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Abstract

Energy plays an integral role in New Yorkers’ lives. It powers the economy, moves peo-

ple and goods, keeps homes and workplaces at a livable temperature, and runs critical

infrastructure that keeps people healthy and safe. Reliable energy systems are easy

to take for granted, but many aspects of these systems are vulnerable to weather

and climate hazards. This chapter discusses how climate change is affecting and will

increasingly affect New York State’s energy supply, delivery, and end uses. It provides

insights into current and future climate vulnerabilities as New York’s energy system

transitions to clean energy sources. This assessment also highlights opportunities to

adapt current and future energy systems and to build resilience to climate impacts.
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1 TECHNICAL WORKGROUP KEY FINDINGS

Energy plays an integral role in New Yorkers’ lives. It powers the econ-

omy,moves people and goods, keeps homes andworkplaces at a livable

temperature, and runs critical infrastructure that keeps people healthy

and safe. Reliable energy systems are easy to take for granted, but

many aspects of these systems are vulnerable to weather and climate

hazards. This chapter discusses howclimate change is affecting andwill

increasingly affect New York State’s energy supply, delivery, and end

uses. It provides insights into current and future climate vulnerabilities

as New York’s energy system transitions to clean energy sources. This

assessment also highlights opportunities to adapt current and future

energy systems and to build resilience to climate impacts.

Key Finding 1: Climate change is already constraining some

sources of energy supply and stressing transmission and distribution

infrastructure through extreme heat, changes in precipitation, and

increasing storm intensity. Risks to the energy system, and to other

sectors that rely on it, will increase as the climate continues to change.

Ongoing assessment of climate impacts, responsive investments, and

changes to system design and operationwill help ensure the continued

safe and reliable operation of the energy system.

Key Finding 2: Patterns of energy demand are shifting due to

climate change and are expected to continue evolving over the com-

ing decades. Altered patterns of energy demand can strain energy

supply and delivery (especially during peak periods) and may lead

to infrastructure failure and energy price increases. Ensuring a reli-

able energy supply and delivery will require diverse solutions such as

investments in new energy infrastructure, hardening of current energy

infrastructure, new business models, and demand-side management

programs.

Key Finding 3: As New York State’s energy system becomes

more electrified and more reliant on emission-free electricity supply

sources, new approaches will be needed to adapt to climate change

and ensure the system is flexible, safe, resilient, and cost-effective.

This challenge is heightened by uncertainties on both the demand and

supply sides of the electricity system, including renewables’ sensitivity

to climate change and the need for new technologies, infrastructure,

andoperations. Solutions such as demand-sidebehavior changes, oper-

ational adjustments, investments in system capabilities and capacities,
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BOX1 Developments since the 2011 ClimAID assessment

The energy chapter of ClimAID identified climate change risks that were expected to affect energy infrastructure assets and electric-

ity demand; enumerated adaptation strategies to protect energy supply assets; and presented strategies for reducing energy demand.1

ClimAID noted various health and economic losses from power outages, particularly for environmental justice communities. This 2023

assessment evaluates climate impacts on the existing energy sector and on a clean energy future driven by zero-emission resources.

Equity and environmental justice concerns are more fully discussed throughout this chapter, including effects on Indigenous communi-

ties. The present chapter also identifies strategies for adaptation and resilience of energy supply, delivery, and demand, as well as areas

for further research and investigation.

modified business models, and new technologies that are attuned to

the changing energy system can moderate the effects of uncertainty

due to climate change.

Key Finding 4: Climate change could result in unequal impacts

across communities due to existing inequalities and burdens in New

York State’s energy system, especially as the system evolves. People

of color and low-income households are alreadymore likely than other

communities to experience challenges in cooling their homes in hot

weather and are more vulnerable to power outages during extreme

weather events, for example. Responding to climate change gives

New York an opportunity to work toward a more just and resilient

energy system in which all racial, ethnic, Indigenous, and socioeco-

nomic groups have equitable benefits of clean and resilient energy

infrastructure, affordable energy, and associated jobs. Actions such as

meaningful community involvement in decision-making processes can

help overcome local barriers anddisparitieswhile developing equitable

policy choices in the face of a changing climate and an evolving energy

system.

2 INTRODUCTION AND BACKGROUND

Climate change is affecting and will continue to affect both the infras-

tructure and social aspects of energy supply, delivery, and end uses.

The chapter reviews the best available information sources to quan-

tify what is known about impacts observed to date, impacts projected

in the decades ahead, and opportunities to adapt and build resilience.

It cites and assesses evidence from technical literature as well as

from direct engagement with a range of stakeholders, including energy

companies operating in different parts of the state, nongovernmental

organizations, and community-based organizations.

This background section provides scope and context for the energy

sector in New York State; summarizes key climate hazards and non-

climate factors that affect the energy sector; introduces important

considerations around equity, justice, and impacts on Indigenous and

other frontline communities; and uses the concept of adaptation as a

mechanism for broader positive change. Subsequent sections assess

the state of knowledge inmore detail as follows:

∙ Section 3 discusses the observed and projected impacts of climate

change on three broad parts of the energy system: supply and gen-

eration, delivery, and demand. This section reviews impacts on the

energy system not just in its current form, but also as it evolves in

response to economic and policy factors driving the state’s clean

energy transition.

∙ Section 4 discusses energy justice and the sources of energy sys-

tem disparities, recognizing that energy systems disproportionately

burden frontline communities, including those that are subjected to

increased harm from energy systems and those that do not receive

an adequate share of benefits. This section identifies populations

and communities at particular risk due to the impacts of climate

change and the potential for disparities in adaptation.

∙ Section5presents a sampling of adaptation and resilience strategies

for the energy sector.

∙ Section 6 examines opportunities for positive change through cli-

mate adaptation efforts and identifies emerging topics and research

needs. This section also provides a conclusion, summarizing the

major findings and recommendations presented in the chapter.

∙ The Traceable Accounts appendix examines each key finding in

depth. It provides citations that support each assertion, and it

presents the authors’ assessment of confidence in each finding.

∙ Case studies highlight key climate impacts on New York’s energy

sector, along with adaptation and resilience strategies to protect

against these impacts. These case studies are not included in the

chapter proper but are available through links provided in the

chapter.

2.1 Sector scope and context

This section provides an overview of New York State’s primary energy

supply and end uses, prices, and infrastructure. It also discusses the

interdependence of the energy systemwith other sectors.

2.1.1 Energy supply and use

New York has the nation’s third-largest state economy and is the

fourth-most populous state in the country, yet New Yorkers consume

less total energy per capita than the residents of all but two other

states—Hawaii and Rhode Island.2 New York State has one of the

most energy-efficient economies in the nation, thanks in part to the
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F IGURE 6 -1 Share of primary energy consumption in NewYork State in 2021 by fuel (left) and sector (right). Figure fromNewYork State
Energy Research andDevelopment Authority (n.d.).3

efficiencies that come with density and the widespread use of mass

transportation in the New York City area, as well as the prevalence

of sectors (such as finance and professional services) that are not as

energy intensive as heavy industry.2

As of 2021, New York consumes approximately 3532 trillion British

thermal units of primary energy. As shown in Figure 6-1 (left), 38.5%

of that energy is from natural gas, 33.9% is from petroleum products,

and 0.21% is from coal, for a total fossil fuel share of about 72.6% (New

York phased out coal in electricity generation in early 2020, but a small

amount of coal is still used for industrial purposes). Nuclear accounts

for 9.2%, hydrogeneration 6.2% (including conventional hydrogener-

ation and pumped storage hydrogeneration), and 5.9% comes from

nonhydro renewable energy sources that includes bioenergy, geother-

mal, solar, and wind. The state also imports electricity, which accounts

for 6.0% of total primary energy.3

By sector (Figure 6-1, right), electric generation accounts for

36.6% of total primary energy consumption, followed by transporta-

tion (28.8%), residential (17.9%), commercial (11.1%), and industrial

(5.5%).3

Energy demand varies by season, driven by heating and cooling

needs and varying transportation patterns. Electricity use in New York

State typically peaks in July and August, when hot weather leads to

high demand for air conditioning. Statewide, electricity consumption

on peak summer days can be well over 50% higher than daily demand

during spring and fall—the seasons with the lowest demand.4 The

state’s power grid must match supply to this fluctuating demand, with

enough electric generation resources to meet peak loads. Natural gas

also experiences cyclical demand, with peak demand in winter due to

its role as NewYork’s dominant heating fuel.

2.1.2 The electricity system

System overview

Several organizations work cooperatively to ensure the reliable and

safe operation of the power system in NewYork:

∙ The Federal Energy Regulatory Commission (FERC) oversees the

nation’s natural gas and electric power markets, bulk power system

operations, and utility system planning.

∙ TheNorthAmerican Electric Reliability Corporation (NERC) and the

Northeast Power Coordinating Council (NPCC) develop, evaluate,

and enforce reliability standards that are approved by FERC.

∙ The New York Independent System Operator (NYISO) is a not-

for-profit corporation responsible for operating the state’s bulk

electricity grid, administering New York’s competitive wholesale

electricity markets, conducting comprehensive long-term planning

for the state’s electric power system, and advancing the techno-

logical infrastructure of the electric system serving the Empire

State.

∙ The New York State Reliability Council (NYSRC) develops reliability

rules specifically for the NYISO and all parties that provide electric

transmission, ancillary services, energy, and power transactions on

the state’s power system.

∙ The New York State Department of Public Service (NYSDPS) reg-

ulates generation and transmission siting as well as electric, gas,

steam, telecommunications, andwater utilities statewide.

∙ New York’s electric utilities provide electricity to consumers across

the state, and seven of those utilities provide electric power service

to most customers. There are also two New York power authori-

ties, 49 municipal utilities, and four rural electric cooperatives that

provide electric service.5

Current supply mix

New York State currently relies on a mix of resources for electricity

generation—primarily natural gas, hydropower, nuclear, and dual fuel,

with the remainder of the supply fromwind, solar, biomass, and hydro-

electric pumped storage. In 2022, approximately 21% of in-state elec-

tricity generation came from nuclear; 42% from dual-fuel generators

that run primarily on natural gas (but can use other fuels such as oil);

22% from hydropower; and the balance from pumped storage, wind,

solar, and biomass (Figure 6-2).6 In addition to the in-state generation,

NewYork relies on imports tomeet its annual electricity requirements.
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F IGURE 6 -2 NewYork electricity generationmix by region. Figure adapted fromNYISO (2023).6

The generation mix varies widely by region (Figure 6-2), with NYISO

load zones grouped into “Upstate” and “Downstate” regions. The two

regions generate approximately the same amount of electricity, but

Upstate is dominated by nonemitting nuclear and hydroelectric power,

while 95% of Downstate generation comes from fossil fuels.

Grid evolution: Renewable supply additions

The electricity supply in NewYork State is expected to expand through

the inclusion of nonemitting resources such as wind and solar, along

with battery storage. The 2019 Climate Leadership and Commu-

nity Protection Act (Climate Act) mandates additions of nonemitting

resources to achieve a 70% renewable portfolio standard by 2030 and

a 100%zero-emission electric grid by 2040, aswell as specific resource

quantities for offshore wind and distributed solar—9000 megawatts

of offshore wind by 2035 and 6000 megawatts of distributed solar

by 2025.7 The achievement of these mandates will shift the supply

mix toward a renewable-dominated energy mix that primarily relies

on resources that depend on the weather—solar insolation, wind, and

water availability (e.g., precipitation). The concentration of supply in

these categories exposes the grid to a new set of weather influences,

including high wind, low wind, lack of sun, extreme precipitation, and

drought. These factors have little impact on the electric supply of New

York today but will have a much greater impact when the state relies

more on renewable resources.
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Grid evolution: Energy storage additions

Current New York State policy requires 3000 megawatts of energy

storage by 2030,8,9 and in 2022, the Governor directed the storage

goal to be increased to 6000 megawatts.8,9 Energy storage resources

will provide services critical to the grid of the future by balanc-

ing loads, providing operating reserves, managing a growing share of

intermittent renewables, and reducing congestion. Energy is stored

with various technologies that match demands for storage duration,

charging anddischarging rates, and capacities—eachwith different vul-

nerabilities to climate change. Long-duration storage and emerging

clean and dispatchable technologies (also referred to as dispatchable

emissions-free resources, or DEFR), which are yet to be determined,

will be needed to balance intermittent resource generation and load

requirements. Some of the required storage technologies are not yet

commercially available at scale.10–15

Grid evolution: Transmission infrastructure

New York has approximately 18,000 miles of transmission lines, with

new lines under construction.5 Over the coming years, the transmis-

sion system will expand to accommodate the addition of renewable

energy and increased electrification (particularly if renewables con-

tinue to be distributed geographically unevenly, as in Figure 6-2), and

to address existing constraints that currently affect power flowswithin

the state.16 The expansion of transmission investment on local and

state levels highlights the importance of transmission infrastructure

to ensure adequate supply and flexibility for resilience in the face of

climate-related outages or shortages.

2.1.3 The natural gas system

Eleven major natural gas local distribution companies serve New York

State, along with eight small, private, or municipal systems.17 As of

2018, the state has 4589 miles of transmission pipelines and 49,307

miles of distribution lines.18 There are currently 4.95 million natural

gas customers in the state, of which approximately 91% are residential

customers, according to annual reports from theNYSDPS and from the

U.S. Department of Transportation Pipeline and Hazardous Materials

Safety Administration.19,20

The natural gas demand cycle is highly weather-related, while sup-

plies tend to be relatively stable. To ensure sufficient natural gas

supplies to meet customer requirements, gas is injected into under-

ground storage facilities during lower-demand periods, typically April

through October, and withdrawn from storage during the higher-

demand winter season. Liquified natural gas (LNG) also plays a role in

meeting winter peak day supply for National Grid and Con Edison in

New York City. However, with the recent trend toward natural gas-

fired electric generation, demand for natural gas during the summer

months is increasing. Natural gas storage, including storage of LNG,

also serves as insurance against natural disasters (e.g., hurricanes) and

other unforeseen events that could affect gas production and delivery.

Natural gas supplies are expected to remain sufficient to meet

demand for New York State.21 However, adequate pipeline delivery

capacity is critical to ensure that available gas supplies can be pro-

vided to the markets. Delivery capacity is especially important during

winter system operations in which natural gas competes in the home

heating, industrial, and electric generation sectors. Various factorsmay

influence the future of the natural gas system in the state, includ-

ing demand shifts, the build-out of renewable resources (including

renewable natural gas), and pricing. Long-term planning activities are

currently underway to evaluate scenarios for the future system. Addi-

tional details on filed documents, public comments, and interested

parties can be found on the NYSDPSwebsite.22,23

2.1.4 Other energy commodities

New York State consumes approximately 600,000 barrels, or 25.2 mil-

lion gallons, of liquid fuels per day for a variety of end uses, such

as on-road vehicles, nonroad engines, marine, aviation, industrial pro-

cesses, and heating.24,25 Power plants that burn petroleum liquids

(such as distillate or residual fuel oils) are generally used only for short

periods during times of peak electricity demand, such as in New York

City during reliability-related events or duringwinterwhen the price of

natural gas increases. Otherwise, petroleum-fired power plants oper-

ate at relatively few hours per year because of factors such as the high

priceof petroleumrelative toother fuels, air emissions restrictions, and

lower efficiencies of aging generating technology. Dual-fuel switching

from natural gas to fuel oil is more likely during extreme cold weather

periods.

All petroleum fuels consumed in New York State are produced in

and transported from refineries in other states and countries, includ-

ing New Jersey, Pennsylvania, Delaware, the Gulf Coast, and abroad.24

Most of this supply arrives through ports under the jurisdiction of the

Port Authority of New York and New Jersey, which includes one of the

world’s largest fuel tradinghubsandwhich serves as a regional node for

fuels distribution across the Northeast. Supply into the port terminals

arrives via major pipelines and marine tankers and barges that bring

refined fuel from the Gulf Coast, East Coast, and around the world.

Fuel distribution infrastructure, from pipelines to terminals, is con-

centrated closer to New York City due to the role of New York Harbor

and the high consumption of fuel in this region.24 Historically, more

than 50% of terminals have been located in Long Island, New York

City, and the Lower Hudson region, accounting for roughly 50% of

storage capacity.24 Fuel is usually stored in bulk storage terminals in

and around New York Harbor before it is redistributed to the rest

of the state via smaller pipelines and local terminals, and finally by

trucks/vehicles to retail sites (e.g., gasoline stations) and end users

(e.g., homes, businesses, power plants). Fuels, including propane and

biodiesel, are also moved by rail across the state. Key fuel distribu-

tion assetswill be exposed to different climate risks depending on their

location.

The future of liquid petroleum fuels in New York State is uncertain.

Research is underway to develop and apply viable low-carbon alterna-

tives, such as biofuels and renewable diesel. This includes state policy

updates that require biofuel blending for home heating oil.26,27 New
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York Harbor remains an important destination for global petroleum

product markets, and New York City is an important distribution cen-

ter for these fuels for the Northeast region. Given these factors, liquid

fuels infrastructure and use in the state is likely to remain important

into the foreseeable future.

New York State also has more than a dozen district energy systems

that centrally generate steam, hot water, or cold water and distribute

it to customers via a series of underground pipes. Con Edison in New

York City hosts one of the largest district energy systems in the world,

with six in-city plants using natural gas to produce steam that is dis-

tributed through closed-loop piping to approximately 1500 business,

residential, and institutional buildings.28,29 Smaller district energy sys-

tems are located in cities such as Buffalo, Jamestown, Rochester, and

Schenectady.30–33

Other fuels used in the state include coal, which is limited but still

used in some industries, and hydrogen.While hydrogen use is currently

limited, its use and production is undergoing research because of its

potential to reduce greenhouse gas emissions.34

2.1.5 The cost of energy

Households, businesses, and industries in New York State spent

approximately $59.5billiononenergy in2021.35,36 NewYork ranks the

lowest of any state for energy expenditures on a per capita basis.36,37

However, the cost of energy can still be burdensome for low-income

New Yorkers; in response, the state administers programs such as

the Energy Affordability and Electric and Gas Bill Relief Program to

reduce consumer energy burdens. Climate change adaptations that

reduce greenhouse gas emissions and proactively incorporate climate

and energy justice concerns can reduce these cost burdens.

2.2 Key climate hazards

Several key climate hazards affect New York’s energy system and are

projected to change in the future, such as increasing temperatures;

changes in precipitation distribution, including extreme precipitation

events; and sea level rise. Changes in wind speed and direction are also

important to this sector, although projections are less certain for these

variables. Chapter 2, New York State’s Changing Climate, provides

more detail on these anticipated changes.

∙ Increasing temperatures. Increasing temperatures can lead to a

loss of electric generating efficiency in combustion-based, wind,

and solar resources, and could affect demand. Projected increases

in the frequency and magnitude of extreme heat and multiday

heat waves38 could also result in substantial increases in energy

demand. Increasing the frequency and magnitude of heat waves

could require the derating of transmission and distribution infras-

tructure, raise component failure rates, and limit maintenance or

capital work due to workforce restrictions. Rising water tempera-

tures could also affect the performance of power plants that rely

on water for cooling. Cold weather impacts are not a primary focus

in this chapter—although cold snaps will continue to occur in New

York State, particularly in the near term, extremely cold days are

projected to decrease.38

∙ Changes in precipitation. Climate change is projected to increase

the frequency of extreme precipitation events and the likelihood of

short-term summer drought in New York State.38 Fluctuations in

precipitation affect river flows and water levels, which in turn can

affect hydroelectric generation. Power plants, particularly those in

low-lying areas, are vulnerable to heavy rain and flooding. Heavy

precipitation and flooding can adversely affect natural gas sup-

ply systems, especially low-pressure gas distribution systems that

deliver gas to residences and small commercial buildings. Damage

to liquid fuel infrastructure (e.g., storage tanks, electrical equip-

ment, transport-delivery infrastructure) can also occur due to heavy

precipitation and flooding.

∙ Sea level rise. Sea level rise can affect energy supply facilities in the

coastal regions of the state and along tidally influenced upstream

waters by decreasing system reliability and damaging buildings and

equipment (both high water and the corrosive effects of seawa-

ter can cause damage). Sea level rise can also exacerbate the reach

and depth of coastal flooding during a storm event. Underground

electricity and natural gas delivery infrastructure can be vulnera-

ble to sea level rise, which can lead to outages. Much of the state’s

fuel infrastructure is in coastal areas, making it particularly vul-

nerable to the effects of sea level rise. The corrosive effects of

seawater andhighwater candamage infrastructureandcause recur-

ring roadway flooding during high tides. This could prevent workers

from safely accessing facilities, which can lead to energy supply

disruptions.

∙ Changes in wind speed and direction. Extreme events, such as hur-

ricanes and other storms, affect the energy system inmultiple ways.

High winds can damage above-ground electricity transmission lines

and utility poles, or cause transmission towers to buckle. Highwinds

can also affect solar electricity generation and damage photovoltaic

(PV) panels. A particularly widespread long-duration event could

curtail a large amount of wind generation. Although changes in non-

storm-relatedwinds areuncertain,38 it isworthnoting that both lulls

inwind speed and very highwind speeds can decreasewind electric-

ity generation, as turbines cannot operate in very high (e.g., more

than 25 meters per second) or very low (less than 3.5 meters per

second) wind speeds.

Section 3 of this chapter discusses the impacts of each of these climate

hazards onNewYork State’s energy system in greater detail.

2.3 Nonclimate factors

Many factors unrelated to climate impacts will continue to affect the

energy sector, potentially interacting with climatic factors. Of particu-

lar significancewill be economic and policy factors that change theway

NewYork State produces and consumes energy.

 17496632, 2024, 1, D
ow

nloaded from
 https://nyaspubs.onlinelibrary.w

iley.com
/doi/10.1111/nyas.15191 by T

est, W
iley O

nline L
ibrary on [09/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://nysclimateimpacts.org/explore-the-assessment/new-york-states-changing-climate/


ANNALSOF THENEWYORKACADEMYOF SCIENCES 349

The grid of the futurewill be driven by the transition to clean energy.

Numerous regulations and other policy initiatives aim to decarbonize

electricity, buildings, and transportation, mainly through renewable

generation and electrification of heat, hot water, and vehicles. This

economy-wide transformation, when combined with climatic changes,

has major implications for the resilience and reliability of the energy

sector in terms of how end use patterns and the supply-side mix

will change. Various studies16,39–41 have examined how to achieve

both economy-wide emission reduction targets and clean electricity

goals.

The sections that follow briefly describe how these policy mecha-

nisms are changing New York’s energy supply and demand, as well as

the transmission and distribution systems that connect them. While

there are multiple paths to realize a clean energy transition and a net-

zeroemissions future, the trendsdiscussedhere canhelp showhowthe

energy sector’s evolution will combine with climatic effects to create

climate resilience risks and opportunities.

2.3.1 Supply: Low-carbon energy sources

Renewable electric power generation

Electricity generation in New York State will be transformed by the

addition of renewable resources. The Climate Act mandates a 70%

supply of electric load from renewable resources by 2030 as well as

a 100% zero-emission electric supply by 2040.7 These mandates are

supportedby resource requirements for offshorewind, energy storage,

and distributed solar generation.

The transition to a renewable-driven supply will affect the climate

vulnerability of the state’s overall energy supply. These clean-energy

targets will result in greater dependence on renewables, storage, and

DEFR. The characteristics of renewable resources differ from tra-

ditional resources such as combustion-based thermal power plants,

which can be run to match demand. Renewable resources such as

solar, onshore wind, and offshore wind generate electricity when the

resources are available rather than when they are needed to meet the

load. The imbalance between the time that renewable electricity is

generated relative to when it is consumed must be managed through

energy storage technologies; additional transmission; and, eventually,

clean and dispatchable technologies. Renewable energy systems face

several challenges such as the intermittency of renewables, uncertain-

ties with weather and load forecasts, and lack of comprehensive con-

trol systems.42 Renewable power intermittency imposes even larger

uncertainties at micro-scales, as both under- and over-power genera-

tion canhave a considerable negative impact on reliability.43 Moreover,

many of the technologies necessary for reliable 100% renewable elec-

trical grids, such as thermal energy storage,10 long-duration energy

storage,11 and hydrogen storage,12 are not commercially available at

scale.

The difference between the current and future generation mixes

and transmission topologies will require new methods for managing

gridoperations, includingdifferent considerationsof statewide reserve

margins, local reserve margin requirements, capacity accreditation

factors, transmission security modeling approaches, and other relia-

bility and resilience-based planning and market products. The NYISO

studied scenarios44 to identify the changes needed to transform the

existing electricity generation fleet to meet emissions targets and reli-

ability standards established by the NERC, NPCC, and NYSRC. The

metrics used to evaluate reliability are resource adequacy and trans-

mission security. Resource adequacy is the ability of the electric system

to supply the demand for electricity while considering scheduled and

expected outages of system elements. This is measured against the

criterion of one interruption day in 10 years. Transmission security

is the ability of the electric system to withstand disturbances with-

out involuntarily disconnecting firm load. This NYISO study is based

upon load forecasts that include changes in load patterns due to vari-

ations in climate, as well as changes attributable to adaptation through

increased electrification. The NYISO concluded that a large portion of

the fleet of the future will consist of DEFR, defined by the NYISO as

resources that “meet the flexibility and emissions-free energy needs

of the future system but are not yet mature technologies that are

commercially available (some examples include hydrogen, renewable

natural gas, small modular nuclear reactors).”44 The DEFRmust satisfy

electrical attributes provided today by fossil-based generation, includ-

ing sustained on-demand power (ramping capability as high as 12,000

megawatts per hour).45 Twenty-eight different scenarios were studied

by theNYISO, which identified the need for 27–45 gigawatts of DEFRs

in 2040.41,44,46 The Public Service Commission initiated a proceeding

to examine DEFR and other related issues in May 2023.47 One of the

objectives of this proceeding is to “identify technologies that can close

the gap between the capabilities of existing renewable energy tech-

nologies and future system reliability needs, andmore broadly identify

the actions needed to pursue attainment of the Zero Emission by 2040

Target.”

Other low-carbon fuels

Some studies have identified low-carbon fuels—such as renewable nat-

ural gas, hydrogenproduced from renewable resources, and renewable

liquid fuels—as energy supply options to help decarbonize New York

State’s energy sector, especially for end uses that aremore challenging

and costly to shift to a decarbonized electricity sector throughelectrifi-

cation of end use demand.40,41,48 The role of renewable natural gas and

other renewable fuels will vary across sectors, and the climate vulner-

abilities of the production, distribution, and consumption of renewable

fuels will vary based on the specifics of the sectoral usage patterns.

2.3.2 Demand: Electrification of the transportation
and buildings sectors

On the end use side, electrification of vehicles and building heat-

ing and hot water are commonly identified measures to help achieve

economy-wide decarbonization. Electrification measures will increase

electric demand and change the pattern of demand while offsetting

other typesof energy commodities (suchasnatural gas, diesel, gasoline,

and steam) as consumers convert from these systems to electric-based
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ones. The transition to electrified heating will substantially increase

annual energy consumption and peaks, as well as shift peak demand

to the winter period. At the same time, warmer winters may decrease

heating demand, while extreme heat in the summermay increase cool-

ing demand. The shift in demand patterns has implications for the

resilience of system operations, as Section 3.3.1 explores in more

detail.

2.3.3 Delivery: Transmission and distribution
infrastructure

The electric power grid

New York’s power grid will see an increase in electric demand as

well as a shift toward a winter peak while connecting new generation

resources—a combination that the power grid has not had to confront

in the past. The location and distribution of renewable resources are

basedon factors such as landuse restrictions, permitting and landown-

ership, transmission interconnection, and available resources for wind

and solar facilities to produce electricity. The distribution of renewable

resources will be different from the current distribution of generation

plants and will present different resilience and reliability considera-

tions. The addition of offshore wind will cluster a sizable share of the

state’s generation resources into Atlantic coastal waters, requiring the

constructionof facilities aswell as transmission infrastructure required

for the projects to deliver electricity to load centers on land. Offshore

technology deploymentswill face different resilience challenges due to

their exposure to conditions unlike those on land.

Major new transmission line projects inNewYork Statewill increase

the grid’s ability to deliver renewable energy for growing demand

in Southeastern New York (lower Hudson Valley to Long Island) and

reduce the use of fossil fuels for generation in that region. The role of

local electricity distribution lines is changing as loads increase with the

addition of electric vehicles and electrification of heating and domestic

loads. Many distribution circuits will be required to serve as collection

systems for distributed solar systems and other distributed resources.

Most circuits that serve as collectors will require major rebuilds or

upgrades to serve this function.49,50

Natural gas transmission and electrification of the grid

The U.S. Department of Energy (DOE) estimates that 2−3% of U.S.

natural gas is used by oil and gas compressors, including consumption

and leakage.51 The DOE is investigating technologies and manage-

ment approaches that could make natural gas transmission more

efficient and lead to reduced natural gas use and lower emissions.

Alternative technologies include waste heat recovery for electric gen-

eration and conversion to electric-poweredmain drivers. However, the

electrification of natural gas compressor stations may create a new

interdependency between the gas transmission system and the elec-

trical grid. The DOE is also investigating the feasibility of hybrid or

dual-fuel compressor technologies that allow compressor stations to

run on either electricity or natural gas. The added vulnerability to gas

compression createdby electrificationwill need tobe consideredwhen

the costs and benefits of hybrid compression versus electrical-only

compression are evaluated.

Petroleum terminals

Due to the very limited number of petroleum refineries and limited

petroleum or renewable fuel plants in New York, the state relies heav-

ily on domestic and foreign imports to meet its fuel needs. Petroleum

terminals play a crucial role in receiving, storing, and distributing var-

ious petroleum products such as gasoline, diesel fuel, and heating oil,

as well as renewable fuels like ethanol and biodiesel. These terminals

are essential for ensuring a consistent fuel supply to consumers and

businesses in New York. The state is home to around 200 petroleum

terminals of different sizes, with a collective storage capacity exceed-

ing 52 million barrels of petroleum. While many of these terminals are

smaller “secondary” terminals owned by heating oil distributors, util-

ities, or local businesses to cater to their specific needs, they are not

directly involved in supplying the general public (except for heating oil

distributors).24

2.4 Equity and climate justice

Neither the associated benefits nor the burdens of energy extrac-

tion, generation, transmission, and uses are evenly distributed among

members of society. Evidence reveals that the benefits and burdens of

energy systems, as well as the adverse impacts of climate change, are

experienced differently across communities, and that people of color

and low-incomehouseholds experience a greater share of environmen-

tal burdens than other communities while benefiting less than other

groups.52–57

The concept of energy justice addresses these disparities by ensur-

ing that both the social and economic components of energy systems

are equity-minded, and that policy actions focus on addressing the

social, economic, and health burdens of communities and popula-

tions that have been historically harmed by energy systems.58 This is

especially important given the energy transitions and climatic effects

anticipated over the coming decades. Energy justice necessitates

that frontline communities be central players in energy adaptation

strategies. It prioritizes safety, accessibility, and affordability while

democratizing decision-making so that all communities can contribute

meaningfully to policy.

Climate justice applies these notions to the distribution of cli-

mate change burdens and the responsibilities and impacts of society’s

response.59 Energy and climate justice intersect with and are exacer-

bated by underlying and systemic social and economic stressors and

fragilities. Low-income communities, Indigenous Peoples, and commu-

nities of color aremore vulnerable to climate impacts due to legacies of

displacement, historical and ongoing racial and ethnic discrimination,

lack of access to resources, and greater exposure to environmental

pollutants.

Two important concepts that frame energy and climate justice—

distributive and procedural ethics—are discussed below. These con-

cepts intersect with the related concepts of equity and climate justice
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in the Assessment Introduction and are discussed further, along with

specific vulnerabilities, in Section 4.

The clean energy transition presents an opportunity to address

injustices and advance equity. However, as critical end uses become

increasingly dependent on electricity service, the need to ensure a

resilient and reliable electric system—and equitable access to it—

becomes increasingly important.

2.4.1 Distributive justice

Injustices can be identified through inequitable distributions of ben-

efits and burdens across populations. Systematically inequitable bur-

dens fall on specific communities.55 In the United States, some

communities, including communities of color and low-income commu-

nities, experience more environmental burdens than others.52 Dispro-

portionate energy system burdens manifest themselves in frontline

communities throughhigher relative energy costs, greater energy inse-

curity, greater exposure to pollutants and adverse health impacts, and

poorer energy infrastructure.Without responsive policy choices, these

disproportionate burdens could worsen over the coming decades as

New York’s energy system transitions to cleaner energy supplies and

adapts to climate impacts.

Additional distributional inequities result from remoteness to

energy system benefits. For example, energy injustices often mani-

fest in low access to clean energy jobs. One study suggested that the

“transition to a clean energy economy could help address economic

inclusion challenges from the national to the local level. However, the

current roster of workers in related occupations is far from inclusive—

suggesting the existence of distinct barriers to access that require

additional attention and action.”60 This study finds that “the clean

energy economy workforce is older, dominated by male workers, and

lacks racial diversity when compared to all occupations nationally.”60

The U.S. Bureau of Labor Statistics projects that solar PV installers and

wind turbine service technicians will rank among the fastest-growing

occupations in the United States over the next decade.61 In New York,

these andother jobs in the cleanenergy sector providemore joboppor-

tunities than fossil fuel industries62 but are often unavailable to certain

communities.

2.4.2 Procedural justice

Procedural justice principles focus on who is included in energy

and climate decision-making processes. The goal of these principles

is to provide fair, equitable, and inclusive participation in energy

decisions.63 Decision-making procedures involving energy governance

do not always include communities that host the new infrastructure

(e.g., community solar installations, energy storage projects, transmis-

sion and distribution sites).64 As NewYork’s energy system adapts to a

changing climate, community involvement will be important to ensure

that all communities share in the benefits and burdens of the chang-

ing energy system. It will also be important to address inequities in the

leadership and planning of energy infrastructure decisions and climate

adaptation strategies.60

2.5 Indigenous communities

According to the 2020 Census, New York State is home to almost

400,000 residents with American Indian or Alaska Native heritage,

representing2%of the state’s population.65 Overone-thirdof this pop-

ulation identifies as being solely American Indian or Alaska Native.65

Additionally, more than 40,000 residents have Native Hawaiian or

Other Pacific Islander heritage.65 Of the Indigenous population resid-

ing in New York State, about 11,000 people, or fewer than 3%, live

within Tribal reservations.66

Indigenous communities in NewYork State have experienced force-

able land dispossession because of energy projects. For example, the

Kinzua Dam on the Allegheny River near Salamanca in 1965 displaced

more than 600 Seneca citizens and submerged 10,000 acres—almost a

third of the Seneca territory. This action broke the 1794 Canandaigua

Treaty signed by President George Washington, resulted in the loss

of fertile soils, and created a deep resentment in the Indigenous

community.67 In 1960, the construction of the Niagara Falls Power

project in what is now Lewiston resulted in the loss of 550 acres of

the Tuscarora reservation through eminent domain to form a reservoir.

As a result of this project, 37 homes were destroyed and 175 citi-

zens of the Tuscarora Nation were displaced.68 Fishing on the reserve,

whichhadplayed an important role in providing food toNative families,

became almost nonexistent.69

These and other actions destroyed livelihoods, disrupted connec-

tions between social and ecological systems, and created conditions

of energy burden and insecurity. For example, electricity access is gen-

erally lower on Tribal reservations than elsewhere.70 No major power

plants are locatedonTribal lands inNewYork,71 andmany reservations

have homes scattered over large areas, far from a utility grid.72 These

factors, along with the lack of backup generation for power outages,

poor access to broadband, lack of financing, and lack of infrastructure

training in renewable energy careers, contribute to the energy burden

experienced inmany Indigenous communities.

Households on reservations are disproportionately without elec-

tricity. A DOE analysis determined that 14.2% of households on

reservations in theUnitedStates hadnoaccess to electricity, compared

with 1.4% of all U.S. households.70 Native Americans also experience

disproportionately high energy burdens nationally, regionally, and in

metro areas.73 In New York State, several Tribes have created climate

change adaptation plans to address these issues, with solutions that

include using renewable energy.74–78

2.6 Opportunities for positive change

Adapting to climate change offers opportunities to create positive

change, particularly if adaptation is carried out in a way that acknowl-

edges historical injustices and disparities and seeks to close these gaps.
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Section 5.4 discusses several types of policies and programs that could

be targeted toward consumers who are presently the most burdened

by energy costs and often among the least resilient to climate-related

impacts.

Policies such as theClimateAct andSubdivision29of thePublic Ser-

vice Law 66 are examples of actions that New York State is taking to

drive equity and adaptation to climate change, respectively.On July 18,

2019, the Climate Act was signed into law. The Climate Act charged

the Climate Justice Working Group with developing criteria to iden-

tify disadvantaged communities (note that “disadvantaged” is the term

codified in the Climate Act). The working group identified 35% of cen-

sus tracts in the state as disadvantaged communities, based on criteria

that were adopted onMarch 27, 2023.79,80

On February 24, 2022, New York State signed into law an act that

added Subdivision 29 to Public Service Law 66.81 It required com-

bined gas and electric corporations in the state to conduct a climate

change vulnerability study and develop a climate change resilience

plan.82 Theact requires resilienceplans to includeequity and increased

reliability as part of the benefits realized by the proposed adaptation

measures. The goal is to build systems that are capable of withstand-

ing and recovering quickly from the exposure to climate hazards, while

also providing reliable service during normal conditions.

The state is adapting its energy systems to a changing climate

while working to address the root causes of climate change. As noted

in Section 2.3, this transition includes greater reliance on renewable

resources and distributed resources while also incorporating greater

consideration of climate impacts into decisions about energy system

design and operations. This compound transition has already begun to

yield cobenefits and is expected to yield more. These cobenefits relate

to environmental health (e.g., air quality improvements as renewable

sources of electricity displace fossil fuels), energy costs, physical com-

fort, and social justice. Section 6.1 describes these cobenefits in more

detail.

3 OBSERVED AND PROJECTED IMPACTS ON
ENERGY SYSTEMS

3.1 Observed and projected impacts on energy
supply and generation

This section identifies the potential vulnerabilities of energy supply

(e.g., electric power generation and natural gas, oil, and biofuel sup-

plies) to the wide range of climate hazards discussed in Chapter 2,

New York State’s Changing Climate.

3.1.1 Electricity supply

New York State’s supply of electricity can be affected by changes in

weather and climate, including temperature (e.g., increasing long-term

mean temperatures; heatwaves that aremore frequent, longer in dura-

tion, and more intense; and less frequent but still intense cold periods

that can lead to icing conditions); sea level rise; flooding caused by

changes in the amount, timing, and intensity of precipitation; flooding

fromcoastal stormsurgeevents; changes in cloudcover; andchanges in

wind speed. Each of these climate conditions can affect the electricity

supply through direct impacts on the physical infrastructure underpin-

ning generation and through impacts on the mechanical and electrical

processes that generate electricity. Theways inwhich each of these cli-

mate conditions affect electrical systems are described in the following

subsections.

Changes in temperature

Increasing temperatures can adversely affect combustion-based elec-

tric generation in at least two ways: loss of generation efficiency at

higher temperatures and loss of cooling capacity aswater temperature

rises with increasing temperature.83 Increases in water temperature

can also cause a loss of cooling capacity for nuclear generation.

Specifically:

∙ Increasing air temperatures can reduce the electrical output of tur-

bines that drive electric generators. This problem is exacerbated by

increased demand for air conditioning in hotterweather, which adds

to the load even as the turbines become less efficient.84 Common

approaches to dealing with this loss of efficiency and capacity at

higher temperatures include intake air chillers and intake airmisting

systems.

∙ Research focused on the Northeast has examined the potential

impact of increasing water temperature on electricity generation;

this research suggests that climate conditions reduce river water

available for efficient power plant operations and rivers’ capacity to

absorb waste heat, causing a loss of regional thermal generation.85

Due to interest in reducing riverine biological impacts, there has

been a trend away from wet cooling toward dry cooling for power

plants in New York. This increase in dry cooling reduces the likeli-

hood that increasing water temperatures will affect power output

systemwide; however, air-cooled condensers are also subject to

efficiency losses (resulting in reduced electric generation) due to

increasing temperatures.86–88

∙ A study examining various generation plants across the United

States found a significant correlation between generator failures

and extreme temperatures (both cold and hot).89

While generation capacity losses in thermal units due to increasing air

and water temperatures may be reduced by the adoption of noncom-

bustion renewables, the issue could remain relevant if power plants

that combust hydrogen or renewable natural gas are adopted to supply

peak power demands.

Increases in temperature may affect the generation output of PV

panels. Theoutput has adirect relationshipwith the temperatureof the

panel circuits. A recent New York State Energy Research and Develop-

ment Authority (NYSERDA) study90 found that solar output is reduced

by 0.22% per 1◦F increase in temperature, which is consistent with

other studies,91–93 althoughchanges inweather variables suchaswind,

humidity, and cloud-cover are not accounted for in these results.
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For wind technologies, increasing air temperature (and, to a lesser

extent, atmospheric moisture) will lead to a slight decline in air density,

decreasing power output.94,95 Extremely high (or low) temperatures

may damage or reduce the life span of rotating components of turbines

and blades at wind farms.94

As energy storage becomes increasingly important for the reli-

ability and resilience of New York’s future power grid, it will also

be increasingly important to consider the influence of temperature

on the performance of energy storage technologies. Battery-storage

technologies are sensitive to operating temperatures.96 Warmer tem-

peratures can reduce battery capacity, efficiency, and life span,97 and

extreme heat associated with increasing heat waves could require

energy storage systems to have internal cooling to prevent increased

risks of fires and associated outages at large-scale battery facilities.

Flywheels are storage technologies with characteristics most closely

aligned with quick-response regulation service and are less affected

than chemical batteries by changing climate conditions. Flywheels are

commonly enclosed in vacuum-sealed chambers and release energy

through the rotation of internal components.98 The isolation from

exposure to ambient conditions makes this technology resilient to

climate change.

Thermal storage for heating and cooling is an established technol-

ogy for peak shaving and load shifting. The use of off-peak electricity to

meet on-peak heating demand is economically efficient and with little

loss of energy.99 An example of thermal storage is using tanks to store

chilled water produced with off-peak electricity to provide cooling for

the following day or for longer time periods. The production of chilled

water through compression cycles has inherent inefficiencies (e.g., effi-

ciency loss of transformingmechanical work into heat dissipation) that

will increase because of rising ambient temperatures associated with

climate change. For example, there will be a need to cool water from

a warmer starting point, and cooling assets will be exposed to warmer

ambient temperatures.

Changes in precipitation and flooding

Heavy precipitation and associated flooding can disable supply assets,

damage key control and operations equipment through scour and

corrosion, and affect ground instability.83,86 Transmission line access

roads could become inaccessible or washed out, and fixing downed

substations and distribution lines could pose access challenges for

utility crews. Heavy precipitation and flooding can also cause ero-

sion and landslides, which can affect infrastructure directly through

asset damage or indirectly through impeded access. Low-lying gener-

ation facilities could be especially vulnerable to heavy precipitation

and subsequent runoff. Extremeevents (intense rainfall and short-term

drought)may affect infrastructure andoperations andmaintenance for

smaller hydroelectric generation facilities.

Increases anddecreases in precipitation affect river flows andwater

levels that power hydroelectric generation.100,101 Pumped storage

could become increasingly valuable during periods when renewable

resources are limited by lack of sun or wind, or when peak demand is

high. Although smaller run-of-river hydrogeneration plants are more

susceptible to fluctuations in precipitation and snowmelt than pumped

storage, periods of low precipitation can lead to reduced pumped

storage capacity.

Seasonal precipitation, runoff, and streamflow are projected to shift

in timing and amount as the climate changes.102 This variability affects

river flow and could affect smaller run-of-river hydroelectric plants. A

large portion of New York State’s clean energy comes from two hydro-

electric plants, theNiagara and St. Lawrence Power Projects, which are

situated in the Great Lakes watershed. These two power projects are

less likely to be affected by the shifts in seasonal precipitation, runoff,

and streamflow projected within the state. Rather, the flows at their

intakes are dictated by the complex hydrology found in theGreat Lakes

(e.g., evaporation, precipitation, temperature, soil moisture, snowpack)

as well as the international treaties that govern river flow. Climate

change is expected to increase the variability of Great Lakes water lev-

els, but there is no scientific consensus as to whether lake levels will

increase or decrease overall.38,103

The largest reservoir system in New York is the Sacandaga sys-

tem, which has the current capacity to store 38 billion cubic feet of

water.104,105 The system feeds Hudson River hydroelectric stations

that have a capacity of 340 megawatts. Currently, the primary use of

the Great Sacandaga Lake (formerly known as Sacandaga Reservoir) is

for flood control as regulated by the Hudson River–Black River Reg-

ulating District. In the future, storing water for electricity generation

could become a desirable attribute to balance against the recreation

and flood control benefits.

As extreme precipitation increases in frequency and intensity due

to climate change,38 power generation and transmission facilities may

need to become more resilient to flash flooding to prevent outages.

Widespread flooding affected many areas of the state following Hur-

ricane Irene and Tropical Storm Lee in 2011, causing utility power

outages and gas main failures.106 Power plants located in low-lying

areas are particularly vulnerable to supply disruptions due to intense

rain events.

Evidence on changes in the overall frequency or intensity of freez-

ing rain and ice storms is limited and uncertain, but these events could

have impacts onNewYork’s energy system in the future. Ice accumula-

tion could affect generation infrastructure by exceeding its structural

design capacity or reducing power output. Wind turbines are partic-

ularly sensitive to reduced power output or total failure due to the

weight of ice on the blades and other rotating components.107,108

Electrical equipment can freeze, leading to short circuits and com-

ponent and system outages. Key equipment, such as air intakes for

compressors, can be subject to icing and difficult to access during icy

conditions.83 Transmission and distribution lines are also especially

vulnerable to ice loading, and design standardsmayneed to be updated

as icing projections becomemore certain.

Sea level rise

Sea level is projected to rise by up to 1 foot by the 2030s, about 2–3

feet by the 2080s, and more than 4 feet by the year 2150.38 Sea level

rise could affect energy supply facilities located in the coastal regions

of the state (e.g., NewYork City, Long Island) and along the tidally influ-

enced portions of the Hudson River (north to Troy) and its tributaries.
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Sea level rise leads to increased erosion; wave energy reaching farther

inland during storm surge; and increased likelihood, intensity, and fre-

quency of flooding of critical energy supply facilities.109 Storm surge,

nuisance flooding, and long-term inundation can damage equipment

(e.g., through corrosion) and limit facility access. For energy infrastruc-

ture on the coast, sea level rise can undermine system reliability and

adversely affect routine operations through more frequent flooding of

critical facilities such as cooling water intake structures, fuel transfer

facilities, and electrical substations.110 Saltwater inundation can lead

to corrosion and degradation of electrical equipment.86 The combina-

tion of increased storm winds and wave loads could damage offshore

turbine foundations.95,101

Sea level rise also increases the potential depth of storm surge

events. With increased storm surge depths, larger debris can be car-

ried by floodwaters and collide with structures. The design of existing

or planned flood mitigation systems and new generation structures

should account for these changes in potential impact forces. Current

flood protection for equipment may not be adequate under future sea

level rise scenarios.

Changes in wind speed

Utility-scale (e.g., greater than 1 megawatt) turbines generally do

not operate in very low (less than 3.5 meters per second) or very

high (greater than 25–30 meters per second) winds. There is uncer-

tainty, however, about the degree to which wind speeds will change

in New York State and the effects of any changes on wind generation.

The Intergovernmental Panel on Climate Change’s Sixth Assessment

Report indicates, on a global basis, that “observed mean wind speed

is decreasing over most land areas where observational coverage is

high.”111 However, the same report indicates elsewhere that “mean

wind speed and wind power potential are projected to decrease in

western North America (high confidence) with differences between

global and regional models lending low confidence elsewhere.”111

Other sources112 indicate that the average available wind energy will

decrease in the Northeast by less than 15%. Other studies suggest lit-

tle change in hub height wind speeds (plus or minus 0.2 meters per

second) or power production (plus or minus 5% in gross capacity fac-

tor) across New York State and adjacent offshore waters.113 In a study

with different methodologies and assumptions, the NYISO examined

the effects of climate disruptions under climate projections to the

year 2040 (e.g., severe storms and temperature waves) and the loss of

renewable generation due to wind lulls, and found the electric system

experienced loss-of-load events under stress from these disruptions,

even with large amounts of DEFR.45

Changes in surface wind velocity could also affect PV energy

production.114 The flow of wind helps cool down PV circuits to

maintain efficiency and capacity; wind lulls would have the opposite

effect.101 Wind gusts could also cause material damage from debris

and create a greater need for cleaning.115

3.1.2 Natural gas supply

Changes in temperature

Extremely cold temperatures can affect the natural gas supply sys-

tem by freezing fluid handling equipment, transmitters, sensing lines,

valves, and inlet air systems,116 but major natural gas supply disrup-

tions in New York State due to extreme cold temperatures have been

infrequent.While cold snapswill continue to occur in the state, particu-

larly in the near term, extremely cold days are projected to decrease.38

Even under current conditions, standards governing natural gas utili-

ties in the state require measures to protect natural gas infrastructure

from freezing, including standards for insulating piping that transports

natural gas from wells to storage. If current systems have performed

well during historical extreme cold events, their performance is not

likely to be affected under projection changes in temperature.

Changes in precipitation, flooding, and sea level

The most damaging observed climate impact on the natural gas supply

within the state is flooding associated with heavy precipitation,83,117

which is occurring more frequently and with greater intensity38;

flooding events are projected to continue to increase.38 Water in

underground gas pipelines and tunnels may damage or infiltrate into

pipes and cause service interruptions.118 As sea levels rise, groundwa-

ter levels may also rise in coastal areas,119 increasing the exposure of

underground infrastructure to groundwater and leading to corrosion.

After Superstorm Sandy, Con Edison determined that regulator sta-

tions would need to be updated for protection against the increasing

impacts of sea level rise.117

The 2011 ClimAID assessment1 highlighted the damage to New

York State’s gas supply as a result of major hurricanes in the Gulf of

Mexico. Since that time, the amount of gas supplied to the state from

natural gaswells in theGulf ofMexico has decreased dramatically, with

much more gas coming from suppliers in states closer to New York.2

The vulnerability of these suppliers to hurricanes should be studied, as

the Northeast’s exposure to this hazard could increase.

3.1.3 Supply of other energy commodities

The upstream production of liquid fuels, including oil, biofuels, and

hydrogen, is expected to be affected by climate change—specifically by

changes in temperature, precipitation, and flooding. Because less than

1% of power in New York is generated with oil,18 this section will focus

on oil supply for residences, businesses, and transportation.

Changes in temperature

Like natural gas, liquid fuels are more susceptible to cold than to heat.

These fuel systems will continue to experience cold temperatures in

the foreseeable future, although this exposure will decrease the more

the climate warms.
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Changes in precipitation and flooding

Water from heavy precipitation and flooding events can severely dam-

age certain types of oil tanks.120 Over time, small amounts of water

from condensation, poor-quality oil, and ill-fitting caps can result in

corrosion from the inside. Left unchecked, the corrosion will cause the

tank to leak. With future increases in heavy precipitation events and

flooding, oil storage resources could be negatively affected110 for both

residential and commercial users, aswell as for any storageunits on site

at electric generating stations.

Somestorage tankownershave found thatbiofuels have causedcor-

rosion in their tanks and/or tank equipment and components. Biofuels

with high ethanol concentrations absorb water,121 and as fuel absorbs

water, layers can form in the stored fuel. This phenomenon also occurs

in ultra-low-sulfur diesel fuels. According to the Steel Tank Institute,

the fuel itself is not causing corrosion; instead, corrosion is caused by

the water that the fuel draws in from the environment.

3.2 Observed and projected impacts to energy
delivery

Climate hazards affect the networks that deliver energy to New York

State consumers. These networks include the electric power grid—

long-distance transmission, local distribution, and equipment (e.g.,

switchgear and transformers) that regulates delivery—aswell as trans-

mission and distribution pipes for natural gas and the various systems

that deliver liquid fuels to end users (e.g., main pipes and service lines,

compressor stations, odorants, and reservoirs).

3.2.1 Electricity delivery

Adverse weather and falling trees are the leading causes of power

outages in the state.18 Weather-related damage to the transmission

system, which carries electricity long distances from power gener-

ation to the distribution system, often leads to more high-impact

and widespread power losses.122 Climate hazards of concern include

temperature, precipitation extremes, sea level rise, and wind.

Changes in temperature

Electrical transmission and distribution systems are sensitive to ris-

ing ambient air temperatures.1 Transformers, a critical component in

distribution or transmission substations, are sensitive to temperatures

above their design standard.123 High ambient temperatures could lead

to planned power interruptions that protect the equipment to prevent

damage that would cause longer outages.

Extreme heat can cause substantial increases in load that may

exceed the existing installed distribution capacity, require the derating

of infrastructure (i.e., diminish its ability to transmit power), increase

component failure rates, and limit maintenance or capital work due

to lost workdays. Increases in average and maximum temperatures

will decrease the delivery capacity of both the overhead conductors

of transmission systems and the transformers at utility substations.

Increases in ambient air temperature are known to decrease the effi-

ciency and carrying capacity of transmission lines86,124 and could cause

sagging, which can cause lines to become permanently deformed.83

This can present safety and reliability concerns in areas with limited

clearance (the distance between thewire or conductor and a grounded

object such as vegetation or roads). Safety standards require spe-

cific minimum distances between energized conductors and grounded

objects to prevent short circuits and loss of service. To avoid damage

and outages, a transmission line could be derated at higher tempera-

tures, which could pose risks to the energy supply in areas served by

the derated transmission line.

A similar effect occurs in substation transformers at higher aver-

age temperatures to prevent damage to the winding insulation within

the transformers. Transformers are assigned a reference tempera-

ture, above which the capacity of the transformer must be reduced to

avoid damage and subsequent outages. The capacity of a transformer

decreaseswhen themeandaily temperature exceeds the transformer’s

reference temperature. The decrease in capacity is approximately

0.38% per 1◦F above the reference temperature for substation power

transformers.125 In New York State, rating specifications for transmis-

sion line and substation reference temperatures are currently based

on the New York Power Pool Tie-Line Ratings Task Force Final Report.126

This report relies on weather station data from 1983 to 1992, which

is a short historical time period and does not include recent data. As

temperatures rise, ratings based on an outdated temperature refer-

ence could result in transmission lines and substations not being able

to deliver on their rated capacities, causing mismatches between plan-

ning processes and the ability of infrastructure to deliver its expected

capacity. The higher the increase in temperature, the larger the mis-

match. To account for temperature increases, planning processes

would need to rely on updated infrastructure ratings that account for

the projected increases in temperature in determining capacity ratings

of transmission lines and substation infrastructure.

The loss of conductivity with increasing temperatures is more pro-

nounced in transmission lines than in distribution voltage lines, but the

phenomenon is similar.127 The resistance of the lines increases linearly

with absolute temperature. When coupled with transmission line der-

ates and sagging, these impacts on distribution lines can contribute

to local power outages. Climate models project that average tempera-

tures across New York State will increase by 3.8–6.7◦F by the 2050s,

relative to a 1981–2010 baseline, with periods of extreme heat also

increasing in frequency and intensity.38 This increase in temperatures

maywarrant consideration in the design of conductor capacity.

Heat waves could affect the reliability of underground networks

at both transmission and distribution voltages by accelerating corro-

sion and common causes of component failure (e.g., thermomechanical

bending or movement).86,117 The cables associated with distribution

networks heat upduring daylight hours due to increased loads, but dur-

ing a heat wave, they are unable to cool during the overnight period.

During extended heat waves, cables can reach critical temperatures, at

which point they are either taken out of service, derated, or fail. Trans-

mission cables could alsobe affectedbyheatwaves andmaybederated

if the efficiency of the force-cooling equipment that cools them dimin-
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ishes. Asmean and peak temperatures increase, these derates and load

restrictions will also increase if adaptivemeasures are not taken.

Temperature and heat wave increases are exacerbated by the urban

heat island effect in cities, including New York City and other cities

across the state. As a result of the urban heat island effect, New York

City’s urban areas can be hotter than surrounding rural areas, which

amplifies heat wave intensity.128 The urban heat island effect drives

both amplified reductions in transformer capacity and increases in

peak load in particularly hot areas of the service territory for Con Edi-

son, the utility that provides electricity to New York City and most

of Westchester County. Con Edison117 determined that transformer

capacity reductions at New York City area substations could be 10%

larger relative to expected heat increases in Central Park, which is

cooler relative to other areas of New York City because it is cov-

ered by vegetation. Similarly, some network centers could experience

an increase in peak load nearly 5% larger than in Central Park. As a

result of the urban heat island effect, load increases at network cen-

ters hotter than in Central Park sum to a total of approximately 350

megawatts.129 These spatial heterogeneities represent important fac-

tors that could guide long-term investment planning in heat-resistant

infrastructure and system components. Changes in the intensity and

duration of heat waves would have the greatest impact in urban envi-

ronments, with load increases highest due to concentrated cooling

demand and supply limitations exacerbated due to the inability to cool

downdelivery infrastructure. Incorporating local context and adjusting

planning metrics, such as local reserve margins for different regions of

New York State’s electric grid, may improve adaptation to increasing

temperatures and heat waves.

The state’s energy systems could also be vulnerable to sudden cold

snaps during warmer winters. Although a low-risk event, frost quakes,

also known as “cryoseisms,” could increase in frequency in the future.

A frost quake is defined as the unexpected, fast-action cracking at the

surface of water- or ice-saturated groundcover following a rapid tem-

peraturedrop to subfreezing conditions. Suchpreconditions to a freeze

are more likely to occur as average winter temperatures rise.130 The

current frequency of such events is low enough to not be accounted for

by design codes and standards; however, frost quakes could fracture or

shift buried transmission facilities, resulting in forced outages and lost

customers.

Increasing temperatures also have the potential to increase light-

ning, although this result is uncertain.38 In its 2021 vulnerability

study, National Grid stated that lightning could cause moderate phys-

ical damage to generation assets, overhead transmission, towers, and

poles.83

Changes in precipitation and flooding

Heavy precipitation in urban areas can flood electrical equipmentman-

holes and cause outages. The biggest concerns in the future will be

flooding andwashout of transmission and distribution facilities (under-

ground and overhead), including access roads, and icing on overhead

lines. For underground transmission and distribution assets, the pri-

mary areas of concern are the open-air terminations at ground level

and themanhole components.131

Sea level rise

The energy delivery systems in coastal areas of the state (i.e., NewYork

City, Long Island, and the Hudson River estuary) are vulnerable to sea

level rise.While overhead facilities are not as vulnerable, underground

systems and substations can face substantial risk.117 Saltwater intru-

sion into manholes and vaults can damage underground cables and

switchgear, leading to outages. In addition, flooding of street drainage

and stormwater systems can impede the operation of automatic sump

pumps to remove floodwater from energy facilities. Since Superstorm

Sandy, Con Edison has been installing submersible network equipment

to restore the systemmore quickly following a flooding event.

Extreme wind events

As discussed in Section 3.1, changes in wind due to climate change

are highly uncertain. Hazards associated with tropical and extra trop-

ical cyclones are projected to increase over New York State in the

21st century, while the frequency of such storms remains difficult to

project.38 High winds from storms can damage overhead lines86 when

debris and trees are blown against the lines, utility poles are blown

over, and transmission towers buckle. High winds from hurricanes will

adversely affect energy delivery infrastructure in coastal areas of New

York. The remainderof the state, however, is not immune to the impacts

of high winds and extreme events. For example, nor’easters can cause

extensive damage to overhead lines at both distribution and trans-

mission voltages, particularly if they are accompanied by heavy snow

and ice accumulation.86 Some of the more widespread power outage

events are the result of strong pressure gradients that follow a storm

event and produce long-duration high winds. The increase in storm

intensity and frequency because of climate change raises the likeli-

hood of transmission and distribution system damage throughout the

state.

3.2.2 Natural gas delivery

Like the underground electrical systems and steam systems discussed

above, natural gas delivery will be affected by temperature extremes,

heavy precipitation, and increases in flooding.

Changes in temperature

Areport byNational Fuel132 indicates that impacts to natural gas deliv-

ery systems (i.e., production, midstream, and distribution) in northern

Pennsylvania andWesternNewYorkare likely tobeminimal under two

temperature scenarios modeled out to 2030 and 2050. Using two sce-

narios, one assuming a global temperature change below 4◦C by 2100

and one below 2◦C by 2100, the company concluded: “Chronic and

acute hazards projected under the 4-degree Celsius warming scenario

(SSP3-RCP7.0) to 2030 and2050 across theCompany’s region of oper-

ationarenot expected tohave significant financial impact fromphysical

damage to assets or disruptions to operations.” Overall, the magnitude

of direct financial damages to assets represents less than 1% of the

average facility value annually, and only 1 day or less of annual business

interruption per facility in 2050 under the SSP3-RCP7.0 scenario—a
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medium-to-high global emissions scenario that is midway between the

RCP4.5 and RCP8.5 scenarios modeled for this assessment.38,132

Increased variability in winter temperatures133 could pose addi-

tional risks to the natural gas delivery system. Freeze-thaw cycles can

result in frost heaves, potentially causing pipelinemovement or under-

mining, which could increase pipe stress and fracture.133 Warming

winters could increase the likelihoodofmultiple freeze-thawcycles in a

season. The risk of frost heave is driven by various factors beyond tem-

perature, including the soil type, the buried depth of pipe (e.g., above or

below the freeze line), and pipeline materials (e.g., increased risk with

older cast iron and bare steel pipe).

Extreme temperature swings canalso stress delivery equipment and

pipes. Extreme heat could result in greater compressor station cooling

needs, although gas demand is substantially lower in hottermonths.134

Changes in precipitation and flooding

The portion of the natural gas delivery system most vulnerable to

increased precipitation events is the low-pressure gas distribution sys-

tem, which is typically the last part of the system that delivers gas

to residences and small commercial buildings. Street flooding from

extreme precipitation events and coastal storms can lead to water

infiltration in low-pressure gas mains. Infiltration is especially a con-

cern with older (i.e., pre-1970s) gas mains made from cast iron or

uncoated/bare steel pipes that can be prone to leaks.135 Water infil-

tration can affect the movement of natural gas to residences and

commercial buildings.117,136 In addition, when the ground becomes

saturated, moisture can enter low-pressure pipes through joints, par-

ticularly in portions of the system served by older cast iron pipes. Once

water enters the piping system, it can cause reduced pressure or gas

outages. The effort by gas utilities in the state to replace leak-prone

pipes lowers the number of pipelines made from cast iron or uncoated

steel and reduces the risks associated with water infiltration.

While coastal flooding poses a risk, natural gas distribution infras-

tructure beyond the immediate coastline is also vulnerable to flooding

and high-intensity hurricane events. For example, in 2011, Hurricane

Irene tracked in an atypical course for anAtlantic hurricane and caused

major flooding throughout the Catskill and Adirondack mountains and

in Vermont. Approximately 1300 customers lost gas service as a result

of washouts and flooding events associated with this storm.137

The National Fuel report described above noted that other climate-

related hazards projected for other parts of the United States, such as

landslides caused by excess precipitation and wildfires from increased

temperatures and drought, are not likely to adversely affect their New

York operations.132

3.2.3 Delivery of other energy commodities

Temperature extremes, precipitation extremes, flooding, and sea level

rise pose risks to the delivery of other forms of energy to New York-

ers, including petroleum products (e.g., gasoline, diesel, heating oil),

biofuels, and district thermal energy.

Changes in temperature

Like other fuels discussed above, fuel oil pipelines can be vulnerable to

icing and frost heave.

Changes in precipitation and flooding

Flooding due to heavy rains can damage key terminal assets, from elec-

tric equipment and wiring to storage systems and related transport-

delivery infrastructure. Similarly, heavy flooding can result in soil ero-

sion, which can undermine pipeline systems and fuel tank foundations,

making bothmore vulnerable to structural impacts.

Sea level rise and storm surge

Much of the major fuel infrastructure in New York State is sited in

coastal areas and along waterways. These terminals and associated

distribution infrastructure are, therefore, vulnerable to flooding from

more frequent and severe coastal storms, and from the flooding and

physical impacts of sea level rise. Fuel distribution also depends heav-

ily on marine transport, including barges and tankers, which can be

affected by coastal flood events. Flooding can inhibit safe navigation

to shore, damage onshore facilities, and damage ships via debris in the

floodwaters.

Fuel terminals on the coast are vulnerable to damage from storm

surge and from the corrosive effects of saltwater exposure. Terminals

generally consist of at least five major assets:

∙ Storage tanks and related containment systems

∙ Fuel receiving systems (e.g., via marine docks, pipeline interconnec-

tion, and/or rail)

∙ Piping and pump systems (to pump fuel into and out of the tanks)

∙ Fuel loading systems (e.g., truck loading racks)

∙ Electrical, environmental, and fire systems

All these assets are potentially vulnerable to the effects of coastal

storms and flooding. Superstorm Sandy, for example, severely con-

strained fuel distribution for much of NewYork.

Tanks, pumps, loading stations, and docks can all be damaged by

storm surge, while saltwater corrosion damages electrical infrastruc-

ture and electric-dependent equipment. Fuel terminals are highly

dependent on electricity to run pumps, system communications, and

the systems that control compliance with environmental and regula-

tory requirements (e.g., vapor control). Many terminals do not have

backup power generation systems, or their backup systems are not suf-

ficient to meet the full terminal load; this is especially a risk for smaller

single fuel-type terminals.24 These terminals are vulnerable to local

utility outages.

Even if a terminal can operate under flood conditions, coastal flood

events can limit the ability of utility staff to safely access the site,

which may in turn disrupt deliveries to end users or retail sites such as

gasoline stations. Local and regional damage to road, rail, or waterway

infrastructuremay further disrupt deliveries and access.

Sea level rise and increased frequency and extent of tidal flooding

posea long-termrisk tomarinedocks and infrastructure.Coastal flood-
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ing can also cause soil erosion, which can lead to pipeline exposure and

rupture.

New York State has more than a dozen district energy systems that

centrally generate steam, hot water, or cold water and distribute it to

customers via a series of underground pipes. District energy systems in

coastal areas—including the nation’s largest such system in New York

City—will be subject to a higher risk of flooding from sea level rise and

storm surge. Flooding of steam system manholes and vaults can cause

condensation with steam mains, increasing the risk of pressure surges

(known as “water hammer”) that can lead to extensive outages.138,139

3.3 Observed and projected impacts on energy
demand

Projected changes inmeanandextreme temperatureswill haveadirect

impact on demand for all forms of energy used for heating or cool-

ing. Average, maximum, and minimum temperatures are projected to

increase in all regions of New York State under all climate change sce-

narios through the 21st century. This will increase cooling degree days

and decrease heating degree days.38 Historically, the “degree-days”

methodology has been used to estimate the heating and cooling energy

demand of buildings.140

3.3.1 Electricity demand

Several studies indicate that climate change will increase electricity

demand. One metastudy112 reviewed studies focused on the poten-

tial impact of climate change on the bulk power system and found

that an increase in electric demand is expected through the end of

this century.Other research141,142 identifies increased energy demand

associated with increasing temperatures. One study143 predicted that

between 2004 and 2089, the average annual demand from residential

and commercial buildingswould increase by 17% and the average peak

demand from residential and commercial buildings would increase

by 42%. Increases in electric demand due to climate change are pri-

marily driven by the impact of rising temperatures on heating and

cooling demand, with higher temperatures increasing cooling loads

in the summer while potentially decreasing heating loads in the win-

ter. With higher temperatures, more air conditioning appliances will

be installed, and the demand from those appliances will rise as more

energy is required to achieve the same cooling impact. More frequent,

intense, and prolonged heat waves are expected to increase night-

time low temperatures as well, which heavily influences how long air

conditioners run and thus the associated electricity demand. Even

today, air conditioning can account for one-third of total electricity

demand on a hot summer day in New York State. The NYISO projects

that, by 2050, “increasing temperatures will potentially add between

1600 to 3800 megawatts, or 10% to 23% of summer peak cooling

requirements.”144,145

A NYSERDA study90 on the impact of climate change on the energy

system, using different methodologies from the NYISO report, also

found that higher temperatures will increase cooling demand and

decrease heating demand over time. In a scenario with less energy

efficiency and fewer heat pumps, aggregate heating and cooling elec-

tric load increased from 23 to 31 terawatt hours in 2050 in the

more extreme climate case due to increased summer cooling needs.

In a Climate Act-compliant case with greater heat pump and effi-

ciency adoption, increasing temperatures led to overall lower heating

and cooling electric load (from 39 to 35 terawatt hours) due to

reduced electric demand in the winter months that offset the more

limited increase in cooling demand in summer. The study found that

warmer extreme temperatures would also affect peaks. In 2050, sys-

tem peaks in the first scenario, observed in the summer, rose from

34 to 38 gigawatts due to increased cooling demand; in the Climate

Act-compliant scenario, system peaks in 2050, observed in the win-

ter, reduced from 47 to 40 gigawatts under more extreme climate

change.

In addition to changes in electric demand driven by climate change,

electric demand is projected to grow due to the impacts of electrifi-

cation in the transportation and buildings sectors. Baseline electricity

energy demand is projected to increase by up to 31% between 2021

and 2050.146 In its baseline forecast, the NYISO projects that elec-

trification for space heating and transportation may increase electric

demand by over 20 gigawatts in 2050, with the shift of heating loads to

the electric sector changing the state’s peak electric load from summer

to winter in the mid-2030s.6 Twenty gigawatts is a large percentage of

the current NYISO peak of 32 gigawatts, highlighting the considerable

impact of space heating and transportation electrification. Despite an

almost two-thirds increase in loads from building and electric vehicle

demand, energy efficiency in the same forecast is expected to mod-

erate peak increases of up to 9 gigawatts.147 In addition, based on

analysis conducted for New York’s Scoping Plan,148 end use flexibil-

ity mechanisms (e.g., smart devices that can shift energy use when the

grid is stressed) can moderate peak increases by over 3 gigawatts in

2050. This finding highlights the value of innovative peakmanagement

approaches inmanaging increasing loads and supporting grid resilience

through increased flexibility.149

On an annual and seasonal basis, Con Edison, which provides both

gas and electricity to its service territory, attempted to determine how

changes in heating degree days and cooling degree days would affect

the energy needed for its customers in 2050, regardless of whether

that energy was supplied as gas or electricity. Their analysis indicated

that an increase in summertime cooling degree days in 2050 could

result in energy delivery increasing by between 1.4% and 5.4%. The

projected increase in electric cooling load over the summer months

due to climate change is larger than the estimated decrease in electric

heating load due to climate change.129

Heat waves increase electricity demand. This increase is driven pri-

marily by cooling needs for building residents, occupants, and critical

equipment. In the future, heat waves are projected to become longer,

more frequent, and more intense across New York State.38 In dense

urban environments, the urban heat island effect can exacerbate heat

waves. Air conditioning releases hot air into the outdoor environment,

which contributes to the urban heat island effect. One study, focused
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F IGURE 6 -3 NewYork Control Area current and projected seasonal load shapes, as modeled by NYISO. Different assumptions of
electrification, climate projections, and other inputs may produce different results. Figure adapted fromNYISO (2023).6

onArizona, found that this impact ismore apparent at night, when heat

emitted from air conditioning systems increased the mean air temper-

ature by more than 1.8◦F (1◦C) for urban locations.150 As heat waves

continue over consecutive days, the retention of heat and thermal iner-

tia can result in higher cooling needs and associated electricity demand

in the latter part of the heat wave. This effect, not uncommon in New

York City and parts ofWestchester County, will occur even if tempera-

ture and humidity are constant during the heat wave. Con Edison uses

a rolling multiday weighted average of temperature and humidity, oth-

erwise known as a “temperature variable,” to more accurately predict

summer electricity demandwithin their service territory.128

While climate projections for the state show a general warming

trend that will lead to increasing cooling degree days and decreas-

ing heating degree days annually, uncertainty remains regarding the

impact of climate change on severe winter weather and peak day

demand, especially in the near term. Cold dayswill still occur, and some

winters will be colder than others.151,152 However, if more people are

reliant on electricity during the winter, disruptions to supply fromwin-

terweather could have a greater effect than they do today. Nonclimate

factors such as electrification will also affect demand. To the extent

that the state sees widespread electrification of heating, there could

be increasing sensitivity of electric demand to heating degree days,

with electric demand potentially spiking during periods of extreme

cold. Given state policies aimed at increasing energy efficiency pen-

etration combined with the broader trends that point to widespread

electrification of heating and transportation end uses, there is con-

siderable uncertainty regarding the specific trajectory of seasonal

electricity growth over time, including both in the summer and winter

seasons.

Figure 6-3 depicts one modeled scenario of the net result of these

changes in seasonal electric power demand, with daily load shapes

reflecting actual 2022 demand patterns and NYISO’s forecasted pat-

terns for 2043.

3.3.2 Natural gas demand

Con Edison has projected that its natural gas and steam sectors could

both experience sizable decreases in winter energy sales for heating

degree days: a 33% decrease by 2050 and a 49% decrease by 2080;

the same study also suggests a potential increase in natural gas and

steam use for cooling in the summer.117 These figures are driven solely

by climate change, not by any other changes in demand due to electri-

fication or other factors. Nonetheless, the impact of climate change on

gas demand over the course of the 21st century statewide will require

additional research and monitoring. It is currently necessary to make

certain assumptions about the composition of the energy system in the

years ahead to determine the impact of climate change on the demand

for natural gas. If the use of natural gas diminishes over time, both in

space heating and in power generation, the need for gas supplies from

out of state will also diminish, and any potential impacts of climate

change on gas supply infrastructure will be reduced.

If the natural gas supply system remains similar to its current con-

struct, it is unclear whether the reduction in heating degree days

will offset the increase in cooling degree days such that New York

State’s current gas systemwill be adequate tomeet future demand in a

changed climate.

3.3.3 Demand for other energy commodities

A decline in heating degree days will reduce heating fuel demand.153

This reductionwill apply to fuel oil and any other fuels used for heating,

and it will also apply to district steam systems. A NYSERDA study90 on

the impact of climate change on the energy system found thatwarming

temperatureswould reduce the demand for fuels for heating over time.

With electrification of heating and a lower remaining reliance on fuels,

fuel cost savings through 2100was estimated in the range of $12−$27
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billion, depending on the scenarios modeled. As noted above, Con Edi-

son has projected that combined winter energy sales from its natural

gas and steam sectors could decrease 33% by 2050 and 49% by 2080,

with a potential increase in sales during the summer for cooling.117

Demand for transportation fuels is not as directly driven by temper-

ature, but could still be affected by climate-related extreme events and

temperature changes that affect traffic patterns.

Increases in the duration and intensity of heat waves could lead to

increased reliability and resilience challenges in the electricity sector,

which in turn could result in the increased consumption of liquid fuels

(e.g., diesel) that are often used as a backup fuel for both power plants

and individual backup generators. For the same reason, other climate

risks that increase the vulnerability of the electric system could also

result in an increase in fuel consumption.

3.4 Multisector and cascading impacts

Because all sectors of New York State’s economy rely on energy,

the energy sector’s climate vulnerabilities can result in disrup-

tions throughout the state’s economy.154,155 Several effects of the

extended power failure caused by Superstorm Sandy in 2012 illus-

trate these cascading impacts.156 For example, equipment was dis-

abled or damaged in tunnels where pumps failed and in buildings

where electrically powered devices would have protected against

inundation. Gasoline rationing and long lines at filling stations

ensued, because gasoline could not be dispensed after power fail-

ures disabled pumps and other equipment at filling stations.25 The

Superstorm Sandy’s Impact on Public Housing Residents in Red Hook

case study explores these impacts in more depth. Vulnerabilities can

flow in the other direction aswell—climate-driven disruptions to trans-

portation, communications, and water infrastructure can affect fuel

delivery and access to electricity.157

Ongoing and expected changes will affect the nature and extent

of these interdependencies. Digitalization and reliance on the inter-

net for myriad functions within and beyond the energy sector have

already altered the potential for energy sector disruptions—climate-

driven and otherwise—to affect other sectors.158 The burgeoning

electrification of the buildings and transportation sectors is likely to

make historically discrete systems more interdependent, altering how

energy sector hazard exposure can translate into vulnerabilities in

other sectors.159,160 This alterationwill be complex andwill take a vari-

ety of forms, some of which could reduce exposure and vulnerability to

climate change, and others of which could increase them.159,160

The electrification of sectors such as buildings and transportation,

coupledwith the increased dependence on digitalization and the inter-

net, will place even greater importance on maintaining the resilience

and reliability of the electric system. The expected increase in variable

resources such as wind and solar will expose the electric supply sys-

temmore toweather patterns, but at the same timewill feature flexible

supply options such as battery storage and nonemitting combustion-

based generation (e.g., power plants fueled by hydrogen). With an

expected increase in electrification, demand will also be more affected

by climate, as a larger portion of the electric demand in the statewill be

driven by temperature-based demands such as heating and cooling.

The agriculture sector will also experience increased electricity

demand, as food production under controlled environment agriculture

methods (e.g., hydroponic greenhouses) expand in the state and as farm

equipment is electrified.161

Two back-to-back storms in 2011 illustrate how climate impacts

on the energy system led to cascading losses across sectors within

exposed communities. In lateAugust 2011,Hurricane Irenemade land-

fall in North Carolina as a Category 3 hurricane but was downgraded

to a tropical storm by the time it hit New York State. Tropical Storm

Lee affected the state aweek later, between September 5 and Septem-

ber 10.137 Lee compounded the damage caused by Irene, especially

in areas where the soil was already saturated and river levels were

high. Total rainfall amounts between 8 and 12 inches fell through-

out the region.137 For New York State Electric & Gas (NYSEG), which

serves a sizable portion of the state (ranging from part of Westch-

ester County to the Champlain Valley and the Southern Tier), nearly

199,000 customers lost power over a week in late August.137 NYSEG

transmission and distribution infrastructure sustained considerable

damage, reporting 4959 downed lines.137 The utility monitored the

rising floodwaters and preemptively shut off gas service and took six

substations offline within the predicted flood zone to protect cus-

tomers and infrastructure.137 Road closures impeded utility workers,

causing unavoidable delays in service restoration efforts. Crews were

able to assess damage and enter affected areas for recovery of the

system only after the floodwaters receded. The storm affected 337

NYSEG customers dependent on life support equipment; 13,000 older,

blind, and disabled customers; and 31 critical care facilities.137

In the NYSEG case described above, telephone landline and cellu-

lar service outages made it difficult to reach some affected customers.

New York State’s telecommunications system, in many ways interde-

pendent with the energy system, is also vulnerable to the impacts of

climate change. Telecommunications infrastructure includes:

∙ The public switched telephone network.

∙ Cable television networks.

∙ Wireless/cellular networks; dedicated broadband networks.

∙ Satellite systems.

∙ Point-to-point microwave networks.

∙ Broadcast radio and television networks.

∙ Public/emergency communication networks (e.g., government, first

responders, special data transmissions).

Within eachnetworkaremanypoints of vulnerability to climatehaz-

ards andweather events,which vary basedon several factors, including

the network elements deployed (e.g., copper, fiber, coaxial cable, radio

equipment); the dependency of each network element on commercial

power; and whether the infrastructure is deployed aerially or under-

ground. Many of these networks connect with each other, so outages

that affect one network can have a cascading effect on other networks

and across many voice, video, and data services. For example, in the

last 30 years, the transition from copper-based technologies with ana-
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log switching and transmission protocols to digital technologies with

hybrid fiber-coaxial/copper networks has led to increased dependence

on commercial power. In this way, the resilience and reliability of mod-

ern telecommunications networks mirrors that of the electric grid.

These networks also provide the primary backbone transmission sup-

port to cellular and internet networks. As with the electric grid, many

of the network elements that make up the interconnected telephone

network (especially outside of densely populated urban areas) have

critical electronic equipment and transmission cables installed on util-

ity poles or otherwise exposed to weather and other hazards. Like the

electric utilities sector, the telecommunications sector is addressing

climate change, with synergies and cross-cutting factors through pro-

grams such as the Electric Power Research Institute’s Climate READi.

New York utilities such as the NewYork Power Authority and the Long

IslandPowerAuthority aremembers ofClimateREADi andare actively

engaged in identifying risks to electric infrastructure and the infras-

tructure underpinning the electric power grid to improve resilience to

extremeweather.162

4 VULNERABLE POPULATIONS AND
COMMUNITIES

While all New Yorkers are vulnerable to the impacts of climate change

on the energy system, some are more vulnerable than others—for

example, those who experience energy system disparities or work out-

doors. This section identifies these populations and communities, the

circumstances that increase their vulnerability, and the disproportion-

ate impacts they experience. It first examines the concept of energy

justice and sources of energy system disparities. It then discusses

populations and communities that are particularly vulnerable to the

impacts of climate change on the energy system, and the potential risks

they face.

4.1 Energy justice and sources of energy system
disparities

Energy justice is concerned with the provision, access, affordability,

and safety of energy systems so that no community experiences dis-

proportionate energy-related burdens or is prohibited from enjoying

system benefits. Given previous harms, energy justice has a strong

focus on frontline communities.58,163 Furthermore, it stresses that nei-

ther energy system adaptation to climate change nor the renewable

energy transition is inherently just or democratizing in terms of the dis-

tributionof technologies andbenefits. Therefore, energy justice should

be explicitly considered and integrated into the design of policies and

programs that drive the transition. This includes ensuring procedu-

ral energy justice (i.e., the fair, equitable, and inclusive participation in

energy decisions). In addition, specific policies that support marginal-

ized communities and vulnerable populations can be put in place to

alleviate concerns over energy injustices.164

Energy justice addresses disparities within energy systems and

focuses on the concepts of energy burden and energy insecurity. Cli-

mate change will affect New York’s energy systems against a backdrop

ofmany existing disparities. Reviews suggest that these disparities and

the resulting energy burdens arise from five main sources: location

and geography, housing characteristics, socioeconomic characteristics,

energy prices and policies, and behavioral factors.54,165,166 Table 6-1

lists several contributing factors within each of these source cate-

gories.

New York State designates households as having a high energy

burden if they spend more than 6% of their annual income on home

energy.168 In New York City, 18% of families were considered energy

burdened in 2017.168 Data fromweekly Household Pulse Surveys con-

ducted by the U.S. Census Bureau indicate that 10−20% of households

statewide kept their homes at an unsafe or unhealthy temperature

at least part of the time during 2022 (the approximate range reflects

relatively small sample size andweek-to-week variability in results).169

Low-income, Black,Hispanic,multifamily, and renter households are

disproportionately affected by high energy burdens.55 Both urban and

rural low-income households spend roughly three times as much of

their income on energy compared to high-income households.55,170

Generally, households in Indigenous communities have an average

energy burden that is 45% higher than non-Hispanic white households

nationwide.73,171 The distribution of energy burden by income status

in the state is presented in Table 6-2.

InNewYorkState, high energyburdenareas are found inbothurban

and suburban/exurban counties (Figure 6-4). However, approximately

8% of the state’s Black or African American population lives in these

census tracts, while 3.5% of the state’s white population lives in these

census tracts.173

Energy insecurity occurs when households cannot meet their

energy needs.167 It has also been defined as the uncertainty that a

household faces in being able to make utility bill payments.175 High

energy burden can force a household to forego basic necessities (e.g.,

food, medicine), and can lead to restrictive unhealthy behaviors and

other actions that reduce well-being.176,177 In New York State, 26.7%

of households forwent basic necessities in order to pay an energy bill

and 17.3% were unable to pay their energy bill at least once between

October 2022 and October 2023.178 Those facing energy insecurity

may be homeowners unable to invest in efficiency upgrades, or they

may be renters living in housing units where landlords do not pay

for the utilities and consequently have little incentive to create more

energy efficient units.179 U.S. Energy Information Administration Res-

idential Energy Consumption Survey data for 2015 suggest that 31%

of U.S. households experienced some form of energy insecurity.180

That year, nearly 7 million households had their access to heat inter-

rupted at least once, and6million lost access to air conditioning at least

once.181

4.2 Populations and communities at risk due to
climate impacts on the energy system

Households, populations, and communities already suffering from

energy burdens and energy insecurity may be disproportionately at

risk of further harm due to climate-related disruptions. These vul-
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TABLE 6 -1 Sources of disparities that contribute to high energy burdens and climate vulnerabilities.

Source category Contributing factors

Location and geography ∙ Climate zone
∙ Ruralness
∙ Historically redlined areas
∙ Tribal land

Housing characteristics ∙ Thermal integrity
∙ Type, age, and size
∙ Owner or renter
∙ Appliances (age and type)
∙ Internet, communications, and information technologies infrastructure

Socioeconomic characteristics ∙ Income
∙ Race and ethnicity
∙ Immigrant versus native born
∙ Age
∙ Language isolation
∙ Disability status
∙ Crowdedness
∙ Education
∙ Employment

Energy prices and policies ∙ Energy prices
∙ Energy policy design
∙ Energymix and access to natural gas
∙ Availability and effectiveness of low-income energy programs and appliances
∙ Access to new energy technologies
∙ Access to energy industry employment

Behavioral factors ∙ Lack of knowledge
∙ Misplaced incentives or principal-agent problems
∙ Lifestyles and cultural factors
∙ Lack of control over energy bills
∙ High transaction costs

Note: Table adapted fromBrown et al.54 andHernández.167

F IGURE 6 -4 Census tracts with energy burdens as average percent of income (left), and number of census tracts in each county that had an
average energy burden (percent of income) greater than or equal to six (right). Data fromU.S. Department of Energy (2019)173 andMa et al.174

nerabilities can stem from increased exposure to climate hazards,

increased sensitivity to climate hazards, and/or diminished adaptive

capacity.182

Populations facing heightened risks due to climate impacts on the

energy system are discussed below.

4.2.1 Low-income populations, people of color, and
Indigenous Peoples

Research has found that low-income households and those facing

energy insecurity often face acute vulnerability to climate impacts

 17496632, 2024, 1, D
ow

nloaded from
 https://nyaspubs.onlinelibrary.w

iley.com
/doi/10.1111/nyas.15191 by T

est, W
iley O

nline L
ibrary on [09/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ANNALSOF THENEWYORKACADEMYOF SCIENCES 363

TABLE 6 -2 Annual consumer expenditures in NewYork State,
2019–2020.

Quintile of income Residential energy burden (percent of income)

All consumers 4.27

Lowest 20% 16.31

Second 20% 8.97

Third 20% 6.04

Fourth 20% 4.48

Highest 20% 2.48

Note: Energy burden is the percent of income before taxes spent on

residential energy. Data fromU.S. Bureau of Labor Statistics (2022).172

within the energy sector. These vulnerabilities include economic chal-

lenges posed by the expense of heating and cooling homes during

temperature extremes, which can result in increased morbidity and

mortality as well as food insecurity183 and heightened vulnerability

during and after extreme weather events.184 Low-income households

and communities of color are more vulnerable to power outages than

their neighbors in New York City during the warm months of the

year185; such power outages could become more common in a chang-

ing climate. These communities also face risks of utility disconnections

and disaster-related discontinuation of energy services.176 Prelimi-

nary evidence from a New York City-based study shows that power

outages pose substantial threats to communities that are located

in urban heat islands and disproportionately low-income, especially

communities of color, and that air conditioning equity issues could

worsen with the advance of climate change.186 Income constraints,

lack of private transportation, and the lack of capital (and credit cards)

limit temporary residency options, such as hotels, in the aftermath

of extreme weather events.184 Research has shown that power is

slower to be restored to rural and Black communities in the aftermath

of extreme weather.187 Indigenous peoples experience disproportion-

ately high energy burdens nationally, regionally, and in metropolitan

areas,73 which can make them more vulnerable to energy-related

climate impacts.

Consequences of energy insecurity can also include extreme home

temperatures, hazardous heating alternatives, and the threat of utility

shutoffs because of nonpayment of utility bills. Evidence also suggests

that the stress from this insecurity can adversely impact health.188 This

problem is especially acute for low-income residents, such as single

parents, older adults, people with disabilities, and others with low or

fixed incomes.189,190

4.2.2 People with underlying health conditions,
older adults, and younger people

Those with underlying health conditions, older adults, and younger

people are very susceptible to health impacts from extreme

temperatures,191 so power outages caused by extreme events or

increased temperatures can be a major concern for these populations.

In addition, these populations may rely on electricity-dependent

medical supplies. Households with low incomes and high energy

burdens are more likely to use high-emission heating and cooking

methods that lead to poor indoor air quality that is particularly harmful

to children and to adults with pre-existing health conditions, such

as respiratory disease and asthma.192 Energy issues that exacerbate

these health conditions could make these populations even more at

risk of heat-relatedmorbidity andmortality.

High concentrations of pollution combined with high temperatures,

the lack of green spaces, lack of cooling equipment, lack of resources

and cooling centers, and lack of health care create difficult circum-

stances for communities residing in urban heat islands, which also tend

to be overburdened communities. For people who are already sick

due to their living environment, especially children and older adults,

these injustices continue to accumulate over time, taking a toll on their

well-being and quality of life.

4.2.3 Outdoor energy workers

Like all outdoor workers, workers in the energy sector face increased

risks to their health, safety, and productivity from rising tempera-

tures and extreme weather from climate change. High temperatures

can create unsafe work conditions through heat stress and poor air

quality. These conditions can lead to a loss in productivity or work-

days, which can place strains on the energy system and threaten its

reliability.193 Extreme climate events such as storms or heat waves can

cause power outages. During these events, energy workers become

frontline responders and face expanded risks as they work to restore

power. The Human Health and Safety chapter includes additional

information about health risks and adaptation options for outdoor

workers.

5 ADAPTATION AND RESILIENCE STRATEGIES

Adapting the energy system to climate change will require responses

to the many pressures described in Section 3. This section provides

examples of adaptation strategies specific to energy supply (Section

5.1), delivery (Section 5.2), and demand (Section 5.3), along with an

assessment of what is known about these strategies’ efficacy. Section

5.4 followswith a discussion of overarching adaptation considerations,

including the need to ensure that adaptation measures reduce rather

than exacerbate disparities. In this report, resilience is defined as a sys-

tem’s ability to anticipate, prepare for, respond to, recover from, and

adapt to a disruption, such as an extreme climate hazard (e.g., a hur-

ricane), with minimum damage to social well-being, public health, the

economy, and the environment. Reliability refers to the system’s abil-

ity to function consistently during normal conditions. In many cases,

adaptation strategies that improve resilience also have the benefit of

improving reliability.194
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5.1 Strategies for resilient energy supply

Utilities, theNYISO, FERC, and other agencies chargedwith safeguard-

ing energy generation and supply systems are engaged in planning

and policy-setting activities that take climate hazards into account.

For example, the NYISO has incorporated climate projections into all

planning and electric system demand activities. The New York State

Public Service Commission required the state’s major electric utilities

to perform climate change vulnerability studies and develop resilience

plans in 2023.81 Responding to recent climate-related events in Texas

and the south-central United States, FERC released a series of 28

recommendations, including nine reliability standards changes.116 Of

the 28 total recommendations, a technical conference determined

that 18 were applicable to NYISO operations (e.g., protecting cold-

weather-critical components, improving understanding of natural gas

fuel supply and reliability risks). The NYISO has implemented, or is

implementing, each recommendation applicable in NewYork State.195

Recent changes to electric grid operation and consumer demand

have led the NYISO to develop new wholesale market products

and examine options for updating existing approaches to valuing

resources and performance. NYISO wholesale market products cur-

rently include dynamic reserves; capacity accreditation; distributive

energy resources participation model; internal controllable lines;

transmission constraint modeling; quarterly, 4-, 10-, and 20-year sys-

tem reliability reviews; balancing intermittency; demand curve reset;

and fuel and energy security reports.While these approaches have not

been developed for the express purpose of improving grid resilience

to climate change impacts, assigning greater value to flexibility and

responsiveness—particularly in load pockets—is expected to make the

bulk power systemmore resilient to climate hazards.

Other resilience approaches for energy supply and generation in a

changing climate include:

∙ Incorporating weather forecasts into planning for energy system

operation and emergency response by utilities. Access to weather

data could lead to better forecasting of near-term events and assist

utilities in anticipating possible outages.196 Short-term weather

data are available from observational networks within New York

State, such as the New York State Mesonet.197 The NYSRC rec-

ommends that the NYISO use enhanced historical weather data in

developing an extreme weather resilience operating plan.198 As the

grid transitions, models based on realistic weather-driven simula-

tions will be critical to ensuring resource adequacy and minimizing

loss of load.199

∙ Training and mobilization of logistics, supply chains, and personnel

in advance of and after an event are critical responses to avoid losses

and learn from events.

∙ Dual and backup fuel requirements. NYSRC rules require that

fossil-fueled generators in New York City be dual-fuel, which allows

them to burn both natural gas and fuel oil in case supply or cost

issues arise with one of these fuels.200 On-site backup fuel storage,

including supplies for multiple days of run time, is another resilience

strategy adopted by power plants.

∙ Redundancy for natural gas compression. Combustion-driven com-

pression can use gas provided by the pipeline to continue the circu-

lation of natural gas in the event that electric-powered technologies

are not available due to an outage.201

∙ Storage capacity allows grid flexibility so that peak demands can

be satisfied. One study explored the adaptive benefits of solar plus

storage on grid flexibility, noting that the addition of storage lets the

system respond flexibly and provides sufficient reserve power for an

operator to maintain the frequency stability of the system, particu-

larly when solar PV generation is lower than forecast.202 For natural

gas, for example, cold weather in 2014 related to the polar vortex

pushed demand to record levels; utilities met the demand by pulling

natural gas from storage.201

Climate hazard-specific adaptation measures for the energy supply

and generation system are discussed below.

5.1.1 Extreme temperatures

Extreme heat can affect energy supply and generation in several ways.

Power generation facilities relying on water cooling can experience

a reduction in efficiency, and, therefore, capacity, as air and water

temperatures rise. Given that electricity demand tends to increase

as temperatures increase, a simultaneous reduction in capacity could

lead to a shortfall of supply.203 Consideration of both the decrease in

efficiency, specific to generation technology, and the increase in load

related to changes in temperature can be incorporated into the design

of future energy generation capacity in the state.

In extreme cases, elevated water temperatures can force power

plants to shut down to avoid violating water discharge temperature

limits.204 Alternativewater supplies forwater-cooledpowerplants can

help alleviate this risk.

Although extremely cold temperatures are expected to continue to

occur in the near term, these events will decrease over the course of

the century.38 Freeze protection and winterization plans for critical

components (e.g., wind turbine blades, transmitters, sensing lines, and

instrumentation) of energy generation and supply systems will be crit-

ical to avoid freeze-related outages and maintain equipment function

during extreme cold.116

For natural gas, extreme low temperature causes decreased natural

gas production, low pipeline pressure, and other issues. Firm delivery

contracts could ensure continued gas delivery during peak demand

periods, whereas interruptible supply contracts run the risk of depri-

oritization and service interruption during these times. Cold events

are not new to the New York State system, but systems will need to

withstand a larger range of temperatures as the state continues to

experience both extreme cold andmore extreme heat.

5.1.2 Precipitation

Wind turbines are vulnerable to blade icing because of freezing pre-

cipitation. This vulnerability was evident in Texas in 2021 when wind
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generation was unavailable due to both icing conditions and low wind

speeds.116 Additionally, turbines can have control systems that auto-

matically shut down in icing conditions. FERC-recommended winter

season reliability assessments should provide clear quantification of

risks by assessing and modeling scenarios where low wind and freez-

ing precipitation could occur simultaneously.116 Use of hydrophobic

coatings on wind turbine blades could minimize the buildup of ice that

would threaten operations.

Solar panels are commonly installed in environments exposed to

heavy snow and hail. Therefore, the safety rating of PVmodules should

be observed, including UL 1703, UL 61730–1, and UL 61730–2. Panels

that meet these test standards are resilient to water intrusion and hail

impacts.205

Hydroelectric power generation can also be affected by changes

in precipitation. Smaller hydroelectric plants in New York could see

a reduction in generation due to seasonal changes in precipitation

patterns, including short-term drought. Technologies such as energy

storage can helpmaintain a consistent power supply.206

5.1.3 Sea level rise

Adaptation strategies for electric generation systems located in cur-

rent and future floodplains include elevating critical equipment (e.g.,

controls, supervisory control and data acquisition systems) and build-

ing temporary or permanent flood barriers. Following Superstorm

Sandy, for example, the New York Power Authority implemented

infrastructure hardening to provide diversified and redundant com-

munications networks among its sites and ensure connectivity during

severe weather events and other emergencies.207

Wind turbine designers could incorporate higher elevations into

future fixed-foundation plans in coastal areas to account for the antici-

pated rise in sea level. When floating foundation designs become tech-

nically and economically viable, they will provide another adaptation

strategy.

5.1.4 Changes in wind speed

Section 3.1 discusses the possibility that average wind speeds could

decrease in the future, though such a change is uncertain. It also notes

the potential formore extreme storms. These and any other changes in

wind patterns could affectwind turbine operation.Design options such

as passive and active aerodynamic “lift modification” devices can sup-

port wind turbine operations during periods of extreme highwinds and

rapidly changingwind conditions. These devices can also improvewind

turbine performance in conditions with low wind speeds or reduce

loads in conditions with extremely high wind speeds.208 Blades are a

key design aspect of offshore wind turbines that engineers will need to

reassess. One possible solution involves optimizing wind turbine blade

design to handle a larger range of incoming wind angles. Light detec-

tion and ranging can allow a wind turbine to “look” upwind and “see”

what wind loading is coming toward the turbine rotor, allowing it to

adjust dynamically to optimize performance. Other design possibilities

for inconsistent winds include improving and strengthening pitch and

yaw systems to take on higher wind loads, as well as improving wind

turbinemaintenance efforts.208

5.2 Strategies for resilient energy delivery

Utilities, regulatory agencies, policymakers, and advocacy organiza-

tions recognize that the electricity grid and its system components

will have to become more adaptable and resilient as the climate

changes. Adapting the gridwill require new techniques, including asset

mapping and processing of physical events data, creation of vulner-

ability curves and risk heat maps, evaluation of detailed grid-impact

models, identification of resilience measures and investment opti-

mization, and implementation of emissions reduction interventions.209

The NYSRC recognizes that the impact of weather on the power

grid has grown with the number and magnitude of extreme weather

events, and the organization is studying extreme weather trans-

mission planning criteria.198 Additionally, New York State’s electric

utilities are now required to prepare climate change vulnerability stud-

ies to evaluate infrastructure, design specifications, and operational

processes that are at risk from climate change210–212 (refer to the

ConEdisonResiliencePlanning case study for an example). Utilities’ cli-

mate resilience plans will be subject to approval by the NewYork State

Public Service Commission andmust includemeasures to improve sys-

tem hardness, as well as reduce outage time and restoration costs

over 5-, 10-, and 20-year time horizons. FERC has initiated a rulemak-

ing for similar studies to be conducted nationwide by all transmission

operators.213 Other organizations have developed tools to help trans-

mission systemutilities evaluate their resilienceplans. For example, the

North American Transmission Forum offers a Transmission Resiliency

Maturity Model that is designed to help transmission system own-

ers and operators identify gaps and prioritize actions to improve the

resilience of their systems.214

Newer technologies can be deployed to enhance the resilience

of the energy delivery system. For example, several technologies

were identified in a workshop held in response to Superstorm Sandy

to improve grid resilience and reliability. These include energy and

distribution management systems, control and data acquisition sys-

tems for power lines, advanced meter infrastructure, line sensors

and smart relays, outage management systems, and enhanced auto-

mated mobile work management systems.196 Additional examples of

resilience-enhancing technologies include:

∙ Microgrids, which can offer emergency power options

when the primary source of energy is down (refer to the

Marcus Garvey VillageMicrogrid case study).

∙ Hybrid renewable (solar and wind) stations with energy storage.

With these systems, wind turbines pick up generation when solar

conditions are not ideal, and vice versa. The associated large-scale

grid energy storage offers additional resilience.
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∙ Redundant communication systems and smart meters have been

employed to improve the speed of grid recovery.122

∙ Autonomous energy grids, currently under development, are being

designed with control and optimization tools to integrate demand

response resources based on machine learning (i.e., without human

operators).215 Autonomous grids would be particularly useful to

send power from the transmission to the distribution level. Dur-

ing an outage when the grid is de-energized, distributed energy

resources would provide power to physically connected local dis-

tribution lines and supply electricity until the larger service area’s

power is restored.

5.2.1 Extreme temperature

The New York City Mayor’s Office of Resiliency has published a set

of Climate Resiliency Design Guidelines, including resilient design

guidance for heat-resistant infrastructure to reduce the heat island

effect.216

Vegetation management for transmission lines and rights-of-way

will require changes that address at least twomajor issues. First, longer

periods of warm weather will lead to insect range expansion, which

could lead to disease in danger trees (those with the potential to fall

fromoutside the right-of-way into an energized line, causing anoutage)

and wood poles. The second issue is changing vegetation management

within the right-of-way, which could include the use of low-growing

cover crops.

Beyond physical assets, operation and maintenance processes may

also need to be updated to acknowledge adjustments to standard

procedures during heat waves for the safety of employees. Incorpo-

rating climate forecasts, monitoring temperature and humidity levels,

and providing proper health and safety equipment to field staff is an

example of maintaining resilient energy delivery.

5.2.2 Precipitation and flooding

The NYS2100 Commission was tasked with evaluating vulnerabilities

to the state’s infrastructure system following Superstorm Sandy, Hur-

ricane Irene, and Tropical Storm Lee. The Commission recommended

many improvements to energy infrastructure, including strengthening

substations against flood damage, elevating distribution transformers,

replacing critical distribution wood poles with steel, upgrading exist-

ing poles with guy wires, installing excess flow control valves on the

natural gas system, and strengthening steam tunnels.217 Addressing

the Con Edison steam system specifically, in 2013, the Commission

recommended flood protection mechanisms such as waterproofing

tunnels, improving pump-out capabilities, constructing higher flood

walls around steam generating stations, moving critical equipment to

higher elevation, and installing flood pumps.217 Con Edison released

more detailed measures responding to flooding of the steam system:

if more than three-quarters of an inch of rain is forecasted to fall within

3 h, Con Edison will begin to proactively monitor and address flood-

ing before it can cause a water hammer event. However, if water is

pumped from manholes to the city sewer system, the sewer system

must be capable of handling the additional volume of water. Isolation

valveswere installed in strategic locations to reduce thenumberof cus-

tomers affected by flooding from future climate events.129 Con Edison

also addressed the need to provide continuous service to hospitals and

responded by installing a new steammain.

In addition to coastal flooding, as described above, electrical trans-

mission infrastructure (including substations, poles, and towers) may

be located near riverine floodways. As precipitation increases, flood-

ways may extend onto these assets, leading to water intrusion that

causesdirect damage, erosion that undermines foundations, or impacts

from debris floating in the stream. Relocating assets away from flood-

ways, building redundancy in the electrical system topology, stocking

spare components, and building or reinforcing to higher grades are

examples of resiliencemeasures that protect against flood hazards.

5.2.3 Sea level rise

Newdesign and upgrade requirements for bulk electric and power sys-

temswere established in thewake of Superstorm Sandy. These include

installing seawall protection and drainage, as well as constructing bulk

electric system and bulk power system equipment at higher elevations

to withstand similar storm events and surges.218

Utilities and municipalities in New York State’s coastal region are

also working to establish broad standards that will protect critical

infrastructure and energy supply networks from sea level rise. For

example, the New York City Climate Resiliency Design Guidelines

described above provide specific guidance on flood protection stan-

dards for critical infrastructure. The City’s guidelines recommend

that any structures with useful lives beyond 2040 use the Federal

Emergency Management Agency’s flood maps to assess the site to

determine the height at which structures should be built above the

floodplain.216

5.2.4 Wind

Design standards for transmission lines and structures will need to

be updated to account for higher wind speeds during more severe

storms. An example of a response by National Grid to tornado and

hurricane damage compounded by impacts from falling trees was

the installation of 69-kilovolt spacer cables and other storm-resilient

equipment, including lightning arresters and polymer insulators.219

Similarly, Con Edison redesigned its transmission network to reduce

the number of customers losing power when a line is damaged, and

reduced feeder segment size.220 Poles in storm-prone areas in Con

Edison service territory are required to tolerate wind speeds of up to

110miles per hour.220

5.3 Strategies for resilient energy demand

Traditional hardening and adaptation of energy infrastructure (e.g.,

increasing the security posture of components such as hardware
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devices, software, network services, and facilities) is used to manage

demand during periods of high grid-stress events and provide backup

power in the event of a larger grid or energy system outage. In addi-

tion, the emergence of increasingly cost-effective distributed energy

solutions can help manage demand during these periods. For exam-

ple, distributed solar can reduce the overall need for electricity from

the grid, which in turn supports system reliability. When combined

with storage andwhen designed appropriately, distributed energy sys-

tems can support the resilience of the energy system by providing

backup or reserve power to support individual building operations or

to support grid operations. For example, behind-the-meter (BTM) PV

systems equipped with storage or inverter technology will be capa-

ble of supporting customers when there is a power loss. BTM is also

a cost-effective option for storing energy to use duringmore expensive

high-demand hours.215 BTM PV with storage across a number of geo-

graphic locations and for different building types is generally capable

of providing backup for critical loads (not including heating or cooling),

andmay offset unavailable grid-based energy.221

Incorporating best-available climate models into load forecasting

models is another strategy that improves energy demand resilience.

As established earlier, the increased dependence on electricity coupled

with the changing climate affects demand for both electricity and gas.

Integrating climatemodels could enable utilities to proactively prepare

for peak demands that may only occur during low-likelihood climate

events by building additional system capacity, redundant systems, or

energy storage.

Other approaches to managing and shifting energy demand gen-

erally concern the building or user level.222,223 These approaches are

briefly discussed below and explored further in the Buildings chapter.

5.4 Overarching adaptation considerations

5.4.1 The need for coordination

Designing for system resilience to changing societal demands and

environmental conditions requires robust diagnosis of conditions and

an articulation of interdependencies among key system components

at multiple scales.224 Figure 6-5 illustrates these interdependencies

for the electric power grid. Coordination, planning, information shar-

ing, and training among energy and telecommunication providers,

emergency responders, and local governments will also strengthen

the ability to respond speedily and effectively to energy losses from

weather-related and climate-related events. Details of the planning

and operational responses by electric utilities following a power loss

are summarized by the National Academies225 and the NERC.226

5.4.2 Addressing energy injustices

Continuing energy injustice creates greater vulnerability to climate

change. There is considerable opportunity for NewYork State’s energy

justice efforts to operate in concert with federal government policy

and efforts focused on addressing environmental and energy inequal-

ity. Much of the federal government’s recent attention in this area

relates to the Justice40 Initiative (which itself borrowed language

from New York’s Climate Act) and its assignment of 40% of the ben-

efits from projects related to climate change, renewable energy and

energy efficiency, and other areas involving environmental inequal-

ity to frontline communities. To advance the initiative and energy

justice goals in New York State, support tools for framing the geog-

raphy of such communities can be employed, including the DOE’s

Energy Justice Mapping Tool; the White House Council on Environ-

mental Quality’s Climate and Economic Justice Screening Tool; and the

U.S. EnvironmentalProtectionAgency’s comprehensiveenvironmental

inequality mapping tool, EJScreen. These geographic information sys-

tem tools can be valuable in aiding researchers, policymakers, govern-

ments, and justice-focused organizations in identifying communities at

heightened risk of energy and environmental inequality.

Energy injustices can be addressed through workforce and eco-

nomic diversification programs, energy assistance and weatherization,

expansionof energy technologyaccess, collective action initiatives, and

newbusiness development.227 However, it is important that these poli-

cies be accompanied by a broader set of policies, given that the energy

is so fundamental to societal functions and the coming transition may

exacerbate pre-existing disparities, such as energy insecurity. Rather

than being prescriptive, the policies suggested are put forth as relevant

examples to encourage planning and decision-making that involve all

actors in energy systems.

The potential for job creation associatedwith the renewable energy

sector offers substantial promise for New York State. Workforce

and economic diversification programs include workforce training, job

development, and regional economic transition for communities that

have historically relied on the fossil fuel industry as a main source

of employment. Economic diversification programs may create spe-

cial economic zones that provide incentives for new businesses. As

the number of related jobs increases, the potential for unionized

labor—and accorded worker protections and benefits—is substan-

tial. Climate Jobs NY, a coalition of labor unions representing more

than 2 million members across the state, has a dual goal to com-

bat threats associated with climate change while attacking pervasive

income inequality. A just energy transition will also require effort

to reduce the demographic disparities in energy sector employment.

Ensuring opportunity for Black and Hispanic workers could, among

other things, require effort to dissolve historic discriminatory practices

prevalent within labor unions.228

Energy assistance programs improve the affordability of energy ser-

vices through subsidies and support for those facing cost challenges.

Energy efficiency andweatherization programs, including home audits,

provide support for reducing customer demand and cost.

Expansion of technology access programs can build energy-efficient

and renewable energy infrastructure, particularly inmarginalized com-

munities. For example, there are considerable untapped renewable

energy resources on Tribal lands throughout the United States, which

the government and the private sector could partner with Tribal

Nations to develop. There are cost challenges, however. For instance,
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F IGURE 6 -5 Examples of critical infrastructure interdependence. Figure fromU.S. Department of Energy (2017).122

many communities cannot afford solar combined with a storage sys-

tem. This challenge is especially notable in rural communities, which

are more vulnerable to long-duration power disruptions. Policy sup-

port for the adoption of solar-plus-storage by households in such cir-

cumstances could, therefore, be a highly efficient means of improving

the energy security of low-income rural energy users.

Collective action programs provide community education and

awareness about energy issues and the local impacts to engage

members of the community in decision-making processes.

5.4.3 Integration of building retrofits

In addition to adaptation efforts to make energy infrastructure sys-

temsmore resilient to climate change, end users of energy (particularly

buildings) can take adaptation actions to support the resilience of

energy services. (The New Paltz Firehouse Adaptations case study

describes some of these types of adaptation actions.) For example,

energy efficiency is a foundational component of building-level energy

resilience because it reduces the amount of energy that needs to

be delivered, results in a smaller overall load for backup energy

services, and helps maintain habitable indoor conditions for longer

periods of time during power outages. Lawrence Berkley National

Laboratory229 examined two analyses that looked at how energy effi-

ciency improved reliability and resilience in the California electricity

shortages in the early 2000s and the extreme cold snaps in Texas in

2021. Texas’s building stockwas not designed for extreme cold and has

little to no insulation and a high reliance on electric resistance heat-

ing. Extreme cold in 2021 increased the Electric Reliability Council of

Texas’s electricity demand for heating to historic levels. The authors

concluded that if homes had efficient building envelopes, the elec-

tricity demand could have been reduced by 15 gigawatts—enough to

offset the loss of most generators that failed during the event. In Cal-

ifornia, researchers found that “reliability focused energy efficiency

programs implemented for the summer of 2001 (i.e., energy efficiency

programs that were specifically designed, modified, or ramped up to

address electric system reliability concerns)” saved an estimated 700

megawatt and 1700 gigawatt hours in 2001. Further discussions of

building adaptation strategies can be found in the Buildings chapter.

The ability to reduce building-level demand when needed through

actions such as voluntary load reductions and emergency conservation

is another strategy used by grid operators to prevent broader energy

system outages.230

5.4.4 Responses to the urban heat island effect

Academic researchers and city governments in New York State and

elsewherehaveexploredavarietyof responses to theurbanheat island

effect; most of these responses relate to the energy sector.231–233

Some responses aim to reduce vulnerability or improve resilience

in the short term, while others focus on long-term hardening of

the electric grid to extreme heat and changing the fabric of the

cityscape to reduce the intensity of the urban heat island effect (e.g.,

through increased greenspaces or public parks). (As an example of

one approach to reduce disproportionate energy burdens, refer to

the Urban Heat Islands and Energy Justice case study.) Near-term

responses involve little if any capital investment or infrastructure, and

generally entail outreach that identifies vulnerable individuals and pro-

vides them with timely access to cooling and other forms of support

as needed. Medium-term responses include setting up cooling centers

where energy costs are covered by a public authority and publicizing
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their availability to nearby residents or providing free air-conditioning

units or heat pumps to low-income households. Long-term responses

include changes at the level of buildings and infrastructure, includ-

ing decreasing demand from buildings. The Human Health and Safety

chapter provides further discussion of measures to adapt to extreme

heat events in urban settings from the perspective of avoiding heat-

related illnesses and deaths.

5.4.5 Strategies for large energy user facilities

For certain large energy users, there are opportunities to generate

energy (e.g., heating and electricity) on site234 and thereby reduce or

minimize dependence on a larger energy system or grid. Wastewater

treatment plants are a notable example because they naturally gen-

erate large quantities of biogas from the anaerobic digestion process

that is used to treat and process sewage. This biogas can be purified

and turned into renewable natural gas, which can be used on site as a

fuel source in equipment such as a combined heat and power system

or in a fuel cell or combined with natural gas in pipelines to help decar-

bonize the gas system. If thebiogas is not usedbeneficially in thisway, it

might otherwise be flared. This type of on-site fuel production and use

allows a large industrial site such as a wastewater treatment plant to

continue to run even if there is a large grid or gas outage. It also allows

these facilities to reduce their demand on the grid (e.g., shift their load

to the on-site power source, rather than continue to draw energy from

the grid) to helpmaintain overall grid reliability and resilience.234

National Grid, in collaboration with the New York City Department

of Environmental Protection, is building an anaerobic digester gas-

conditioning system that uses biogas fromwastewater and food scraps

to produce pipeline-quality biogenic renewable natural gas. Concur-

rently, the New York City Department of Environmental Protection is

undertakingefforts to increasebiogasproduction40 inpart bydiverting

food scraps from landfills towardbeneficial codigestion at itsNewtown

Creek wastewater treatment facility. Combined, these projects have

the potential to produce enough renewable natural gas to heat more

than 5000 homes in NewYork City.40

6 LOOKING AHEAD

6.1 Opportunities for positive change

As described in Section 3, projected climate impacts during the 21st

century will bring warmer temperatures during all seasons and in

all regions of New York State. Warming will strain supply, delivery,

and demand during increased periods of extreme heat, and warmer

temperatures will add to cooling burdens, predominantly in summer.

Conversely, warming in winter will reduce heating degree days and,

therefore, decrease demand for heating fuel. Space heating is the

largest energy expense in the average New York State home235; heat-

ing costs are, therefore, responsible for the largest share of the energy

burden faced by many residents. If climate change reduces heating

costs, some residents of the state could benefit. Energy supply and

delivery challenges associated with extreme cold temperatures (e.g.,

demand spikes; infrastructure damage; inhibited distribution of fuel oil

via barge, road, or rail due to freezing) could also become less common

over time.

Nonetheless, this chapter acknowledges that many energy chal-

lenges are likely toworsenwith rising temperatures and the increasing

frequency and severity of extreme weather events. In terms of dollars

alone, all counties in the state are expected to experience an increase

in total energy expenditures by the end of the 21st century as a result

of climate change (RCP 8.5 scenario)—some by up to 10%.236

Coordinating efforts to make the state’s energy system cleaner

and more resilient (i.e., adapting to climate impacts while also reduc-

ing the greenhouse gas emissions that cause climate change) presents

many additional opportunities for benefits and cobenefits. Some of

the direct resilience benefits of the state’s greenhouse gas reduction

commitments include:

∙ Enhanced building resilience. Many building envelope improve-

ments that increase energy efficiency (and thus reduce energy

consumption) also enhance the ability of the structure to main-

tain comfortable and safe conditions for inhabitants during extreme

weather conditions and power outages. For example, increasing

insulation or adding a green roof increases resilience to extreme hot

and cold conditions.237

∙ Availability of backup power in storm events. An increase in the

use of distributed energy resources can increase resilience during

extreme events by reducing the number of people who experience

outages. In addition, electric vehicles have the potential to serve as a

backup battery source for residents.

Additional cobenefits of the state’s energy transition include:

∙ Job opportunities. Building a cleaner and more resilient energy sys-

temwill create new jobs.Workforce development efforts could help

make this economic opportunity accessible to all state residents,

including rural communities, communities that have been dispro-

portionately harmed by climate change and energy injustice, and

demographic groups that are currently underrepresented in clean

energy occupations. Implementing these measures will help ensure

that the transformation of New York State’s energy system is a just

transition.

∙ Environmental health and air quality improvements. Development

of both centralized and distributed renewable and energy storage

resources for resilience and greenhouse gas reduction improves air

quality. As clean electricity generation displaces fossil fuel power,

greenhouse gas emissions and other pollutants are reduced, yield-

ing air quality benefits to communities and ecosystems located

downwind of the emitting resources. The transition away from

fossil-fueledheating andwater-heatingequipment in residential and

commercial buildings is improving both indoor and outdoor air qual-

ity. Fossil-fueled furnaces, boilers, water heaters, stoves, clothes

dryers, and other equipment that combust fuels within buildings
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impair indoor and outdoor air quality by emitting nitrogen oxides,

fine particulates, and other pollutants as well as greenhouse gases.

Improving buildings’ energy efficiency and replacing fossil-fueled

equipment with more energy-efficient electric alternatives could

result in meaningful air quality improvements for affected individ-

uals and communities—even if the electricity consumed by the new

equipment is still generated by burning fossil fuels in a power plant.

∙ Energy costs. Fossil fuel prices are increasingly volatile, largely

because they are traded on global markets. In contrast, a power sec-

tor composed of large volumes of renewable resources that have

no fuel costs could lead to less volatile energy bills due to the elim-

ination of this driver of variability in energy costs. The presence

of distributed resources amplifies this effect. Whether the costs

of a clean power sector are lower than, comparable to, or higher

than the status quo, they will be more predictable and less likely

to create indirect costs that arise from unexpected price changes.

Cobenefits from the transition away from fossil-fueled heating and

water-heating equipment in residential and commercial buildings

include lower energy costs to maintain indoor air temperatures and

humidity levels.

∙ Social justice. Changes in the energy sector promise a departure

from reliance on fossil fuels, which has long been a source of social

injustice. The siting and operation of fossil fuel-based energy infras-

tructure and facilities have long imposed greater health, physical

comfort, and safety burdens on some communities than others.

The transition away from reliance on fossil fuels, coupled with a

greater awareness of climate-induced environmental health effects,

canhelp alleviate environmental healthburdens andequalize effects

across areas. Likely outcomes of such a shift would include replacing

emitting power generating facilities near overburdened communi-

ties with cleaner facilities; recognizing the impact of energy access

and affordability on physical safety and energy demand during

extremeheat events; understanding the importanceof local landuse

decisions (e.g., tree cover and access to parks and waterfronts); and

improving participation in planning and decision-making about the

energy system.

6.2 Emerging topics and research needs

Researchers will continue to study the effects of climate change on

energy inNewYork State. This assessment revealed gaps in knowledge

that could be valuable to fill in the years ahead:

∙ The impact of climate change on natural gas demand will require

additional research andmonitoring.

∙ DEFRmust be developed and deployed throughout New York State.

While not yet commercially available, DEFR will be needed to

provide on-demand power and system stability and reliability.13

Research is needed to characterize the gap that is expected to

emerge as fossil-fired generation resources are shuttered, and to

identify the most efficient and cost-effective DEFR technologies

that can shrink or fill that gap. The Public Service Commission initi-

ated a proceeding to examine these and other related issues in May

2023 (Order Initiating Process Regarding Zero Emissions Target,

Docket 15-E-0302, issuedMay 18, 2023).47

∙ Collaborative work by the electric sector is ongoing to identify data

requirements, risk mitigation, and adaptation strategies to build

a shared, consistent, and informed approach to maintain system

reliability and resilience in a changing climate.162

∙ More research should be conducted on battery storage, including

safety/emergency response, performance under various conditions,

electric system reliability and resilience, development of long-

duration batteries, sustainability of the battery supply chain, and

end-of-life disposal.238,239

∙ Additional research is needed to explore the effectiveness of hydro-

gen production, storage (including long-duration energy storage

technologies), transportation, and end uses. This research includes

market research to examine the potential hydrogen economic devel-

opment opportunities and research into the reduction of nitrogen

oxide emissions from hydrogen combustion.

∙ The impact of climate change on winter weather conditions as

they pertain to New York’s energy systems will require additional

research, modeling, and monitoring. For example, research on the

effects of less snowfall and earlier snowmelt on hydropower gener-

ation, as well as the impact of warmerweather on residential energy

use, is needed.

∙ Further research is needed on climate hazards with higher uncer-

tainty, such as changes in wind conditions, storm intensity, and

changes in precipitation, along with the resultant impacts on the

energy system.

∙ Research is needed to identify actions and policies that reduce

the disproportionate distribution of energy system burdens and

benefits and facilitate meaningful participation in energy system

decisions.

6.3 Conclusions

New York State’s energy system is vast and complex. It faces consider-

able challenges from the shifting energy demand that will come with

the clean energy transition and the impacts of climate change. Cli-

mate change is already affecting energy supply and distribution and is

expected to affect renewable energy sources as the state transitions

to a carbon-free energy system. This transition requires continuing

efforts to reduce emissions and adapt to climate change; however,

there is evidence for optimism (along with uncertainty). As the state’s

energy system becomes more reliant on renewables and distributed

resources, new technologies and grid build-out will be needed to

ensure the system is reliable, safe, resilient, and affordable.

The safe and reliable operation of the energy system will require

responsive investments, changes to system design and operations, and

continuous assessment of climate impacts and their effects on other

sectors that depend on energy resources. The challenge is height-

ened by uncertainties about both the demand and supply sides of

the energy system, including renewables’ sensitivity to the changing
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climate, and a need for new technologies that are not currently com-

mercially demonstrated to deliver energywhen renewable sources are

not available.

The energy sector transition must center on energy and environ-

mental justice. Historically overburdened communities suffer dispro-

portionate burdens from the energy system and receive fewer benefits

compared to other communities.240 Climate change will continue to

exacerbate these vulnerabilities unless policy promotes change. In

achieving energy justice, communities on the front lines of climate

change must play a central role in the renewable energy transition

while centering safety, access, and affordability.241

7 TRACEABLE ACCOUNTS

Traceable accounts examine each key finding in depth. They pro-

vide citations that support each assertion and present the authors’

assessment of confidence in each finding.

7.1 Key Finding 1

Climate change is already constraining somesourcesof energy supply

and stressing transmission and distribution infrastructure through

extreme heat, changes in precipitation, and increasing storm inten-

sity. Risks to the energy system, and to other sectors that rely on

the energy system, will increase as the climate continues to change.

Ongoing assessment of climate impacts, responsive investments, and

changes to system design and operationwill help ensure the continued

safe and reliable operation of the energy system.

7.1.1 Description of evidence

Temperature extremes, increased precipitation, and high winds have

direct impacts on electricity generation and delivery, and they are

likely to be more pronounced under a changing climate.38 Many stud-

ies, particularly those conducted after recent hurricanes and tropical

storms, identify the need for hardening and adaptive strategies for the

sector. Electricity supply from fossil-based generation decreases with

increasing ambient air temperature and as coolingwater temperatures

increase.83,85–88 A study conducted in various generation plants across

the country found a significant correlation between generator failures

and extreme temperatures (both cold and hot).89 Increases in ambi-

ent air temperature are also responsible for the reduced efficiency

of solar panels.90–93 For wind technologies, increasing air temper-

atures may lead to slight declines in air density, decreasing power

output.94,95 Extremely high (or low) temperatures may damage or

reduce the life span of rotating components of the turbines and blades

at wind farms.94 Increasing air temperatures can also reduce the elec-

trical output of turbines that drive electric generators. Battery-storage

technologies are sensitive to operating temperatures.96 Warmer tem-

peratures can reduce battery capacity, efficiency, and lifetime.97 While

not well studied yet, extreme heat associated with increasing heat

waves could require energy storage systems to have internal cooling to

prevent increased risks of fires and associated outages at large-scale

battery facilities.

Electrical transmission and distribution systems are sensitive to

rising ambient air temperatures.1 Transformers, a critical component

in distribution and transmission substations, are sensitive to temper-

atures above their design standard.123 High ambient temperatures

could lead to planned power interruptions that protect the equipment

to prevent damage that would cause longer outages. Extreme heat can

cause considerable increases in load, which may exceed the existing

installed distribution capacity, require the derating of infrastructure

(diminishing its ability to transmit power), increase component fail-

ure rates, and limit maintenance or capital work due to workforce

restrictions.

Heavy precipitation can lead to flooding that can damage key elec-

tricity supply control and operations equipment due to the impacts of

scour, corrosion, and ground instability.83,86 Transmission line access

roads could become inaccessible or washed out, and fixing downed

substations and distribution lines could pose access challenges for

utility crews. Heavy precipitation and flooding also poses a risk of ero-

sion and landslides that directly affect infrastructure through asset

damage, or indirectly affect it by impeding access. Low-lying genera-

tion facilities may be especially vulnerable to heavy precipitation and

subsequent runoff. Extreme events (intense rainfall and short-term

drought) may affect infrastructure and operations andmaintenance on

smaller hydroelectric generation facilities. Increases and decreases in

precipitation affect river flows and water levels that govern electricity

productionbyhydroelectric generation.100,101 Floodingof electric gen-

eration facilities from sea level rise can damage cooling water intake

structures, fuel transfer facilities, and electrical substations, which

can adversely impact routine operations.110 Erosion of underground

infrastructure also leads to disruption in generation and delivery.24,83

As extreme precipitation increases in frequency and intensity due to

climate change,242 power generation facilities may need to become

resilient to flash flooding to prevent outages. Heavy precipitation in

urban areas can flood electrical equipment manholes and cause pos-

sible outages. The greatest concern in the future will be flooding and

washout of transmission facilities (underground and overhead), includ-

ing access roads, and icing on overhead lines. Adaptive strategies for

system hardening and redundancy will be necessary to ensure a safe

and reliable electric grid.

Changes in wind speeds due to climate change are uncertain, but

tropical and extra-tropical cyclones are projected to become more

intense.38 High winds from storms can damage overhead lines86 when

debris and trees are blown against the lines, utility poles are blown

over, and transmission towers buckle. High winds from hurricanes

will adversely impact energy delivery infrastructure, mostly in coastal

areas of the state.

Extremely cold temperatures can affect the natural gas supply sys-

tem by freezing fluid handling equipment, transmitters, sensing lines,

valves, and inlet air systems; however, widespread natural gas sup-

ply disruptions in New York due to extreme cold temperatures have
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been infrequent.116 Heavy precipitation can lead to water infiltration

into underground gas pipelines and tunnels, which can cause ser-

vice interruptions.118 Increased variability in winter temperatures133

could pose additional risks to the natural gas delivery system. Freeze-

thaw cycles can result in frost heaves, causing pipeline movement or

undermining that could increase pipe stress and fracture.133

Risks to liquid fuels distribution infrastructure were revealed fol-

lowing Superstorm Sandy, when gasoline could not be dispensed

after power failures disabled pumps and other equipment at filling

stations.243 Flooding from coastal storms and sea level rise also poses

a major risk to fuel terminals located on the coasts, due to phys-

ical surge impacts and saltwater impacts upon a range of critical

equipment.25,24,110 Flooding can cause soil erosion, which can under-

mine pipeline systems for liquid fuels delivery, as well as fuel storage

tanks and foundations.

The energy sector’s vulnerabilities to climate change impacts can

cause disruptions throughout the state’s economy.155,154 Effects of the

extended power failure caused by Superstorm Sandy in 2012 illustrate

these cascading impacts. For example, equipmentwas disabled or dam-

aged in tunnels where pumps failed and in buildings where electrically

powereddeviceswould haveprotected against inundation.156 Because

gasoline could not be dispensed after power failures disabled pumps

and other equipment at filling stations, gasoline was rationed, and

long lines at filling stations formed.25 Electrification of the buildings

and transportation sectors is likely to make systems more interdepen-

dent, altering howenergy sector exposure to hazards can translate into

vulnerabilities in other sectors.159,160

The safe and reliable operation of the electric energy system is

the primary obligation of the NYISO, which constantly assesses the

system’s operation and the impacts of climate change.13,195,244

7.1.2 New information and remaining uncertainties

The economy-wide transformation to a carbon-free energy system has

major implications for the resilience and reliability of the energy sector

in terms of how end use patterns and the supply-side mix will change.

However, the pace of that transition and the mix of energy resources

thatwill support theelectric grid remainunknown.Various studies con-

ducted in NewYork, such as the Scoping Plan published in 2022 aswell

as other state and private-public studies,16,39,40,148 provide examples

of how to achieve both the economy-wide greenhouse gas reduction

targets and the clean electricity goals.

More information is needed to understand how temperature swings

(or “extreme” short-term variability in temperatures) affect natural gas

delivery infrastructure, such as compressor stations. More research

is needed to better understand how prolonged cold snaps or polar

vortex-like events, especially in the near-term, could impact energy

delivery infrastructure. There is also a lack of information about

how climate conditions could affect potential future energy delivery

infrastructure that evolves or develops during the timeframe of this

assessment, such as hydrogen fueling stations or pipelines.

7.1.3 Assessment of confidence based on evidence

There ishigh confidence that climate hazards affect the generation and

deliveryof energynowandwill continue todo so in the future, given the

many post-event system impact assessments and forecast modeling of

energy infrastructure. There is also high confidence that the state’s

energy system will change over the next 20 years as it adapts to new

technologies, policy advances, and climatic changes. However, there is

medium confidence in the rate of change to a fully renewable energy

system and in the technology resourcemix for energy generation.

7.2 Key Finding 2

Patterns of energy demand are shifting due to climate change and

are expected to continue evolving over the coming decades. Altered

patterns of energydemandcan strain energy supply anddelivery (espe-

cially during peak periods) and may lead to infrastructure failure and

energy price increases. Ensuring a reliable energy supply and delivery

will require diverse solutions such as investments in newenergy infras-

tructure, hardening of current energy infrastructure, new business

models, and demand-sidemanagement programs.

7.2.1 Description of evidence

Theevidence that climate change is alteringpatternsof energydemand

through changing temperatures comes from studies of near-term cli-

mate scenario futures for NewYork State andNewYork City, including

the Con Edison Climate Change Vulnerability Study and the NYISO

Climate Change Phase I Study. Both studies project increased energy

demands due to increases in average and peak temperatures from

projected climate change impacts.128,145 Various other sources show

evidence of increased energy use pattern changes associated with

increasing temperatures.112,141,143,142 One metastudy112 reviewed

studies focused on the potential impact of climate change on the bulk

power system and found that electric demand would increase through

the end of this century. A NYSERDA study on the impact of climate

change on the energy system, using different methodologies from the

NYISO report, also found that higher temperatures will increase cool-

ing demand and decrease heating demand over time.90 Heat waves,

which are expected to become longer,more frequent, andmore intense

across New York State,38 increase electricity demand (this demand

is driven primarily by cooling needs for building residents and occu-

pants as well as for critical equipment). Historically, the “degree-days”

methodology is used for estimating the heating and cooling energy

demand of buildings.140 The greater the number of heating and cooling

days, the greater thepotential demand for energy.Accordingly,manyof

these same studies show a decrease in energy demand due to a decline

in heating degree days associated with the impacts of climate change.

Con Edison has projected that its natural gas and steam sectors

could both experience substantial decreases in winter energy sales for
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heating degree days: a 33% decrease by 2050, and a 49% decrease by

2080. The same study also suggests a potential increase in natural gas

and steam use for cooling in the summer.117 These figures are driven

solely by climate change, and not by any other changes in demand due

to electrification or other factors. A decline in heating degree days will

reduce heating fuel demand.153 This reductionwill apply to fuel oil and

any other fuels used for heating, as well as to district steam systems. A

NYSERDA study on the impact of climate change on the energy system

found that warming temperatures would reduce the demand for fuels

for heating over time.90

Newer technologies will be deployed to respond to changes in

energy demand while enhancing resilience. These include energy

and distribution management systems, control and data acquisition

systems for power lines, advanced metering infrastructure, line sen-

sors and smart relays, outage management systems, enhanced auto-

matedmobile work management systems,196 microgrids, battery stor-

age, redundant communications systems,122 and autonomous energy

grids.215

7.2.2 New information and remaining uncertainties

The effects of acute extreme events (e.g., increasing storm intensity

and sea level rise, increased precipitation, and extreme precipitation)

on energy demand are less clear and less studied than the effects

of temperature. While climate projections for New York State show

a general warming trend that will lead to more cooling degree days

and fewer heating degree days annually, uncertainty remains regard-

ing the impact of climate change on severe winter weather and peak

day demand, especially in the near term; cold days will still occur, and

some winters will be colder than others.151,152 Nonclimate factors

such as electrification will also affect demand. To the extent that the

state sees widespread electrification of heating, electric demand could

be increasingly sensitive to heating degree days, with demand poten-

tially spiking during periods of extreme cold. In general, despite overall

warming trends, there continues to be a need to plan for extreme cold

events.

The impact of climate change on gas demand over the course of

the 21st century statewide will require additional research and mon-

itoring. It is currently necessary to make certain assumptions about

the composition of the energy system in the years ahead to determine

the impact of climate change on the demand for natural gas. If the

use of natural gas diminishes over time, both in space heating and in

power generation, the need for gas supplies from out of state will also

diminish, and any potential impacts of climate change on gas supply

infrastructurewill be reduced. If the natural gas supply system remains

similar to its current construct, it is unclear whether the reduction in

heating degree dayswill offset the increase in cooling degree days such

that New York’s current gas system will be adequate to meet future

demand in a changed climate.

7.2.3 Assessment of confidence based on evidence

There is high confidence that climate change affects energy demand, in

particular through changes in heating and cooling degree days as well

as increased frequency and duration of heat waves. There is less con-

fidence (low to medium) in understanding exactly how other types of

climate risk (e.g., extreme events) will affect demand.

7.3 Key Finding 3

As New York State’s energy system becomes more electrified

and more reliant on emission-free electricity supply sources, new

approaches will be needed to adapt to climate change and ensure

the system is flexible, safe, resilient, and cost-effective.This challenge

is heightened by uncertainties on both the demand and supply sides

of the electricity system, including renewables’ sensitivity to climate

change and the need for new technologies, infrastructure, and oper-

ations. Solutions such as demand-side behavior changes, operational

adjustments, investments in system capabilities and capacities, mod-

ified business models, and new technologies that are attuned to the

changing energy system can moderate the effects of uncertainty due

to climate change.

7.3.1 Description of evidence

The electricity supply in New York is expected to expand through

the inclusion of nonemitting resources such as wind and solar, off-

shore wind, and battery storage. The Climate Act mandates additions

of nonemitting resources to achieve a 70% renewable portfolio stan-

dard by 2030 and a 100% zero-emission electric grid by 2040, as

well as specific resource quantities for offshore wind and distributed

solar—9000megawatts of offshorewind by2035 and6000megawatts

of distributed solar.7 Over the coming years, the transmission sys-

tem will expand to accommodate the addition of renewable energy

and increased electrification and to address existing constraints that

currently affect power flows within the state.16 Baseline electricity

energy demand is projected to increase by up to 31% between 2021

and 2050.146 Meeting this demand, complying with current policy,

and achieving a cost-effective decarbonized electric grid will require

approximately 104,000 gigawatt hours of annual renewable energy

with 12 gigawatts of energy storage by 2040, and 198,000 gigawatt

hours of annual renewable energy with more than 17 gigawatts of

storage by 2050. The addition of these resources would offer criti-

cal benefits in terms of grid reliability and integration of renewable

generation.

Given these projections, climate adaptation for current and future

energy supply and transmission components is critical.50 Adaptation

measures are outlined in Section 5. Given changes in the energy
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system, energy supply adaptation should include increasing integration

across technical, economic, regulatory, and social dimensions in order

to increase reliability and performance, reduce cost, and minimize

environmental impacts.194

7.3.2 New information and remaining uncertainties

There is considerable future uncertainty in the New York State elec-

tric power grid. The system is set to change dramatically over the

next 20 years, including the addition of new and innovative dispatch-

able emissions-free resource technologies. By 2040, the total installed

generation capacity that will be needed to reach policy objectives is

between 111 and 124 gigawatts, including approximately 95 gigawatts

of new emissions-free resource generation.13 Unfortunately, while

renewable generation has increased in New York State with decen-

tralization, it has not kept pace with retiring fossil-fueled resources.

Also, fully achieving the emission-free grid target by 2040 will require

not only more renewable resources, but also transmission of greater

amounts of clean power.13

Distributed renewable energy systems face several challenges

such as the intermittency of renewables, uncertainties with weather

and load forecasts, and lack of comprehensive control systems.42

Renewable power intermittency imposes even larger uncertainties

at micro-scales, as both under and over generation of power can

have a considerable negative impact on reliability.43 Moreover, many

of the technologies necessary for reliable 100% renewable electri-

cal grids, such as thermal energy storage,10 long-duration energy

storage,11 and hydrogen storage,12 are not commercially available at

scale.

While climate change will have an impact on the energy system, the

exact timing and magnitude of future exposure is uncertain. A flexi-

ble and adaptive approach is necessary to manage risks. Adapting the

grid will require new techniques including asset mapping and process-

ing of physical events data, creation of vulnerability curves and risk

heat maps, evaluation of detailed grid-impact models, identification of

resilience measures and investment optimization, and implementation

of emissions reduction interventions.209

Demand-side management,222,223 modified business models,

operational adjustments, investments in system capabilities and

capacities, and new technologies14,15,112 will also need to be

attuned to the changing energy system. However, these strate-

gies, models, operational adjustments, and investments have yet to be

developed.

7.3.3 Assessment of confidence based on evidence

There is high confidence that New York State’s energy system will

change rapidly over the next 20 years in adapting to new tech-

nologies, policy advances, and climate change. There is also high

confidence that new approaches, technologies, and investmentswill be

needed to provide the energy necessary for reliable, safe, and clean

energy.

7.4 Key Finding 4

Climate change could result in unequal impacts across communities

due to existing inequalities and burdens in New York State’s energy

system, especially as the system evolves. People of color and low-

income households are already more likely than other communities

to experience challenges cooling their homes in hot weather and are

more vulnerable to power outages during extremeweather events, for

example. Responding to climate change gives New York an opportu-

nity to work toward a more just and resilient energy system in which

all racial, ethnic, Indigenous, and socioeconomic groups have equitable

benefits of clean and resilient energy infrastructure, affordable energy,

and associated jobs. Actions such as meaningful community involve-

ment in decision-making processes can help overcome local barriers

and disparities while developing equitable policy choices in the face of

a changing climate and an evolving energy system.

7.4.1 Description of evidence

Evidence reveals that both thebenefits andburdens of energy systems,

as well as the adverse impacts of climate change, are experienced dif-

ferently across communities, and that people of color and low-income

households experience a greater share of environmental burdens than

other communities52 while benefiting less than other groups.53–57

Poverty and race are critical to energy burdens. Approximately 14%

of allNewYorkState residents live inpoverty,withhigher shares across

the state’s cities. In Buffalo, Rochester, and Syracuse, for instance,

3 out of every 10 residents live in poverty.245 Both urban and rural

low-income households spend roughly three times as much of their

income on energy compared to high-income households.55,170 Black

and Hispanic households bear disproportionately larger energy bur-

dens and pay a larger share of income for energy services than most

other groups.55,73,185 Indigenous Peoples have the lowest incomes

among population groups in New York State.245 Generally, households

in Indigenous communities have an average energy burden that is 45%

higher than non-Hispanic white households nationwide.73,171

Research has found that low-income households and those facing

energy insecurity often face acute vulnerability to climate impacts

within the energy sector. These vulnerabilities include economic chal-

lenges posed by the expense of heating and cooling homes during

temperature extremes, which can result in increased morbidity and

mortality as well as food insecurity183 and heightened vulnerability

during and after extreme weather events.184 Low-income households

and communities of color are more vulnerable to power outages than

their neighbors in New York City during the warm months of the

year185; such power outages could become more common in a chang-

ing climate. These communities also face risks of utility disconnections

and disaster-related discontinuation of energy services.176 Prelimi-

nary evidence from a New York City-based study shows that power

outages pose substantial threats to communities that are located in

urban heat islands and disproportionately low-income, especially com-

munities of color, and that air conditioning equity issues could worsen

with the advance of climate change.186
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Not all groups are experiencing the benefits of the current energy

system equally either. For example, energy injustices often manifest

in low access to clean energy jobs. One study suggested that the

“transition to a clean energy economy could help address economic

inclusion challenges from the national to the local level. However, the

current roster of workers in related occupations is far from inclusive—

suggesting the existence of distinct barriers to access that require

additional attention and action.”60 This study finds that “the clean

energy economy workforce is older, dominated by male workers, and

lacks racial diversity when compared to all occupations nationally.”60

The U.S. Bureau of Labor Statistics projects that solar PV installers and

wind turbine service technicians will rank among the fastest-growing

occupations in the United States over the next decade.61 In New York

State, these and other jobs in the clean energy sector providemore job

opportunities than fossil fuel industries62 but are often unavailable to

certain communities.

Energy injustices can be addressed through workforce and eco-

nomic diversification programs, energy assistance and weatherization,

expansionof energy technologyaccess, collective action initiatives, and

new business development.227

Notwithstanding the potential to provide climate and environ-

mental benefits, renewable energy transitions are neither inherently

just nor democratic. Policies that support marginalized populations

must, therefore, be at the vanguard of renewable energy and climate

policy164 in order for New York State to meet statutory obliga-

tions related to the Climate Act. In the absence of targeted energy

justice policy and practice, with vulnerable households and commu-

nities as a focal point, the potential benefits of a renewable energy

transition (including related jobs, which are expected to be among

the fastest growing occupations across the nation over the next

decade)61 will continue to be inaccessible to historically overburdened

populations.57,240 Energy governance and related decision-making—

likeother aspects of public planning—hashistorically notbeen inclusive

of all communities.64 Mitigating the effects of income inequality and

energy burdens will require more meaningful involvement and par-

ticipation by members of frontline communities. Reduction of harms

must address the politicalmarginalization of groups as a cause of social

vulnerability.241

7.4.2 New information and remaining uncertainties

Uncertainties loom over multiple factors related to the accessibility of

energy resources. These factors include the costs of energy and related

technologies, the availability of subsidies and other policy supports

that can aid household andmunicipal adoption of energy technologies,

investment in weatherization, and climate adaptation planning. Migra-

tion both into and within New York State is also uncertain and likely to

influence energy-related outcomes. Cities inCentral andWesternNew

York, for instance, are projected to become climate hubs that see their

populations grow; other regions, particularly along the state’s coast,

could experience climate flight.

7.4.3 Assessment of confidence based on evidence

The available evidence supports with very high confidence that per-

vasive socioeconomic inequality has major implications for the distri-

bution of energy system goods and harms, the ability to participate in

planning and decision-making about the future of energy in the state,

and vulnerability to climate change. For New York State to meet its

renewable energy goals—which have centered on environmental and

energy justice—itwill be necessary to increase energy affordability and

access to energy technologies and jobs. Failure to do so will negatively

impact the state’s ability to meet renewable energy standards codified

by law.
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