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LEARNING OBJECTIVES
At the conclusion of this session, participants  will:

• Identify potential opportunities and technological solutions to 
include NEIs in home retrofit strategies

• Understand the attitudes, awareness, motivations, barriers, 
and opportunities of households and industry professionals

• Improved understanding of the health impacts of home 
energy retrofits
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WHAT ARE NON-ENERGY IMPACTS?
• Non-Energy Benefits (NEBs)

and Non-Energy Impacts (NEIs)

• Impacts not directly, or 
commonly recognized as 
associated with energy 
production, transmission and 
distribution

• Impacts not easily quantified as 
cost or energy savings
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HOW DO NEIS BENEFIT INDUSTRY?
Utility Participant Society

Shutoffs/Reconnects, 
Emergency service calls, 
transmission/distribution 
savings, power quality, etc.

Comfort, noise, health/safety, 
resilience, aesthetics, etc.

Economic development,
tax effects, emissions, waste, 
national security, 
healthcare costs, etc.
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INDUSTRY SELLS NEIS, NOT HOME TECH
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PROGRAMS SELL NEIS TOO…
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HOW DO PROGRAMS VALUE NEIS?
Technical Resource Manuals (TRMs) are the typical standard for valuing improvements to 
systems and materials. They typically include:
1. Energy Savings Calculations: Methods for determining energy savings, demand 

reductions, and environmental impacts for different types of efficiency measures.
2. Program Design Guidelines: Best practices and approaches for designing and 

implementing energy efficiency programs.
3. Data Collection and Evaluation Methods: Standardized processes for gathering data, 

monitoring, and assessing program performance.
4. Technical Assumptions: Pre-established assumptions about equipment performance, 

energy usage, and savings based on industry standards.
5. Quality Assurance: Protocols for ensuring accuracy and consistency in program 

implementation and reporting.
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PROGRAM BENEFITS & MONETIZATION

• TRM values are used to monetize upgrade benefits and 
justify program costs

• Typical approaches include cost/benefit analysis and return 
on investment (ROI) to value retrofit benefits.

• NEIs don’t fit “nicely” into these types of assessments.
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AN EXAMPLE: AIR SEALING IN NY
Calculations provide basis 
for valuing Air Sealing based 
on only two parameters:
• Energy savings
• Fossil fuel energy savings

No method for estimating NEIs.
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https://dps.ny.gov/system/files/documents/2024/12/technical-resource-manual-version-12-filed-october-28-2024-effective-january-1-2025.pdf
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NEIS MISSING FROM THE PROGRAM 
VALUATION PICTURE

Leaves a gap in “true” 
value of the upgrade
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Standard TRM valuation 
methods often don’t 
“pencil” out. 

Cost/benefit ratios or ROI 
is often not favorable for 
supporting the measure.
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HOUSEHOLDS VALUE NEIS
When buying new technologies, 
NEIs are more important than cost 
to average consumers, especially:

• Durability/repairability
• Safety
• Low maintenance
• Health
• Superior performance
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NEIS CAN BE MOTIVATORS FOR UPGRADES

The most important 
motivators for making 
changes in homes:

• Comfort & safety
• Repairs
• Improving appearance 
• Reducing energy bills
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HOUSEHOLDS & CONTRACTORS ARE  MISAL IGNED
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PROGRAMS
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The good news:
Programs work! More people make modifications 
when they participate in energy efficiency 
programs compared to those that don’t.

The bad news:
Only 9% of occupants participate in programs 
nationally. Some regional variation is observed.

The opportunity:
Develop consistent, market-facing NEI 
quantification methods to inform Americans about 
the benefits of resilient housing.
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WHY DEVELOP NEI CALCULATION 
METRICS?

• Individual analyses are expensive
• Methods and data are often kept in a black box
• Methods are not necessarily replicable between entities/organizations
• Many outcomes end up as apples-and-orange comparisons
• Lack of standard approaches for Technical Resource Manuals (TRMs) 

and other important programmatic and technical documentation
• Energy savings alone does not “sell” Energy Efficiency – need better 

quantification methods
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APPROACH
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Initial NEIs of Interest: 
1. Indoor Air Quality
2. Thermal Comfort
3. Noise
4. Health 
5. Resiliency

Prioritization Criteria: 
• Transferability
• Quantification
• Regulatory Requirements/Allowance
• Driver of Program Participation
• Magnitude
• Evaluation Cost
• Transferability
• Data/Research Availability
• Time Horizon of Impact
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WHERE TO START
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Define NEIs

Identify Metrics

Industry 
Consensus

Develop 
Calculation 
Methods

Formalize Data 
Needs

Collect Existing 
Data

Identify Data 
Gaps

Run Scenarios

Test and Revise

Adapt 
Metrics/Methods 
for Industry Use
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EXAMPLE WORKFLOW: NOISE
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OUTCOMES
• Standard set of metrics and calculations that can augment 

TRM analyses.
• Ability for programs to compare apples-to-apples and share 

information.
• Nuance on monetized benefits associated with NEIs.

20



April 7-10, 2025 | New Orleans, LA 21

Health and IEQ Impacts of 
Residential Building 
Envelopes Retrofits
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HEALTH AND IEQ IMPACTS OF RESIDENTIAL 
BUILDING ENVELOPES RETROFITS
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→ Building Envelope Retrofits:
• Envelope Air Sealing
• Window Replacement
• Envelope Insulation 
• Combination Envelope Retrofits

→ Building envelope retrofits for reducing building energy consumption
→ Building envelopes can also add value beyond energy savings ► Non-Energy Impacts (NEIs).

Questions
1. How do building envelope improvements impact IEQ, occupant health, and building durability?
2. Does the magnitude and/or type(s) of NEI vary, depending on the type of building envelope 

improvement?
3. Does the magnitude and/or type(s) of NEI vary, depending on building type (single-family home 

vs. multifamily building)?
4. What are the current knowledge gaps?
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NEI – ACOUSTIC COMFORT
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Acoustic Comfort: Building envelope retrofits improve indoor noise levels. 



→ Building envelope controls the concentration
of indoor contaminants ► natural infiltration air
flow rates.

→ Air sealing or home insulation ► potential to
introduce chemicals into indoor air

→ Studies reported increases in contaminant
concentrations in retrofitted dwellings ► did not
exceed recommended exposure limits for
residential buildings.

→ Indoor sources such as combustion in heating
and cooking affect indoor concentrations.

→ Complexity among building envelope retrofits,
indoor contaminant dynamics, and occupant
health, emphasizing the need for retrofit
strategies that balance energy efficiency with
IAQ considerations.
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NEI – INDOOR AIR QUALITY IMPACTS
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NEI – INDOOR AIR QUALITY IMPACTS

Metrics to assess moisture (1) condensation; (2) dampness; (3) mold growth; and (4) musty odor

Lower mold and odor ► Low annual average infiltration rates
Poor housing conditions ► Impact on health
Envelope retrofits ► can reduce moisture-related issues and potentially improve IAQ and occupant health
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NEI – THERMAL COMFORT
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- The pre-retrofit temperatures varied considerably, ranging from 13.6◦C (56.5◦F) to 21.5◦C (70.7◦F)
- Factors such as building age, envelope construction solution, and the existing condition of the building influence this
range of temperature variation. Location does not appear to impact the magnitude of the temperature improvement.
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NEI – THERMAL COMFORT
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Envelope retrofits can increase in indoor temperatures [mean increase of 1.0◦C (1.8◦F)]

Thermal Comfort: (Winter) enhanced comfort and health. (Summer) overheating.
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NEI – HEALTH Health Effects: Improved 
physical and mental health, 
reduced healthcare usage, 
and lower winter mortality 
after retrofits. 

Proposed mechanisms of action 
for health outcomes
1. Reduced exposure to outdoor 

noise for acoustic comfort.
2. Reduced exposure to allergens 

(e.g., dust mites, microbes, mold) 
due to decreased dampness for 
IAQ

3. Increased indoor winter 
temperatures for thermal comfort

4. Reduced exposure to 
contaminants from outdoor 
sources for IAQ 

5. Decreased financial stress
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NEI – GAPS
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GAPS
• Overheating and Health Risks: No studies 
directly linked summer overheating from retrofits 
to health outcomes.

• Building Tenure Diversity: Most studies focused 
on low-income housing. Future research should 
expand to broader housing types.
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Quantifying 
Non-Energy Impacts
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Quantifying Non-Energy Impacts (NEIS)
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DALY Approach WHY
- Public health metric
- DALYs quantify disease burden by 

representing the total number of 
healthy life years lost.

NEW FRAMEWORKs 
- NEIs of IAQ Based on Indoor Contaminants
- NEIS of Energy Affordability
- NEIs of Thermal Resilience
- NEIs of Acoustic
- NEIs of Energy Efficiency
- NEIs of Lighting
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Disability Adjusted Life Years (DALYs)
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DALY = YLD + YLL
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Harm Approach to Quantify Health

Morantes, G., Jones, B., Molina, C., & Sherman, M. H. (2023). Harm from residential indoor air contaminants. Environmental science & technology, 58(1), 242-257.
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Chronic Harm
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Harm Caused by Contaminants of Concern
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Morantes, G., Jones, B., Molina, C., & Sherman, M. H. (2023). Harm from residential indoor air contaminants. Environmental science & technology, 58(1), 242-257.

Chronic Harm
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FRAMEWORKS
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U.S. Building stock assessment 
through the Residential Energy 
Consumption Survey (RECS)

Including Socio-economic 
variables

NEW FRAMEWORK

Identify and classify variables 
that involve associated risk 
to households through IAQ

Quantification NEIs of IAQ 
through DALY’s

METRIC
DALY / person / year
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Estimating Monetized Burden Of DALYs
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- Standardized estimate of health risks related to a exposure/situation

- The new frameworks quantify the monetized burden of annual DALYs
lost in USD ($) → Individual (1 person) or Population (100,000 people)

- Specific disease.

- Metric - ($ / DALY)

- Imprecise
- Overall estimate of health burden
- Important insight on Societal Costs
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Retrofits + Non-Energy Impacts (NEIs)
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These frameworks will help to:
- Learn → How retrofits measures are going to affect people
- Learn → Retrofits for resilience (extreme weather events)

- Characterize the building stock with quantitative and qualitative indicators.
- Occupants’ quantitative and qualitative health-related indicators

- Health analysis
- Assign economic values to health improvements
- Monetized estimation → Healthcare cost savings ($)
- Health risk reduction → Extreme weather events
- Socio-economic analysis for Energy Affordability
- Improve public health interventions and mitigation strategies

Decision-Making Tool
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These frameworks will impact:
- Public policies
- Energy programs
- Insurance companies

- Decision-Making → Households
- Decision-Making → Construction industry

- Integrate the framework in standard/codes

Retrofits + Non-Energy Impacts (NEIs)
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QUESTIONS?
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THANK YOU

CONNECT WITH ME:
Chrissi Antonopoulos
Chrissi.Antonopoulos@pnnl.gov

Núria Casquero-Modrego
NuriaCM@lbl.gov
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