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Preamble

The Coalition for Innovation is an initiative hosted
by LG NOVA that creates the opportunity for
innovators, entrepreneurs, and business leaders
across sectors to come together to collaborate on
important topics in technology to drive impact. The
end goal: together we can leverage our collective
knowledge to advance important work that drives
positive impact in our communities and the world.
The simple vision is that we can be stronger together
and increase our individual and collective impact on
the world through collaboration.

This “Blueprint for the Future” document
(henceforth: “Blueprint”) defines a vision for the
future through which technology innovation can
improve the lives of people, their communities, and
the planet. The goal is to lay out a vision and
potentially provide the framework to start taking
action in the areas of interest for the members of the
Coalition. The chapters in this Blueprint are
intended to be a “Big Tent” in which many diverse
perspectives and interests and different approaches
to impact can come together. Hence, the structure
of the Blueprint is intended to be as inclusive as
possible in which different chapters of the Blueprint
focus on different topic areas, written by different
authors with individual perspectives that may be
less widely supported by the group.

Participation in the Coalition at large and
authorship of the overall Blueprint document does
not imply endorsement of the ideas of any specific
chapter but rather acknowledges a contribution to
the discussion and general engagement in the
Coalition process that led to the publication of this
Blueprint.

All contributors will be listed as “Authors” of the
Blueprint in alphabetical order. The Co-Chairs for
each Coalition will be listed as “Editors” also in
alphabetical order. Authorship will include each
individual author’s name along with optional title
and optional organization at the author’s discretion.

Each chapter will list only the subset of participants
that meaningfully contributed to that chapter.
Authorship for chapters will be in rank order based
on contribution: the first author(s) will have
contributed the most, second author(s) second
most, and so on. Equal contributions at each level
will be listed as “Co-Authors”; if two or more authors
contributed the most and contributed equally, they
will be noted with an asterisk as “Co-First Authors”.
If two authors contributed second-most and equally,
they will be listed as “Co-Second Authors” and so
on.

The Blueprint document itself, as the work of the
group, is licensed under the Creative Commons
Attribution 4.0 (aka “BY”) International License:
https://creativecommons.org/licenses/by/4.0/.
Because of our commitment to openness, you are
free to share and adapt the Blueprint with
attribution (as more fully described in the CC BY 4.0
license).

The Coalition is intended to be a community-driven
activity and where possible governance will be by
majority vote of each domain group. Specifically,
each Coalition will decide which topics are included
as chapters by majority vote of the group. The
approach is intended to be inclusive so we will ask
that topics be included unless they are considered
by the majority to be significantly out of scope.

We intend for the document to reach a broad,
international audience, including:

e People involved in the three technology
domains: CleanTech, Al, and HealthTech
e Researchers from academic and private

institutions
e Investors
e Students

e Policy creators at the corporate level and all
levels of government

o®

Page ii

CoalitionforInnovation.com

CleanTech Blueprint

© 2025. This work is openly licensed via CC BY 4.0.


https://coalitionforinnovation.com/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Chapter 3:
Addressing Energy Poverty and Scaling
Energy Efficiency in North America

Author: Winston Morton
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The Challenge: Energy
Poverty and Climate
Resilience

Energy poverty — a household's inability to secure
affordable and reliable energy to meet fundamental
needs — remains a persistent, multifaceted
challenge across North America. Importantly, this
challenge is no longer primarily an economic issue
but is increasingly intertwined with the escalating
impacts of climate change. Vulnerable populations
such as low-income households, renters,
Indigenous peoples, and historically marginalized
communities disproportionately bear the burden of
energy and climate injustice, facing layered risks
from rising energy costs, deteriorating housing
infrastructures, and climate-driven hazards.

Climate change compounds energy poverty by
intensifying housing vulnerabilities. Floods,

wildfires, and extreme heat increasingly damage
residential infrastructure, leading to higher energy
demands for cooling or heating, frequent
interrupted energy service, and spiraling insurance
premiums or mortgage costs. These factors
collectively threaten housing stability and deepen
affordability crises. Without integrated solutions
addressing affordability, reliability, and resilience,
energy-poor communities risk escalating hardship,
health consequences, and displacement.

This section explores the complex interplay between
energy poverty and climate risks, underlining the
urgent need for comprehensive interventions.

Climate-Driven Market Impacts

The intensification of climate-related hazards has
generated profound repercussions in housing
markets and financial sectors:
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Insurance Withdrawal and Premium Hikes:

In regions increasingly exposed to flooding or
wildfires, insurance providers often withdraw
coverage or impose prohibitive premium increases.
This situation economically isolates homeowners by
making their properties uninsurable, limiting
mortgage access, and ultimately threatening
housing security, especially for low-income families
unable to absorb these shocks.

Climate-Adjusted Mortgage Pricing:

Mortgage lenders are incorporating climate risk
assessments into their lending criteria, leading to
tightened credit availability, higher interest rates,
and outright denial of loans in high-risk areas. Such
changes disproportionately exclude vulnerable and
marginalized households, exacerbating spatial and
economic inequities.

Resilience and Efficiency in Property Valuations:

Appraisals increasingly consider energy efficiency
and resilience features, driving down property
values of homes lacking such characteristics. This
depreciation diminishes homeowners’ accumulated
wealth and restricts their financial mobility.

These market dynamics foster feedback loops that
aggravate energy poverty and undermine housing
stability, calling for proactive policy and
programmatic responses that cohesively address
these interrelated challenges.

The “Pay Now or Pay Later”
Imperative

Investment in energy-efficient and climate-resilient
homes reflects a critical financial calculus often
framed by the dichotomy: “pay now or pay later.”

Pay Now:

Proactive upfront investments in comprehensive
retrofits — such as high-performance insulation,
flood and fire defenses, energy-efficient HVAC
systems, and solar-plus-storage solutions — reduce
energy bills, mitigate climate risks, lower insurance
costs, and improve health and safety outcomes.

Early spending avoids the accumulation of deferred
costs and protects households from climate shocks.

Pay Later:

Avoiding or deferring such investments results in
escalating costs from property damage repairs,
higher insurance premiums, restricted access to
financing, adverse health impacts, and eventual
displacement. These deferred costs
disproportionately harm economically vulnerable
and marginalized populations, entrenching
systemic inequities.

Efficient, resilient homes sustain livable and safe
conditions through power outages and extreme
weather, reducing the vulnerability of occupants.

However, upfront capital access remains a
significant barrier for many households,
necessitating innovative, equitable financing

solutions to widen participation and benefits. (6)

Energy Demand and
System Vulnerabilities

North America’s energy system faces mounting
pressures from increasing demand driven by
extreme weather events and evolving economic
shifts. Heat waves, cold snaps, and other climate-
driven weather extremes dramatically increase
energy consumption as households and businesses
struggle to maintain safe indoor temperatures. This
surge stresses aging grid infrastructure, elevating
the risk of widespread outages: outcomes with
disproportionate impacts on energy-poor and
vulnerable populations residing in inefficient, poorly
maintained housing and facilities.

Moreover, new industrial and digital economic
developments intensify these pressures. The
repatriation of manufacturing and the rapid
expansion of data centers — both of which are
energy-intensive sectors — are introducing
unprecedented, localized load growth. This
confluence of factors threatens grid resilience and
intensifies energy vulnerability unless systemic
modernization and targeted efficiency interventions
are implemented.
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Recognizing these evolving demand patterns and
associated vulnerabilities is essential for designing
effective strategies to reduce energy poverty while
strengthening grid reliability and climate resilience.

New Energy Demand Pressures
from Repatriation of Manufacturing

Recent geopolitical and economic trends have driven
significant shifts as North American regions attract
the reshoring of manufacturing activities.
Companies seek to mitigate global supply chain
disruptions and capitalize on policy incentives
promoting domestic production.

While this industrial resurgence supports economic
growth and job creation, it simultaneously imposes
substantial new energy loads, often concentrated in
specific regions near urban or suburban hubs.
Manufacturing processes tend to be energy-
intensive, especially in sectors such as automotive,
electronics, and materials production.

Localized grid systems face increased stress as they
accommodate these higher loads, compounding the
challenges from aging infrastructure and pre-
existing climate vulnerabilities. Without proactive
grid planning and energy efficiency measures, these
new demands may:

e Trigger capacity constraints, requiring
costly infrastructure upgrades,

e Amplify peak load challenges during
extreme weather, increasing outage risks,
and

e Disproportionately harm low-income and
marginalized neighborhoods located near
industrial clusters due to environmental
and reliability burdens.

A coordinated approach integrating industrial
energy efficiency, demand response programs, and
grid modernization is necessary to balance
economic development with energy equity and
sustainability goals.

Rapid Growth and Energy
Requirements of Data Centers

Parallel to manufacturing growth, data centers have
seen exponential growth driven by the digital
economy’s expansion, cloud computing, artificial
intelligence (Al), Internet of Things (IoT), and big
data analytics. These facilities operate 24/7,
drawing significant and stable electricity primarily
for computing operations and maintaining critical
cooling systems.

Key characteristics of data center energy demand
include:

e High Power Density: Compared to typical
commercial or residential buildings, data
centers consume large amounts of power
per square foot.

e Continuous Operation: The need for
uninterrupted uptime requires redundant
systems and backup power supplies,
further increasing energy consumption.

¢ Cooling Systems: Effective cooling is
critical to maintain equipment reliability
and efficiency, often representing a
substantial fraction of total energy use.

To address these challenges, data center operators
are increasingly adopting cutting-edge innovations
such as:

e Advanced Cooling Technologies:
Including liquid cooling, economizers using
outside air, and waste heat recovery
systems

e Energy Star-Certified Servers and High-
Efficiency Uninterruptible Power Supply
(UPS): Improving baseline equipment energy
efficiency

e Renewable Energy Integration: Power
purchase agreements (PPAs) and on-site
solar installations to reduce carbon
footprint

e Al-Driven Load Optimization: Al systems
dynamically balance and shift workloads to
optimize energy use and reduce peak loads.

e Energy Disclosure and Benchmarking
Mandates: Regulatory requirements
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encourage transparency and incentivize
efficiency improvements.

The concentration of data centers into regional hubs
raises grid stress risks and requires multi-

stakeholder coordination among utilities,
regulators, tech providers, and communities to
proactively ensure equitable resilience and

sustainable growth.

Implications for Energy
Vulnerability

The interrelated pressures from climate-driven
demand shocks, manufacturing reshoring, and data
center proliferation collectively heighten energy
system vulnerabilities with pronounced social
equity implications.

Specific implications include:

¢ Increased Grid Fragility and Outage
Risks: Overburdened infrastructure is more
susceptible to failures during extreme
weather, outages that disproportionately
impact energy-poor households who have
fewer coping resources.

¢ Energy Burden Amplification: Rising
consumption translates into higher energy
bills, exacerbating affordability challenges
for low-income consumers.

e Unequal Access to Resilience Measures:
Vulnerable populations often reside in
aging, inefficient housing without access to
technologies such as backup power or
efficient HVAC systems.

e Urgent Need for Integrated Solutions:
Addressing these vulnerabilities requires
holistic approaches combining grid
modernization, broad-based building energy
upgrades, deployment of distributed energy
resources (DERs), and equity-focused policy
and program design.

An effective energy poverty eradication strategy
must therefore engage infrastructure investments,
demand-side efficiency, technology innovation, and
social equity imperatives simultaneously.

Financing and Incentive
Models for Resilience and
Equity

Financing is the pivotal mechanism that connects
ambitious energy efficiency and resilience goals to

practical, widespread implementation. Without
accessible, innovative, and equitable funding
models, energy-poor households —

disproportionately low-income and marginalized
groups — face formidable barriers to upgrading their
homes. Traditional financing often fails to
accommodate the wunique risk profiles, credit
histories, or upfront cost barriers faced by these
populations, preventing meaningful scale.

This section explores financing structures and
incentive designs explicitly crafted to prioritize
climate-resilient, energy-efficient retrofits while
carefully attending to equity and affordability.
Innovative approaches are necessary to catalyze
private capital, align incentives across stakeholders,
and ensure that no communities are left behind.

Prioritizing Resilient and Efficient
Retrofits

Public and private programs — such as green
banks, on-bill repayment schemes, loan loss
reserves, and Property Assessed Clean Energy
(PACE) initiatives — must evolve from traditional
energy efficiency-only models to explicitly
incentivize combined energy efficiency and climate
resilience upgrades.

Examples of resilience enhancements include:

e Flood-proofing (e.g., elevating mechanical
systems, installing water barriers)

e Fire retardant materials and design
adaptations suitable for wildfire-prone
areas

e Backup power solutions (solar photovoltaic
arrays paired with battery storage,
emergency-capable heat pumps)
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Prioritizing such multi-faceted retrofits mitigates
compounding risks, reduces long-term costs, and
amplifies health and safety benefits, thereby
providing a more compelling investment case.

Innovative Incentive Structures

To significantly increase adoption of energy
efficiency and climate resilience upgrades, incentive
frameworks must go beyond rewarding isolated
measures and instead promote comprehensive
retrofit packages that integrate multiple resilience
and efficiency improvements. Such holistic
incentives align financial benefits with the scale and
quality of interventions, accelerating progress
toward sustainable, equitable, and climate-adaptive
housing.

Lower Interest Rates and Credit
Enhancements

Financial institutions can provide reduced interest
rates or credit enhancements for retrofit projects
that include verified resilience components
alongside energy efficiency upgrades. By
acknowledging the decreased risk profile of homes
enhanced to better withstand climate hazards (e.g.,
flood proofing, fire-resistant materials), lenders
incentivize deeper retrofits while expanding
borrower capacity. Mechanisms such as loan
guarantees, interest rate buy-downs, and risk-
sharing funds lower financing costs and encourage
participation by homeowners and contractors. This
approach not only lowers upfront barriers but also
aligns financing terms with the long-term value and
reduced loss potential of resilient homes.

Insurance Premium Credits or Rebates

Collaboration between retrofit programs and
insurance providers offers an innovative pathway to
reinforce financial incentives through insurance
premium reductions or rebates. Homes that meet or
exceed defined resilience and energy efficiency
standards can qualify for lower premiums or partial
refunds, reflecting their reduced exposure to
damage and loss. For example, major Canadian
mortgage insurers (such as CMHC, Canada
Guaranty, and Sagen) offer up to a 25% partial
refund on mortgage insurance premiums for newly

constructed or retrofitted homes that demonstrate
at least 20% improved energy efficiency and meet
certified standards. This premium rebate reduces
ongoing housing costs, enhances affordability, and
provides a compelling financial rationale for
investing in comprehensive retrofits. Coordination
between retrofit verification systems and insurers is
essential to streamline eligibility and claims
processes.

Targeted Grants and Rebates

Public funding agencies should design layered
grants and rebate programs that prioritize
vulnerable households and communities, rewarding
full-package retrofits that address multiple climate
risk vectors and health co-benefits. Incentive
structures can escalate benefits based on measures
such as:

e The depth and breadth of retrofit
interventions (e.g., combined envelope,
HVAC, DERs, and resilience upgrades),

o The presence of multiple climate risks
addressed (e.g., flooding, wildfire, extreme
heat), and

e Socioeconomic vulnerability of occupants or
neighborhoods.

Such targeted financial support mitigates equity
gaps by making holistic retrofits financially
attainable for low-income and marginalized
populations. Bundling retrofit and resilience
incentives simplifies administrative processes and
encourages  single-transaction, comprehensive
upgrades, maximizing cost-effectiveness and
program impact.

Performance-Based Incentives

Incentive mechanisms that can be tied to verified
energy savings, resilience performance metrics, or
health outcome improvements encourage
accountability and optimize use of public resources.
Rather than providing upfront rebates solely based
on installed  measures, performance-based
incentives reward measurable achievements, such
as reductions in energy consumption, demonstrated
resistance to climate hazards during events, or
improved indoor environmental quality. This
approach motivates quality installation, ongoing
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maintenance, and continuous improvement,
preventing low-performance outcomes common with
partial or superficial retrofits. Emerging verification
technologies, including smart sensors and Al-
enabled monitoring platforms, facilitate reliable
tracking of performance metrics necessary for such
incentive structures.

Payment Structures Aligned with
Energy Savings

One of the most significant barriers to retrofit
adoption among energy-poor households is the
upfront cost and risk of cash flow disruption.
Payment models aligned with expected energy bill
savings can neutralize this barrier by ensuring:

e Loan or repayment amounts do not exceed
anticipated monthly energy cost reductions,

e On-bill financing models collect repayments
directly via utility bills, simplifying
processes and fostering trust,

e Flexible terms accommodate diverse
household income volatility and credit
profiles, and

e Risk sharing mechanisms reduce lender
exposure and encourage financial
institutions to serve traditionally
underserved populations.

Such models promote cost neutrality or positive
cash flow from day one, improving retrofit uptake
and program sustainability.

Expanding Financial Access and
Equity

Achieving broad-scale adoption of energy efficiency
and resilience retrofits requires dismantling
systemic barriers that have historically excluded
marginalized and low-income households from
accessing retrofit financing. Persistent obstacles —
such as limited or no credit history, mistrust of
financial institutions, language and cultural
differences, and inadequate financial literacy —
contribute to deepening inequality in energy burden
and climate vulnerability. Expanding equitable
financial access involves a holistic approach that
leverages culturally competent outreach, innovative

underwriting, risk  mitigation tools, and
collaborative partnerships.

Key strategies include:

Targeted Outreach Campaigns

Leveraging community organizations to build

culturally competent, trust-based relationships with
hard-to-reach households can be an effective
strategy.

Effective outreach to historically underserved
communities must be grounded in trust and
cultural competence. Community-based
organizations that possess intimate knowledge of
local cultures, languages, and social networks can
be essential partners to overcome skepticism and
build rapport. These trusted intermediaries
facilitate two-way dialogue, address concerns
around financing terms, and disseminate clear,
culturally appropriate information on retrofit
benefits, available financial products, and
enrollment processes. Outreach campaigns should
rely on multiple communication channels —
including in-person workshops, multilingual
materials, social media, faith organizations, and
ethnic media — to ensure accessibility and
inclusivity. By situating outreach within community
contexts and histories, programs foster higher
engagement and participation rates among hard-to-
reach households.

Flexible Underwriting Criteria

Programs must employ alternative credit evaluation
methods, such as rental payment histories or utility
bill payments, to broaden eligibility.

Conventional credit evaluation frameworks often
exclude low-income or marginalized applicants who
lack established credit history or possess thin files.
Implementing alternative credit evaluation methods
broadens eligibility and democratizes financing
access. These methods may incorporate:

¢ Rental payment histories, demonstrating
financial responsibility through consistent
rent payments,

e Utility bill payment records (electricity, gas,
water) indicating reliable payment behavior,
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e Cash flow analyses or employment and
income verification supplemented by
nontraditional data sources, or

e Community-verified character references or
financial behavior aggregators.

By valuing proven patterns of financial reliability
beyond standard credit scores, lenders can
responsibly extend capital to a wider client base.
Incorporating such flexible underwriting aligns with
emerging trendlines in inclusive finance and
responsible lending.

Credit Enhancements and Guarantees

Public and philanthropic funds can backstop loans
to reduce perceived risk and mobilize private capital
into underserved markets.

Public and philanthropic capital can strategically
de-risk loans to underserved markets through credit
enhancements and loan guarantees. These
instruments reduce perceived financial risks for
lenders and investors, facilitating the mobilization of
private capital into communities traditionally
considered higher risk. Examples of these
mechanisms include:

o Loan loss reserves that absorb initial
borrower defaults,

e Partial credit guarantees shared between
funders and lenders,

o First-loss capital subordinated to other loan
tranches, and

e Interest subsidies or guarantee fees funded
by public grants or philanthropic
donations.

By lowering risk profiles, credit enhancements
enable lenders to offer better financing terms, lower
interest rates, and higher approval rates, making
retrofit loans more affordable and accessible for
marginalized households.

Collaborative Partnerships

Aligning financial institutions with community
groups and social services can provide holistic
support beyond financing alone.

Effective expansion of financial equity requires
integration of retrofit financing within broader,
holistic support ecosystems. Financial institutions
should develop formal partnerships with community
organizations, social service agencies, legal aid
providers, and workforce development programs to
provide wrap-around services beyond capital. This
collaboration addresses additional barriers such as:

¢ Financial literacy and budgeting skills
training,

e Assistance with documentation and
application processes,

e Language translation and interpretation
services,

e Legal support to navigate housing or utility
regulations, and

e Linkages to job training and employment
opportunities in retrofit trades.

Coordinated service delivery ensures that
households receive comprehensive assistance that
supports successful  retrofit adoption and

sustainable financial health, reducing loan default
risk and empowering equitable outcomes.

Ensuring Equity to Prevent Widening
Disparities

Without deliberate, equity-centered interventions,
retrofit financing risks entrenching existing social
and economic divides by disproportionately
benefiting wealthier and creditworthy populations.
Expanding financial access and equity is therefore
not only a matter of social justice but also enhances
program reach, effectiveness, and resilience. By
holistically addressing systemic barriers, programs
can underscore their commitment to inclusive green
transition pathways that enable historically
marginalized communities to fully participate in and
benefit from the multiple co-benefits of deep energy
retrofits, resilience upgrades, and healthier living
environments.
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Technology and Data
Enablement for Targeting
and Impact

Advancements in technology and data analytics
offer transformative opportunities to overcome
traditional barriers in targeting energy poverty and
delivering effective, equitable retrofit programs.
Leveraging Al, real-time climate risk data,
interoperable data frameworks, and transparent
impact tracking enables precision in prioritizing and
personalizing interventions, optimizes resource
allocation, and enhances accountability.

These tools are critical to scaling interventions
efficiently, ensuring that the right households
receive assistance tailored to their unique risk
profiles and needs, while enabling continuous
program  improvement through  measurable
outcomes.

Al-Enabled Prioritization and
Personalization

Al and machine learning (ML) technologies have
become transformative tools for enhancing the
effectiveness, efficiency, and equity of energy
efficiency and resilience retrofit programs. By
leveraging vast and diverse datasets — including
energy consumption, building characteristics,
socioeconomic factors, and local climate risks — Al
enables a level of precise, scalable analysis and
targeted intervention that traditional methods
cannot match. This section outlines the key
capabilities AI offers for prioritizing high-risk
homes, personalizing retrofit pathways, and
optimizing outreach efforts to maximize impact and
resource use.

Identification of High-Risk Homes

Programs can use automated large-scale energy
audits and risk scoring to pinpoint households at
the intersection of high energy burdens and climate
vulnerability. Al-powered models automate and
scale the traditionally labor-intensive process of
energy auditing and risk assessment by analyzing

extensive datasets drawn from utility records,
census information, geospatial climate vulnerability
maps, and housing stock databases. ML algorithms
can score and rank households based on multiple
intersecting risk factors such as:

e High energy burdens relative to income
(percentage of household income spent on
energy costs),

e Exposure to climate hazards including
flooding, wildfire risk, heatwaves, or
extreme storms,

e Structural vulnerabilities of the home (e.g.,
age, insulation levels, HVAC inefficiencies),
and

e Socioeconomic and demographic indicators
that reflect heightened vulnerability (e.g.,
income level, age distribution, health risk
profiles).

This automated prioritization enables program
managers to target investments where the need and
benefits are greatest, reducing waste and
accelerating the impact of retrofit funding.

Tailored Retrofit Recommendations

One key to success is generating customized retrofit
pathways that optimize cost-effectiveness and
resilience benefits based on individual home
conditions and resident needs. Al-driven decision-
support tools synthesize complex inputs about a
home’s physical condition, energy consumption
patterns, occupant needs, and local climate risks to
generate customized retrofit pathways optimized for
cost, effectiveness, and resilience. These
personalized recommendations may integrate
measures such as:

e High-performance insulation and air sealing
to reduce energy demand,

o Efficient heating, ventilation, and air
conditioning (HVAC) upgrades tailored to
climate zone and occupant health needs,

e Distributed energy resources (e.g., solar
photovoltaic plus battery storage) sized to
the home’s load profile and grid conditions,

e Resilience enhancements like flood-proofing
or fire-resistant building materials, or

¢ Indoor air quality improvements, including
ventilation upgrades and mold remediation.
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Advanced AI models can dynamically simulate
energy savings, health co-benefits, and resilience
improvements under various retrofit scenarios,
enabling stakeholders to select packages that
maximize multiple benefits within budget
constraints.

Enhanced Outreach Efficiency

Focusing engagement efforts on populations and
geographies with the greatest need can increase
program impact and uptake.

Al facilitates precision in program outreach by
identifying neighborhoods and households that will
derive the greatest benefit from  retrofit
interventions, thereby focusing limited resources on
areas with the highest impact potential. Combined
with demographic and behavioral data, Al models
enable segmentation of populations by factors such
as:

e Propensity to participate based on past
program engagement or similar behavioral
markers,

e Language preferences and communication
channel efficacy to tailor outreach methods,
and

e Social vulnerability indices to prioritize
inclusion of marginalized or hard-to-reach
groups.

This focused engagement boosts program uptake
rates and community trust while reducing costs
associated with broad, untargeted marketing
campaigns.

Advantages of Al-Enabled Prioritization
and Personalization

e Scalability and Speed: Automates complex
data processing, making it feasible to
assess thousands to millions of homes
quickly and continuously

e Precision Targeting: Helps allocate limited
retrofit funds to maximize energy,
resilience, economic, and social returns

e Dynamic Adaptability: Enables real-time
monitoring and updating of risk scores and
recommendations as new data — such as

weather events or energy usage patterns —
become available

e Supports Equity: Identifies and addresses
disparities in retrofit access and outcomes
by incorporating demographic and
vulnerability dimensions into prioritization

Challenges and Considerations

e Data Privacy and Security: Aggregation of
sensitive household and social data
requires strict privacy protections and
ethical governance.

e Data Integration and Quality: Successful
Al deployment depends on access to
comprehensive, accurate, and interoperable
datasets, which can be a barrier in some
jurisdictions.

e Transparency and Trust: Al decision-
making processes need to be explainable to
stakeholders and communities to build
confidence and avoid “black box”
skepticism.

o Digital Equity: Ensuring that all
community members benefit equitably
requires addressing disparities in digital
literacy and access to technology.

Dynamic Risk Layering

The integration of real-time and forecast climate
hazard data—such as floodplain maps, wildfire
exposure, extreme heat indices—layered over socio-
demographic and housing condition data creates a
dynamic risk landscape. This layering enables
several important benefits.

Responsive Targeting

Program managers can adjust retrofit urgency
based on evolving risk levels, emergent hazards, or
disaster events.

Dynamic risk layering integrates real-time and
forecast climate hazard data — such as floodplain
maps, wildfire exposure indices, extreme heat
metrics — with socio-demographic factors and
housing condition information to construct a
continuously evolving risk landscape. This multi-
dimensional, temporal layering approach recognizes
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that risk is not static but varies with climate trends,
emerging hazards, and shifts in community
vulnerability. Dynamic risk layering is essential for
responsive, equitable, and efficient retrofit targeting
and policymaking.

Monitoring Impact

Data makes it possible to track how mitigations
reduce household risk exposure and vulnerability
over time.

By layering longitudinal data on hazards,
population vulnerability, and retrofit status,
dynamic risk models track how mitigation efforts
reduce household and community risk exposure
over time. Retrospective analysis informs adaptive
management, showing which interventions most
effectively decrease risk parameters in different
contexts. This evidence base supports continuous
improvement in program design and resource
allocation, ensuring that investments lead to
measurable reductions in combined climate and
social vulnerabilities.

Informed Policy Making

Policymakers get granular data to inform decisions
about how to allocate resources strategically and
design adaptive programs.

Dynamic risk layering furnishes policymakers with
granular, up-to-date risk data, enhancing strategic
planning and adaptive program development.
Policymakers can use these insights to allocate
funds where emergent needs are greatest, integrate
equity considerations by overlaying social
vulnerability metrics, and design regulations that
evolve with changing climate realities. Additionally,
scenario-based stress tests and resilience
simulations derived from layered risk data
strengthen long-term climate adaptation strategies
at multiple scales: from local communities to
regional infrastructure systems.

Technical Implementation and
Challenges

Implementing dynamic risk layering requires
interoperable data platforms that integrate diverse
data sources, including:

e Geographic Information System (GIS) layers
of floodplains, wildfire risk zones, and heat
vulnerability indices updated with real-time
surveillance or seasonal forecasts,

e Socioeconomic data such as income, age
distribution, race/ethnicity, and housing
tenure to identify vulnerable populations,
and

e Building condition and retrofit status
databases to assess exposure reduction
trajectories.

Advanced analytics, including probabilistic models
and dynamic Bayesian networks, enable time-
dependent risk quantification and simulation of
cascading hazards. Data governance frameworks
ensure privacy, equity in data access, and
community trust.

Challenges include data quality and
interoperability, real-time data acquisition
constraints, technical capacity for complex
modeling, and ensuring that risk communication
effectively supports decision-making for diverse
stakeholders.

Benefits of Dynamic Risk Layering

e Timely, precise retrofit targeting prevents
disaster damage and reduces energy and
health burdens among vulnerable
households.

e Evidence-based monitoring adjusts
programs in response to shifting climate
and social conditions, maximizing impact.

o Adaptive policy frameworks grounded in
evolving risk realities enhance resilience
planning and equitable resource
distribution.

e Holistic understanding of compound and
cascading risks supports systemic
resilience building rather than fragmented
hazard response.
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Establishing Common Multi-Sector
Data Models

Effective coordination of energy efficiency and
resilience retrofits — particularly those addressing
complex, interrelated issues such as energy poverty,
public health, housing quality, and climate
adaptation — requires breaking down the
entrenched data silos that isolate key actors and
information flows. Utilities, financial institutions,
housing authorities, public health departments, and
community organizations each generate valuable
but often incompatible datasets. Without common,
interoperable data models and shared
infrastructures, coordination is inefficient,
opportunities for synergy are missed, and the
cumulative benefits of retrofits are difficult to
measure or optimize.

Seamless Data Sharing

The development of common data standards,
ontologies, and exchange protocols is foundational
for enabling seamless and meaningful data sharing
across sectors. Interoperable data platforms support
real-time or near-real-time exchange of information
such as:

e Utility energy consumption and grid status
data,

e Housing stock characteristics and retrofit
status updates,

e Financial product eligibility and loan
servicing information,

e Health outcome indicators like hospital
admissions related to heat stress or
respiratory conditions, and

e Social services engagement and
demographic profiles.

Standardized metadata schemas and APIs enable
automated data integration while preserving data
lineage and provenance. This reduces duplication of
effort, lowers administrative burdens, and fosters
collaboration by providing stakeholders with a
unified, consistent view of household and
community needs. Shared access to rich, cross-
sectoral data pools facilitates coordinated program
delivery, more accurate targeting, and adaptive
management tailored to evolving circumstances.

Integrated Impact Assessment

Common multi-sector data models unlock the
ability to combine energy, health, social equity, and
climate resilience metrics into unified, holistic
impact assessments. Data models can Integrate
quantitative indicators such as:

e Energy use reductions and affordability
improvements,

e Indoor environmental quality and health co-
benefits (e.g., reduced asthma incidence),

e Socioeconomic outcomes including job
creation and housing stability, or

e Climate hazard exposure mitigation and
resilience gains.

An integrated assessment framework enables
comprehensive evaluation of retrofit program
effectiveness. These integrated assessments support
evidence-based policymaking, guide funding
priorities toward interventions with the greatest

multi-dimensional  returns and  strengthen
accountability to communities and funders.
Moreover, aligned data frameworks enable

development of shared dashboards, equity
scorecards, and predictive analytics supporting
proactive interventions and ongoing program
optimization.

Privacy and Security

Sharing sensitive household and community data
across entities necessitates robust privacy
protections and security governance. Establishing
trust with program participants and partners
depends on transparent, equitable data stewardship
practices that:

e Adhere to applicable privacy laws and
regulations (e.g., GDPR, HIPAA, PIPEDA),

¢ Implement role-based access control and
encryption protocols to secure data in
transit and storage,

e Employ anonymization or
pseudonymization techniques when sharing
aggregated datasets for analytics or
reporting,
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e Create data use agreements specifying
permitted purposes, retention periods, and
third-party sharing conditions, and

o Engage affected communities in co-
developing data governance policies to
respect cultural sensitivities and foster
empowerment.

Balancing data accessibility with privacy safeguards
is critical to maximizing data utility while protecting
individual rights, avoiding discriminatory outcomes,
and building durable community trust.

Accelerating Holistic, Coordinated
Energy Poverty Solutions

Investment in unified, multi-sector data
infrastructures — including national or regional
interoperable data platforms, cloud-based data
lakes, and common data models — catalyzes holistic
retrofit initiatives that transcend traditional
program boundaries. These infrastructures reduce
fragmentation, enable more agile cross-sector
collaboration, and support scalable innovations
such as Al-enabled risk assessments and dynamic
risk layering.

By adopting shared data frameworks, the program
managers and their partners can:

e Drive integrative program design and
delivery that simultaneously address energy
affordability, health, housing quality, and
climate resilience,

e Enhance transparency and facilitate
outcome measurement across intersecting
domains,

¢ Enable targeted, adaptive interventions that
respond efficiently to emergent risks and
community needs, and

e Foster equitable participation through data-
driven identification of underserved
populations.

Ultimately, common multi-sector data models
represent foundational infrastructure for realizing
coordinated, impactful, and just energy transitions
that effectively alleviate energy poverty while
advancing broader social and environmental goals.

Transparent Impact Tracking

Transparent, trustworthy  measurement and
reporting of retrofit program outcomes are crucial
for maintaining funder confidence, improving
program design, and demonstrating social and
environmental impact.

e Technologies such as blockchain can enable
decentralized, verifiable records of energy
savings, resilience enhancements, and
equity outcomes.

e Digital dashboards and automated
reporting tools provide real-time feedback to
implementers and beneficiaries.

e Transparent tracking supports
accountability to stakeholders and
continuous learning.

e By embedding rigorous verification,
programs can demonstrate efficacy and
build sustainable funding pipelines.

Stakeholder Roles and
Collaborative Alignment

In order to successfully address energy poverty and
scale energy efficiency with resilience, program
managers must coordinate action across multiple
sectors and actors. The complexity and
interdependencies involved require clearly defined
roles and collaborative frameworks that leverage the
unique strengths of each stakeholder group, avoid

duplication of effort, and ensure equitable
outcomes.

This section outlines the critical roles and
responsibilities for key stakeholders —

policymakers, financial institutions, utilities and
technology providers, and community organizations
— and emphasizes the importance of alignment,
data sharing, and joint accountability.

Policymakers: Creating Enabling
Frameworks and Targets

Policymakers play a pivotal role in shaping the
conditions that enable scalable, equitable, and
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resilient energy efficiency and retrofit initiatives. By
establishing clear, consistent definitions,
measurable targets, supportive policies, and
fostering cross-sector collaboration, they create a
foundation for coherent action and sustainable
progress.

Set Clear Definitions and Targets

Establish nationally or regionally consistent
definitions of energy poverty and resilience, along
with measurable targets to unify efforts and
benchmark progress.

A foundational step is to establish nationally or
regionally consistent definitions of energy poverty
and resilience that reflect the local context and lived
realities of vulnerable populations. Clear definitions
unify stakeholders, facilitate benchmarking, and
ensure resource allocation aligns with prioritized
needs. For example, definitions may encompass
households’ inability to afford or access adequate
energy services critical for health, comfort, and
economic participation, consistent with approaches
seen in the U.K., France, Ireland, and New Zealand.

Setting measurable and time-bound targets — such
as reducing the percentage of homes below a
minimum energy efficiency rating or eliminating
energy poverty in marginalized communities by a
specific year — creates accountability and focuses
efforts. Binding statutory targets, like the U.K.'s
mandate for all fuel-poor homes to meet a Band C
energy rating by 2030, exemplify effective goal
setting. Targets encourage incremental progress,
incentivize innovation, and enable transparent
public monitoring of success and gaps.

Enact Supportive Policies and Codes

Develop and implement building codes, appliance
standards, and retrofit mandates that embed both
energy efficiency and climate resilience
requirements.

Integrating energy efficiency and climate resilience
within building codes, appliance standards, and
retrofit mandates ensures that new and existing
housing stock evolve to meet rising environmental
and social challenges. Policies should mandate
minimum performance criteria addressing energy

use, durability against climate hazards (e.g.,
flooding or wildfire), and indoor environmental
quality to improve occupant health. Codes and
standards must be regularly updated to reflect
technological advances and climate projections,

supported by enforcement mechanisms and
incentives for early adoption.
Complementary policies — such as tenant

protections during extreme heat events or subsidies
for clean heating fuels — enhance the effectiveness
of retrofit efforts and address intertwined social
inequities.

Provide Stable, Multi-Year Funding

Allocate sustained appropriations for retrofit,
resilience, and equity programs to enable long-term
planning and market development.

Sustained progress requires long-term, predictable
funding commitments that enable program design,
market development, and workforce capacity
building beyond short election cycles or budgetary
fluctuations. Multi-year appropriations empower
agencies and implementers to plan strategically, to
scale successful models, and to develop local supply
chains that foster economic resilience.

Funding should be flexible enough to support
integrated retrofit interventions combining energy

efficiency, resilience upgrades, and health
improvements. Leveraging federal, provincial or
state, and municipal resources in coordinated

investments and reduce

duplication.

can amplify impact

Facilitate Cross-Sector Coordination

Mandate or incentivize collaboration across
housing, health, environment, social services, and
energy sectors to maximize co-benefits and
streamline resource utilization.

Energy poverty intersects multiple policy domains —
housing, health, environment, social services, and
energy — and cross-sector collaboration maximizes
co-benefits and operational efficiencies.
Policymakers can mandate or incentivize inter-
agency coordination bodies or shared governance
structures to streamline delivery mechanisms, align
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incentives, and leverage diverse expertise. For
example, integrating energy retrofit efforts with
public health initiatives addressing respiratory
conditions or climate adaptation plans enhances
comprehensive well-being and climate resilience.

Coordinated data sharing and aligned evaluation
frameworks support adaptive management and
unified policy learning.

Financial Institutions: Investing in
Equitable and Resilient Capital
Deployment

Develop climate-adjusted financing products.

Innovative financial products should recognize the
risk reduction and value-enhancing benefits of
integrated retrofit measures, reflecting this in loan
terms and incentive designs. Examples include on-
bill repayment programs that allow utility
customers to repay retrofit investments through
their energy bills, and Property Assessed Clean
Energy (PACE) financing that enables repayment via
property tax assessments. Such mechanisms lower
upfront cost Dbarriers and align repayment
obligations with energy savings and property value
increases.

Risk models that incorporate climate resilience
criteria can justify preferential financing as retrofits
mitigate future losses from climate hazards.

Ensure Access and Equity

Expand credit criteria and outreach to include
historically marginalized communities, using
alternative underwriting and credit enhancement
tools.

Traditional credit criteria often exclude low-income
and marginalized households. Expanding access
requires adopting alternative underwriting
approaches that consider payment histories,
community ties, and public assistance to assess
creditworthiness more equitably. Credit
enhancement tools such as loan guarantees and
shared-risk funds further reduce barriers and build
lender confidence.

Proactive outreach and technical assistance support
equitable uptake of financing products by
underserved communities.

Collaborate on Incentive Alignment

Work with insurers and governments to translate
retrofit investments into lower insurance premiums
or other financial benefits.

Financial institutions should work with insurers
and policymakers to translate retrofit investments
into financial benefits, such as lower home
insurance premiums for properties with enhanced
resilience features or eligibility for climate risk
reduction grants. Aligning incentives across sectors
amplifies retrofit demand and embeds resilience as
a standard asset characteristic.

By setting clear, actionable frameworks and
facilitating innovative, inclusive financial
mechanisms, policymakers and financial

institutions together can accelerate the deployment
of equitable, resilient energy retrofit programs. This
integrated approach fosters social inclusion, climate
adaptation, and long-term economic vitality.

Leverage Data and Technology

Use Al-enabled risk assessments and program data
to better target investments and manage portfolio
risk.

The effective scaling of energy efficiency and
resilience retrofit programs requires harnessing
advanced data analytics and emerging technologies
to optimize investment targeting, manage portfolio
risk, enhance grid resilience, and maximize
community benefits. Leveraging these technologies
enables precise, efficient, and equitable allocation of
resources, while supporting the modernization and
decarbonization of the energy system, especially in
vulnerable and underserved communities.

Al-Enabled Risk Assessments and
Program Data Use

Al technology offers powerful capabilities to analyze
large, complex datasets encompassing building
characteristics, energy consumption patterns,
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environmental conditions, and household
demographics. Al-enabled risk assessment tools can
rapidly and accurately identify high-priority
households and community clusters that present
the greatest opportunity for impactful energy
retrofits. These tools overcome the limitations of
traditional simulation methods which are often
labor-intensive, slow, and less capable of capturing
the heterogeneous effects of retrofits across diverse
building stocks.

By processing nationwide or regional databases
integrated with environmental and socioeconomic
data, AI models can classify building types and
identify the retrofit strategies most likely to yield
superior energy savings and resilience benefits for
each structure. This targeted approach enables
programs to efficiently prioritize investments,
reducing uncertainties and risks tied to retrofit
outcomes, and accelerating decision-making at both
individual and portfolio scales.

Real-time data monitoring further supports adaptive
management by tracking performance of retrofit
interventions, informing continuous improvements,
and ensuring investments align with evolving
climate risks and community needs.

Utilities & Technology Providers:
Delivering Tools, Data, and Grid
Services

Utilities and technology providers play a pivotal role
in delivering the technological infrastructure, data
platforms, and grid services that underpin Al-
enhanced retrofit strategies. Their contributions
include:

e Al and Data-Driven Targeting Tools:
Utilities can furnish interoperable data
systems aggregating energy use, customer
profiles, grid conditions, and weather data.
Advanced machine learning algorithms
leverage these datasets to optimize
household and community retrofit
targeting, enhancing energy savings while
mitigating operational and financial risks.

o Distributed Energy Resources (DERSs)
Deployment: Scaling the deployment of
DERs such as solar photovoltaic systems,

battery energy storage, and microgrids in
targeted, vulnerable communities enhances
resilience against grid disruptions and
reduces energy burdens. Integrating DERs
with retrofit programs creates synergies
that maximize both decarbonization and
energy equity.

e Grid Modernization Investments:
Upgrading grid infrastructure — including
installation of smart meters, deployment of
automated control systems, and
implementation of grid hardening measures
— improves reliability and operational
efficiency. Prioritizing investments in low-
income and high-risk areas ensures that
grid benefits are equitably distributed and
supports the integration of renewable
energy and DER assets.

e Customer Education and Engagement:
Technology-based platforms paired with
community partnerships enhance customer
outreach, education, and trust-building.
Tailored, data-driven communications
inform households about retrofit benefits,
available incentives, and DER adoption,
fostering equitable program participation
and sustained energy-saving behaviors.

Advantages and Challenges

e Advantages: Al-powered data analytics
accelerate retrofit identification, personalize
recommendations at scale, reduce cost and
complexity of assessments, and support
dynamic portfolio risk management. When
combined with utility-led grid
modernization and DER integration, these
technologies enable holistic and equitable
energy system transformation.

e Challenges: Data privacy concerns,
ensuring equitable access to advanced
technologies, and bridging digital literacy
gaps require deliberate mitigation strategies
to avoid exacerbating inequalities.
Investment in interoperability standards,
transparent data governance frameworks,
and inclusive community engagement are
critical to unlocking the full potential of
data and technology solutions in energy
retrofits.
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By strategically leveraging Al-enabled risk
assessments, data analytics, utilities’ technological
capabilities, and modernized grid infrastructure,
program managers can accelerate cost-effective,
equitable, and resilient energy retrofit investments.
This integrated technological approach amplifies
impact, improves portfolio management, and drives
a just transition to a decarbonized energy future.

Community Organizations: Building
Trust, Engagement, and Advocacy

Community organizations are indispensable
partners in scaling energy efficiency and resilience

retrofits, particularly within underserved and
marginalized populations. Their deep-rooted
connections, cultural competence, and local

insights enable programs to transcend barriers of
mistrust, awareness gaps, and logistical challenges.
Engaging these organizations as leaders and
collaborators fosters authentic community buy-in,
aligns interventions with lived experiences, and
enhances equity outcomes. This section outlines key
dimensions in which community organizations drive
trust-building, effective engagement, and sustained
advocacy for just energy transitions.

Lead Culturally Competent Outreach

Use deep community knowledge, multipronged
communication channels, and trusted relationships
to reach diverse populations effectively.

Effective community engagement requires
approaches grounded in cultural competence and
contextual understanding. Community
organizations possess intimate knowledge of local
histories, demographics, languages, and
communication preferences which underpin their
ability to reach diverse populations effectively. By
deploying multipronged outreach strategies —
including in-person events, social media, local
radio, faith institutions, and multilingual materials
— these groups overcome informational barriers
and skepticism often encountered by external
program managers. They adeptly navigate cultural
norms and social networks to personalize messaging
about energy retrofits, financing options, health
benefits, and resilience measures, thereby
increasing program accessibility and participation.

Moreover, their ongoing presence enables
continuous dialogue and trust maintenance rather
than sporadic, one-off contacts.

Facilitate Co-Design of Programs

Ensure that retrofit services, financing options, and
technology deployments reflect lived realities,
values, and preferences.

Community organizations play a vital role in
ensuring retrofit initiatives are responsive to the
authentic needs, preferences, and constraints of
residents. Through participatory processes such as
community forums, focus groups, and advisory
committees, they facilitate co-design of program
elements ranging from service delivery models and
financing structures to technology adoption. This
inclusive design approach not only improves the
relevance and acceptability of retrofit measures but
also uncovers practical challenges around timing,
cultural sensitivities, language access, and
household dynamics. Co-designed programs are
more likely to minimize unintended consequences,
increase retention rates, and foster community
ownership. Additionally, community input can
guide prioritization of health co-benefits, resilience
features, and job opportunities, ensuring programs
holistically address interconnected local challenges.

Advocate for Equity and Inclusion

Act as watchdogs and voices for vulnerable groups,
holding programs accountable for delivering
equitable benefits.

As trusted, independent voices within communities,
local organizations are well positioned to advocate
vigorously for social equity and inclusive program
implementation. They serve as watchdogs who hold
retrofit programs, utility providers, and policy
makers accountable for delivering on equity
commitments. This advocacy includes tracking the
distribution of benefits and burdens, ensuring
transparent reporting, challenging exclusionary
practices, and amplifying the concerns of vulnerable
populations often marginalized in decision-making.
Community advocates also mobilize collective action
to influence policy reforms, secure funding for
underserved areas, and elevate intersectional
justice issues such as disability access, language
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rights, and youth engagement. Their persistent
engagement strengthens democratic governance of
energy transitions and elevates social justice as a
core priority.

Support Workforce Development

Partner-in-training and apprenticeships targeted at
local residents, promoting jobs in the green
economy.

Community organizations are key catalysts for
localized workforce development strategies that
advance economic empowerment alongside
decarbonization. By partnering with training
institutions, apprenticeship  programs, and
employers, they facilitate recruitment, retention,
and advancement pathways for residents,
particularly for those from underrepresented and
economically disadvantaged groups. Community-
based workforce intermediaries provide culturally
competent mentorship, preparatory workshops
(e.g., soft skills, literacy), and wrap-around support
services addressing barriers such as childcare,
transportation, and criminal records. These efforts
not only improve employment outcomes but also
enhance career progression in retrofit trades and
green-collar jobs, fostering inclusive economic
growth. Strong community involvement in workforce
initiatives also contributes to social cohesion and
multi-generational benefits within neighborhoods.

Collaborative Alignment
Mechanisms

Data Sharing Agreements

Formalize protocols among housing, health, energy,
and finance stakeholders to share data securely and

effectively, enabling coordinated targeting and
impact measurement.

Joint Monitoring and Reporting

Create shared dashboards or platforms to track

Multi-Stakeholder Governance Bodies

Establish committees or coalitions that include all
stakeholder groups to guide strategy, resolve
conflicts, and ensure inclusiveness.

Funding Coordination

Align funding streams from public agencies,
utilities, financial institutions, and philanthropy to
create comprehensive packages reducing
administrative burden on households.

This comprehensive stakeholder role framework
ensures that energy poverty and resilience
challenges are addressed by leveraging the full
ecosystem of expertise, resources, and
relationships. Successful implementation depends
on sustained collaboration, mutual accountability,
and equity-centered governance.

Community Engagement
and Equity Strategies

Community  engagement and equity  are
foundational pillars for successfully addressing
energy poverty and achieving scalable, sustainable
energy efficiency and resilience improvements.
Because energy poverty disproportionately impacts
marginalized populations — including low-income
households, renters, Indigenous peoples, racial
minorities, seniors, and people with disabilities —
any effective program must place equitable
community participation at its core.

This section explores the importance of culturally
competent engagement, flexible delivery models,
and targeted accountability measures to ensure
inclusive participation and equitable outcomes.

Trusted Local Partnerships

Building Trust Through Local
Relationships

Implementing energy poverty interventions requires
trust and legitimacy within communities that have
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historically faced exclusion, neglect, or exploitative
practices. Trusted local partners — such as
community-based organizations (CBOs), faith
groups, advocacy nonprofits, tenant associations,
and frontline service providers — serve as vital
bridge-builders.

Leveraging Deep Community
Knowledge

Local partners possess nuanced understanding of
cultural, linguistic, socioeconomic, and geographic
factors shaping energy use, affordability challenges,
and barriers to retrofit adoption. This expertise
enables more tailored and effective outreach
strategies.

Co-Design and Co-Delivery of Programs

Engaging communities from program conception
through implementation and evaluation fosters
shared ownership and responsiveness. Co-designed
materials and services reflect community values,
reduce mistrust, and overcome adoption barriers.

Examples of Effective Partnerships

Successful retrofit programs have evidenced higher
participation and satisfaction when collaborating
closely with community leaders and organizations
who actively advocate for residents and facilitate
access.

Adaptive and Flexible Delivery
Hybrid Engagement Models:

To reach a broad diversity of households, programs
must mix in-person, virtual, and hybrid models of
outreach, education, and retrofit delivery. Virtual
methods expand reach and convenience, while in-
person interactions address digital divides and
foster rapport.

Flexible Scheduling and Service
Modalities:

Accommodations for work schedules, caregiving
responsibilities, mobility limitations, and other

constraints increase participation rates. Mobile
retrofit teams, weekend or evening appointments,
and drop-in informational sessions directly respond
to community needs.

Payment Flexibility

Financing options must consider irregular
household income patterns and credit constraints.
Offering flexible repayment plans, variable down-
payment options, and accessible application
processes eases barriers.

Tailoring for Diverse Housing Types

Many marginalized households reside in rental
housing, multi-family units, manufactured homes,
or informal dwellings. Programs designed for single-
family owner-occupied homes often fail these
segments. Tailored approaches including landlord
engagement, master metering solutions, and
regulatory support are essential.

Targeted Metrics and Accountability
Equity Measurement Frameworks

It is critical to establish clear, measurable equity
goals, such as the percentage of retrofits performed
in low-income or  historically marginalized
communities. Disaggregated data by income, race,
ethnicity, geography, and housing tenure inform
targeted improvements.

To meaningfully track progress toward equity goals,
it is essential to define clear, quantitative, and
disaggregated equity metrics. Core targets might
include the percentage of retrofits completed in low-
income, racialized, or historically marginalized
communities. Data should be broken down by
multiple dimensions such as income level, race and
ethnicity, geographic location (e.g., urban vs. rural,
high climate risk areas), and housing tenure status
(renters vs. homeowners). Such detailed data allows
programs to identify gaps and tailor outreach and
service delivery strategies accordingly.

A sophisticated equity measurement framework
embraces the complexity of systemic inequities,
recognizing three core justice tenets —
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distributional equity (fair allocation of benefits),
procedural equity (inclusive decision-making
processes), and recognition equity
(acknowledgement and respect of diverse identities
and histories). Metrics should be designed to reflect
these dimensions, ensuring that measurement
captures not only outputs (number of retrofits) but
also processes and outcomes related to
empowerment and systemic inclusion.

Transparent Reporting and Public
Accountability

Regular publication of equity impact metrics builds
trust among communities and funders, enabling
continuous monitoring and course-correction.

Regular, accessible publication of equity impact
data nurtures trust among community members,
funders, and policymakers. Transparency creates
an environment where program performance can be
monitored continuously, enabling timely course
corrections and policy adjustments. Reports should
use clear visualizations and plain language to
communicate progress and challenges. Public
dashboards, annual equity scorecards, or
interactive data portals facilitate community
oversight and enhance accountability.

Beyond reporting, establishing independent
evaluation and audit mechanisms further
strengthens accountability by providing unbiased
assessment of equity outcomes and program fidelity.

Inclusive Governance and Advisory
Bodies

Including community representatives in oversight
committees and program advisory boards helps
safeguard equity priorities and fosters
empowerment.

Embedding equity priorities requires that affected
communities have meaningful voice and influence in
program governance. Establishing advisory boards
and oversight committees with representation from
community leaders, advocacy groups, and
marginalized populations helps ensure that equity
goals remain central in strategic planning and
operational decisions. Inclusive  governance

promotes transparency, builds trust, and empowers
local stakeholders to shape program evolution to
reflect their lived experiences and needs

Feedback Mechanisms

Collecting ongoing participant feedback through
surveys, focus groups, and digital platforms ensures
programs remain responsive to evolving community
needs and barriers.

Ongoing collection of participant feedback through
surveys, focus groups, community forums, and
digital engagement platforms grounds programs in
real-time community perspectives. This qualitative
input complements quantitative metrics by
elucidating barriers, preferences, and unforeseen
impacts. Well-designed feedback loops foster a
culture of responsiveness and continuous learning,
enabling programs to adapt dynamically to evolving
community contexts, cultural differences, and
emerging challenges.

Addressing Language and Accessibility
Barriers

Translating materials and providing interpreters in
prevalent local languages, along with accessible

formats for people with disabilities, expands
inclusivity.
Equity measurement and accountability

frameworks must prioritize linguistic and physical
accessibility to be truly inclusive. Program materials
— including reports, surveys, outreach documents,
and digital interfaces — should be translated into all
prevalent local languages. Provision of interpreters,
as well as accessible formats for people with
disabilities (e.g., screen reader compatible
documents, braille, large print), ensures that all

community members can engage fully with
programs and governance processes, thereby
expanding reach and inclusiveness.

By integrating targeted equity metrics with

transparent reporting, inclusive governance, active
feedback, and accessibility measures, programs can
build a rigorous, culture-sensitive accountability
system. This system not only tracks whether retrofit
programs are reaching and benefiting those most in
need but also fosters genuine community
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empowerment, trust, and equitable environmental
and social outcomes.

Energy poverty interventions cannot succeed by top-
down approaches alone. Authentic engagement that
respects community autonomy and leverages local
networks enhances program relevance,
effectiveness, and sustainability. Such engagement
reduces risk of program rejection, improves
targeting accuracy, and fosters social acceptance of
energy efficiency and resilience measures.

Programs that invest in building long-term capacity
within communities — through training, technical
assistance, and support for community-led
initiatives — also contribute to broader social and
economic empowerment goals. Moreover,
embedding equity as a non-negotiable operational
principle requires institutional commitment,
dedicated resources, and rigorous evaluation.

Multi-Faceted Roadmayp for
Eradicating Energy Poverty
and Enhancing Resilience

The challenges of energy poverty interconnected,
climate risk, rising energy demand, financial
barriers, technological opportunities, and the
crucial role of inclusive community engagement. To
translate these insights into impactful action
requires a holistic, integrated roadmap. This
roadmap synthesizes technical, social, financial,
and policy dimensions into coordinated priority

areas designed for scalable, equitable
transformation.

The roadmap guides diverse stakeholders —
policymakers, financial institutions, utilities,

community organizations, technology providers,
and workforce developers — toward unified
strategies that systematically eradicate energy
poverty while enhancing climate resilience and
health outcomes. The following subsections
describe each strategic priority area with core
recommendations and implementation imperatives.

Holistic Retrofit Solutions:
Integrating Efficiency, Resilience,
and Health

Energy poverty interventions must transcend siloed
efficiency upgrades and embed climate resilience
and occupant health systematically.

Integrated Packages

Retrofit programs should deliver bundled upgrades
addressing both energy use reduction and climate
risk mitigation. This includes high-performance
insulation and air sealing complemented by flood-
proofing, fire-resistant building materials, backup
solar plus storage systems, and indoor air quality
enhancements (e.g., ventilation improvements, mold
remediation).

Effective retrofit programs deliver bundled and
coordinated upgrades that optimize energy savings
while embedding resilience to climate-related risks
and promoting healthy indoor environments. Core
measures include high-performance insulation and
meticulous air sealing to reduce energy demand and
improve thermal comfort. These are complemented
by climate-adaptive components tailored to hazard

profiles, such as flood-resistant barriers, fire-
retardant materials, and drought-tolerant
landscaping where applicable. Incorporating
distributed energy resources — like solar

photovoltaic systems paired with battery storage —
ensures backup power availability during grid
outages caused by extreme weather events.
Importantly, indoor air quality enhancements —
improved ventilation systems, filtration upgrades,
and mold remediation protocols — address chronic
health hazards linked to energy poverty, such as
respiratory illnesses and allergen exposure.
Delivering such bundled solutions requires
coordinated project planning, integrated financing
models, and multi-disciplinary expertise.

Regional and Housing-Type Adaptation

Retrofit designs must reflect local climate hazards,
housing stock, and occupant needs. Coastal flood
zones require different adaptations than wildfire-
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prone inland areas. Multi-family housing demands
strategies distinct from single-family homes.

Retrofit strategies must be context-sensitive,
adapting to the specific environmental, structural,
and demographic characteristics of targeted
communities. For instance, retrofit packages for
coastal areas exposed to flooding and hurricanes
emphasize water intrusion resistance, elevated
electrical systems, and rapid-drying materials.
Conversely, wildfire-prone inland zones prioritize
ember-resistant eaves, non-combustible siding, and
defensible space landscaping. Furthermore,
housing stock diversity necessitates tailored
approaches: multi-family residential buildings
require considerations of shared systems,
ventilation dynamics, and tenant engagement
strategies, whereas single-family homes can adopt
more individualized solutions. Regional climate
models, local hazard assessments, and occupant
vulnerability profiles should inform retrofit
specifications to maximize effectiveness and cost-
efficiency.

Quality Assurance and Performance
Verification

Rigorous contractor training, transparent
inspection protocols, and ongoing smart monitoring
verify that installations deliver anticipated energy
and resilience outcomes. This builds trust among
households and funders.

Ensuring that retrofits deliver on their promised
energy efficiency, resilience, and health objectives
depends on rigorous quality assurance protocols.
This includes comprehensive contractor training
that emphasizes integrated retrofit techniques,
adherence to updated building codes and
standards, and awareness of health and safety
considerations. Transparent inspection regimes —
conducted by third-party experts — validate
installation quality and compliance. Post-retrofit,
the deployment of smart monitoring technologies
enables real-time performance tracking of energy
use, indoor air quality indicators, and system
resilience = metrics. Data-driven  verification
facilitates early detection of deficiencies, informs
adaptive maintenance, and reinforces
accountability to both homeowners and funding

entities. Building stakeholder trust is essential for
securing long-term funding and community buy-in.

Health Co-Benefits Integration

Programs should explicitly incorporate health risk
reductions as key objectives, in partnership with
public health agencies, to support holistic well-
being and generate additional social value.

Explicitly integrating health risk reduction as a core
objective elevates retrofit programs from technical
energy projects to comprehensive well-being
initiatives. Partnerships with public health agencies
enrich program design with epidemiological
insights, target interventions toward populations
with high health disparities, and align metrics to
measure health improvements linked to retrofit
participation. Examples include reduced incidence
of asthma exacerbations following mold remediation
or better thermal regulation decreasing heat-related
illnesses among vulnerable seniors. Quantifying and
communicating these co-benefits enhance social
value propositions, attracts broad stakeholder
engagement, and supports advocacy for sustained
investment in equity-focused energy programs.

Recommendation: Develop standardized,
regionally tailored retrofit packages with
bundled financing and technical assistance to
enable one-stop solutions reducing complexity
for low-income households.

Cross-Sectoral Integration:
Breaking Silos for Multiplier Impact

Energy poverty intersects social services, housing,
environmental health, and climate adaptation
arenas. Integrated, cross-sector collaboration
unlocks resource efficiencies and amplifies benefits.

Policy and Program Alignment

Harmonize goals, incentives, and service delivery
across agencies addressing energy, housing, health,
and social equity. Alignment reduces duplication
and leverages complementary funding.

Effective cross-sectoral integration begins with
harmonizing objectives, incentives, and operational
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frameworks across multiple agencies and sectors.
This involves aligning the goals of energy programs
with those tackling affordable housing, public
health, social equity, and environmental
sustainability. For example, housing retrofit
initiatives aimed at improving energy efficiency can
be coordinated with health agencies to
simultaneously address indoor air quality and
respiratory  health  outcomes. Joint policy
frameworks help avoid redundancies, reduce
administrative burdens, and enable agencies to
leverage complementary funding streams and
authorities. Regular inter-agency coordination
bodies or task forces can facilitate ongoing
communication and alignment, ensuring programs
are coherent and mutually reinforcing.

Data Sharing and Common Metrics

Implement interoperable data platforms connecting
utilities, social services, public health, and
community organizations. Shared insights enable
coordinated targeting, holistic impact assessment,
and adaptive management.

The establishment of interoperable data platforms is
paramount to enabling integrated service delivery
and evaluation. By connecting data sets from
utilities, social service providers, public health
departments, housing authorities, and community
organizations, stakeholders gain holistic insights
into the conditions and needs of energy-vulnerable
populations. Shared data can improve targeting
precision — identifying households where energy
efficiency retrofits will generate the greatest health,
safety, and economic benefits alongside energy
savings. Moreover, common metrics and evaluation
frameworks provide a consistent basis for assessing
program impacts across sectors, informing adaptive
management and continuous improvement. Robust
data governance, including privacy safeguards and
equitable data access, is essential to maintaining
trust and ethical use of shared information.

Bundled Funding Opportunities

Create financial mechanisms to blend energy,
health, housing, and climate adaptation resources,
enabling comprehensive household-level
interventions in single transactions.

Cross-sector collaboration extends to financial
innovation, where bundled funding mechanisms
facilitate integrated, comprehensive interventions at
the household and community levels. Pooling
resources from energy efficiency grants, public
health funding, housing improvement loans, and
climate adaptation funds enables “one-stop-shop”
financing solutions. These bundled funds support
projects that simultaneously wupgrade building
envelopes, improve indoor environment quality,
install resilience measures (e.g., floodproofing), and
provide social support services. Integrated financing
reduces administrative complexity for beneficiaries,
improves program uptake, and maximizes leverage
of scarce public and private capital. Developing
flexible funding vehicles — such as blended capital
funds, social impact bonds, or multi-agency grant
pools — can catalyze these comprehensive
investments. (20)

Community Resilience Planning

Embed energy poverty elimination within broader
community resilience and climate adaptation
strategies to capture scale and systemic benefits.

Embedding energy poverty elimination within
broader community resilience frameworks ensures
that interventions contribute to systemic, long-term
benefits. Resilience planning incorporates climate
adaptation strategies (e.g., addressing extreme heat,
storms, or flooding) and social vulnerability
reduction alongside energy access improvements.
Mapping and assessment tools that integrate
climate risks, energy burdens, and social
determinants of health provide strategic guidance
for multimodal investments. Community-led
planning processes foster local ownership and
ensure that integrated solutions reflect lived
realities and priorities. Embedding retrofit initiatives
in these resilience strategies harnesses synergistic
benefits, enhancing overall community well-being,
reducing future recovery costs, and advancing
equity goals.

Recommendation: Establish formal cross-sector
frameworks, supported by interoperable data
architectures and integrated funding models, to
deliver seamless, holistic support to vulnerable
households.
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Tailored Approaches for Diverse
Communities: Equity in Practice

Equity is not a one-size-fits-all endeavor.
Communities vary widely in culture, housing
conditions, geographic isolation, and historical
context. Achieving true equity in energy retrofit
programs requires recognizing and addressing the
unique characteristics, needs, and challenges of
diverse communities. Equity is not a universal, one-
size-fits-all  solution; rather, it must be
operationalized through context-sensitive strategies
that honor cultural identities, acknowledge
historical inequities, and adapt to varying housing
typologies, geographic realities, and social
dynamics. Tailored approaches enhance program
accessibility, effectiveness, and long-term
sustainability by aligning interventions with the
lived experiences of residents.

Culturally Competent Engagement

Co-create outreach, education, and service delivery
with community leaders and trusted organizations
ensuring sensitivity to language, traditions, and
values.

Central to equitable retrofit delivery is co-creation

with community leaders and trusted local
organizations who possess intimate knowledge of
cultural norms, languages, communication

channels, and values. Meaningful involvement of
these stakeholders in designing outreach,
education, and service delivery fosters trust and
relevance. Key dimensions include:

e Developing multilingual materials and
using culturally resonant messaging that
respects local customs and traditions,

¢ Leveraging community networks — such as
faith-based groups, Indigenous councils,
elder committees, and cultural associations
— for trusted dissemination and
endorsement,

e Building ongoing relationships rather than
short-term contacts to maintain
engagement and responsiveness, and

e Sensitively addressing historical distrust or
past exclusion from institutional programs

by emphasizing transparency, consent, and
shared decision-making.

Such culturally competent engagement ensures
programs reach marginalized groups often missed
by standard outreach efforts and support informed,
empowered participation.

Geographic and Demographic Tailoring

Adapt program design to urban, rural, Indigenous,
remote, and multi-family residential contexts.
Address specific barriers such as Internet access,
tenancy models, and building typologies.

Community contexts vary significantly across
urban, rural, Indigenous, remote, and multi-family
housing environments. Program design must adapt

accordingly to address geographic isolation,
infrastructure  disparities, and demographic
specificities.

e Rural and remote areas may face challenges
such as limited broadband access, scarcity
of qualified retrofit contractors, higher
transportation costs, and distinct climate
hazards (e.g., wildfire or freeze-thaw cycles).
Programs should incorporate mobile service
units, satellite training hubs, and flexible
scheduling to accommodate these factors.

e Indigenous communities require
approaches respectful of self-determination,
land stewardship principles, and traditional
knowledge systems. Collaborative
governance and incorporation of local
environmental priorities safeguard cultural
integrity while advancing retrofit goals.

e Urban multi-family residential settings
often involve complex tenancy
arrangements, shared systems (e.g., boilers,
ventilation), and landlord-tenant dynamics
that necessitate tailored consent models,
incentives for building owners, and
coordination with housing authorities.

e Diverse demographic factors such as age,
disability, language proficiency, and
socioeconomic status shape communication
preferences, decision-making processes,
and barriers to participation. Customized
support — such as accessible materials and
assistance for non-English speakers or
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mobility-impaired residents — enhances
program inclusivity.

This geographic and demographic fine-tuning
maximizes reach and impact, ensuring that retrofit
interventions are both contextually appropriate and
practically implementable.

Flexible Delivery Models

Provide modular offerings accommodating renters,
mobile homes, multifamily units, and owner-
occupied single-family homes, with landlord
engagement as needed.

Flexibility in retrofit service offerings and financing
mechanisms accommodates heterogeneous housing
situations and ownership models, thereby
expanding inclusion.

e Modular retrofit packages enable
customization of measures to suit varying
housing types, from mobile homes and
accessory dwelling units to condominium
complexes and owner-occupied single-
family dwellings.

e Programs tailored to renters incorporate
landlord engagement strategies, split-
incentive mitigation (such as lease clauses
or shared savings agreements), and tenant
rights protections to encourage retrofit
uptake while minimizing displacement or
cost pass-through.

e Mobile and off-grid home adaptations
consider mobility constraints, alternative
energy source integration, and portable
resilience solutions.

e Structuring financing options with flexible
credit, co-pay, or grant arrangements
respects diverse economic capacities and
risk profiles.

By offering a portfolio of adaptable delivery models,
programs can meet residents “where they are,”
lowering barriers to participation and enabling
equitable access to retrofit benefits.

Continuous Feedback Loops

Integrate participatory evaluation and governance
processes allowing communities to voice evolving
needs and shape program improvement.

Sustaining equity in practice requires that programs
embed participatory evaluation and governance
processes ensuring communities have ongoing voice
and influence over program evolution. Mechanisms
include:

e Regular community forums, advisory
councils, and listening sessions to gather
input on barriers, successes, and emerging
needs,

e Digital and non-digital feedback channels
— surveys, focus groups, hotlines —
adapted to community preferences,

e Transparent reporting of program outcomes
and responsiveness to feedback, reinforcing
accountability and trust, and

e Mechanisms for rapid adaptation to policy
or delivery approaches in response to
community-identified challenges or
changing circumstances.

Such continuous feedback loops empower
communities as active partners rather than passive

recipients, fostering resilience, ownership, and
systemic equity in retrofit initiatives.
Recommendation: Institutionalize equity

metrics and feedback mechanisms to ensure
ongoing responsiveness and inclusivity across
diverse populations.

Workforce Development and Local
Economic Empowerment
Scaling energy efficiency and resilience retrofits

generates substantive local decarbonization and
economic opportunities.
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Inclusive Training and Apprenticeship
Programs

Build career pathways for marginalized groups into
retrofit trades and green jobs, incorporating soft
skills and sustainable practices.

Developing a skilled workforce equipped for the
demands of retrofit trades and green sector jobs is
foundational to sustained growth. It is critical to
design inclusive training pathways that engage
underrepresented groups — including women, low-
income individuals, racial minorities, and veterans
— thereby addressing systemic employment

inequities. Training curricula should integrate
technical competencies in energy-efficient
technologies, resilience-focused construction

methods, and sustainability principles alongside
essential soft skills such as communication,
teamwork, and problem-solving. Apprenticeships

should be structured to provide hands-on
experience, mentorship, and certification that
enhance employability and facilitate seamless

transition to stable employment within the sector.

Support for Small and Medium-Sized
Enterprises (SMES)

Simplify procurement and financing access for local
contractors, fostering entrepreneurship and
community retention of benefits.

Local contractors and SMEs are vital drivers of
economic development and community retention of
retrofit investments. Streamlining access to
procurement opportunities through transparent,
simplified bidding processes and targeted outreach
enables SMEs to participate competitively.
Moreover, enhancing financing mechanisms — such
as providing microloans, credit guarantees, or
public-private partnership funds — can alleviate
capital constraints that frequently impede small
businesses. Support services including business

development training, legal and regulatory
assistance, and technological innovation adoption
further empower SMEs to scale operations

sustainably while creating resilient local supply
chains.

Educational Partnerships

Collaborate with vocational institutions, community
colleges, and universities to align curricula with
emerging retrofit technologies and resilience skill
sets.

Collaboration between workforce stakeholders and
educational institutions fosters an adaptive talent
pipeline that anticipates evolving industry needs.
Vocational schools, community colleges, and
universities should co-develop curricula that reflect
cutting-edge retrofit technologies and resilience
competencies, including energy modeling, advanced
materials, climate risk assessment, and smart
building systems. Establishing internship
programs, guest lectures by industry experts, and
joint research initiatives strengthens the connection
between theory and practice. These partnerships
ensure that graduates are not only technically
proficient but also poised to contribute to innovation
and continuous improvement within retrofit
initiatives.

Job Retention and Advancement

Promote retention strategies through fair wages,
safe  working conditions, and progression
opportunities.

Sustainable empowerment hinges on creating work
environments that promote employee well-being and
career growth. Employers must adopt fair wage
policies aligned with living wage standards and
provide safe, healthy working conditions compliant
with occupational safety regulations.
Comprehensive retention strategies include offering

benefits such as healthcare, paid leave, and
professional development opportunities.
Establishing clear career ladders supports

advancement by enabling workers to acquire
additional certifications, leadership skills, and
specialized expertise. Such investments reduce
turnover, bolster workforce stability, and advance
social equity outcomes by enabling upward mobility
within the green economy.

Recommendation: Invest in inclusive workforce
development as a core pillar, linking retrofit
scale-up with broader socio-economic
revitalization.
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Grid Modernization and Distributed
Energy Resources (DERS):
Enabling Resilient Access

Modernizing the electric grid with advanced smart
technologies and integrating distributed energy
resources (DERs) are critical strategies to enhance
the reliability, affordability, and resilience of
electricity services for vulnerable communities.
These investments empower energy-poor
households with more stable energy access, reduced
costs, and protection against climate and
infrastructure-related disruptions.

DER Deployment Focused on
Vulnerable Communities

Prioritize solar, battery storage, microgrids, and
demand response programs that reduce outages
and energy costs for energy-poor households.

Strategically prioritizing DER installations — such
as rooftop solar photovoltaic systems, battery energy
storage, microgrids, and demand response
programs — in underserved and energy-burdened
areas delivers multiple benefits.

e Reliability and Resilience: DERs provide
localized backup power during grid outages
caused by extreme weather or equipment
failure, reducing downtime for critical
services and households. Microgrids can be
islanded from the main grid to maintain
electricity for emergency shelters,
healthcare facilities, and neighborhood
clusters.

e Lower Energy Costs: Solar plus storage
systems can reduce energy bills by
offsetting peak demand charges and
enabling time-shifting of energy use.
Demand response programs incentivize load
reduction during high-cost periods, further
lowering expenses for vulnerable
customers.

e Empowerment and Equity: Deploying
DERs in low-income neighborhoods
promotes energy equity by ensuring that
these communities benefit from clean,

reliable resources rather than being left
behind in grid modernization.

e Local Economic Opportunity: Projects
generate jobs in installation, maintenance,
and operations, supporting community
economic development and skills growth.

Advanced Metering Infrastructure and
Analytics

Implement smart meters and Al-based grid analytics
to monitor, forecast, and manage load dynamically,
incorporating energy poverty metrics.

Implementing smart meters and Al-driven grid
analytics enables granular monitoring and dynamic
management of electricity consumption, improving
operational efficiency and targeted support.

e Smart meters provide real-time or near-
real-time consumption data, giving
households actionable feedback for energy
savings and utilities fast detection of
outages or inefficiencies.

e Al analytics combine energy data with
socio-economic and weather information to
forecast load patterns, anticipate risks, and
optimize grid dispatch, ensuring stability
even under stress.

e Incorporating energy poverty metrics into
grid management systems allows utilities to
design demand-side programs sensitive to
affordability and prioritize service
restoration and assistance for high-need
customers.

o These digital tools support customized
pricing and incentive structures that reflect
usage patterns and vulnerability, fostering
both system efficiency and social equity.

Policy and Regulatory Reforms

Adjust tariff structures and incentives to value
DERs as grid assets, ensuring equitable
compensation and avoiding cost shifts onto
vulnerable customers. To fully realize DER benefits
for vulnerable populations, frameworks must evolve:

e Tariff structures and incentives should
recognize DERs as valuable grid assets
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rather than cost centers, compensating
owners fairly for energy supplied and
resilience provided.

e Avoidance of cost shifts to low-income
customers is paramount; equitable rate
design principles ensure DER deployment
does not disproportionately raise the bills of
non-participants.

e Regulatory support for community solar
projects, virtual net metering, and
aggregated DER participation enables wider
access for renters and low-income
households.

e Streamlining interconnection processes and
providing targeted financial assistance
lowers barriers to DER adoption.

Grid Hardening Investments

Improve physical infrastructure resilience in high-
risk areas, including undergrounding lines and
vegetation management.

Complementary to digital modernization, physical
infrastructure upgrades are needed in high-risk
areas prone to climate hazards or aging assets.

e Underground distribution lines reduce
exposure to storms, falling trees, and
wildfire ignition sources.

¢ Enhanced vegetation management around
overhead lines minimizes outages and fire
risks.

e Installing advanced sensors, and automated
switches enables faster fault detection and
isolation, reducing outage scope.

e Incorporating climate resilience criteria into
construction and maintenance standards
helps future-proof grid assets.

Recommendation: Develop targeted DER
programs and smart grid policies that empower
energy-poor communities and build grid
resilience.

Stable Funding and Robust Policy
Frameworks: Foundations for
Sustainable Scale

Long-term success requires sustained investment
and enabling policies. The transformative potential
of energy efficiency and resilience retrofit programs
hinges not only on technological and community
innovations but fundamentally on a stable and
supportive ecosystem of long-term funding and well-
crafted policy frameworks. Achieving sustained
scale, meaningful equity, and systemic impact
requires that investments and regulations be
predictable, coordinated, and comprehensive —
thus fostering market confidence, enabling strategic
planning, and ensuring coherent alignment across
sectors and jurisdictions.

Multi-Year Appropriations

Secure public funding for multiple years to underpin
retrofit programs, ensure market confidence, and
provide program stability. Multi-year public
funding...:

e Enables retrofit programs to design long-
term delivery models supporting workforce
development, supply chain maturation, and
community trust-building,

e Assures contractors, lenders, and service
providers of predictable demand,
incentivizing investment in capacity and
quality,

o Facilitates continuous improvement and
scaling by allowing for phased rollouts,
iterative evaluation, and adaptive
management, and

e Reduces transaction and administrative
costs associated with stop-start funding
cycles common in short-term grants or one-
off stimulus programs.

Governments at federal, state, and local levels must
collaborate to allocate synchronized multi-year
budgets supportive of bundled retrofit initiatives
encompassing energy efficiency, climate resilience,
and health co-benefits, addressing the complex
intersections of energy poverty.
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National Energy Poverty Definitions and
Targets

Establishing standardized definitions and metrics
for energy poverty across jurisdictions is
fundamental to unify efforts, enable benchmarking,
and foster accountability. Clear, national or regional
definitions grounded in socio-economic realities and
encompassing affordability, access, and adequacy
dimensions empower coordinated action. Alongside
definitions, setting measurable, enforceable targets
creates a shared roadmap, motivating stakeholders
and directing resources effectively. Such targets
might include:

e Percentage reduction of households
experiencing energy poverty by a specified
date,

e Minimum energy performance or health
resilience thresholds for vulnerable housing
stock, or

e Equity-focused goals ensuring
disproportionate benefits for historically
marginalized groups.

Examples of effective frameworks can be drawn from
international best practices — such as the U.K.’s
statutory fuel poverty targets — which integrate
legal mandates with strategic policy coordination.

Building Codes and Appliance
Standards

Robust building codes and appliance standards
form the backbone of sustainable market
transformation by embedding energy efficiency and
climate resilience as Dbaseline requirements.
Mandatory codes:

e Drive the construction and retrofit sectors
to adopt higher-performance envelopes,
resilient materials, and cleaner heating and
cooling technologies,

e Reduce reliance on incentive-driven,
voluntary programs by setting minimum
compliance thresholds reflecting evolving
climate and health imperatives,

¢ Ensure that new and renovated buildings
contribute to decarbonization and occupant

well-being systematically and predictably,
and

e Support equity outcomes by elevating the
quality and safety of housing accessible to
low-income and vulnerable populations,
closing performance gaps.

Regular updates to codes and standards are
necessary to incorporate advances in technology,
climate science, and equity considerations, with
enforcement mechanisms and technical assistance
programs to facilitate compliance.

Cross-Program Coordination

Fragmented funding and siloed program delivery
hamper beneficiary access and reduce overall
effectiveness. An integrated approach that
coordinates energy efficiency, health, housing, and
climate adaptation funding streams streamlines
administrative processes and enhances the
comprehensiveness of interventions. Key features
include:

e Pooled or blended funding mechanisms that
allow for single-application processes and
holistic retrofit offerings, addressing energy
efficiency alongside health hazards (e.g.,
mold, structural repairs) and resilience
enhancements,

e Inter-agency collaboration and joint
governance structures that align eligibility
criteria, data systems, and outreach efforts,

e Strategic alignment of goals and outcomes,
maximizing co-benefits such as improved
indoor air quality, reduced healthcare costs,
and climate risk mitigation, and

e Coordinated reporting and evaluation
protocols that capture multi-dimensional
impacts to inform continuous policy
refinement.

Such cross-program integration reduces beneficiary
burden, unlocks greater impacts per dollar invested,
and supports community-centered,
multidimensional approaches to energy poverty
alleviation.
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Health and Safety Funding

Addressing health and safety barriers is critical to
the success and equity of retrofit programs. Energy
poverty is often intertwined with substandard
housing conditions — such as mold infestation,
inadequate ventilation, pest infestations, or
structural deficiencies — that undermine
occupants’ health and the effectiveness of energy
upgrades. Dedicated funding to remediate these
non-energy barriers ensures:

e Safe, healthy living environments that
enhance the durability and performance of
retrofit measures,

e Greater resident willingness to participate
in retrofit programs when holistic needs are
met,

e Reduction of health disparities and
associated social costs through preventive
housing interventions, and

e Alignment with broader public health
objectives, facilitating partnerships with
health agencies and unlocking
complementary resources.

Incorporating health and safety improvements
within retrofit financing and program design
underscores a commitment to comprehensive well-
being and justice in energy transitions.

Recommendation: Implement binding policy
mandates coupled with transparent funding
mechanisms fostering accountability,
consistency, and scale.

Summary and a Path
Forward

This multi-dimensional roadmap underscores the
imperative of an integrated, equity-first approach to
eradicate energy poverty and bolster climate
resilience. By deploying holistic retrofit packages,
forging  cross-sector  collaboration, tailoring
programs to diverse communities, investing in
inclusive workforce development, modernizing grids
inclusive of DERs, and securing stable funding and
policy frameworks, stakeholders can co-create

energy systems that are affordable, resilient, and
just.

Implementing this roadmap demands concerted
effort and leadership across all sectors to transform
the structural drivers of energy poverty into
opportunities for sustainable prosperity,
environmental stewardship, and social justice.
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