has yet to be built and regulatory hurdles still exist to their
development, but New England states procured 1,500 MW by 2025 and are targeting 5,900 MW by 2035.
Current BOEM wind energy areas in New England support about 11 GW and DOE is targeting 86 GW
nationwide by 2050.

Transmission is necessary to connect to the existing network and upgrade the
network. Integrating 15-24 GW of offshore wind will require about 3,000 miles of lines.

Solar PV

Generates solely during daytime hours and less in winter than summer.

Significant storage resources will be necessary to match solar output to demand
and other clean energy resources needed to meet growing winter demand.

Hydro Imports from Canada

Additional transmission infrastructure required to import hydro resources from
Quebec or other provinces. Each HVDC line can provide 1,000-1,200 MW of import capacity.

Denial of Northern Pass permit in NH demonstrates challenges to new lines.
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Even inferconnecting only 8,500 MW of
OSW generation is challenging

Generator Lead-Line Approach Planned Network Approach
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Planning ahead would avoid costly
onshore transmission upgrades

Already selected projects connecting to Cape Cod face up to $787 million in onshore
transmission upgrades,* and continuing this approach for even the next 3600 MW of
procurements could lead to an additional $1.7 billion in onshore upgrades.

fi . vemn = i 'L

. FTCHBURG

O Contingency in Current Approach (Phase 2) s’ “:\;WMM//“ Planned off-shore

A el Id
s tran.sr:nlssmn cou
significantly reduce
N the necessary

R0k~ Sy usesreD
N 5 —_onshore upgrades.

Contingency in Planned Approach (Phase 2) —fus

WACHUSETT l

NASHUA, J
Potential 345 kV reinforcements identified :
by ISO-NE requiring new rights-of-way

2 P SOUTHWICK: F Ay = .- L ~
i z . \4 Wr T I v
g CANTON - i\ h fq LYE . . .
\F \.//Z = Sl l ) "4 Given the difficulty of
:i-I ;::-DLSE TORRINGTON 1 i il ) —. e (IJ;/‘ i i
#}t‘wA: i' ] CAMPVILLE e "“"”‘1“-‘ .‘I‘I-. i\ : T MRSBaE ':’-_;J":F: permlttlng and
PLEssaT . . %&:E s 7 \’&f ‘\‘:__:;,,/ @y, ey . .
N — . FELT e it building new onshore
werlty s fh{/ﬂ i jf|‘. s;ﬂ‘ e L / I
«awoma_url | : . ' s /L Jl,g/I )\‘ ‘_ &N_FMST/) d/f“L(I;bTH ° tranS'm|SS|On, a
MIDDLE :WEFJEi y . ~ o .é e Gﬁ Tower \JA’!J | A A C)ﬁ/ /‘}/\
st Voo T /%_,[(m, e e . blanned approach also
- R I Y T\ ‘\.M h' - = o 13K - N .
SN\ e S S T e | z#,,\u LT o & “e.—2\ reduces the risk of
o S o B Yob ST \ ez M)

LEN ;3& y = L e Ve L—gupoimeton 1\\ T

»“\\ & cost overruns and

eV =g HEWOD \_w oencgllin s S50t caeLE To g . i i

v r\wm o Source of figure: GE analysis for Anbaric. de I ayS
WATERSIDE 10

* |SO-NE’s Feasibility Study for interconnecting three projects totaling 2,400 MW to Cape Cod (QP 828) bratil .
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... but effective regional fransmission
planning faces many barriers

1. Lack of aligned leadership from federal, state & RTO policy makers
A. Leadership, 2. Mistrust amongst states, RTOs & utilities
Trust & 3. Limited understanding of transmission issues, benefits & proposed solutions
LGS ELLILT-M 4. Misaligned interests of RTOs, TOs, generators & policymakers
5. State preferences for local renewables
) 6. Benefit analysis too narrow
B. Planning . . :
7. Lack of proactive planning for a full range of future scenarios
Process and , , , . .
Analyti 8. Sequencing of local, regional, and interregional planning
na ICS
9. Cost allocation (too contentious or overly formulaic)
C. Regulatory 10. Overly-prescriptive tariffs and joint operating agreements

Constraints 11. State need certification, permitting, and siting

brattle.com | 28



Thank you!

ttttttttttttt



About the Author

Johannes Pfeifenberger

Principal, Boston
+1.617.234.5624
Hannes.Pfeifenberger@brattle.com

Johannes (Hannes) Pfeifenberger, a Principal and former electricity practice area leader at The Brattle Group, is
an economist with a background in electrical engineering and over twenty-five years of experience in wholesale
power market design, renewable energy, electricity storage, and transmission. He also is a Senior Fellow at
Boston University’s Institute of Sustainable Energy (BU-ISE), a Visiting Scholar at MIT’s Center for Energy and
Environmental Policy Research (CEEPR), and serves as an advisor to research initiatives by the Lawrence
Berkeley National Laboratory’s (LBNL's) Energy Analysis and Environmental Impacts Division and the US
Department of Energy’s (DOE’s) Grid Modernization Lab Consortium.

Mr. Pfeifenberger recently studied , evaluated offshore wind transmission options in

and , discussed role of offshore wind in economy-wide decarbonization on a panel
organized by the Atlantic Council, and presented on offshore wind development trends, transmission needs, and
renewable integration challenges at a number of industry meetings, including the Harvard Electricity Policy
Group.

Mr. Pfeifenberger received an M.A. in Economics and Finance from Brandeis University’s International Business
School and an M.S. and B.S. (“Diplom Ingenieur”) in Power Engineering and Energy Economics from the
University of Technology in Vienna, Austria.

brattle.com | 30


https://brattlefiles.blob.core.windows.net/files/20842_initial_report_on_the_new_york_power_grid_study.pdf
https://www.brattle.com/news-and-knowledge/news/planned-offshore-wind-transmission-system-for-new-york-could-provide-cost-savings-of-over-500-million-according-to-study-by-brattle-economists
https://www.brattle.com/news-and-knowledge/events/johannes-pfeifenberger-and-walter-graf-to-join-webinar-to-discuss-a-new-era-of-offshore-wind

Additional Reading on Transmission

Well-Planned Electric Transmission

Saves Customer Costs:
Improved Transmission Planning is Key to
the Transition fo a Carbon-Consirained
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https://brattlefiles.blob.core.windows.net/files/20842_initial_report_on_the_new_york_power_grid_study.pdf
https://brattlefiles.blob.core.windows.net/files/20508_transmission_cost_allocation_-_principles_methodologies_and_recommendations.pdf
https://brattlefiles.blob.core.windows.net/files/20186_the_value_of_diversifying_uncertain_renewable_generation_through_the_transmission_system_-_cost_savings_associated_with_interconnecting_systems_with_high_renewables_generation.pdf
https://www.brattle.com/news-and-knowledge/news/planned-offshore-wind-transmission-system-for-new-york-could-provide-cost-savings-of-over-500-million-according-to-study-by-brattle-economists
https://www.brattle.com/news-and-knowledge/events/johannes-pfeifenberger-and-walter-graf-to-join-webinar-to-discuss-a-new-era-of-offshore-wind
https://www.brattle.com/news-and-knowledge/news/brattle-economists-discuss-operational-improvements-to-address-new-transmission-needs
https://www.brattle.com/news-and-knowledge/events/johannes-pfeifenberger-to-participate-in-webinar-on-competitive-transmission
https://brattlefiles.blob.core.windows.net/files/17555_improving_transmission_planning_-_benefits_risks_and_cost_allocation.pdf
https://www.brattle.com/news-and-knowledge/news/report-by-brattle-economists-discusses-the-benefits-of-competitive-transmission
https://brattlefiles.blob.core.windows.net/files/16873_response_to_concentric_energy_advisors_report_on_competitive_transmission.pdf
https://brattlefiles.blob.core.windows.net/files/16192_transmission_topology_optimization.pdf
https://brattlefiles.blob.core.windows.net/system/publications/pdfs/000/005/295/original/well-planned_electric_transmission_saves_customer_costs_-_improved_transmission_planning_is_key_to_the_transition_to_a_carbon_constrained_future.pdf?1465246946
https://brattlefiles.blob.core.windows.net/files/5721_benefit-cost_analysis_of_proposed_new_york_ac_transmission_upgrades.pdf
https://brattlefiles.blob.core.windows.net/files/5950_toward_more_effective_transmission_planning_addressing_the_costs_and_risks_of_an_insufficiently_flexible_electricity_grid.pdf
https://cleanenergygrid.org/uploads/WIRES%20Brattle%20Rpt%20Benefits%20Transmission%20July%202013.pdf
https://brattlefiles.blob.core.windows.net/files/6112_recommendations_for_enhancing_ercot%e2%80%99s_long-term_transmission_planning_process.pdf
http://www.brattle.com/system/publications/pdfs/000/004/814/original/Seams_Cost_Allocation_Report_Pfeifenberger_Hou_Apr_2012.pdf?1378772132
http://www.brattle.com/system/publications/pdfs/000/004/501/original/Employment_and_Economic_Benefits_of_Transmission_Infrastructure_Investmt_Pfeifenberger_Hou_May_2011_WIRES.pdf?1378772110
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