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Transforming the global energy system to secure a clean, prosperous, zero-carbon future for all.
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1. Impacts
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Overlooked Source of Climate Pollution

Burning fossil fuels in buildings 
is responsible for 

10% of US greenhouse gas 

emissions.
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EIA Residential Energy Consumption Survey (RECS), 2015

Cooking/Other

Water Heating

Space Heating

Residential Commercial

13%

19%

68%

70 Million US Homes and Businesses Burn Fossil Fuels

Direct buildings GHG emissions by end use and sector
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We spend up to 90% 
of our time indoors

EPA states indoor pollutant levels may 
be 2 to 5 and as much as 100 times 

higher indoors than outdoors

Homes with gas stoves have 
50 - 400% higher NO2 emissions 
than homes with electric stoves

100x
5x

2x
90%

Indoor Air Quality is Often Worse than Outdoor

https://rmi.org/insight/gas-stoves-pollution-health/

https://rmi.org/insight/gas-stoves-pollution-health/
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Gas Stove Use
Varies by State

National average: 38%

California: 70%

Florida: 8%
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Gas Stoves are an Overlooked Health Concern

Release similar pollutants 
as cars

Not universally required to 
be vented outside

50+ years of health studies 
showing the risk of cooking 

with gas

Lower-income households 
likely at higher risk

42% increased risk of asthma 
symptoms for children in homes 

with gas stoves

Similar to the asthma risk of 
kids living with a smoker
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2. Solutions
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Going Electric in the Kitchen Helps

Eliminates combustion 
pollutants (NO2, CO, etc.)

Pair with ventilation 
outdoors for cooking

Eliminates benzene leak risk 

Safer and saves energy Other co-benefits (ease of 
cleaning)

Stoves being developed 
with 120v & batteries
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What if You Can’t Change Your Gas Stove?

Install & maintain a 
CO detector 

Open a window 
while cooking

If available, run 
your exhaust hood 

while cooking

Cook on the back 
burners Try a plug-in induction 

stove ($60)

Use other electric 
appliances like toaster 

oven or kettle.
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1 in 10 People in the U.S. live in a city or county with 
a building electrification policy 

https://buildingdecarb.org/zeb-ordinances/

141  U.S. Jurisdictions 

6   Statewide Policies 

12   States with Local Government Action 
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3. Gaps
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Some common challenges

Competing priorities 

Electricity supply & grid ”greenness”
 - Ability to leapfrog to cleanest cooking & heating fuels 

Industry pushback

Extreme weather & climate disruptions

Low awareness across “supply 
chain” (e.g. contractor training)

Cost (existing buildings)
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4. Moving 
forward
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How Do We Get  Healthy Electric Buildings?

Codes & 
Standards

Incentives & 
Financing

Educational 
Campaigns

• IAQ protections
• Ventilation
• All-electric baselines
• Policies: new 

construction, retrofits
• Appliance regulations

• Lower upfront costs
• Affordable: low interest
• Accessible: low credit scores, capital 

to cover upfront costs
• Target contractors & builders
• IRA

• Health & consumer voices 
• Warning labels 
• Research to action partnerships 
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Thank you!
Contact bseals@rmi.org with any questions

mailto:bseals@rmi.org
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The Benefit to Children of 
Decarbonizing on a National Scale: 

We are Investing in Our (Their) Future

Kevin Kennedy
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The impact of home environments is greater on children

Children’s Environmental Health, CDC.gov

Children’s behavior patterns 
make them more susceptible to 
exposure:
•

•

•

•

Jeremy just wants to grow up 
and be a contributing part of 
his community

https://www.pexels.com/creative-commons-
images/ Pexel photos are free for use

Jeremy’s long-term 
well-being is directly 
impacted by the home 
he grows up in
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Little Jeremy ≠ Big Jeremy: The impact is Greater on Children

Children’s Environmental Health, CDC.gov

Children more susceptible to 
exposure:
• Natural defenses are less 

developed
• crawl and play close to the 

ground- different breathing 
zone

• More likely to put their hands in 
their mouths – a lot

• Have more years of life to 
develop disease than adults

Per pound of body weight, 
children:

• Eat more food 
• Have a higher 

metabolism
• Drink more liquid
• Breathe more air 
• Have higher respiration 

rate

https://www.pexels.com/creative-commons-
images/ Pexel photos are free for use

≠ 
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Jeremy’s comfort in his 
home is more complicated 
involving a large 
interaction of a 
combination of factors

Lala, Betty and Aya Hagishima, A Review of Thermal Comfort in Primary 
Schools and Future Challenges in Machine Learning Based Prediction for 
Children, Buildings 2022, 12(11), https://doi.org/10.3390/buildings12112007

A model representing  the factors 
affecting the thermal comfort of children
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~40% of school-
aged children and 
adolescents have 
at least one chronic 
health condition

Child and Adolescent Health Measurement Initiative. 2020-2021 National Survey of Children’s Health (NSCH) data query. Data Resource 
Center for Child and Adolescent Health supported by the U.S. Department of Health and Human Services, Health Resources and Services 
Administration (HRSA), Maternal and Child Health Bureau (MCHB). Retrieved [06/08/24] from [www.childhealthdata.org].

Asthma
Obesity
Diabetes 
other physical conditions, 
behavior/learning problems 

Number of current or lifelong health conditions
Children age 0 – 17 years

Nationwide (2020)
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becoming increasingly difficult to heal completely after any common
injury caused by the common cold, the flu, accidental poisoning, al-
lergens or physical trauma. In much the same way that repeatedly
ripping the scab from a skinned knee delays healing and leaves a scar,
repeated exposure to a toxic world means that cellular safety and “all
clear” signals are becoming harder to sustain. The absence of safety
signals leaves a mark. Children and many adults are left in a state of
primed hypersensitivity. New pesticides, plasticizers, antibiotics, food
additives, dyes, solvents and other pollutants that our genome and our
microbiomes have not yet evolved mechanisms to detoxify are entering
our food chain, water supply and air like an invisible but poisonous
chemical tide—a miasma of our own making.

6. Generational transmission

A study conducted by the Environmental Working Group in 2005
found that the umbilical cord blood of newborn babies in the United
States already contained an average of 287 pesticides, pollutants and
other environmental chemicals (Houlihan et al., 2005). The methods
used at that time allowed the authors to look for 413 molecules from 9
different chemical classes. Other studies that have looked for a smaller
number of pesticides or persistent organic pollutants have documented
the presence of dozens of pollutants in newborn blood samples from
around the world (Cabrera-Rodriguez et al., 2019; Silver et al., 2015).
Similar pollutant loads have been documented in the placenta and
found to change mitochondrial DNA content (Vriens et al., 2017). These
studies show that when a child is born, they inherit a sample of their
parents’ chemical exposure history. Many chemicals are biomagnified
in fat, bone and reproductive organs, accumulating over years of ex-
posure to levels that can be hundreds of times higher than the con-
centration in any given environmental source of air, water or food
(Drouillard et al., 2001). Many banned pesticides like DDT and in-
dustrial chemicals like PCBs can still be found in people decades later
(Montano et al., 2013). If a child is born today with a burden of 300
manmade chemicals, in 25 years that child will add to their inherited

burden by accumulating new toxic chemicals from their environment as
they grow to reproductive maturity. As adults, they will then pass on a
new sample of both their inherited and their newly-accumulated en-
vironmental chemicals to their children. If a net increase of 50 en-
vironmental pollutants occurs in the umbilical cord blood with each
generation, and is added to the current number of 300, the toxic che-
micals passed on to our children will soon have more devastating effects
on human health than any mutation in DNA, leading to escalating in-
fertility rates, miscarriages, childhood and adult chronic disease.

7. Increasing human impacts on the chemosphere and biosphere

The problem of environmental accumulation of toxic chemicals has
been noted since the beginning of the industrial revolution in the 1700s,
but has been accelerating since the rise of industrial scale farming and
other large-scale industries since World War II. Rachel Carson was the
first to call attention to the ecological effects of this accumulation in her
landmark book Silent Spring (Carson, 1962), which first appeared in
1962. The title of her book referred to the decrease in the songs of birds
in the spring because of pesticide accumulation in their food chain.
Since that time, 30% of all birds in North America have been lost
(Rosenberg et al., 2019). In 1962, the world’s human population was
3.1 billion people. Today, the population is 7.7 billion and is growing at
a rate of about 1% per year—about one billion people every decade. To
glimpse the sheer magnitude of the ecological footprint of humans on
the Earth, we need only look to the north Pacific Ocean to find a gar-
bage patch of plastics and other manmade debris now twice the size of
Texas, the exponential increase in plastic deposits in ocean floor sedi-
ments that has occurred since World War II (Brandon et al., 2019), or to
the dying swaths of coral in the Great Barrier Reef (Kroon et al., 2016)
the size of cities. The hopeful message is that by cleaning up pollution
from the environment, the next generation can begin to off-load their
inherited burden at a rate faster than they accumulate new toxins.

Fig. 1. Chronic Health Disorders that have Increased 2-100 times since the 1980s. Forty percent of children born in the US today and 60 percent of adults under
65 live with at least one chronic illness. ATP signaling is also known as purinergic signaling (Burnstock, 2018; Naviaux, 2018). Abbreviations: CDR, cell danger
response; ATP, adenosine triphosphate; ASD, autism spectrum disorder; ADHD, attention deficit hyperactivity disorder; PTSD, post-traumatic stress disorder.
Numbers reflect the population prevalence of each illness in the United States in 2018.

R.K. Naviaux 0LWRFKRQGULRQ�������������²��

��

Naviaux, Perspective, Cell danger response Biology—The new 
science that connects environmental health with mitochondria and 
the rising tide of chronic illness, Mitochondrion, 51 (2020) 40–45

Chronic Health Disorders that have Increased 2-100 times since the 1980s

A description of “cell danger 
response” (CDR), a universal 
response to environmental exposure
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The Health Impact of Combustion in 
Homes. American Lung Assoc. 2023

• Carbon monoxide (CO)
• Nitrogen oxides (NOx), 
• Particulate matter (PM), 
• Air toxics- (ammonia, 
formaldehyde, 
polycyclic aromatic 
hydrocarbons (PAHs), and 
volatile organic 
compounds (VOCs)

• CO- Poisonous gas and cardiovascular risk
• NOx- make children sick, especially those with asthma and 
allergies. It worsens asthma symptoms and wheeze and may also 
increase lower respiratory tract infections and reduce lung 
function
• PM- irritation to eyes, nose and throat, and respiratory effects 
in children. Also asthma, cancer, autoimmune conditions
• Air toxics- can cause cancer, birth defects and other serious 
health harms

If Jeremy’s family is 
low-income, the impact 
is even greater

Potential Health 
Effects of Combustion 
Pollutants on Jeremy
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• Combustion byproducts 
have always been 
hazardous

• The unburned methane 
entering homes contains 
many hazardous chemicals

• Gas stove use associated 
with increased risk of 
asthma in children

Natural gas and gas stoves 
– What we know

Gruenwald, T.; Seals, B.A.; Knibbs, L.D.; Hosgood, H.D., III Population 
Attributable Fraction of Gas Stoves and Childhood Asthma in the 
United States. Int. J. Environ. Res. Public Health 2023, 20, 75.

8
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Giobertti Morantes, Benjamin Jones, Max Sherman & Constanza Molina (2023) 
A preliminary assessment of the health impacts of indoor air contaminants 
determined using the DALY metric, International Journal of Ventilation, 22:4, 
307-316,                         DOI: 10.1080/14733315.2023.2198800

inhaled in the exposed population, in dwellings. Other PMs are among the contaminants with
the highest EFs, with chromium, NO2 and formaldehyde having all >101 effect factors. These
results represent an update to the preeminent work on human–toxicological & epidemiological
effect and damage factors of carcinogenic and noncarcinogenic chemicals for life cycle impact
assessment presented by Fantke et al. (2019) and Huijbregts et al. (2005). The results given in
Figure 2 have narrower confidence intervals when compared with those of Huijbregts et al. (2005).

Total pooled DALYs were estimated per 100,000 population with corresponding uncertainty
intervals; see Figure 3. Estimated population-averaged annual cost, in units of DALYs lost, of

Figure 2. Pooled effect factors. Highest to lowest DALY median. Central estimate and 95% CI of distribution in black. !Radon
in DALY.(10"9Bq-intake)"1. !!Bioaerosols in DALY.(10"9CFU-intake)"1

Figure 3. Pooled DALYs. Highest to lowest median. Central estimate and 95% C.I. of distribution in black.

INTERNATIONAL JOURNAL OF VENTILATION 313

Preliminary Assessment 
of health impacts of 
indoor air contaminants 
using Daily Adjusted Life 
Years (DALY) Metric

DALY: Disability Adjusted Life Year:
-Sum of years of life lost and time 
lived with a disability attributable 
to a cause
-One DALY represents the loss of 
the equivalent of one year of full 
health
Est. value about $700,000 by EPA 
and HHS

Highest median DALYs per unit 
intake for indoor contaminants:

10 µm particulate (PM10)*
2.5 µm particulate PM2.5*

Formaldehyde
Nitrogen Dioxide (NO2)*

Radon
Ozone (O3) 

Sulfur Dioxide (SO2)*

Acrolein*
*Generated through combustion
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Jeremy Accumulates Risk

Children’s Environmental Health Tracking: 
https://ephtracking.cdc.gov/showChildEHMain.action

https://www.pexels.com/creative-commons-images/
Pexel photos are free for use

Mom works 2 
jobs

Highway runs 
through 
neighborhood

Squalid 
neighborhood Nearest park is 5 

miles away

Lives in 
poverty

Lead paint in 
his bedroom

Home has 
roaches Does not have 

access to fresh 
produce

Child Opportunity Index: 
https://www.diversitydatakids.org/maps/

10
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The Impacts of Climate Change on 
Human Health in the United States: A 
Scientific Assessment, U.S. Global 
Change Research Program, 2016

Climate change planning 
shows the long-term 
impacts will 
disproportionately 
impact low-income 
people, communities of 
color, and especially 
children of these 
populations and seniors 
with limited resources

11

Healthy Indoors Consulting, Lawrence, Kansas

Frederica Perera, Pollution from Fossil-Fuel Combustion is the Leading Environmental Threat to 
Global Pediatric Health and Equity: Solutions Exist, Int. J. Environ. Res. Public Health 2018, 15, 16; 
doi:10.3390/ijerph15010016

Our focus should be making 
the future better for Jeremy

The conversion to a decarbonized economy will provide 
immense benefits to the millions of children like Jeremy

• born preterm or with low birth weight
• with cognitive and behavioral disorders 
• with mental-health problems 
• with risk of asthma and other respiratory illness 
• with long-term risk of cardiovascular disease 
• with risk of developing cancer

Less exposure should lead to fewer children:

These health benefits translate into improving children’s 
ability to learn and contribute productively to society

12
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Large historic records data base (2000-
2019) combining community data 
and pediatric health system and 
public health dept. data from a large 
metropolitan area (Kansas City) 

 at the ADDRESS LEVEL:
Asthma acute care visits – 
 ~300,000+ records
Lead testing data – 
 ~400,000+ records
Injury events – 
 ~1,000,000+ records

We need access to LARGE historic health data sets to effectively 
evaluate health outcomes. We’ve started one in Kansas City

Children’s Mercy Kansas City, Environmental Health;
Center for Economic Information, UMKC;
Kansas City, Missouri Dept. of Public Health

Geodatabase is part of community info. 
system to study health disparities 

Images from KC Health CORE Research 

With 230,000 Neighborhood 
Housing Conditions Surveys

Maps from KC Health CORE (KC Health Community-
Organized Resource Exchange) files
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Impact of a Weatherization Program on the Health Outcomes for Children 
with Asthma, A Preliminary Study Commissioned by the City of Kansas 
City, Missouri, and Metropolitan Energy Center, 2023

6 

Figure 1: Map of MEC Addresses 
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window(s). Although we did not include the particular weatherization interventions in our 

statistical analysis, our ability to estimate the impact in future analysis will be limited to four 

types. Our data includes only one asthma encounter at an address that received a door(s) 

intervention, a sample too small to yield any statistical power. Note the similarity in relative 

frequency of the interventions across data sets except for Window(s), Duct Sealing, and 

Window(s); Door(s) interventions. 

Table 6: Weatherization Improvements by Dataset 

Improvements 
MEC 

Address 

Asthma 
Encounters at 
MEC Address 

AIR SEALING; INSULATION 2,270 101 
AIR SEALING (only) 1,315 77 
INSULATION (only) 1,179 37 
AIR SEALING; INSULATION; WINDOW(s) 185 13 
WINDOW(s) (only) 477 8 
AIR SEALING; WINDOW(s) 92 7 
AIR SEALING; INSULATION; DUCT SEALING 58 3 
DUCT SEALING (only) 91 3 
INSULATION; WINDOW(s) 56 3 
AIR SEALING; DUCT SEALING 43 1 
AIR SEALING; INSULATION; DOOR(s) 19 1 
NA 24 1 
AIR SEALING; DOOR(s) 20 0 
AIR SEALING; INSULATION; WINDOW(s); DOOR(s) 18 0 
AIR SEALING; WINDOW(s); DOOR(s) 12 0 
DOOR(s) (only) 45 0 
HEAT PUMP (only) 1 0 
INSULATION; DOOR(s) 5 0 
INSULATION; DUCT SEALING 5 0 
INSULATION; WINDOW(s); DOOR(s) 11 0 
WINDOW(s); DOOR(s) 103 0 

The metric provided that measures the effectiveness of the energy efficiency improvement 

activities was the percent reduction in air leakage from air sealing. Table 7 describes the 

distribution of air sealing effectiveness among the MEC and asthma encounters at MEC data. 

After omitting negative and missing values, the asthma encounters at MEC address data were 

Table 6: Weatherization Improvements for all program participants and 
for those homes with asthmatic children as residents

Impact of a Weatherization Program on Asthma 
Outcomes in Children- A Quasi-Experimental Study

14
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16 

interval (CI) around the IRR. Our model accounts for the temporal variation illustrated in Table 

12, it incorporates observations for 17,550 patients under the age of 17.  

We ran several models iteratively adding a new variable. Table 15 reports the results of 

the first two models. In model 1 we used one explanatory variable, whether the child was 

residing in a weatherized home for the period we were tallying their most serious asthma 

encounters. Model 2 adds a variable (“Kansas City”) indicating if the home address was located 

in Kansas City, Missouri. We added the Kansas City variable to account for possible systematic 

differences between homes in Kansas City, Missouri, and those in the surrounding area.   

Table 13: Associations between Weatherization and Severe Asthma Encounters (1) 
Model 1 Model 2 

IRR 95% CI IRR 95% CI 

Weatherization .66 .53 - .82 .66 .53 - .83 
Kansas City 1.05 1.01 – 1.09 
Models 1 & 2:   Observations = 17,002.      IRR: Incident Rate Ratio.       CI: Confidence Interval 

Focusing on the estimated effect of weatherization, in model 1, the IRR associated with 

weatherization is .66. This means that there were 34% fewer acute care visits for a child in a 

weatherized home (other things held constant) per year than those who lived in un-weatherized 

homes. We constructed a 95% confidence interval around this estimate and observed that in 

model 1 the confidence interval is under 1. In this model an IRR estimate of 1.00 implies no 

statistical difference in acute care visits following weatherization. A confidence interval that 

contains the value 1.00 also implies no statistical difference. The estimate of our most 

parsimonious model indicates that weatherization activity is strongly associated with a 

significant fall in the rate of pediatric asthma acute care visits. 

Model 2 begins the addition of explanatory variables with a dichotomous variable 

indicating if the patient’s address was located in Kansas City, MO. With the addition of this 

variable there was no change in the IRR estimated for weatherization (.66) and a very small 

change in the confidence interval. Our models indicates that children who live at Kansas City 

home address experienced the most severe kinds of asthma encounters 5% more frequently 

(other things held constant) than those who do not live in Kansas City.  

Table 16 reports additional models. Model 3 adds a variable derived from the 2010 

Decennial US Census to account for variation in the age of housing. The Post-1980 Home 

Impact of a Weatherization 
Program on the Health Outcomes 
for Children with Asthma, A 
Preliminary Study Commissioned 
by the City of Kansas City, 
Missouri, and Metropolitan 
Energy Center, 2023

The estimated effect of weatherization (model 1) shows the incident 
rate ratio (IRR) associated with weatherization is 0.66. This means 
that there were 34% fewer acute care visits for a child in a 
weatherized home (other things held constant) per year than those 
who lived in un-weatherized homes. 
In this model a confidence interval ≤ 1 is significant and indicates that 
weatherization activity is strongly associated with a significant drop in 
the rate of pediatric asthma acute care visits. A confidence interval    
≥ 1 implies no statistical difference. 

Impact of a Weatherization Program on Asthma 
Outcomes in Children- A Quasi-Experimental Study
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Kevin Kennedy
kkennedy740@gmail.com

https://www.healthyindoorstraining.com/

Questions
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Non-Energy Impacts with 
Electrification

Paul Francisco
Director, Indoor Climate Research & Training, CC Regional Planning Commission

Sr. Research Associate, Energy Institute, Colorado State University



Non-Energy Impacts (NEIs)

• Any impact from a measure we do related to energy that is not the 
energy impact

• We are often now thinking of a couple of NEIs
• Indoor Air Quality-related health
• GHG reductions



Non-Energy Impacts (NEIs)

• There are many others
• Jobs
• Indoor Environmental Quality
• Nutrition
• Mental Health
• Other health-related topics
• Comfort
• Costs
• Stability
• Earning Potential
• Resiliency
• Home values

Not all impacts
may be benefits!!



Electrification in homes

• Focus tends to be on replacing gas appliances with electric

• Also consideration of outdoor air

Goldberg et al Earth’s Future (2021)

https://www3.epa.gov/airdata/ad_maps.html


Residential gas appliances

• Furnaces and water heaters (vented)

• Cooking (unvented)

• Unvented space heaters



Key Contaminant of Interest
• Every 5-fold increase in NO2 exposure above a threshold of 6 ppb 

was associated with an increase in risk of higher children’s asthma 
severity score, wheeze, night symptoms, & rescue medicine use         
(Belanger et. al, 2013)

6 ppb 30 ppb 150 ppb

WORSENING ASTHMA SYMPTOMS



Furnaces and water heaters

• Vented, so nominally do not contribute (much) 
to indoor levels

• If there is a problem, can be corrected with
maintenance/repair



Ranges

• Not vented

• Range hood fans can remove
contaminants

• People have to use them
• They have to be vented to outside
• They have to have good capture

efficiency



Range hood project (HUD-funded)
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Range hoods

• Can address much of cooking contaminants

• Many hoods are recirculating

• Many retrofit homes do not have practical way to install



Unvented space heaters

• Nominally only used as “supplemental” heat

• Many homes have them as primary/only heat
• Especially in moderate climates



Unvented space heaters (HUD-funded) - NO2
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Unvented space heaters

• For homes where they are only heat source, perfect opportunity for 
ductless minisplit heat pumps

Source: U.S. DOE



Costs as NEI?

• For heating, often hard to reduce costs compared to natural gas 
furnaces

• Especially if the heat pump is installed on bad ducts or the control strategy 
compromises the compressor efficiency

• Economics are much better compared to propane or oil
• Great target for electrification projects!



Thank you!

• For additional follow-up, contact me at:

• paul.francisco@colostate.edu

or

• pfrancisco@ccrpc.org

mailto:paul.francisco@colostate.edu
mailto:pfrancisco@ccrpc.org
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