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Integration Analysis Technical Supplement

Abstract

This technical supplement summarizes, reports, and documents the findings, results, and methodology of
the Integration Analysis developed to support the Climate Action Council in its developmenFEfahe
Scoping Plan pursuant to the Climate Act. Thegdnation Analysis evaluates strategies to achieve the
Greenhouse Gas (GHG) mitigation aims of the Climate Act and assesses the resulting benefits and costs.
Benefits of avoided GHG are assessed baséadhbre of Carbon Guidanaeveloped by the New York

State Department of Environmental Conservation (DEC) pursuant to the Climate Act. Additional public

health benefits were assessed, as well as societal costs.

The technical supplement is organized as follows:

Section I. TechndEconomic Analysis

Section Il. Health Cd3enefits Analysis

Additional data are available for downloadhéps://climate.ny.qgov/

Annex 1. Techndeconomic Analysis Inputs and Assumptions
Annex 2.TechneEconomic Analysis Key Drivers and Outputs

Annex 3. Health Cdenefits Analysis Supplemental Data

Section |. Techndeconomic Analysis defines the Integration Analysis scenarios, GHG mitigation
pathways, and strategies across sectors.sEgigon describes the physical basis for decarbonization and
assesses societal benefits and costs. Section Il. HeaBlei@dits Analysis describes the methods and
results of the public health benefits analysis of the Integration Analysis scenarioseédrgegompile a

range of supplemental data.


https://www.dec.ny.gov/regulations/56552.html
https://climate.ny.gov/
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Summary

The results of the Scoping PlamegrationAnalysisshowthatachievingthe emissions reductiofimits
in the dimate Leadership and Community Protection Atlirhate Ac) will requireaggressive action
across all sect or $utthatthehtbiavemér of théses targittecmicathyyfeasible
andwould have scietal net benefits when accounting éoided GHG emissions attiuk health benefits

of reduced fuel combustion.

Figure 1. Gross Greenhouse Gas Emissions by Scenario
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Figurel aboveshowsgross GHG emissions over time in New York for the five core scenarios modeled

in the integration analysisVhile emissions are projectedslightly decline inthe Referencease(which
demonstrates how existing policies and programs tlageupled GHG emissions from economic growth

in New YorK), significantadditionalreductions would be achieved by implementing the

recommendations of the Climate Action Council Advisory Panels8mel: AP Recommendations).
However, further action is still needed to achieveGhmate Actgross emissionémits, and three

additional scenariowere modeled that demonstrate various technical pathways to achieving these targets.
Many of the stratdgs needed to achieggnificant emissions reductions a@mmon to alscenarios

(e.g, aggressive energy efficiency, building and transportation electrification, decarbonized electricity)
but there remains some optionality in terms of the exact |éwahbition and timinghat is explored by

these scenarios.
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Althoughtheinvestments required chieveClimate Actemissions limitsre significantthey aresmall
relative to the si(netannud costsdanSc¥nariok2dhsough demyaivalentyto
roughly 1% of gross state product in 2050) andartveighed byhe net benefitef avoided GHG
emissionspublic health improvementand reduced fuel combusti@Rigure2). Furthermore, the level of
investment neede@sults in an increase in system spenistf10% relative to the Reference Case
Because significant infrastructure investment will be neeal@asintainbusiness as usualfrastructure
within the statérrespective ofurtherclimate policy, redirecting investment away fretatus que&nergy
expenditures and ward decarbonization is key to realizing the aims of the Climate\Albile there is
significant uncertainty to any projection of energy demands, energy infrastructure turnover, and
greenhouse gas emissions that extends three decades into the futlmegtrasonAnalysisfinds that
achieving New Yo roksbaggetaigtechniealysachievables and thas the obsts

inaction exceed the casbf mitigationacross alscenarioandsensitivities

Figure 2. Net Present Value of Benefits and Costs by Scenario (20207 2050)
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Key findings from the Integration Analysis:

0 Achieving deep decebonization is feasible by midcentury. Achieving the GHG emission limits
requires action in all sectors especially considering h e C| i reamissiens Accourtirggvery
sector will see higlevels of transformation over the next decade and beyond, requiring critical
i nvestments in New Yorkoés economy

0 Together, the benefits of avoiding economic impacts of damages caused by climate change and
the improvements in public health total $400 415billion. Realizing these benefits will requiam
incremental investment over the-g@ar transition oapproximatelylO percent in additional
spending, or £707 295billion, in addition to redirecting the approximately $2.7 trillion in expected
system spatting under the referencecaseo war ds New Yor kés | ow carbon f

o Energy efficiency and enduse electrificationare essential parts of anypathway that achieves
New York State emission limis. Approximatelyl to 2 million efficient homesreelectrified with
heat pumps by 2038cross compliant scenaridspproximately 3 million zereemission vehicles
(predominantly battery electri@yre soldby 2030

o Consumerand community decisionmaking is key, andespecially important for the purchase of
new passenger vehicles and heating systems for homes and businesses through the next decade.
In all scenarios modeled, zero emission vehicles and heat pumps become the majority of new
purchases by thet®2020s, and fossdmitting cars and appliances are no longer sold after.2035
This represents an unprecedented rate of adoption of novel and potentially disruptive technologies
and measures.

o New York will need to substantially reduce vehicle miles traved while increasing accest
public transportation. This should includex@ansion of transit service structured around community
needsamart growth inclusive of equitable transitiented developmelE-TOD), and tansportation
demand management

0 Wind, water, and sunlight power mosofNew Yor k6s e c on pathwayi BEven2 050 i n
with aggressively managed load, electric consumption doubles and peak nearly doubles by 2050, and
NYS becomes a winter peaking system by 208t offshore wind on the ordef 15GW, solar on
the order of 60 GW, and 4nd 8hour battery storage on the order of 20 GW by 26%0n, zere
emission resources, such as green hydrogen ordoragion storage, will play an important role to
ensure a reliable electricity systenybed 2040

0 Low-carbon fuels such as bioenergy or hydrogen mayelp to decarbonize sectors that are
challenging to electrify.By 2030,scenarios includmitial market adoption of green hydrogen in

several applications (including medium and heduty vehicles and higtemperature industrial).
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Additional promising endise applications include district heating and-nmad transportation such

as aviation and rail

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

emissions technologie®®r ot ecting and growing New Yor kods f or e
Negative emissions technologies (e.qg., direct air captut®gf may be required if the State cannot
exceed 85% dire¢6HG emissions reductionStrategt landuse planning will be essential to balance
natural carbon sequestration, agriculture activities, new renewables development, and smart urban
planning(smart growth)

Necessary methane emissions mitigation in waste and agriculture will require transfoative
solutions. Diversion of organic wastendcapture of fugitive methane emissions are keyé@waste
sector Alternative manure management and animal feeding praetitldse criticalin reducing

methane emissions agriculture

Continued researd, development, and demonstratiofRD&D) is key to advancing a full

portfolio of options. Additional innovation will be required in areas such as carbon sequestration
solutions, longduration storage, flexible electric loads, k&WP refrigerants, and anahfeeding
Although benefits and costs are in the same range across mitigation scenarios, risk levels differ

by scenaria Although all scenarios involve a high degree of transformation across strategies and
sectors, very high levels of transformation increase risk of delivering GHG emission reductions.
Types of risk include reliance on technologies in early stagegsvalopnentwhich require

substantial innovation (e.g., negative emission technologies, carbon capture and storage, advanced
low-carbon fuels), reliance on widespread adoption of technologies that are in the early stages of
deploymenie.g., zereemission vehiclg, heat pumps), and reliance on strategies that require the
highest levels of transformation of social institutions and business models (e.g., land use patterns,
mobility practices, waste management).

The Inflation Reduction Act will meaningfully reduce ne direct costs New York could realize up

to $70 billion of federal resources in support of the Scoping Plan initiatives through 2050, which

would reduce incremental costs to New Yorkers by up to 19%.
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Chapter 1. Introduction

As part of the Scoping Plan developméht,SERDA commissionedergy and Environmental

Economics, Inc.E3)! to model technical pathways for New York to achieve the ambitious climate targets
set in theClimate Actand evaluate the implications of these pathways on energy demand, GHG
emissions,md benefits and cosThi sowblekw iYsrkébeecedomy.
A n a | yThis technical supplement provides additional detail on the modeling performed as part of the
IntegrationAnalysis. The Analytic Approach chapter providesighlevel overview of the modeling

framework used for this analysibie Results chapter provides both detailed econaidg and secter

specific model outputs for multiple scenariaad the Key Findings chapter summarizes the highest

profile findings d the study. Finally, the Methods and Data chapter provides greater detail on the

modeling methodology, input data and data sources, and scenario assumptions that were used to develop
the technical pathway$hemodel inputs and assumptions are compilegr@ater detail in Annex, and

the key driverof GHG emission reductionsebefits, and costs, as well as key outputs are compiled in

detail in Annex 2.

Chapter 2. Analytic Approach

The objective of théntegrationAnalysisis to develop GHG mitigatioscenarios for the Scoping Plan

that capture and account for how various strategies interact across sectors and evaluate the benefits and
costs of the suite of strategies for achieving th
goals. Theseitigation scenarios incorporate Advisory Panel and Working Group recommendations,

feedback from the Climate Action Council, and CJWG inpht IntegrationAnalysisis built within the

New York Pathways Modglwhichis a multtmodel framework that inclies a representation of all

categories of GHG emissions in New York and takes as inputs relevant complementary analyses,

including the2021New York Power Grid Study building and transportatiawad mappingfforts, oil

1 For more about E3, sesww.ethree.com
2The New York Pathways model was developedEByMore detail on the NY Pathways model can be four@hapter 5
3 https://www.nyserda.ny.gov/About/Publications/N#ark-PowerGrid-Study, accessed January 2021
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and gas system analysis, andigefrant management analy$i&.diagram of this multmodel framework
is presentedh Figure3.

Figure 3. Economy-wide energy model linked to electricity module

Use detailed energy accounting model to examine Use capacity expansion to optimize
pathways to reaching long-term economy-wide goals future portfolios to meet electric sector

and implications for electric loads

policy goals while maintaining reliability

PATHWAYS Future System E I e Ct rc It
Economy-wide Load Shapes Module
accountingof energy Optimized Capacity
flows Expansion

* Electric Sector 1

Hourfy_simu!at:‘ons of Emissions Loss of Load
electrified end uses Probability Modeling

Integration of renewable and zero-carbon fuel Iterate between different levels of
production, negative emissions technologies, and electrification-driven load growth and

non-energy measures as defined by scenarios resulting electric sector impacts

This chapter contains a higlavel summary of the results of thetegrationAnalysis. Detailed technical
information on the mitigation scenarios presented in this chapter can be faCindpter 3Detailed
information on the proposed strategies to realize the levels of transformation includethteghetion
Analysis scenarios can be found in 8extor Strategiesectiors of the Pans

2.1 Scenario Design
The initial runs of théntegrationAnalysis evaluated faiture that represents businessusual inclusive

of implemented policiefReference Case) and a representation of a future based on the recommendations
from the Council 6s Advisory Panels (Scenario 1)
recommendations alone were not sufficient to achieve the Climate Act@msigsits (Figure4). These

results were presented to the Council in July 2021 and initiated a scenario design planning exercise by the

4NYSERDA conducts research and analysis to support the development and improvement of the statewide Greenhouse Gas
Emissions Report, statewide planning and policy development, implementation of the Climate Leadership and Community
Protection Actand greehouse gas emissions mitigatidtelevant sidies produced with this research and analysis can be
found herehttps://www.nyserda.ny.gov/About/Pulditons/EAReportsand Studies/GreenhougBasEmissions

5 Seehttps://climate.ny.gov/

Section | 8 Page 12


https://www.nyserda.ny.gov/About/Publications/EA-Reports-and-Studies/Greenhouse-Gas-Emissions
https://climate.ny.gov/

Integration Analysis Technical Supplement

Council, facilitated by the analytical team and informed by feedback fro@limate Justice Working

Group CIJWG on the advisory panel recomendations, to develop scenarios with additional emissions

reductions. This exercise resulted in three additional scenarios designed to meet or exceed GHG limits

and achieve carbon neutrality (Scenarios 2 through 4). Scenarios 2, 3, and 4 all cardy forwar

foundational themes based on findings from Advisory Panels and supporting analysigresent

different approaches based upon Council feedback and CJWGHopuhore detailed scenario

parameters, see Chapfe8 Results of Scenarios 2, 3, and 4 were presented to the Council in Gctober

Decembef021and agairwith refreshednput data and additional sensitivitiesSeptembefOctober

2022 The Council contined deliberations on these scenarios in 2022, informed by public comment on

the draft Plan, as they worked to develop the final Scoping Plan

Figure 4. Gross Greenhouse Gas Emissions by Mitigation Scenario

MMT CO,e
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o
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o

-
(¢}
o

2020

—Reference
Scenario 1: AP Recommendations
Scenario 2: Strategic Use of Low-Carbon Fuels

——Scenario 3: Accelerated Transition Away from Combustion
Scenario 4: Beyond 85% Reduction

¢ Gross Emissions Limits

2025 2030 2035 2040 2045 2050

o Reference CaseBusiness as usual plus implemented polities

6 The Reference Case is used for evaluating incrementatalamsts and benefits of GHG emissions mitigatidre Reference
Case includea business as usual forecast plus implemented polieisding but not limited tofederal appliance standards
energy efficiency achieved by funded programeysing and Community Renewal, New York Power Authority, Department
of Public Service, Long Island Power Authority, NYSERDA Clean Energy Fund), funded building electrification, national
Corporate Average Fuel Economy standaadstatewide Zeremission vhicle mandateanda statewide Clean Energy
Standard including technology carveaoulisr more details se€hapter5.3.
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0 Scenario 1: Advisory Panel RecommendationdRepresentation of the Advisory Panel
recommendationswhich provide a foundation for all scenartbsough rapid electrification of
buildings and transportationedarbonization of the powsector,and ambitious reductions in non
combustion emissionfiowever, scenario modeling shows thdtlitionaleffort is needed to meet
Climate Act emissions limits.

0 Scenario 2: Strategic Use of LowCarbon Fuels: Advisory Panefecommendations adjusted for
strategic use of bioenergy derived from biogenic waste, agriculture and forest residues, and limited
purpose grown biomass, as well as a critical role for green hydrogen for diffi@léctrify
applicationsThis scenario idludes a role for negative emissions technologies to reach carbon
neutrality.

0 Scenario 3: Accelerated Transition Away from CombustionAdvisory Panel recommendations
adjusted to include accelerated electrification of buildings and transportation aydienited role
for bioenergy and hydrogen combustion. This scenario includes a role for negative GHG emissions
technologies to reach carbon neutrality

0 Scenario 4: Beyond 85% ReductionAdvisory Panel recommendations adjusted to reflect
accelerated elecfitation and targeted use of levarbon fuels. This scenario includes additional
reductions in VMT and innovation in methane abatement. This scenario reduces gross GHG
emissions beyond the 2050 limit and avoids the need for negative emission technologies

Figure5 highlights the key differences in assumptions across the three scenarios that meet or achieve

New Yorkoés GHG emissions | i nB050.sAll stenariosaltate commean c ar b o
foundational themes of decarbonization, including a-eengssion power sector by 2040, enhancement

and expansion of transiinprecedenterhpid and widespread efficiency and electrification, electrie end

use load flexildity, and methane mitigation in agriculture and waste.

”More informationon the relationship between the Advisory Panel recommendations and the Intelynafigsis assumptions
can be found in Annex 2.
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Figure 5. Level of Transformation by Mitigation Scenario

o

Scenario 2: Strategic Use
of Low-Carbon Fuels
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Efficiency and
Electrification
Transit and Smart High
High
Zero-Emission <
Very High
High
Low-Carbon Fuels
Emissions Mitigation High
in Agriculture & Waste
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Carbon Sequestration
in Lands and Forests

Medium
Negative Emissions

Technologies
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Combustion

Very High

High

Very High
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More detailed scenario assumptions are availab@hapter 3and in Annex2

Scenario 4: Beyond 85%
Reduction

Very High

Very High

Very High

Very High

Medium

Very High

Very High

None

Transformativechallenging, angotentially disruptivdevels of effort are required across all sectors, and

all threescenarios include high levels of electrificatiorcluding Scenario 2, which also incorporates
strategic use of lowearbon fuels. Scenario 3 pushes harder on accalezhgetrification to meet the

emission limits using a very lehioenergy and lovecombustion mix of strategies. Scenario 4 pushes
beyond 85% direct reductions in 2050ibgluding use of somw-carbon fuels, examining very high

VMT reductiors, and assumgnhigh (but also highly uncertain) levels of innovation in the waste and
agriculture sectors. Scenario 4 is the only evaluated scenario that achieves carbon neutrality without the
use of negative emissions technologies like direct air capt@®gfwhichis also subject to high

uncertainty, but is required in Scenarios 2 and 3 to address the gap between remaining gross emissions in
2050 and the ambitious assumed projections of natural sequestration. Additional documentation of
scenario assumptions canfoend inChapter 3and5.3. Key assumptions for Scenarios 2, 3, and 4 are

shown inFigure6, Figure7, andFigure8.
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Figure 6. Key Assumptions in Scenario 2: Strategic Use of Low-Carbon Fuels
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Figure 7. Key Assumptions in Scenario 3: Accelerated Transition Away from Combustion
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Figure 8. Key Assumptions in Scenario 4: Beyond 85% Reduction
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Chapter 3. Results

3.1 Underlying Pillars of Decarbonization
New Yor k6 s ndtzerd ansissianby@0@b0irt Sgenarios 2 through 4 can be obseithedugh

key sustainability metrics that account fbe expectedhanges n New Yor kés popul ati ot
over this periodEven in the Reference scenario, final energy demand and GHG emissions are expected to
declineeven as populatioand gross state prody&SP) grow a0.2%/year and 1.9%/yeffigure9).

However as showrin Figure10andFigurell, thetransformationaimitigation measures implemented in

Scenarios 2 throughldad tofinal energy intensity and GHG emissions intendiégliningmuch sooner

and much farthethan in the Referendgase

Figure 9. Statewide Population and Gross State Product (GSP) Forecasts
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Figure 10. GHG Intensity per Capita and per unit of GSHP by Scenario in New York
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Figure 11. Energy Use Intensity per Capita and per unit of GSHP by Scenario in New York
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3.2 Economy-Wide Results

Greenhouse Gas Emissions

Greenhouse gas emissions decline gradually in the Reference Case and decline dramatically in all other
scenarios. Scenarios 2 through 4nadlet or excee@limate ActGHG emission limits and achieve carbon
neutralityby 2050 Figurel2, Tablel, Figurel3, Figurel4)s. Annual GHG emissions data at the

subsector level for all scenarios are reported in Annex 2.

8 Detailed results can be found in Annex 2

Section | 8 Page 18



Integration Analysis Technical Supplement

Figure 12. GHG Emissions by Mitigation Scenario
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Table 1. GHG Emissions and Percent Reductions by Scenario

Scenario 2030 2050
MMT CO2e MMT CO2e
Reference Case 329 311
Scenario 1: AP Recommendations 268 72
Scenario 2: Strategic Use of Low-Carbon Fuels 244 60
Scenario 3: Accelerated Transition Away from Combustion 245 62
Scenario 4: Beyond 85% Reductions 240 51
Climate Act Gross Emissions Limits 246 62
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Figure 13. 2030 GHG Emissions by Scenario
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Figure 14. 2050 GHG Emissions by Scenario
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