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More Information

> For more information visit:

» https://climate.ny.qov/Climate-Resources

* https://climate.ny.gov/Climate-Action-
Council/Meetings-and-Materials
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New York Climate Change Science Clearinghouse

IMPACTS ASSESSMENT

» NY CCSC
>

https://www.nyclimatescience.org/

Resources

Advisory Panel/Working Group Recommendations

s Compiled Advisory Panel/Working Group Recommendations [PDF]

Technical Analysis

Integration Analysis

To inform and support the Climate Action Council's Scoping Plan, an integration analysis
was developed to estimate the economy-wide benefits, costs, and GHG emissions
reductions associated with pathways that achieve the Climate Act GHG emission limits and
carbon neutrality goal. This integration analysis incorporates and builds fram Advisory
Panel and Working Group recommendations, as well as inputs and insights from
complementary analyses, to model and assess multiple mitigation scenarios. Key results,
drivers, and assumptions are available below.

* |ntegration Analysis - Benefits and Costs Presentation [PDF
* |ntegration Analysis - Initial Results Presentation [PDF]

https://nysclimateimpacts.org/
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Current Emissions In New York S

Current Estimated GHG Emissions by Sector*
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Scenario Overview

> Previous scenarios

Reference Case
- Currently implementedpolicies

Scenario 1: Advisory Panel Recommendations
- Aggregate impacts of recommendations from Advisory Panels

> Scenarios that meet or exceed GHG emission limits, achieve carbon neutrality by midcentury

Foulndational themes across all mitigation scenarios based on findings from Advisory Panels and supporting
analysis

- Zero emission power sector by 2040

- Enhancementand expansion of transit & vehicle miles traveled reduction

- More rapid and widespread end-use electrification & efficiency

- Higher methane mitigationin agriculture and waste

- End-use electric load flexibility reflective of high customer engagement and advanced techs

Scenario 2: Strategic Use of Low-Carbon Fuels

- Includes the use of bioenergy derived from biogenic waste, agriculture & forest residues, and limited purpose grown biomass, as well
as green hydrogen, for difficult to electrify applications

Scenario 3: Accelerated Transition Away from Combustion
- Low-to-no bioenergy and hydrogen combustion; Accelerated electrification of buildings and transportation

Scenario 4: Beyond 85% Reduction

- Accelerated electrification + limited low-carbon fuels; Additional VMT reductions; Additional innovation in methane abatement; Avoids
directair capture of CO2



Level of Transformation by Mitigation Scenario

Scenario 3: Accelerated
Transition Away from
Combustion

High Very High Very High

Scenario 2: Strategic Use
of Low-Carbon Fuels

Scenario 4: Beyond 85%
Reduction

Electrification

H E Efficiency and

[o_oq Transit and Smart High High Very High

So A
TFI% Zero-Emission High

=y High High High
Hoowson T T E—

High Low Medium

JD-‘-\@ Emissions Mitigation High High
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ﬁ@jé in Lands and Forests

& Negative Emissions High Medium None




New Findings

> Achievement of emissions reductions to meet state law requires action in all sectors, especially considering New
York State’s novel emissions accounting

» Every sector will see high levels of transformation over the next decade and beyond, requiring critical investments in New
York’s economy

> Energy efficiency and end-use electrificationwill be essential parts of any Pathway that hits NYS Emissions
Limits
» Inall scenarios modeled, zero emission vehicles and heat pumps become the majority of new purchases by the late 2020s,
and fossil-emitting cars and appliances are no longer sold after 2035
« 1 -2 million efficient homes electrified with heat pumps by 2030
« Approximately 3 million zero-emission vehicles (predominantly battery electric) by 2030
» Unprecedented rate of adoption of novel and potentially disruptive technologies and measures

« Consumer decision-making plays a large role, especially important for the purchase of new passenger vehicles and heating
systems for homes and businesses through the next decade
> Substantially reduce vehicle miles traveled while increasing transportation access
« Expansion of transit service structured around community needs
« Smart growth inclusive of equitable transit-oriented development
« Transportation demand management 8



New Findings (cont’'d)

> Wind, water, and sunlight power the majority of New York’s economy in 2050 in all Pathways

« Even with aggressively managed load, electric consumption doubles and peak nearly doubles by 2050, and
NYS becomes a winter peaking system by 2035.

« Offshore wind on the order of 20 GW, solar on the order of 60 GW, and 4- and 8-hour battery storage on the
order of 20 GW by 2050

* Firm, zero-emissionresources, such as green hydrogen or long-duration storage, will play an important role
to ensure a reliable electricity system beyond 2040

> Low-carbon fuels such as bioenergy or hydrogen may play a critical role in helping to decarbonize
sectors that are challengingto electrify

« By 2030, initial market adoption of green hydrogen in the following applications: medium and heavy-duty
vehicles, high-temperature industrial

« Additional promising end-use applications include district heating and non-road transportation such as
aviation and rail

> Required transition to low-GW P refrigerants and enhanced refrigerant management by 2050



New Findings (cont’'d)

Large-scale carbon sequestration opportunities include lands and forests and negative emissions
technologies

» Protecting and growing New York’s forests is required for carbon neutrality

» Negative emissions technologies (e.g. direct air capture of CO2) may be required if the State cannot
exceed 85% direct emissions reductions

» Strategic land-use planning will be essential to balance needs

Necessary methane emissions mitigation in waste and agriculture will require transformative solutions
» Diversion of organic waste, capture of fugitive methane emissions are key in waste sector

« Alternative manure management and animal feeding practices are key in agriculture

Additional innovation will be required in areas such as carbon sequestration solutions, long-duration

storage, flexible electric loads, low-GWP refrigerants, and animal feeding, in concertwith Federal action
(e.g. Earthshots)

Largestthree remaining sources of emissions in 2050: Landfills, aviation, and animal feeding

10
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Scenario 2 at a Glance
Strategic Use of Low-Carbon Fuels
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Scenario 3 at a Glance
Accelerated Transition Away from Combustion

450 Hq E Increased sales of high efficiency appliances and smart devices Bold text indicates additional action beyond AP Recs Scenario 100% waste
E start ramping up sales of heat pump space heaters and water heaters Red text indicates differences vs. Scenario 2 diversion,
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Scenario 4 at a

Beyond 85% Reduction
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my-wide Results




GHG Emissions by Mitigation Sce

2030 Reduction 2050 Reduction
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Reference 332

AP Recommendations 276
Strategic Use of Low-Carbon Fuels 246

Accelerated Transition Away from

Combustion 246
Beyond 85% Reduction 242
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311
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61

40

61

2020 is a modelled year, reflecting historical trends
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Total Energy by Fuel

Scenario 2: Strategic Use of Low-Carbon F
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Includes energy use from transportation, industrial, commercial, and residential sectors.
2020 is a modelled year, reflecting historical trends 17



Total Energy by Fuel

Scenario 3: Accelerated Transition Away fr
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Tbtu

Total Energy by Fuel

Scenario 4: Beyond 85% Reduction
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2020 is a modelled year, reflecting historical trends 19



End-Use Gas Demand

1,000 Annual Gas Demand by Scenario*
900
800
700
2050 Gas Demand by Fuel
600
=
ln_] 500 180 -
160 - m Hydrogen
400 140 - Renewable Natural Gas
300 120
. s 100 A
- AP Recommendations i)
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2020 2025 2030 2035 2040 2045 2050 AP Strategic Use of Accelerated Beyond 85%
Recommendations Low-Carbon Fuels  Transition Away Reductions
*Includes gasdemand in buildings industry, and transportation. Excludes gas burned in electric generating units from Combustion

hydrogen for fuel cell vehicles 20



Annual Load Forecast by Scena

Buildings, Transportation, Industry, Hydrogen Electrol
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20

Reference
== AP Recommendations
Strategic Use of Low-Carbon Fuels
= ACCelerated Transition Away from Combustion
Beyond 85% Reductions

2025 2030 2035 2040 2045 2050

Load is exclusive of T&D losses, potential DACloads. 2020 is a modelled year, reflecting
historical trends.

> The load increase in 2050 relative to today
for each scenariois:

Reference: 7%
Scenario 1: AP Recommendations: 101%

Scenario 2: Strategic Low Carbon Fuels:
98%

Scenario 3: Accelerated Transition Away
from Combustion: 103%

Scenario 4: Beyond 85% Reduction: 108%

> Electrolysisto produce hydrogen can be a
significant share of load, reaching almost
44 TWh of load by 2050 in the Strategic
Use of Low Carbon Fuels scenario

21



Statewide Peak Load (GW)

Peak Load Forecast

60
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20

10

0

— Reference
AP Recommendations
Strategic Use of Low-Carbon Fuels
— Accelerated Transition Away from Combustion
~ Beyond 85% Reductions
2020 2025 2030 2035 2040 2045 2050

Note: peak forecastdoes notinclude the impacts of load flexibility. Flexible loads are
accounted for when developing electric sector resource portfolios. 2020 is a modelled
year, reflecting historical trends

> All Mitigation scenarios shift from summerto
winter-peaking by 2035

> The peak load increase in 2050 relative to
today for each scenario is:

Reference: 16%

Scenario 1: AP Recommendations: 77%
Scenario 2: Low Carbon Fuels: 56%
Scenario 3: Accelerated Transition: 75%
Scenario 4: Beyond 85% Reduction: 73%
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Peak Load Management

Overview of Strategies Incorporated in Integration An

> All scenarios examined in this analysis include significantinvestments in building shell as well as
a diverse mix of heat pump technologies to mitigate “peak heat” impacts

> All scenarios examined in this analysis include strategies for Managed Infrastructure and
Managed Usage

« All scenarios include significant investments in building shell as well as a diverse mix of heat pump
technologies to mitigate “peak heat” impacts

» All scenarios assume a proportionate build-out of workplace charging infrastructure and moderate
shifting of EV charging loads towards day-time and overnight charging

> Sensitivity analysis examines varying assumptions of Dynamic Usage

« Scenarios assume “medium” dynamic usage, while sensitivities test “low” and “high” adoption of grid-
interactive load management practices
LDV loads range from 25-50% flexibility
Building loads range from 0 to 60% flexibility (varies by end use)
Electrolysis loads are 100% flexible

23



Peak Load (GW)

Impacts of Flexible Loads on Sys

Scenario 2: Strategic Use of Low Carbon Fuels

> Dynamic end use flexibility, or grid-interactive load management, in buildin(tys and transportation can
further reduce peaks and provide intraday balancing services similar to battery storage

NYCA Peak Forecast
Hours
2030 2050
60 i
Sector End use category (% flexible) (% flexible) Shlft.able
DETY
50 Transportation LDV Evs 12.5% 25% 12
Other Electrolysis 100% 100% 12
40 Direct Air Capture 100% 100% 12
30
20
Summer Peak
Winter Peak
10

Summer Peak (With Dynamic End-Use Flexibility)
= = Winter Peak (With Dynamic End-Use Flexibility) . . . o
Note: Chart and table reflect Medium assumptions for dynamic end-use flexibility.
2025 2030 2035 2040 2045 2050 Sensitivities will examine Low and High levels of dynamic end-use flexibility, including
higher levels of EV flexibility (up to 50%) and the potential for dynamic shifting of water

Note: 2020 is a modelled year, reflecting historical trends heating and HVAC loads in buildings. 24



Peak Load (GW)

Impacts of Flexible Loads on Sys

Scenario 3: Accelerated Transition Away from Combustion

> Dynamic end use flexibility, or grid-interactive load management, in buildin(tys and transportation can

further reduce peaks and provide intraday balancing services similar to bat

NYCA Peak Forecast
60
50
40
30
20
Summer Peak
Winter Peak
10

Summer Peak (With Dynamic End-Use Flexibility)
= = Winter Peak (With Dynamic End-Use Flexibility)

2025 2030 2035 2040 2045 2050

Note: 2020 is a modelled year, reflecting historical trends

ery storage

Sector End use category (% leg)3(i(l))le) (% :g)s(i?ale) S:i?t;:le
DETY
Transportation LDV Evs 12.5% 25% 12
Other Electrolysis 100% 100% 12
Direct Air Capture 100% 100% 12

Note: Chart and table reflect Medium assumptions for dynamic end-use flexibility.
Sensitivities will examine Low and High levels of dynamic end-use flexibility, including
higher levels of EV flexibility (up to 50%) and the potential for dynamic shifting of water
heating and HVAC loads in buildings. 25



Peak Load (GW)

Impacts of Flexible Loads on Sys

Scenario 4: Beyond 85% Reduction

> Dynamic end use flexibility, or grid-interactive load management, in buildings and transportation can
further reduce peaks and provide intraday balancing services similar to battery storage

NYCA Peak Forecast
60
50
40
30
20
Summer Peak
Winter Peak
10

Summer Peak (With Dynamic End-Use Flexibility)
= = Winter Peak (With Dynamic End-Use Flexibility)

2025 2030 2035 2040 2045 2050

Note: 2020 is a modelled year, reflecting historical trends

Sector End use category (% leg)3(i(l))le) (% :g)s(i?nle) S:i?t;:le
DETY
Transportation LDV Evs 12.5% 25% 12
Other Electrolysis 100% 100% 12
Direct Air Capture 100% 100% 12

Note: Chart and table reflect Medium assumptions for dynamic end-use flexibility.
Sensitivities will examine Low and High levels of dynamic end-use flexibility, including
higher levels of EV flexibility (up to 50%) and the potential for dynamic shifting of water
heating and HVAC loads in buildings. 26



2050 Installed Capacity (GW)

Electricity Generation

Comparison of 2050 Installed Capacity

>

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

20,000

In these Scenarios, firm capacity is provided by hydrogen resources to meet multi-day reliability needs,
ranging from 21-27 GW

Significant expansion of foundational resources (wind, solar, and storage) is needed across scenarios

* Offshore wind: 16-19 GW

* Land based wind: 16-17 GW
+ Solar: 61-65 GW

» Storage: 19-23 GW

B Pumped Storage

B Battery Storage

H Offshore Wind
® Wind Imports

- wine

m Solar

® Hydro Imports (New)

B Hydro Imports (Existing)

B |n-State Hydro
M Bioenergy
= Zero-Carbon Firm Resource

W Gas & FO

18,645

Reference Case Scenario 1: Scenario 2: Scenario 3: Scenario 4: M Nuclear
AP Recommendations Strategic Use of Low Carbon Fuels  Accel Transition Away from Combustion Beyond 85% Reductions

Note: the portfolios on this slide differ from those presented on 10/01. The analysis presented on 10/01 focused a case with High levels of dynamic end-use flexibility; the results provided on this
slide (and integratedintothe cost analysis presented on 10/14) include Medium levels of dynamic end-use flexibility (see slides 27-28).

27



Electricity Generation

Comparison of 2050 Annual Generation

> Share of annual generation across mitigation scenarios:
« Solar: 36-40%
*  Wind: 39-42%
« Zero-carbonfirmresource: 1-3%

350,000
() ® m Offshore Wind
— 300,000 .
g 74,468 68,534 = Wind Imports
< 00 T ey o
g 28,140 26,910 = Solar
£ 200,000 , ,
< m Hydro Imports (New)
L,—D“ 150,000 B Hydro Imports (Existing)
=}
5 B |n-State Hydro
<C 100,000 .
g = Bioenergy
N .
— ] .
~N 50,000 _ _ = Zero-Carbon Firm Resource
Y TN = Gas &0
0
Reference Case Scenario 1: Scenario 2: Scenario 3: Scenario 4: “ Nuclear

AP Recommendations Strategic Use of Low Carbon Fuels  Accel Transition Away from Combustion Beyond 85% Reductions

Note: the portfolios on this slide differ from those presented on 10/01. The analysis presented on 10/01 focused a case with High levels of dynamic end-use flexibility; the results provided on this
slide (and integratedintothe cost analysis presented on 10/14) include Medium levels of dynamic end-use flexibility (see slides 24-27). 28



Bioenergy Analysis Framework

> Feedstocks supply sourced from the DOE Billion Ton Study, NYSERDA Potential Studies, and
adjusted based on Advisory Panel deliberations with academic partners

> Feedstocks are allocated to final fuels based on production costs, fossil fuel prices, and emissions
abatement potential

> Principles that guide biofuel allocation:

» As each biofuel is a substitute for an existing fossilfuel, allocation is limited by the long-term demand for
that fuel type in hard-to-electrify applications

« Maximize emission reduction per MMBTU (RNG)
« For liquid fuels, allocation based on relative fuel production cost (renewable diesel < renewable jet fuel)

Bioenergy Scenario Approach

Scenario 2: Strategic Use of Low- Scenario 3: Accelerated Transition Scenario 4: Beyond 85%

Carbon Fuels Away from Combustion Reduction
* Share of regional feedstocks * Targeted methane abatement * In-state bioenergy feedstocks

* Includes wastes, residues, and from landfills and wastewater * Focusonwastes and residues
select purpose grown biomass only

29



Biofuels Supply

Bioenergy by Feedstockand Final Fuel in 2030 for Scenario 2 (TBtu)

118 TBtu Select Pt.erose
Grown Biomass

Renewable Diesel 172 TBtu
75% fuel blend

Agriculture and
73 TBtu Forest Residues
e —
42 TBtu I e Renewable Natural Gas

> Scenario 2 Feedstocks

Includes in-state and population-weighted share of out-of-state feedstocks

Includes purpose-grown biomass (e.g. miscanthus), residues (e.g. crop residues), and wastes (e.g.
landfill gas, waste water treatment gas)

Assume 2/3 of total supply is available in 2030 (100% in 2050)

30



Low-Carbon Fuel Utilization

= E;Zflgflestg?;e?ggi%%ve;r ds Bioenergy and Hydrogen Demand (2030, 2050)
. 350
hard to electrify sectors,
such as high 300
temperature industrial 250 N
processes, heavy-duty 200
long-distance freight, 2 " fiydrogen
aVi ation = 150 Renewable Natural Gas
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Scenario 2 Scenario 3 Scenario 4
Strategic Use of Low- Accelerated Transition Beyond 85% Reduction
Carbon Fuels Away from Combustion

Includes hydrogen demands for transportation and industry but not electricity generation
Wood continues to be used across all scenarios (~¥30 TBtuin 2050) 31
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Buildings Sector

Reference Case

Buildings Final Energy Demand by Fuel

Key Drivers
1400 D|St|||ate"""' : VHVY:;Zgaenr:j Waste
> Population, household, and commercial growth rates drive 1,200 —_— ————  .ca
. - m Other Petroleum
energy demand and GHG emissions 1,000  Renewable Jet Fue
. .. . . . 5 800 Natural Gas ;JR(:n::vealble Distillate
> Appliance efficiency improvements, behavioral conservation, 00 - Dislate
and codes and standards, including: o — | | - Renewatio Gasolne
« Reference Case includes estimates of funded energy efficiency and oy Electricity e
electrification programs, including HCR+NYPA, DPS (IOUs), LIPA, 0 _— " _— " _— W ceerly
NYSERDA CEF (assumes market transformation maintains level of
efﬂm_ency and electrification pgst—2025) Buildings Emissions by Subsector
» Existing federal and state appliance codes and standards 120
> Reference case achieves significant emissions reductions 100
relative to 1990: W \\ater Heating =ower
& = AC/Ventilation
e 2030:6% § 60 = Appliances
= H Lighti
* 2050:9% S Space Heating - Wator Feating
20 m Space Heating
0

2025 2030 2035 2040 2045 2050

Underlying characterization of key technologiesinformed by Building Electrification Roadmap analysis 2020 is a modelled year, reflecting historical trends 33



Buildings Sector

Scenario 1: AP Recommendations

> Building emissions reductions are driven by rapid electrification,
increased energy efficiency, and improved building shells

> Rapid adoption of electrified technologies that expands upon an
ambitious interpretation of AP recommendations:

* 100% sales of HPs for all buildings by 2035
*  34% of residential SH stocks are HPs by 2035, 89% by 2050
*  33% of commercial SH stocks are HPs by 2035, 93% by 2050
* 100% sales of electrified end uses for cooking and clothes drying by 2035
* Reduction in NYC district steam system fuel consumption in line with
“Electrification Pathway” from NYC
> Adoption of improved building shells for most new sales by 2035

* By 2035, 80% of new building shell installations (new and retrofits) implement a
shell improvement or retrofit. By 2050, around 65% of buildings have some shell
improvements

> Backup heat and GSHP to maintain reliability in critical buildings and
mitigate electric sector peak impacts

* Roughly 20% share of GSHP, 80% ASHP, with greater GSHP share upstate

> Scenario 1 achieves significant emissions reductions relative to 1990:
*  2030: 23% reductions below 1990 levels
*  2050: 92% reductions below 1990 levels

Underlying characterization of key technologiesinformed by Building Electrification Roadmap analysis
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Buildings Sector

Scenario 2: Strategic Use of Low-Carbon Fuels

Building emissions reductions are driven by rapid electrification,
increased energy efficiency, and improved building shells

Rapid adoption of electrified technologies that expands upon an
ambitious interpretation of AP recommendations:

*  77% sales of HPs by 2029, 100% sales of HPs for all buildings by 2035
41% of residential SH stocks are HPs by 2035, 92% by 2050
47% of commercial SH stocks are HPs by 2035, 94% by 2050
80% ASHP, 20% GSHP, withmost ASHP using electric back-up

* 100% sales of electrified end uses for cooking and clothes drying by 2035

* NYC District Heat system converts 100% of natural gas use to hydrogen by
2050.

Adoption of improved building shells for most new sales by 2035

* By 2035, 95% of new building shell installations (new and retrofits) implement a
shell improvement or retrofit.

By 2050, around 92% of building stocks have improved shells
Scenario 2 achieves significant emissions reductions relative to 1990:
*  2030: 36% reductions below 1990 levels

e 2050: 95% reductions below 1990 levels

Underlying characterization of key technologiesinformed by Building Electrification Roadmap analysis
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Buildings Sector

Scenario 3: Accelerated Transition Away from Combustion

o L ) ) ) o Buildings Final Energy Demand by Fuel
> Building emissions reductions are driven by rapid electrification, 1,600
increased energy efficiency, and improved building shells 1400

m Hydrogen
Distiliate = Wood and Waste

1,200 S — u Coal

= Other Petroleum

# Renewable Jet Fuel

u Jet Fuel

800 Natural Gas 7 Renewable Distillate

7 u Distillate

% Renewable Gasoline

> Rapid adoption of electrified technologies that expands upon an
ambitious interpretation of AP recommendations:

*  80% sales of HPs by 2029, 100% sales of HPs for all buildings by 2035

Up to 10% early retirements of fossil stock for residential and commercial space heating by 2030

1,000

Tbtu

600

® Gasoline

41% of residential SH stocks are HPs by 2035, 92% by 2050 400 [
51% of commercial SH stocks are HPs by 2035, 99% by 2050 200 Electricity 7 Renewable Natural Gas
All ASHP have electric backup, higher share of GSHP than scenario 2 ::z;rnacllsas
0
* 100% sales of electrified end uses for cooking and clothes drying by 2035 2025 2030 2035 2040 2045 2050
* NYC District Heat system converts 100% of natural gas use to hydrogen b . .
2050. y J yErogEn By Buildings Emissions by Subsector
120
> Adoption of improved building shells for most new sales by 2035 00

* By 2035, 95% of new building shell installations (new and retrofits) implement a = Other
shell improvement or retrofit. PRl Water Heating  AC/Ventilation
By 2050, around 92% of buildings stocks have improved shells 8 60 = Appliances
|_
. . . ‘e .. . . = = Lighting
> Scenario 3 achieves significant emissions reductions relative to 1990: SR Space Heating - Water Heating
*  2030: 37% reductions below 1990 levels 20 = Space Heating
*  2050: 96% reductions below 1990 levels 0
2025 2030 2035 2040 2045 2050
2020 is a modelled year, reflecting historical trends 36
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Buildings Sector

Scenario 4: Beyond 85% Reduction

o L ) ) ) o Buildings Final Energy Demand by Fuel
> Building emissions reductions are driven by rapid electrification, 1600
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Key Technology Adoption in Buil

Reference Case

Residential Space Heating Residential Building Shell
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Basic Shell Definition: 27-44%reduction in building space heatingand 14-27% AC demands 2020 is a modelled year, reflecting historical trends 38
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Deep Shell Definition: 57-90% reduction in building space heatingand 9-57% AC demands



Key Technology Adoption in Buil

Scenario 1: AP Recommendations

Residential Space Heating
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Key Technology Adoption in Buil

Scenario 2: Strategic Use of Low-Carbon Fuels

Residential Space Heating

Residential Building Shell
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Deep Shell Definition: 57-90% reduction in building space heatingand 9-57% AC demands



Key Technology Adoption in Buil

Scenario 3: Accelerated Transition Away from Combustion
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Key Technology Adoption in Buil

Scenario 4: Beyond 85% Reduction
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Key Technology Adoption inm
Reference Case

Commercial Space Heating

Residential Space Heating
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Key Technology Adoption in Buil

Scenario 1: AP Recommendations
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Res. Space Heating Sales Share

(Millions)

ML o N @ ©
o o o o o o o o

Res. Space Heating Stocks

o =
> O

2025

2025

ASHP w. Fuel Backup

Air Source Heat Pump

With Electric Backup

Ground Source Heat Pump

2030

2030

2035 2040 2045

2035 2040 2045

2050

2050

u Reference Natural Gas
Efficient Natural Gas

u Reference Distillate
Efficient Distillate

u Other

u Reference Electric
ASHP with Fuel Backup

B ASHP with Electric Backup

B Ground Source Heat Pump

= Reference Natural Gas
Efficient Natural Gas

u Reference Distillate
Efficient Distillate

u Other

u Reference Electric
ASHP with Fuel Backup

m ASHP with Electric Backup

u Ground Source Heat Pump

Commercial Space Heating
Sales Share

)]

N

N

Commercial Space Heating
Stocks (Billion square feet)
w

-

o

Commercial Space Heating

ASHP w. Fuel Backu

2025

2030

2035

2040

2045

2050

2025

2030

2035

2040

2045

2050

m Reference Natural Gas

Efficient Natural Gas

m Reference Distillate
m Efficient Distillate
= Reference Electric

ASHP with Fuel Backup

= ASHP with Electric Backup
® Ground Source Heat Pump

u Reference Natural Gas
Efficient Natural Gas

u Reference Distillate

u Efficient Distillate

u Reference Electric
ASHP with Fuel Backup

u ASHP with Electric Backup

m Ground Source Heat Pump

2020 is a modelled year, reflecting historical trends 44



Key Technology Adoption in Buil

Scenario 2: Strategic Use of Low-Carbon Fuels
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Key Technology Adoption in Buil

Scenario 3: Accelerated Transition Away from Combustion
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Key Technology Adoption in Buil

Scenario 4: Beyond 85% Reduction
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Transportation Sector

Reference Case

Transportation Final Energy Demand by Fuel

Key Drivers
u Hydrogen
> Vehicle ownership and driving patterns drive energy use and i /st Fue ooy TS

emISSIOnS R Distillate = Other Petroleum
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> Fuel efficiency improvements from Federal CAFE standards 200 Reneviable Natural Gas
reduce gasoline consumption e
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> Light duty vehicles start to transition to battery electric
technology in line with NY’s ZEV mandate and subsequent Transportation Emissions by Subsector
market adoption 120
. . . 100 =%
> As the economy continues to grow, demand for aviation, Aviation
shipping, rail, and port energy use is projected to increase PRl VIHDVs - omer Nomreas
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. - - . . © 60 ] + Buses
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Transportation Sector

Scenario 1: AP Recommendations

> Light duty vehicles transition to battery electric technology
* 70% of new sales are ZEVs by 2030, 100% by 2035
« 14% of stocks are ZEVs by 2030, 93% by 2050

> Medium and heavy-duty vehicles are slower to transition, and
rely on a combination of battery electric and hydrogen fuel cell
technologies

* 40% of new sales are ZEVs by 2030, 100% by 2045
* 50/50 split BEV/FCEV for HDVs
* 7% of stocks are ZEVs by 2030, 76% by 2050

> Reduction in vehicle miles travelled due to transit, transportation
demand management, telework, mixed-use development, and
complete streets policies drives emission reductions

* 6% lower for LDV than the Reference in 2035 and 2050

> Scenario 1 achieves significant emissions reductions relative to
1990:

 2030:17% reductions below 1990 levels
* 2050: 83% reductions below 1990 levels

Key driverand underlying technology assumptionsinformed by Transportation Roadmap analysis
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Transportation Sector

Scenario 2: Strategic Use of Low-Carbon Fuels

> Light duty vehicles transition to battery electric technology
*  90% of new sales are ZEVs by 2030, 100% by 2035
« 21% of stocks are ZEVs by 2030, 95% by 2050

> Medium and heavy-duty vehicles are slower to transition, and
rely on a combination of battery electric and hydrogen fuel cell
technologies

* 40% of new sales are ZEVs by 2030, 100% by 2045
« 50/50 split BEV/IFCEV for MDVs, 25/75 for HDVs
* 7% of stocks are ZEVs by 2030, 76% by 2050

> Reduction in vehicle miles travelled due to transit, transportation
demand management, telework, mixed-use development, and
complete streets policies drives emission reductions

* 6% lower for LDV than the Reference in 2035 and 2050

> Scenario 2 achieves significant emissions reductions relative to
1990:

e 2030:27% reductions below 1990 levels
 2050: 87% reductions below 1990 levels

Key driverand underlying technology assumptionsinformed by Transportation Roadmap analysis
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Transportation Sector

Scenario 3: Accelerated Transition Away from Combustion

Transportation Final Energy Demand by Fuel
> Light duty vehicles transition to battery electric technology 1,200 ’ -
*  98% of new sales are ZEVs by 2030, 100% by 2035
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Medium and heavy-duty vehicles are slower to transition, and rely on
a combination of battery electric and hydrogen fuel cell technologies
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Transportation Sector

Scenario 4: Beyond 85% Reduction

_ _ N _ Transportation Final Energy Demand by Fuel
> Light duty vehicles transition to battery electric technology 1,200 ’ -

* 98% of new sales are ZEVs by 2030, 100% by 2035

10% early retirements of fossil stock by 2030
26% of stocks are ZEV's by 2030, 95% by 2050

> Medium and heavy-duty vehicles are slower to transition, and rely on a
combination of battery electric and hydrogen fuel cell technologies
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Transportation Stock Rollove

Reference Case
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Transportation Stock Rollover

Scenario 1: AP Recommendations
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Transportation Stock Rollover

Scenario 2: Strategic use of Low-Carbon Fuels
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Transportation Stock Rollover

Scenario 3: Accelerated Transition Away from Combustion
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Transportation Stock Rollover

Scenario 4: Beyond 85% Reduction
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Electricity Generation

Reference Case

Key Drivers

> Electric end use loads, built up from buildings, industry, and transportation
sectors

* In the Reference Case loads decline in near term as a result of funded energy efficiency
and electrification programs before starting to rise again by 2050

« ZEV mandate and economic adoption of ZEVs drives increase in transportation loads

Electricity Demand by Sector*

. ® Transportation
> The Reference Case includes:

* New York’s 70% Clean Energy Standard (CES) by 2030, including technology carve
outs:
- 6 GW of behind-the-meter solar by 2025
- 3 GW of battery storage by 2030
- 9 GW of Offshore Wind deployment by 2035

* Regional Greenhouse Gas Initiative (RGGI) 2025 2030 2035 2040 2045 2050

+ Least cost capacity-expansion and dispatch driven by a renewable resource supply curve
and relevant cost assumptions (resource costs, fuel costs, and transmission costs)

* Indian Point nuclear facility retired in 2020/2021, upstate nuclear facilities retire after 60-
year licenses expire \ | / é<
Sew IR ¥

I
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Electricity Generation

Reference Case

> Loadsdeclinein near-termdue to New Efficiency: New York investments before starting to increase in 2035-2050 period

> 2030 Clean Energy Standard is met with combination of: Land-based and Offshore Wind, Utility-scale and Distributed Solar, and Tier 4
renewables

« 8.2 GW of battery storage is added to meet peak needs and facilitate renewable integration

> Generation mix in 2030is nearly 90% zero-emissions

Installed Capacity Annual Generation
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Capacity (MW)

NYCA Reserve Margin Contrl

Reference Case

> 2050 statewide ICAP in the reference case is a mix of thermal capacity, distributed and utility-scale solar, offshore wind, and battery storage

> 42 GW of renewables and storage provide 13 GW of firm (UCAP) capacity towards the PRM requirement

NYCA Planning Reserve Margin NYCA 2050 Installed Capacity
60,000
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50,000 Variable RE Capacity

40,000 s Firm Capacity

30,000

----- Peak Load
20,000

10,000 | Pl B B B B B B —eeee Total Reserve
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Electricity Generation

Scenario 1: AP Recommendations

Key Drivers

>

Electric end use loads, built up from buildings, industry, and transportation
sectors

In Scenario 1 loads decline in near term as a result of energy efficiency and electrification
programs before starting to rise again by 2025

Widespread vehicle and building electrification drive load growth

Scenario 1 includes:

New York’s 70% Clean Energy Standard (CES) by 2030, including technology carve
outs:

- 6 GW of behind-the-meter solar by 2025 and 10 GW by 2030
- 3 GW of battery storage by 2030

- 9 GW of offshore wind by 2035

- 2.5GWofTier 4 renewables by 2030

100% Zero Emissions Electricity by 2040, including renewables, battery storage, existing
nuclear, and hydrogen as available resources.

Regional Greenhouse Gas Initiative (RGGI)

Least cost capacity-expansion and dispatch driven by a renewable resource supply curve
and relevant cost assumptions (resource costs, fuel costs, and transmission costs)

Indian Point nuclear facility retired in 2020/2021; upstate nuclear facilities receive 20-year
license extensions

Electricity Demand by Sector*
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*Does not include electricity that may be required
to produce hydrogen via electrolysis
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Electricity Generation

Scenario 2: Strategic Use of Low-Carbon Fuels

Key Drivers

>

Electric end use loads, built up from buildings, industry, and transportation
sectors

* In Scenario 1 loads decline in near term as a result of energy efficiency and electrification
programs before starting to rise again by 2025

* Widespread vehicle and building electrification drive load growth

Scenario 2 includes:

* New York’s 70% Clean Energy Standard (CES) by 2030, including technology carve
outs:

- 6 GW of behind-the-meter solar by 2025 and 10 GW by 2030
- 3 GW of battery storage by 2030

- 9 GW of offshore wind by 2035

- 2.5GWofTier 4 renewables by 2030

+ 100% Zero Emissions Electricity by 2040, including renewables, battery storage, existing
nuclear, and hydrogen as available resources.

* Regional Greenhouse Gas Initiative (RGGI)

» Least cost capacity-expansion and dispatch driven by a renewable resource supply curve
and relevant cost assumptions (resource costs, fuel costs, and transmission costs)

* Indian Point nuclear facility retired in 2020/2021; upstate nuclear facilities receive 20-year
license extensions

Electricity Demand by Sector*
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Electricity Generation

Scenario 2: Strategic Use of Low Carbon Fuels

> éoad inc;:reases to over 300 TWh by 2050 due to high levels of electrification, coupled with electrolysis loads (40 TWh) to meet hydrogen
eman

> 65 GW of solar, 16 GW of land-based wind and 16 GW of offshore wind are added by 2050 to provide zero-carbon supply
> 21 GW of battery storage helps with balancing renewables, including 1.4 GW of 8-hour storage

> 21 GW of zero-carbon firm capacity is required to maintain reliability during periods of low renewables

Installed Capacity Annual Generation
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Capacity (MW)
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Scenario 2: Strategic Use of Low Carbon Fuels
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NYCA Planning Reserve Margin
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Electrification drives need for significant capacity additions
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LBW Imps, 5,397
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Total Reserve
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120 GW of renewables and storage provide 20 GW of firm (UCAP) capacity towards the PRM requirement

NYCA 2050 Installed Capacity

2050 statewide ICAP in Scenario 2 is diverse mix of solar, onshore and offshore wind, battery storage, and firm capacity
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Electricity Generation

Scenario 3: Accelerated Transition Away from Combustion

Key Drivers

>

Electric end use loads, built up from buildings, industry, and transportation
sectors

* In Scenario 1 loads decline in near term as a result of energy efficiency and electrification
programs before starting to rise again by 2025

* Widespread vehicle and building electrification drive load growth

Scenario 3 includes:

* New York’s 70% Clean Energy Standard (CES) by 2030, including technology carve
outs:

- 6 GW of behind-the-meter solar by 2025 and 10 GW by 2030
- 3 GW of battery storage by 2030

- 9 GW of offshore wind by 2035

- 2.5GWofTier 4 renewables by 2030

+ 100% Zero Emissions Electricity by 2040, including renewables, battery storage, existing
nuclear, and hydrogen as available resources.

* Regional Greenhouse Gas Initiative (RGGI)

» Least cost capacity-expansion and dispatch driven by a renewable resource supply curve
and relevant cost assumptions (resource costs, fuel costs, and transmission costs)

* Indian Point nuclear facility retired in 2020/2021; upstate nuclear facilities receive 20-year
license extensions

« Existing fossil resources retire by 2040 and new fossil infrastructure is prohibited,;
new firm capacity must avoid local air pollution stemming from combustion

Electricity Demand by Sector*
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Electricity Generation

Scenario 3: Accelerated Transition Away from Combustion

Load increases to well over 300 TWh by 2050 due to high levels of electrification, coupled with electrolysis loads (27 TWh) to meet hydrogen demand
61 GW of solar, 19 GW of offshore wind, 10 GW of in-state land-based wind and 7 GW of wind imports are added by 2050 to provide zero-carbon supply
19 GW of battery storage helps with balancing renewables, including 3.7 GW of 8-hour storage

25 GW of zero-carbon firm capacity is required to maintain reliability during periods of low renewables; in this case firm zero-carbon capacity is provided by a
resource that also avoids local air pollution (e.g. hydrogen fuel cells) and all existing fossil infrastructure is retired by 2040

Installed Capacity Annual Generation
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Capacity (MW)

NYCA Reserve Margin Contrl

Scenario 3: Accelerated Transition Away from Combustion

> 2050 statewide ICAP in Scenario 3 is diverse mix of solar, onshore and offshore wind, battery storage, and firm capacity
> 117 GW of renewables and storage provide 21 GW of firm (UCAP) capacity towards the PRM requirement

> Electrification drives need for significant capacity additions
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Electricity Generation

Scenario 4: Beyond 85% Reduction

Key Drivers

>

Electric end use loads, built up from buildings, industry, and transportation
sectors

* In Scenario 1 loads decline in near term as a result of energy efficiency and electrification
programs before starting to rise again by 2025

* Widespread vehicle and building electrification drive load growth

Scenario 2 includes:

* New York’s 70% Clean Energy Standard (CES) by 2030, including technology carve
outs:

- 6 GW of behind-the-meter solar by 2025 and 10 GW by 2030
- 3 GW of battery storage by 2030

- 9 GW of offshore wind by 2035

- 2.5GWofTier 4 renewables by 2030

+ 100% Zero Emissions Electricity by 2040, including renewables, battery storage, existing
nuclear, and hydrogen as available resources.

* Regional Greenhouse Gas Initiative (RGGI)

» Least cost capacity-expansion and dispatch driven by a renewable resource supply curve
and relevant cost assumptions (resource costs, fuel costs, and transmission costs)

* Indian Point nuclear facility retired in 2020/2021; upstate nuclear facilities receive 20-year
license extensions

Electricity Demand by Sector*
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Electricity Generation

Scenario 4: Beyond 85% Reduction

> Load increases to well over 300 TWh by 2050 due to high levels of electrification, coupled with electrolysis loads (34 TWh) to meet hydrogen demand
> 65 GW of solar, 18 GW of offshore wind, 11 GW of in-state land-based wind and 6 GW of wind imports are added by 2050 to provide zero-carbon supply
> 22 GW of battery storage helps with balancing renewables, including 3.4 GW of 8-hour storage

> 24 GW of zero-carbon firm capacity is required to maintain reliability during periods of low renewables

Installed Capacity Annual Generation
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° (] —— I . B Hydro Imports (Existing)

< > ]
S 60,000 ﬂ © - H [n-5tate Hydro
8 I g — — B.
"~ 40,000 — 17,958 g 100,000 ! | e ® Biomass
— — — — - - — — s " Zero-Carbon Firm Resource
= Muclear
0 ,355 ) 0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 69



Capacity (MW)

NYCA Reserve Margin Contrl

Scenario 4: Beyond 85% Reduction

> Electrification drives need for significant capacity additions

60,000

50,000

40,000

30,000

20,000

10,000

NYCA Planning Reserve Margin

-
-
-

-~ e
2,850 T 15,155 19,323

,

2020 2025 2030 2035 2040 2045 2050

Storage and
Variable RE Capacity

Firm Capacity

Peak Load

Total Reserve
Margin
Requirement

LBW Imps, 6,397

2050 statewide ICAP in Scenario 4 is diverse mix of solar, battery storage, onshore and offshore wind, and firm capacity

125 GW of renewables and storage provide 22 GW of firm (UCAP) capacity towards the PRM requirement

NYCA 2050 Installed Capacity

|
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Annual Loads

Impacts of Electrolysis Loads by 2050

> Analysis assumes that 50% of New York’s hydrogen demand must be supplied with in-state electrolysis loads
> Electrolysis loads are significant contributor to total loads by 2050 across all Mitigation scenarios (27-42 TWh)

> Electrolysis is modeled as a highly flexible end use that does not contribute to peak loads

350,000
Electrolysis Loads

= 250,000
3
= Buildings, Industry, and
@ 200,000 .
S Transportation loads
©
2
150,000
c ’ 292,763 293,191
I 286,145 270,915
o
)
o
~ 100,000
171,258
50,000
0
Reference Scenario 1: Scenario 2: Scenario 3: Scenario 4:
AP Recommendations Strategic Use of Low Carbon Fuels Accel Transition Away from Combustion Beyond 85% Reductions

Note: this slide has been updated to reflect a minor update toload forecastsin Scenarios 3 and 4. 71



Typical Spring Week in 2050

Scenario 3
80 Hourly Dispatch in a Spring Week and wind with support from Li-lon batteries and existing clean
70 firm resources can ensure sufficiency in a typical week
60 Load Excess renewable energy can be used to produce
hydrogen or charge another long duration
50 _ _ Load + Reserves + storage solution
Charging
% 40 Storage
\ Discharge y
30 ' -

-
-

Offshore

2
0 Wind

Land-based Wind
10

Nuclear, Hydro, Bioenergy

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Avg Hourly Generation in

':ﬂ Each Week of the Year
= —

"M ITHTHITL 0 - 1L

10 l!l!!ll!lll!!Ill! e

Winter Spring Autumn Winter 72



Multi-Day Reliability Needs in 2050

Scenario 3

80 Hourly Dispatch in a

Challenging Winter Week A Zero-Carbon Firm Resource will be required in extended periods of high load and low

and wind generation. Significant overbuild of Li-lon batteries, and wind would be
60 Load required in its absence

7

o

50 —-—- Load + Reserves + Charging

Zero-Carbon Firm Capacity Need

Offshore

Wind
Land-based Wind

Nuclear, Hydro, Bioenergy, + Imports

Day1 Day 2 Day 3 Day 4 Day5 Day 6 Day 7
80
70 Avg Hourly Generation in
:’g Each Week of the Year
3 ==
20 J HIOT I HirmiaL
10 B !!ll!lII!!:Il=!=!!=!==!==!==!===!!===llll!!llllll

Winter Spring Summer Autumn Winter 73



Waste Sector

Reference Case

Key Drivers

> Historical trends and population growth rates drive landfill
and wastewater emissions

« EPASIT Projection Tool utilized, with 0.02% EPA
recommended annual reduction of MSW.

« Continuation of trends to expand anaerobic digesters, but with
no additional leakage control and no additional food waste
management

 Waste combustion held constant

> Reference case achieves moderate emissions reductions
relative to 1990:

e 2030:8%
e 2050:8%

MMT CO2e
— N w N ()] ()]
o o o o o o

o

>

Waste Emissions by Source and Gas

m Waste Combustion N20

m Waste Combustion CH4
m Waste Combustion CO2
= Municipal Wastewater N20O
® Municipal Wastewater CH4
Landfills m Solid Waste AD CH4
= Landfills CO2

m Landfills CH4
2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 74



Waste Sector

Scenario 1: AP Recommendations

> Key Measures:

« Seeks to divert 100% of waste from landfills and
reduce methane leakage 5% every 5 years from
existing landfills

* Anaerobic digesters in solid waste running at
capacity in 2030 with 75% methane leak
reduction by 2050

« Methane leakage reduction from wastewater
treatment facility anaerobic digesters

 \Waste combustion held constant

> Scenario 1 achieves significant emissions reductions
relative to 1990:

« 2030:22%
« 2050:53%

MMT CO2e

>

Waste Emissions by Source and Gas

m Waste Combustion N20

m Waste Combustion CH4
Wastewater m Waste Combustion CO2

® Municipal Wastewater N20O
, ® Municipal Wastewater CH4
Landfills . m Solid Waste AD CH4

1 Landfills CO2

u Landfills CH4

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 75



Waste Sector >

Scenario 2: Strategic Use of Low-Carbon Fuels
Scenario 3: Accelerated Transition Away from Combustion

> Key Measures: Waste Emissions by Source and Gas
« Seeks to divert 100% of waste from landfills and ® - Waste Combustion N2O
reduce methane leakage 10% every 5 years from Waste Combustion Cha
eXIStIng Iandfllls Wastewater m Waste Combustion CO2

* Anaerobic digesters in solid waste running at
capacity in 2030 with 75% methane leak
reduction by 2050 Landfills = Solid Waste AD CH4

« Methane leakage reduction from wastewater = Landfills CO2
treatment facility anaerobic digesters = Landfils CH4

. 2025 2030 2035 2040 2045 2050
 \Waste combustion held constant

— » Municipal Wastewater N2O
® Municipal Wastewater CH4

MMT CQO2e

> Scenarios 2 and 3 achieves significant emissions
reductions relative to 1990:

« 2030:27%
« 2050:62%

2020 is a modelled year, reflecting historical trends 76



Waste Sector

Scenario 4: Beyond 85% Reduction

> Key Measures:

« Same measures as Scenario 3, plus
characterization of uncertainty in potential for
additional innovation in methane management &
capture for use in “no negative emission
technologies” sensitivity analysis

> Scenario 4 achieves significant emissions reductions
relative to 1990:

e 2030:27%
« 2050:81%

MMT CO2e

>

Waste Emissions by Source and Gas

m Waste Combustion N20

m Waste Combustion CH4
Wastewater m Waste Combustion CO2
- = Municipal Wastewater N20
= Municipal Wastewater CH4
L ~ = Solid Waste AD CH4

= = Landfills CO2

= | andfills CH4

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 77



Agriculture, Forestry, and Other Land

Reference Case

AFOLU includes emissions sources fromAgriculture and
emissions sinks from Forestry

Key Drivers
> Declining forest carbon sequestration following historical trends

> Maintenance of current agriculture practices in animal feeding,
manure management, and soil management

> Agriculture emissions increase relative to 1990:
« 2030:24%
« 2050:24%

> Net sequestration from lands and forests decreases relative to
1990

« 2030:8%
e 2050:17%

Note that forestry and other land sinks do not contribute to 40% or 85% direct emissions reduction limits

MMT CO2e

-35

AFOLU Emissions Sources (Agriculture)

Soil Management

Manure Management u Soil Management CO2
m Soil Management N20O

= Manure Management N20O

. . = Manure Management CH4
Animal Feeding = Animal Feeding CH4

2025 2030 2035 2040 2045 2050

AFOLU Emissions Sinks (Forestry)

m Other AFOLU
Forested Land = Marginal Agricultural Land
m Other land

m Coastal Wetlands

= Harvested Wood Products
m Forest Land

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 78



Agriculture, Forestry, and Other Land

Scenario 1: AP Recommendations

AFOLU Emissions Sources (Agriculture)

> Key Measures: 2
 Agricultural emissions reductions in line with Wightman
and Woodbury (2020) e
« Forestland sequestrationreturns to 1990 levels, with s e
additional afforestation on marginal agricultural lands Animal Feeding = Arimal Feeding GH4
(400k acres by 2050)
 Total AFOLU Sequestration reaches -35 MMT by 2050 2025 2030 2035 2040 2045 2050
> Agriculture emissions change relative to 1990: AFOLU Emissions Sinks (Forestry)

e 2030: 8% increase
e 2050: 18% decrease

m Forest Land

. . &- Forested Land = Harvested Wood Products
> Net sequestration from lands and forests change relative to  s. = Coastal Wetiands
1990 § _ m Other land
- = Marginal Agricultural Land
e 2030: 12% increase _ = Other AFOLU
e 2050: 14% increase 40

2025 2030 2035 2040 2045 2050
Note that forestry and other land sinks do not contribute to 40% or 85% direct emissions reduction limits 2020 is a modelled year, reflecting historical trends 79



Agriculture, Forestry, and Other Land

Scenario 2: Strategic Use of Low-Carbon Fuels

> Key Measures: AFOLU Emissions Sources (Agriculture)

 Agricultural emissions reductions in line with Wightman

N
o

m Soil Management CO2

and Woodbury (2020) Q15 |
8 @uﬁreﬁianagement m Soil Management N20O
 Forestland sequestrationreturns to 1990 levels, with =10 e o
additional afforestation on marginal agricultural lands i Animal Feeding = Arimal Feeding CHA
(400k acres by 2050)
- Total AFOLU sequestrationreaches -35 MMT by 2050 T s a0 2w w0 o 200
> Agriculture emissions change relative to 1990: AFOLU Emissions Sinks (Forestry)

« 2030: 0% change
e 2050: 24% decrease

m Forest Land

. . &- Forested Land = Harvested Wood Products
> Net sequestration from lands and forests change relative to  s. = Coastal Wetiands
1990 § _ m Other land
- = Marginal Agricultural Land
e 2030: 12% increase _ = Other AFOLU
e 2050: 14% increase 40

2025 2030 2035 2040 2045 2050

Note that forestry and other land sinks do not contribute to 40% or 85% direct emissions reduction limits 2020 is a modelled year, reflecting historical trends 80



Agriculture, Forestry, and Other Land

Scenario 3: Accelerated Transition Away from Combustion

> Key Measures:

 Agricultural emissions reductions in line with Wightman
and Woodbury (2020)

« Forestland sequestrationreturns to 1990 levels, with
additional afforestation on marginal agricultural lands
(1.7 million acres by 2050)

« Total AFOLU sequestrationreaches -40 MMT by 2050

N
o

MMT CO2e
> @

> Agriculture emissions change relative to 1990:

« 2030: 0% change
e 2050: 24% decrease

> Net sequestration from lands and forests change relative to
1990:

e« 2030: 15% increase
e 2050: 32% increase

Note that forestry and other land sinks do not contribute to 40% or 85% direct emissions reduction limits

MMT CO2e

AFOLU Emissions Sources (Agriculture)

Manure Management

2025 2030

2035 2040

m Soil Management CO2

m Soil Management N20O

m Manure Management N20O
= Manure Management CH4
= Animal Feeding CH4

AFOLU Emissions Sinks (Forestry)

Forested Land

2025 2030

~ Marginal Agricultural Land

2035 2040

m Forest Land

= Harvested Wood Products
m Coastal Wetlands

m Other land

= Marginal Agricultural Land
m Other AFOLU

2020 is a modelled year, reflecting historical trends 81



Agriculture, Forestry, and Other Land

Scenario 4: Beyond 85% Reduction

> Key Measures: AFOLU Emissions Sources (Agriculture)
« Characterization of uncertainty in potential for additional 20
innovation in agricultural practices for use in “no negative

= Soil Management CO2

emission technologies” sensitivity analysis Rl eRtEEansEemEnt = Soil Management N20
. . = ® Manure Management N20O
 Forestland sequestrationreturns to 1990 levels, with = < Manure Management CH
additional afforestation on marginal agricultural lands - [ = Animal Feeding CH4
(1.7 million acres by 2050)
. 0
« Total AFOLU sequestrationreaches -40 MMT by 2050 2025 2030 2035 2040 2045 2050
> Agriculture emissions change relative to 1990: AFOLU Emissions Sinks (Forestry)
e 2030: 0% Change ) - ~ Marginal Agricultural Land

e 2050: 53% decrease

> Net sequestration from lands and forests change relative to
1990:

e 2030: 15% increase
e 2050: 32% increase

m Forest Land

Forested Land w Harvested Wood Products
m Coastal Wetlands

m Other land

= Marginal Agricultural Land
m Other AFOLU

MMT CO2e

2025 2030 2035 2040 2045 2050

Note that forestry and other land sinks do not contribute to 40% or 85% direct emissions reduction limits 2020 is a modelled year, reflecting historical trends 82



Industry: Energy

Reference Case

Industry Final Energy Demand by Fuel

300

Key Drivers = Hydrogen
> |ndustrial growth rates per subsector match those from 20 IR om |
EIA Annual Energy Outlook B Petroleum P
« For example, the chemicals manufacturing subsector (the g NaturalGas sl
largest industrial subsector in New York) has an energy I T
demand growth rate of 1.2% Electricity oty

> Efficiency improvements, codes and standards

* Includes estimate of economic energy efficiency achieved by Industry Emissions by Subsector
2025 in Reference case, and held persistent through 2050 —
® Mining g

m Glass

> Reference case achieves significant emissions reductions s
I’e|atlve tO 1990 Q Construction | Construction

= Food

e 2030:51% Manufacturing = Other Manufacturing
° . V) = Paper
2050:43% Paper i

= Cement
= Chemicals

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 83



Industry: Energy

Scenario 1: AP Recommendations

Industry Final Energy Demand by Fuel

250

> Key Measures a yogen
« 10% increase in manufacturing energy efficiency by 2025 — ydrogen
based On NYSERDA EE potentlal StUdy, 30% by 2050 - S # Renewable Jet Fuel
« 4% of natural gas use is electrified by 2030, 33% by 2050 I ocural Gas — [
- Remaining natural gas use assumed to be converted to hydrogen by el Geselne
2050 “ Renewable Natural Gas
- Asmall amount of natural gas remains for non-fuel use as feedstocks Electricity - ety
- CCS for all cement and iron & steel facilities with 90% capture oo e s
rate Industry Emissions by Subsector
. . . cp- . . . 18
> Scenario 1 achieves significant emissions reductions 16  Mining & Ag
m Glass

relative to 1990: 14
e 2030: 57%

m Iron and Steel

m Construction

MMT CO2e

8 . = Food
o . 0 Manufacturin
2050 . 84 /0 6 g m Other Manufacturing
= Paper
sl Paper - Coment
2 emen
0 B Chemicals

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 84



Industry: Energy

Scenario 2: Strategic Use of Low-Carbon Fuels

> Key Measures

+ 20% increase in manufacturing energy efficiency by 2025
based on NYSERDA EE potential study, 40% by 2050

» 4% of natural gas use is electrified by 2030, 33% by 2050

- 17% of remaining natural gas assumed to be converted to hydrogen by
2030, 100% by 2050

- Asmall amount of natural gas remains for non-fuel use as feedstocks
* CCS for all cement and iron & steel facilities with 90% capture
rate

> Scenario 2 achieves significant emissions reductions
relative to 1990:

« 2030: 64%
e 2050: 87%

Tbtu

MMT CO2e

o N M O ©

Industry Final Energy Demand by Fuel

= Hydrogen
= Wood and Waste
m Coal

Hydrogen = Other Petroleum
Wood and Waste

# Renewable Jet Fuel

= Jet Fuel
7 Renewable Distillate
m Distillate
# Renewable Gasoline

Natural Gas

m Gasoline
“ Renewable Natural Gas

EIectriCity @ Natural Gas
= Electricity
2025 2030 2035 2040 2045 2050
Industry Emissions by Subsector
® Mining & Ag
m Glass

= |ron and Steel
B Construction
= Food

m Other Manufacturing

Manufacturing

Pa per = Paper
= Cement
= Chemicals

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 85



Industry: Energy

Scenario 3: Accelerated Transition Away from Combustion

Industry Final Energy Demand by Fuel

> Key Measures = Hydrogen
« 20% increase in manufacturing energy efficiency by 2025 — T— Zhw
based On NYSERDA EE potentlal StUdy, 40% by 2050 . # Renewable Jet Fuel

m Jet Fuel

Tbtu

» 4% of natural gas use is electrified by 2030, 83% by 2050 Natural Gas P

- 17% of remaining natural gas assumed to be converted to hydrogen by #Renewable Gasoline
2030, 100% by 2050

- Asmall amount of natural gas remains for non-fuel use as feedstocks

m Gasoline
“ Renewable Natural Gas

Electrici ty = Natural Gas
= Electricity

« CCS for all cement and iron & steel facilities with 90% capture e o Ee e
rate Industry Emissions by Subsector
> Scenario 3 achieves significant emissions reductions . I

relative to 1990: 14 « Glass
12 = [ron and Steel

® 2030 57% §10 B Construction

® 2050 87% 'é 2 ManUfaCtu"ng :(';ct):::rManufacturing
'8 Paper = Paper
2 " Cement
0 ® Chemicals

2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 86



Industry: Energy

Scenario 4: Beyond 85% Reduction

> Key Measures

20% increase in manufacturing energy efficiency by 2025
based on NYSERDA EE potential study, 40% by 2050

4% of natural gas use is electrified by 2030, 83% by 2050

- Remaining natural gas use assumed to be converted to hydrogen by
2050

- Asmall amount of natural gas remains for non-fuel use as feedstocks

CCS for all cement and iron & steel facilities with 90% capture
rate

> Scenario 4 achieves significant emissions reductions
relative to 1990:

2030: 62%
2050: 87%

Industry Final Energy Demand by Fuel

250

Tbtu

MMT CO2e

o N A O ©

Petr,

Natural Gas

Electricity

2025 2030

Wood and Waste

2035 2040

Hydrogen

2045

2050

Industry Emissions by Subsector

Manufacturing

Paper

2020 025 2030

2035 2040

2045

2050

= Hydrogen

= Wood and Waste

m Coal

m Other Petroleum

# Renewable Jet Fuel
u Jet Fuel

# Renewable Distillate
u Distillate

z Renewable Gasoline
m Gasoline

“ Renewable Natural Gas
“ Natural Gas

m Electricity

® Mining & Ag

m Glass

= [ron and Steel

B Construction

= Food

m Other Manufacturing
= Paper

= Cement

= Chemicals

2020 is a modelled year, reflecting historical trends 87



Industry: Processes

Reference Case

Key Drivers

> |ndustrial process emissions are expected to decline
over time, for example in production of cement,
ferroalloys, glass, iron, and steel

> Reference case reductions relative to 1990:
e 2030: 3%
e 2050: 29%

MMT CO2e

Industrial Process Emissions by Source

2 Other Process uses of

Carbonates

Cement

Aluminum
0

2025 2030 2035 2040 2045 2050

B Soda Ash Use

B Semiconductor Manufacturing

m Other Process Uses of
Carbonates

m Lead Production

Hron and Steel Production

m Glass Production

m Ferroalloys

m Electricity Transmission and
Distribution

Cement Production

® Aluminum Production

“Other Process Uses of Carbonates” includes flux stone use, flue gas desulfurization,
magnesium production, acid neutralization, and sugar refining.

2020 is a modelled year, reflecting historical trends 88



Industry: Processes

Scenarios 1, 2, 3, 4

> Key Measures

. Industrial Process Emissions by Source
« Largest reductions come from other process uses

of carbonates, which are assumed to decline = Soda Ash Use
based on continuation of historical trend national 4 m Semiconductor Manufacturing
EPA GHG Inventory m Other Process Uses of
* Process emissions from cement are captured with 3 Carbonates
m Lead Production
CCS
- 100% of cement facilities have CCS by 2050 S ® Iron and Steel Production
. L. (@]
e Other non-CO2 Industrial Process emissions are O 2 = Glass Production
duced based on incorporation of mitigation =R Other Process
re UCQ p g S Uses of Carbonates u Ferroalloys
potential from EPA non-CO2 report [1]
1 m Electricity Transmission and
I 1 i i Distribution
> Scenarios 1, 2, 3, and 4 have significant Cement DO suction
reductions relative to 1990: . o Aluminm Production
e 2030 31% 2025 2030 2035 2040 2045 2050
. “Other Process Uses of Carbonates” includes flux stone use, flue gas desulfurization,
¢ 2050 . 65% magnesium production, acid neutralization, and sugar refining.

[1] https://www.epa.gov/global-mitigation-non-co2-greenhouse-gases/global-non-co2-greenhouse-gas-emission-projections 2020 is a modelled year, reflecting historical trends 89



Industrial Product Use (HFCs

Reference Case

> HFC emissions have grown from near zero in 1990 to
over 20 MMT in 2020, driven by the replacement of
CFCs/HCFCs with HFCs HFC Emissions by Sector

w
o

> Reference Case has an increase relative to 1990:
« 2030:59,651%increase (20% increase from 2020)

N
(9]

. . # Indust
« 2050:65,544% increase (31% increase from 2020) § 20 lTrans:;rtation
&)
E 15 m Residential
= 10 = Commercial
u Other

o o,

2025 2030 2035 2040 2045 2050

“Other” includes emissions from foams, aerosol propellants, solvents, and fire suppressants.

Incorporates assumptions from HFC Mitigation Potential Study 2020 is a modelled year, reflecting historical trends 90



Industrial Product Use (HFCs/R

Scenarios 1, 2, 3, and 4

> Key Measures in HFCs:

« Maximum adoption of ultra-low-GWP technologies
for all building, transportation, industrial HVYAC&R
systems

« Maximum possible service reclaim at end of life
(90% recover rates)

* Near term increase in the early 2020s comes from
building electrification in residential and commercial
sectors, although this impact declines as lower-
GWP technologies are adopted

> Scenarios 1-4 have significant reductions
relative to today, but an increase relative to 1990
in all years:

e 2030:31,867% increase (36% decrease from
2020)

« 2050:2,729% increase (94% decrease from
2020)

Incorporates assumptions from HFC Mitigation Potential Study

HFC Emissions by Sector

30
25
§ 20 llrndus.tryrt .
» Transportation
O 15 -
E ® Residential
= 10 = Commercial
5 m Other
0

2025 2030 2035 2040 2045 2050

“Other” includes emissions from foams, aerosol propellants, solvents, and fire suppressants.

2020 is a modelled year, reflecting historical trends 91



In-State OIl & Gas Fugitive E

Reference Case

Key Drivers

> Fugitive emissions are driven by existing oil and gas B o
Infrastructure in the state Fugitive Methane Emissions

-
iN

m Downstream
= Mid-stream

> Majority of emissions are from low-producing natural gas wells,
transmission and storage compressor stations, steel and cast- u Upstream
iron pipes in the distribution system, and buildings (meters and
beyond-the-meter)

—_
[\S]

—_
o

MMT CO2e

> Leaks from the oil and gas distribution system are aligned with
modeled natural gas service provision in buildings and industry

> Change over time in fugitive emissions reflect decreasing natural
gas production and replacement of steel and cast-iron 2025 2030 2035 2040 2045 2050
distribution pipes with plastic pipes

o N O~ O @

Downstream includes distribution pipelines and building meters

> Reference Case achieves reductions relative to 1990 Mid-stream includes gas transmission, compression, and storage
Upstream includes gas production and abandoned oil and gas wells
« 2030: 27% decrease

e 2050: 35% decrease

Incorporates assumptions from Oil and Gas Systems Mitigation Potential Study 2020 is a modelled year, reflecting historical trends 92



In-State OIl & Gas Fugitive E

Scenario 1: AP Recommendations

> Key Measures

« Largestreductions from abatement at upstream
sources, distribution pipeline decommissioning and
LDAR, and residential building disconnectionand
decommissioning

> Scenario 1 achieves significant reductions relative
to 1990

« 2030:34% decrease
e 2050:57% decrease

Incorporates assumptions from Oil and Gas Systems Mitigation Potential Study

Fugitive Methane Emissions

-
iN

m Downstream
= Mid-stream
® Upstream

—_ =
o M

MMT CO2e

o N O~ O @

2020 2025 2030 2035 2040 2045 2050

Downstream includes distribution pipelines and building meters
WMid-stream includes gas transmission, compression, and storage
Upstream includes gas production and abandoned oil and gas wells

2020 is a modelled year, reflecting historical trends 93



In-State OIl & Gas Fugitive Emi

Scenario 2: Strategic Use of Low-Carbon Fuels

> Key Measures
« Largestreductions from equipment replacement and

LDAR at compressor stations, abatement at upstream Fugitive Methane Emissions
sources, distribution pipeline decommissioning, and 14 = Downstream
residential building disconnection and 12 _t":stf::fnm
decommissioning o 10
N
. . L . . O 8
> Scenario 2 achieves significant reductions relative © 5
=
to 1990 =
« 2030:73% decrease 2
e 2050:81% decrease 0

2020 2025 2030 2035 2040 2045 2050

Downstream includes distribution pipelines and building meters
includes gas transmission, compression, and storage
Upstream includes gas production and abandoned oil and gas wells

Incorporates assumptions from Oil and Gas Systems Mitigation Potential Study 2020 is a modelled year, reflecting historical trends 94



In-State OIl & Gas Fugitive Emi

Scenarios 3 & 4

> Key Measures
« Largestreductions from equipment replacement and

LDAR at compressor stations, abatement at upstream Fugitive Methane Emissions
sources, distribution pipeline decommissioning, and 14 = Downstream
residential building disconnection and 12 ) B";‘l;::fnm
decommissioning o 10
N
« Scenarios 3 and 4 achieve slightly larger reductions 3 8
than Scenario 2 with similar measures due to lower E 6
gas throughput 4
. . S . 2
> Scenarios 3 and 4 achieve significant reductions .
relative to 1990 2020 2025 2030 2035 2040 2045 2050
e 2030:74% decrease Downstream includes distribution pipelines and building meters
includes gas transmission, compression, and storage
° . o0 deCrease Upstream includes gas production and abandoned oil and gas wells
2050:82% d
2020 is a modelled year, reflecting historical trends 95

Incorporates assumptions from Oil and Gas Systems Mitigation Potential Study



pendix A:
enario Assumptions by Sector
d Level of Transformation




Level of Transformation by Scenario:

Buildings

Scenario 1: AP
Recommendations

Scenario 2: Strategic Use of

Low-Carbon Fuels

Scenario 3: Accelerated
Transition Away from
Combustion

Scenario 4: Beyond 85%
Reduction

Efficiencyand
Electrification

High

High

Very High

Very High

New Sales of Heat Pumps

Mix of Heat Pump Technologies

Shareof Electrified Buildings*

Share of Buildings with Efficient
Shell

Air Conditioning Saturation

NYC DistrictHeat System

Smart Devices and Conservation
(AC, SpaceHeating)

30% by 2029,100% by 2030/2035
(SF/MF+Com)

70% ASHP, 10% ASHP + fuel backup,
20% GSHP

11% by 2030,89% by 2050

0.9 Mil.Households by 2030, 7.5 Mil.

by 2050
0.6 Bil.Comsqft by 2030, 5.3 Bil. By
2050

3% Deep Shell, 10% Basic Shell by
2030

12% Deep Shell,56% Basic Shell by
2050

100%saturation by 2050 reflecting
climatetrends and HP adoption

3% annual efficiency improvement

5% reductionin 2030, 10% by 2050

77% by 2029, 100% by 2030/2035
(SF/MF+Com)

70% ASHP, 10% ASHP + fuel backup,
20% GSHP

18% by 2030,92% by 2050

1.5 Mil.Households by 2030, 7.8 Mil.
by 2050

1.1 Bil.Comsqft by 2030, 5.3 Bil. By
2050

7% Deep Shell, 18% Basic Shell by
2030

26% Deep Shell,66% Basic Shell by
2050

100%saturation by 2050 reflecting
climatetrends and HP adoption

3% annual efficiency improvement,
100% hydrogen conversion by 2050

10% reduction by 2030,15% by 2050

80% by 2029,100% by 2030/2035

(SF/MF+Com), 10%early retirement by

2030
77% ASHP, 23% GSHP

22% by 2030,92% by 2050

1.8 Mil.Households by 2030, 7.8 Mil.
by 2050

1.4 Bil.Comsqft by 2030, 5.6 Bil. By
2050

7% Deep Shell, 18% Basic Shell by
2030

26% Deep Shell,66% Basic Shell by
2050

100%saturation by 2050 reflecting
climatetrends and HP adoption

3% annual efficiency improvement,
100% hydrogen conversion by 2050

10% reduction by 2030,15% by 2050

80% by 2029,100% by 2030/2035

(SF/MF+Com), 10%early retirement by

2030
77% ASHP, 23% GSHP

22% by 2030,92% by 2050

1.8 Mil.Households by 2030, 7.8 Mil.
by 2050

1.4 Bil.Comsqft by 2030, 5.6 Bil. By
2050

7% Deep Shell, 18% Basic Shell by
2030

26% Deep Shell,66% Basic Shell by
2050

100%saturation by 2050 reflecting
climatetrends and HP adoption

3% annual efficiency improvement,
100% hydrogen conversion by 2050

10% reduction by 2030,15% by 2050

*Electrified buildings include all homes with a heat pump (ASHP, ASHP with fuel backup, GSHP) but do not include homes with electric resistance heat, which are appx. 470,000 in 2030)

Basic Shell Definition: 27-44%reductionin building space heatingand 14-27% AC demands

Deep Shell Definition: 57-90% reductionin building space heatingand 9-57% AC demands
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Level of Transformation by Scenario:
Buildings Continued

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

i

Low-Carbon Fuels

High

Low

Medium

Hydrogen (via electrolysis)

Biomass feedstock availability

Bioenergy utilization

NYC districtheat converted to hydrogen

In-state + regional feedstocks incl. energy crops

9% RNG, 75% renewable distillate by 2030
100% RNG andrenewable distillate by 2050

NYC districtheat converted to hydrogen

None

4% RNG by 2030, 100% by 2050
(Limited volumefrom targeted methane
abatement fromlandfills and wastewater only)

NYC districtheat converted to hydrogen

In-statewastes and residues only

7% RNG, 7% renewable distillate by 2030
100% RNG andrenewable distillate by 2050

Climate-Friendly Refrigerants

High

High

High

Transition to ultra-low-GWP and natural
refrigeranttechnologies

Servicereclaimatend of life

Max adoption for building, transportation, and
industrial HVAC + refrigeration sectors

90% recover rate

Max adoption for building, transportation,and
industrial HVAC + refrigeration sectors

90% recover rate

Max adoption for building, transportation,and
industrial HVAC + refrigeration sectors

90% recover rate
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Level of Transformation by Scenario:

Transportation

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

High

=
So K

Transit and Smart Growth

High

Very High

Bus TransitService Enhancement and expansion of bus transit,
where service more than doubles in many

areas of the state

Telework + TDM, Walking/Biking, Smart
Growth, Rail

Expansion of telework + TDM programs, urban
infrastructure,and smartgrowth

Enhancement and expansion of bus transit,
where servicemore than doubles in many
areas of the state

Expansion of telework + TDM programs, urban
infrastructure,and smartgrowth

Enhancement and expansion of bus transit,
where servicemore than doubles in many
areas of the state

Further expansion of telework + TDM
programs, urbaninfrastructure,and smart
growth, Strategicinvestments inrail

High

?6% Zero-Emission Vehicles

Vei H.fih

Vei H.fih

New Sales of LDV ZEVs 90% by 2030, 100% by 2035,90/10 BEV/FCEV

New Sales of MDV ZEVs 40% by 2030,100% by 2045, 50/50 BEV/FCEV

New Sales of HDV ZEVs 40% by 2030, 100% by 2045, 25/75 BEV/FCEV

New Sales of Bus ZEVs 100% by 2030

LDV ZEVs on the Road 2.7 Million by 2030, 10 Million by 2050

26% of fleet by 2030,95% of fleet by 2050

LDV BEV Charging Flexibility 25% of vehicles chargeflexiblyin 2030,50%in

2050

MHDV ZEVs on the Road 19,000 by 2030, 180,000 by 2050

8% of fleet by 2030, 77% of fleet by 2050

Bus ZEVs on the Road 10,000 by 2030, 55,000 by 2050

98% by 2030,100% by 2035,100% BEV
10% early retirement before 2030

50% by 2030, 100% by 2045, 75/25 BEV/FCEV
40% by 2030, 100% by 2045,50/50 BEV, FCEV
100%by 2030

3.4 Million by 2030, 10.1 Million by 2050
33% of fleet by 2030, 96% of fleet by 2050

25% of vehicles chargeflexiblyin 2030,50%in
2050

23,000 by 2030, 200,000 by 2050
10% of fleet by 2030, 86% of fleet by 2050

10,000 by 2030, 55,000 by 2050

98% by 2030,100% by 2035,100% BEV
10% early retirement before 2030

50% by 2030, 100% by 2045, 75/25 BEV/FCEV
40% by 2030, 100% by 2045,50/50 BEV, FCEV
100%by 2030

3.4 Million by 2030, 10.1 Million by 2050
33% of fleet by 2030, 96% of fleet by 2050

25% of vehicles chargeflexiblyin 2030,50%in
2050

23,000 by 2030, 200,000 by 2050
10% of fleet by 2030, 86% of fleet by 2050

10,000 by 2030, 55,000 by 2050
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Level of Transformation by Scenario:
Transportation Continued

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition

Away from Combustion

Scenario 4: Beyond 85% Reduction

High Low Medium
. . Used for MHDVs and freightrail Used for MHDVs and freightrail Used for MHDVs, freightrail,and 50% of
Hydrogen (via electrolysis) o
aviationby 2050
Biomass feedstock availability In-state + regional feedstocks incl. energy crops None In-statewastes and residues only
. e 75% renewablediesel by 2030,100% by 2050 None 7% renewable diesel by 2030,100% by 2050
Bioenergy utilization . ;
100%renewable jet kerosene by 2050 71% renewablejet kerosene by 2050
Medium Medium

Non-Road Transportation

Vei H.firh

Aviation

Marineand Ports

Rail

Efficiency for new airplanes

75% renewablediesel in 2030,100%
electrificationin2050

90% electrification, 10% hydrogen use in 2050

Efficiency for new airplanes

100% electrificationin 2050

90% electrification, 10% hydrogen use in 2050

Efficiency for new airplanes, 16% el ectrification
by 2050 (shorthaul flights), 50% hydrogen
aviationby 2050

7% renewable diesel in 2030, 100%
electrificationin2050

90% electrification, 10% hydrogen use in 2050
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Level of Transformation by Scenario:
Waste and Agriculture

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

\ | ' Emissions Mitigation in Waste

High

High

Very High

Wastediversion

Reduced methane |leakage from existing
landfills

Anaerobic digesters insolid waste

100% waste diversion

10% reduction every 5years

Digesters runningatcapacityin 2030 with 75%
methane leak reduction by 2050

100% waste diversion

10% reduction every 5 years

Digesters runningatcapacityin 2030 with 75%
methane leak reduction by 2050

Characterizationof uncertainty in potential for
additional innovation in methane management
& capturefor usein “no negative emission
technologies” sensitivity analysis

Emissions Mitigation in
Agriculture

P

High

High

Very High

Abatement in manureemissions
Abatement inanimal feeding emissions
Abatement insoil management

Additional abatement from future R&D

50% reductionin 2030,76% reductionin 2050
6% reductionin 2030, 18%reductionin 2050
17% reductionin 2030

1 MMT CO2e

50% reductionin 2030,76%reductionin 2050
6% reductionin 2030, 18%reductionin 2050
17% reductionin 2030

1 MMT CO2e

Characterizationof uncertainty in potential for
additionalinnovationin agricultural practices
forusein“no negative emission technologies”
sensitivity analysis

2 MMT CO2e

Low-Carbon Fuels

High

Low

Medium

Methane captureandre-use

Optimistic growth in RNG capturefrom
landfills, wastewater treatment, and manure
32 Tbtu RNG

Targeted RNG capturefrom landfills,
wastewater treatment, and manure
25 Tbhtu RNG

Targeted RNG capturefrom landfills,
wastewater treatment, and manure
25 Tbtu RNG
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Level of Transformation by Scenario:
Forestry and Land Sinks, NETs

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

A

Carbon Sequestrationin Lands
and Forests

High

Very High

Very High

Existing forestland management

Additional afforestation on marginal
agriculturallands

Total Natural Sequestration

Forest sequestration returns to 1990 levels

400,000 acres by 2050

-35MMT CO2 in 2050

Forest sequestration returns to 1990 levels

1,700,000 acres by 2050

-40 MMT CO2 in 2050

Forest sequestration returns to 1990 levels

1,700,000 acres by 2050

-40 MMT CO2ein 2050

Negative Emissions
Technologies (NETs)

High

Medium

None

Total abatement from directair capture
of CO2 (DAC) or other NETs

-26 MMT CO2 in 2050

-21 MMT CO2in 2050

0 MMT CO2ein 2050
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Level of Transformation by Scenario:
Industrial Processes and Product Use, Fugitive Emissions

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

Chre)

Climate-Friendly Refrigerants

High

High

High

Transition to ultra-low-GWP and natural
refrigeranttechnologies

Servicereclaimatend of life

Max adoption for building, transportation,and
industrial HVAC + refrigeration sectors

90% recover rate

Max adoption for building, transportation,and
industrial HVAC + refrigeration sectors

90% recover rate

Max adoption for building, transportation,and
industrial HVAC + refrigeration sectors

90% recover rate

Industrial Processes

High

High

High

Process emissions fromcement andiron
& steel emissions

Other processes

100% CCS operations (at90% CO2 capture
rates)

Maximum abatement from EPA non-CO2
report

100% CCS operations (at90% CO2 capture
rates)

Maximum abatement from EPA non-CO2
report

100% CCS operations (at90% CO2 capture
rates)

Maximum abatement from EPA non-CO2
report

it

In-State Oil and Gas Fugitive
Emissions

High

High

High

Leak Detection (LDAR) atCompressor
Stations

Pipeline Decommissioning and Building
Disconnection

LDAR at 100% of stations phased in between
2023 and 2030

91% commercial
and 84% residential decommissioning
and building disconnection

LDAR at 100% of stations phased in between
2023 and 2030

99% commercial and
90% residential decommissioning
and building disconnection

LDAR at 100% of stations phased in between
2023 and 2030

99% commercial and 90%residential
decommissioning and building
disconnection
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Level of Transformation by Scenario:

Industry: Energy

Scenario 2: Strategic Use of Low-
Carbon Fuels

Scenario 3: Accelerated Transition
Away from Combustion

Scenario 4: Beyond 85% Reduction

1

Industry Electrification and
Hydrogen

High

High

High

Industry Efficiency

Industry Electrification

Hydrogen Fuel Switching

20% increasein efficiency by 2030, 40% by
2050 for manufacturing

4% of natural gas useelectrified by 2030,33%
by 2050

17% of non-electrified natural gasuse
converted to hydrogen by 2030, 100% by 2050

20% increasein efficiency by 2030, 40% by
2050 for manufacturing

4% of natural gas useelectrified by 2030, 83%
by 2050

0% of non-electrified natural gas use converted
to hydrogen by 2030,100% by 2050

20% increasein efficiency by 2030, 40% by
2050 for manufacturing

4% of natural gas useelectrified by 2030,83%
by 2050

17% of non-electrified naturalgasuse
converted to hydrogen by 2030,100% by 2050

i

Low-Carbon Fuels

High

Low

Medium

Hydrogen (via electrolysis)

Biomass feedstock availability

Bioenergy utilization

High-temperature industries thatare
challengingto electrify

In-state + regional feedstocks incl. energy crops

9% RNG, 75% renewable distillate by 2030
100% RNG andrenewable distillate by 2050

High-temperature industries thatare
challengingto electrify

None

4% RNG by 2030, 100% by 2050
(Volumes limited to targeted methane
abatement fromlandfills and wastewater only)

High-temperature industries thatare
challengingto electrify

In-statewastes and residues only

7% RNG, 7% renewable distillate by 2030
100% RNG andrenewable distillate by 2050
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Climate Impacts and Extreme

> The energy demand modeling assumes increased air conditioning demands consistent with
growth in cooling degree days, sourced from AEO 2020 forecast for Mid-Atlantic region

« To be conservative, we do not decrease heating demand even though AEO forecast for Mid-Atlantic
also includes decrease in heating degree days from 2020-2050

 |n addition to growth in cooling degree days acting as an increase in per-unit air conditioning demand,
we assume increased heating will spur increased AC saturation, resulting in 100% saturation of AC
across households by 2050

> Electric sector analysis examines reliability needs over wide range of weather conditions,
layering increased demand on top of 40 years of daily temperature data [1979-2018]

« Uses 1-in-2 planning standard to develop peak load projection
* Resource portfolios are then selected to meet New York clean energy goals while maintaining
reliability

> Future research needed to assess the impacts of climate change on average energy demands
and extreme weather conditions such as storms and heat waves
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Negative Emissions Technologi

The Climate Act requires at least 85% direct emissions reductions by 2050, with a goal of carbon neutrality
on a net emissions basis

> There is significant uncertainty on the potential size of naturally occurring carbon sinks, and additional
measures, such as Negative Emissions Technologies (NETs), may be needed.

* An example of a NET is DirectAir Capture (DAC) of CO,, which requires a combination of high
temperature heat and energy to capture CO, from ambient air

« DAC technologies are available today at a small commercial scale in North America and Europe, and

will require additional technological progress to achieve 20-30 MMT capture modeled in Scenarios 2
and 3 by 2050
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Current Emissions in New York S
By GHG

Current Estimated GHG Emissions by Sector*

K 400
2% b 350
&
<& 300
250 Other
3 N20
- Q200 = HFCs
, CH4
Buildings Coy =
g 150 CO?2
100 m CO2 Sink
Go,-,%g # Net Emissions
& 50
T ® m
< §f—2’,
-50

*Draft 2020 results in line with DEC CLCPA accounting including upstream
emission factors, 20-year GWP, and estimates from NY PATHWAYS
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Emissions by Sector over Time
Reference Case

450

400

350 Fugitive Emissions

w7z Industrial (Upstream)
300 m [ndustrial
Agriculture

gl’ 250 //// Industrial Processes and Product Use
o i \Waste

O 200 //// wzzz Electricity (Upstream)

|_
% 150 = Electricity
wzz Transportation (Upstream)
100 mmm Transportation
Buildings (Upstream)
50 Buildings
mmm [orestry
0 —Net
-50

Today 2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 109



Emissions by Sector over Time
Scenario 1: AP Recommendations

Fugitive Emissions

w7z Industrial (Upstream)
i Industrial
Agriculture
Industrial Processes and Product Use
mmm Waste
wzz Electricity (Upstream)

MMT CO2e

= Electricity
wzz Transportation (Upstream)
7777777 mmm Transportation
Buildings (Upstream)
Buildings
mmm [orestry

—Net

Today 2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 110



Emissions by Sector over Time
Scenario 2: Strategic Use of Low-Carbon Fuels

450
400
Fugitive Emissions
350 ,
wzz Industrial (Upstream)
300 i [Industrial
Agriculture
o 250 Industrial Processes and Product Use
8 200 mm \Waste
(l;D w277 Electricity (Upstream)
s 150 mmm E|ectricity
= 100 wz Transportation (Upstream)
mmm Transportation
50 Buildings (Upstream)

Buildings
0 | H B B s NETs
-50 = Forestry
—Net
-100

Today 2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 11



Emissions by Sector over Time
Scenario 3: Accelerated Transition Away from

450
400
Fugitive Emissions
350 77z Industrial (Upstream)
300 i [Industrial
Agriculture
o 250 Industrial Processes and Product Use
8 200 m Waste
(l;) w277 Electricity (Upstream)
s 150 mmm E|ectricity
= 100 wz Transportation (Upstream)
mmm Transportation
50 Buildings (Upstream)
Buildings
0 W W B BB e NE T
-50 = Forestry
— Net
-100

Today 2025 2030 2035 2040 2045 2050

2020 is a modelled year, reflecting historical trends 112



Emissions by Sector over Time
Scenario 4: Beyond 85% Reduction

450
400
350 Fugitive Emissions
300 zzzz Industrial (Upstream)
i [Industrial
250 Agriculture
8 200 77 Industrial Processes and Product Use
O mum \Waste
©)
E 150 i ) w2z Electricity (Upstream)
= 7777 mmm E|ectricity
100 p——— ez Transportation (Upstream)
50 mmm Transportation
LSS LS
Buildings (Upstream)
0 Buildings
mmm orestry
=50 —Net
-100

Today 2025 2030 2035 2040 2045 2050

Includesillustrative assumptions foradditional innovationin methane mitigation and natural sequestration 2020 is a modelled year, reflecting historical trends 113



2050 Scenario Snapshot

Reference Case

350
300
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200
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o
o
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® Industrial
Agriculture
Industrial Processes and Product Use
= Waste
# Electricity (Upstream)
m Electricity
# Transportation (Upstream)
m Transportation
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=NETs

m Forestry
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2050 Scenario Snapshot

Scenario 1: AP Recommendations

*

J

100
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Fugitive Emissions
# Industrial (Upstream)
® Industrial
Agriculture
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# Transportation (Upstream)
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2050 Scenario Snapshot

Scenario 2: Strategic Use of Low-Carbon Fuels

?-'3 80 Fugitive Emissions
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2050 Scenario Snapshot

Scenario 3: Accelerated Transition Away from Combustion

80 . .
2 Fugitive Emissions
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2050 Scenario Snapshot

Scenario 4: Beyond 85% Reduction

syuesebuyed

MMT CO2e

Includesillustrative assumptions foradditional innovation in methane mitigation and natural sequestration
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