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More than 11,000 Americans have died from heat-related causes
since 1979

Deaths Classified as “Heat-Related” in the United States, 1979-2018
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27% of Americans experience some form of energy insecurity

U.S. household energy insecurity measures (2015 and 2020)
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Majority of the households unable to use their ACs are from the
energy vulnerable sub-populations.

Percentage of households that were unable to use their AC units
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Our work is at the intersection of future climate impacts,
household adaptation, and energy justice

How will increasing temperatures
due to climate change affect
residential electricity cooling

consumption among vulnerable E Climate
groups? nergy Our

Justice

Research C h d nge
Impacts

What effect does improving AC
efficiency have on reducing
consumption and energy Carnegie

inequalities? Mellon
University




Temperature Response Function: Load Disaggregation

A household’s
temperature
dependent
electricity usage falls
under three
electricity demand
categories:
baseload (BL)
heating (HL), and
cooling (CL) (De Cian
et at., 2017; Lietal,,
2014; Sailor et al.,
2003).

Daily ‘ 5-parameter fixed effects
Electricity
Use (kWh)
Slope of heating Slope of cooling
change point change point

OO

Average
baseload

MNon-weather

sensitiveenergy
consumption

; - :
palancepoint  balancepoint GATTICE]E
Temperature (F) Mellon

University



"""""""""""""""""" O @
Short- 1

Run i
Effects ':
(SRE) h
Model i
I
)
II
II
--------------------------- g
1 |
_____________________________________________ D
|
Long- |
Run :
Effects | I
(LRE) | I
Model : :
| I
| I
Key Modeling explanation
Temperature response model: Develops household-level equations that uses average daily
‘ Regressions ’ Cooling slope temperatures to simulate daily electricity use in various years: Baseline year: 2017-2018
""""" Combines temperature response models with 10 Localized Constructed Analogs downscaled
Variable | ————— > CMIP5 projections temperatures to simulate baseline and future use (2020-2070)
Iana t 5 Output @ Develops an equation to estimate how changing AC efficiency changes the cooling slopes
nputs Uses the new cooling slopes to determine the future consumption




Only changes in

Short-run
effects 4-3

= o

Q | (]
We focus our Looks at the Focuses only on
discussion of the consumption 2,432 households

results under RCP 8.5 from May to September



Income Groups

During the 2050’'s low-income groups may experience a 33%
difference in cooling behavior compared to higher income groups,

despite consuming 20% less megawatt-hours.

1. Less than 15,000 dollars
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8. 150,000 dollars or more
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Similarly, elderly households see more than a 49% - 66% increase
during the 2040s through 2060s, equating to more than 2 MWh.
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Racial/ethnic groups percentage changes are more equal among

the other groups
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Long-run

effects
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The elderly and low-income
households benefit at a
slightly lower percentage
(60% reduction) than their
counterparts’ (80%)
reduction, which totals to a
saving of more than 26
MWh from upgrades.
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Adopting at least
the minimum
efficiency standard
can reduce the
magnitude of the
burden from severe
to high and from
high to not
burdened (energy
burden <6%), but
does not ensure all
reductions are
below concerning
thresholds.
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In the summer,
thereis only a 7%
chance that the
lowest income
households would
have an affordable
energy bill, even
after changing their
SEER efficiency, the
number of fans, and
room ACs.
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Findings
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The median household can experience a 27.7% increase in cooling
demand under RCP 8.5, whereas the elderly sees a 35.5% and low-
income sees between a 31-32% increase relative to 2017-2018

Improving AC efficiency reduces the short-run cooling consumption
by 70%

Low-income groups can see as high as a 12.2% - 14.4% in median
summertime energy burden without AC efficiency upgrades

AC efficiency can lower energy burden by 1-2 +0.2 percentage points

Vulnerable groups are disproportionately more energy burdened than

their cou nterparts Race/Ethnicity Share of households
White/Caucasian 9%
Asian 12%

Black or African American 18%

Hispanic 21%
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Recommendations

We encourage
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The continuation of regional efficiency standards
along with additional infrastructural subsidies for
low-income households to ensure they can purchase,
maintain, and replace their AC system.

Stronger local policies and ordinances with cities,
utilities, property owners and residents to share
energy data for better informed decisions.

Working alongside at-risk groups and communities
to develop resources and supports to maximize
savings and other efficiency improvementsC .

. . arnegie
(i.e., energy audits and workshops). Mellon

University
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Conclusions

« At-risk groups have the potential to see higher climate impacts relative to

their counterparts without intentional support, in addition to improving AC
efficiency

« Our findings suggest that additional infrastructural improvements and

support are needed to ensure vulnerable groups have adequate resources
to meet their cooling needs.

Carnegie
Mellon
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ARTICLE INFO ABSTRACT

Keywords: Transitioning to an equitable electricity sector requires a deep understanding of a warming climate’s impacts on
Climate change adaptation vulnerable populations. A vital climate adaptation measure is deploying air-conditioning (AC), but AC use can
Temperature response function increase household energy costs. We evaluate how a warming climate will affect regional energy equity by tying
i':‘};;j:;? temperature projections with household temperature response functions derived from smart-meter electricity
Energy bisrden data in Phoenix, Arizona. We simulate future consumption changes under two climate change scenarios from

2020 to 2070, with and without AC efficiency upgrades.

We find that the median elderly and low-income household percentage changes are nearly 5 percentage points
higher than their counterparts after controlling for decadal, housing, and cooling infrastructural differences.
Improving AC efficiency reduces cooling consumption by up to 70% for vulnerable groups. However, a
disproportionate share of racial minorities (Hispanic (21%), Black (18%), Asian (12%)) have energy burdens
above 6%, indicating affordability challenges.

The energy justice implications of this work suggest that intentional considerations of how technology
adoption will affect energy affordability and cooling needs are imperative for households to adapt to a warming
climate. Such insights are essential for mitigating risk in valnerable populations, given that policies often rely on
ACs as a primary extreme-heat adaptation strategy.

21

If you want
to learn
more about
this analysis

Carnegie
Mellon

University



Want to continue this conversation?
Let’s connect

Andrew Jones

Ph.D. Student | Civil and Environmental
Engineering

Carnegie Mellon University

Email: ajjones@andrew.cmu.edu
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Limitations

« Survey results are based on 2017 responses

e 00
'\"v}\w + Using CMIP6 can provide the most recent temperature

. scenarios and assumptions
Data availability

« Point-in-time analysis versus multiyear averages
» Analysis is limited regarding spatial implications which can

Spatial & address more of the racial differences
temporal

granularity

Cif'i- d - Humidity and other climate variables (rainfall, wind speed, or

Ly &) . . .
> solar radiation) may affect both temperature and daily
=D i :
Weather = consumption Carnegie
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Terminology

1.Temperature response function - the relationship between a household’s electricity consumption

and outdoor temperature

2.Inflection temperature - the temperature that is related to the minimum electricity consumption

3.Energy Burden - the percentage of a household’s income spent on electricity bill

4.Energy insecurity - an inability to adequately meet basic household energy needs [1]

5.Energy Justice - as a framework that evaluates (a) where injustices emerge, (b) which affected

sections of society are ignored, and (c) which processes exist for their remediation in order to (i) reveal

and (ii) reduce such injustices [2]

6.Energy vulnerable households- householder who are low-income, African American/black, of

Hispanic origin, or above the age of 65-year-old.

Carnegie

[1]D. Hernandez, “Understanding ‘energy insecurity and why it matters to health,” Soc. Sci. Med., vol. 167, pp. 1-10, Oct, 2016. Mellon

[2] K. E. H. Jenkins, J. C. Stephens, T. G. Reames, and D. Hernandez, “Towards impactful energy justice research: Transforming the power of academic engagement,” Energy
Research and Social Science, vol. 67. Elsevier Ltd, 01-Sep-2020. l niversity




Case Study Region: Phoenix, Arizona

Temperatures
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20|15 20‘16 20|17 20|18
May 01,2014-April 30,2019

Average Daily Temperature
Focus Range of study (May 2017-April 2018)

4 97.1%
3 95.5%
2 11.6%
1 §12.9%

2019 0% 20% 40%

80% 100%

Data Source: American Housing Survey
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Data ________________________________§

Description Time Frame Source
Total daily electricity consumption [kWh] May 2015 to April 2019 Salt River Project
(Arizona)

Survey results

Daily temperature average

Localized Constructed Analogs (LOCA)
downscaled CMIP5 projections

June 2017

May 2015 to April 2019

May 2020 to April 2069

Salt River Project

National Oceanic and
Atmospheric
Administration

US Geological Survey
Data Portal

Carnegie
Mellon
University
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Table A.1. Survey variables used for AC efficiency model (Numerical)

count mean std min max

Numerical Variables

Seasonal Energy Efficiency 723 14 4 1 96

Ratio (SEER)

Number of fans 5512 4.31 2.12 0 16

Housing unit age 4233 2547  16.63 0 99
Carnegie
Mellon




Table A.2: Survey variables used for AC efficiency model (Categorical)

count
Dwelling Type
No Response 747
Apartment/Condo/Townhouse 896
Mobile home 244
Single family home 3994
Dwelling Size
No Response 761
1,500 - 2,999 2703
3,000 or more 477
Less than 1,500 1940
Number of AC units
No response 401
3 or more 177
One 4203
Two 1100
Types of AC units
No response 448
Central-Gas 1096
Central-Heat pump 3334
Central-Separate AC 532
Central-Unknown 471

29
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Household temperature response function

Enty = Boy, + ﬁlh,y(T;fﬁp - Tp) + .Bzh,y( T, — Tyy" ) +VEleCep + Oney + ey (1)

E is the total electricity consumption on day ¢ for household A, in yeary

T is the average outdoor temperature in degrees Fahrenheit on day ¢

T¢BPis the temperature that household, A, during year, y, begins to cool their homes
THBPis the temperature that household, A, during year, y; begins to heat their homes
EleC is the average electricity price on day, ¢, for household, A

0 are the fixed effects for the month, day of the week, and holidays

e is the random error term for household #on day ¢ Carnegie
Mellon

University




31

AC efficiency and cooling slopes

f, = o+ B3SEER + ¢Share + kCol + XHH + ¢, (2)

B, is the slope of the household’s cooling demand

SEER is the Seasonal Energy Efficiency Ratio rating

Share is the percentage of the number of days the temperature is above the
household'’s cooling balance point, ranging from 0 to 1.

Col is cooling infrastructure variables such as, (i) number of fans, (ii) type of AC unit,
and (iii) Number of AC units

XHH is housing infrastructure variables including (i) dwelling type, Carnegie
Mellon

(ii) age of the unit, and (iii) size of the residence. University
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Simulated daily electricity

Enty = Bony *+ Buny(Tay” —[T) + Boy (T = Ti3") +vEleCon + 6nry  (3)

E* is the total electricity consumption on day ¢ for household 4, in yeary

T, is the average outdoor temperature in degrees Fahrenheit on day ¢ (from GCMs)

All coefficients are unique to each household and derived from
Equation (1)
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Monte Carlo Assumption

Sensitivity analysis inputs table. Uniform distributions were selected to model
scenarios that are all equally likely to occur, and to capture household behavior and
infrastructural changes along with future warming scenarios impact on our

estimates.

Parameters Ranges Units Distribution

Heating balance points 30 - 60 °F Uniform

Cooling balance points 60 - 105 °F Uniform

AC efficiency (SEER) 3-35 SEER Uniform

Fans 0-10 Count of fans Uniform

Room AC units 0-15 Count of room ACs Uniform

Income 833 -1,250 $ per month Uniform
Carnegie
Mellon

University



Baseline Analysis
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Table 1: Household-level model evaluation for daily consumption

35

Household In-sample RMSE Adjusted R?
(N) (+kWh) (%)
Count Mean Minimum Maximum | Mean Minimum Maximum
2015-2016 3484 2 96 0.79 33.08 77.51 8.72 97.87
2016-2017 3593 780 0.52 41.79 78.16 13.57 97.44
2017-2018* 3048 776 0.67 43.39 79.58 12.04 98.17
2018-2019 2244 770 0.44 53 54 80.54 16.10 97.53

*Our baseline model estimate only considers the 2017-2018 household models

Carnegie
Mellon
University
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Table D.2: Median and 95% confidence interval for three of the five parameters within the 2017-
2018 baseline 5-parameter regression

Count Bo: Baseload T°BP: Cooling Balance B>: Cooling Slopes
(N) (kWh) Points (kWh per 1VCDD)
°F
Median 95% ClI Median ( )95% Cl Median 95% ClI
Lower Upper Lower Upper Lower Upper
[overall \
| All households [4377 | 2162 2095 2224 | 81.0 800 810 [ 139 137 142 ‘
Age
18-24 years old 122 | 20.2 17.4 24.7 79.0 77.0 83.0 1.18 1.07 1.32
25-34 years old 405 | 22.0 21.0 24.5 79.0 78.0 80.0 1.30 1.25 1.39
35-44 years old 936 | 23.8 22.3 25.2 79.0 78.0 80.0 1.42 1.34 1.46
45-54 years old 718 | 24.7 23.5 27.0 80.0 78.0 81.0 1.44 1.36 1.50
55-84 years old 821 23.0 21.2 24.6 82.0 82.0 82.0 1.44 1.37 1.51
*65 years or older 1249 | 18.9 18.0 19.9 83.0 82.0 83.0 1.41 1.36 1.46
[ Income |
*Less than $15,000 227 14.6 12.5 17.1 82.0 81.0 82.5 1.05 093 1.18
*$15,000 to $24,999 330 16.1 14.8 17.1 82.0 81.0 83.0 1.21 112 1.28
$25,000 to $34,999 341 20.3 19.1 221 82.0 81.0 83.0 1.29 1.22 1.37
$35,000 to $49,999 534 19.3 17.8 20.5 81.0 80.0 81.0 1.34 1.27 1.40
$50,000 to $74,999 758 | 21.7 20.4 23.3 82.0 82.0 83.0 1.32 1.27 1.41
$75,000 to $99,999 515 | 23.7 21.7 25.2 82.0 81.5 83.0 1.56 149 1.64
$100,000 to $149,999 467 | 28.8 27.2 30.7 81.0 80.0 82.0 1.57 146 1.64
$150,000 or more 284 | 321 27.7 35.2 79.0 77.0 81.0 1.87 1.74 2.03
| Race/Ethnicity |
*American Indian/ Alaska Native | 54 256 229 28.1 81.0 80.0 87.0 1.48 1.17 1.87
Asian 112 18.7 16.0 20.6 80.0 77.0 83.0 1.43 1.35 1.52
*Black or African American 114 | 20.6 17.2 24.3 80.5 79.0 82.5 1.30 1.12  1.52
*Hispanic 581 24.4 23.3 26.7 80.0 79.0 81.0 1.47 141 1.55
Native Hawaiian or Other 6 26.7 25.0 28.3 68.0 65.0 71.0 1.40 096 1.84
Other 102 | 22.4 18.4 27.9 81.0 80.0 84.0 1.35 1.16 1.48
Pacific Islander 7 40.1 -12.4 70.0 75.5 66.5 85.5 214 1.52 3.18
White/Caucasian 2695 | 20.9 20.0 21.7 82.0 82.0 82.0 1.37 1.34 1.40

*Denotes the demographic groups that are at-risk of energy-insecurity. The bolded values represent groups that

are above sample medians.
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Table D.3: Cooling slopes regression summary table

AC Efficiency AC Efficiency AC Efficiency, AC Efficiency, AC Efficiency
only and share of share of days, share of days, ,Share of days,
. . days and cooling and cooling & cooling &
Dep?ndent variable: infrastructure housing housing
Cooling slopes infrastructure infrastructure,
and income
Model (1) Model (2) Model (3) Model (4) Model (5)
SEER Rating -0.026* -0.026* -0.033** -0.021** -0.025*
(0.015) (0.014) (0.016) (0.009) (0.014)
Proportion of days AC was -1.741%** -1.945%** -1.655*** -1.667***
used (0.597) (0.615) (0.259) (0.264)
1
Intercept 2.002%%* 2976w 2817w 2.185% 2. 271w
(0.236) (0.509) (0.568) (0.246) (0.411)
Cooling Infrastructure? NO NO YES YES YES
Housing Infrastructure® NO NO NO YES YES
Income NO NO NO NO YES
Observations 284 284 278 235 212
Adjusted R? 0.006 0.114 0.268 0.450 0.399
Notes. The robust standard errors are shown in parentheses. * p<0.1, ** p<0.05, **p<0.01
1. Coefficients are relative to single-family homes that is less than 1,500 square feet, and has one central AC.
2. Cooling Infrastructure includes the number of fans, AC units in the household, and the type of central AC
unit they are using to cool C arnegie

3. Housing infrastructure includes the dwelling type (i.e., apartment/condo/townhome, or a mobile), the age of

the housing unit, and square feet of the residence.

Mellon
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A . Count Mean RMSE  CV(RMSE)
Training Set 218 1.60 0.27 16.70
Testing Set 61 1.62 031 19.29

Figure E.1: SEER efficiency coefficient derived from the
testing set (n=61).

(A) describes the training and testing set which shows
that the coefficient of variation of the root mean square
error is less than 20% for both the in-sample and out of
sample estimates.

The predictive ability of the actual versus estimated
cooling slopes are shown for (B) income groups, (C)
racial/ethnic groups, and (D) age groups.

The y-axis represents the actual slopes of the households
that reported their SEER, while the x-axis shows the
predicted slopes using Equation 4. The diagonal line
shows how close these values are to each other.

Actual CDD Slopes

kWh/1"F

kWh/1°F

Income Groups

+ Less than 15,000 dollars
15,000 to 24,999 dollars
25,000 to 34,999 dollars

® 35,000 to 49,999 dollars

® 50,000 to 74,999 dollars

e 75,000 to 99,999 dollars

e 100,000 to 149,999 dollars

= 150,000 or more dollars

Race/Ethnicity
® Hispanic
White/Caucasian
= Asian
+ Other

Age
e 35-44 yrs old
55-64 yrs old
= 65 yrs or older
+ 45-54 yrs old
+ 25-34yrsold

3
kWh/1*F
Predictions CDD Slopes
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SEER calibration process
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Short-run and long-run
Analysis
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Table E.2: Summertime median decadal household-level cooling percentage change (%) across 10 GCMs and groups
under RCP 4.5 and 8.5 (May to September).

RCP 4.5 RCP 8.5
Count
N 2022 2030s 2040s 2050s 2060s | 2020s 2030s 2040s 2050s 2060s
| All households
\_g 2432 34% 100% 156% 20.3% 26.9% | 6.5% 157% 268% 39.6% 52.3%
Age
18-24 years old 56 3.2% 95% 148% 191% 254% 6.1% 149% 253% 36.8% 48.4%
25-34 years old 169 2.8% 8.9% 14% 176% 23.7% 55% 13.7% 23.5% 342% 43.9%
35-44 years old 536 2.6% 87% 13.7% 171% 228% 55% 133% 227% 33% 42%
45-54 years old 451 2.9% 94% 147% 187% 249% 6.1% 146% 24.8% 36% 46.2%
55-64 years old 506 36% 106% 164% 21.4% 283% 68% 16.7% 282% 418% 56.7%
*B65 years or older 705
| Income
*Less than 15,000 dollars 105
*15,000 to 24,999 dollars 185 3.8% 1% 16.7% 22% 29.2% 7% 17.3% 29.2% 443% 58.9%
*25,000 to 34,999 dollars 176 42% 113% 172% 228% 302% 72% 18.1% 305% 454% 61.3%
35,000 to 49,000 dollars 280 37% 106% 165% 21.4% 28.4% 6.8% 16.7% 28.3% 41.9% 56.6%
50,000 to 74,999 dollars 408 3.3% 99% 155% 19.9% 26.4% 6.4% 154% 26.3% 38.8% 51.3%
75,000 to 99,999 dollars 298 35% 101% 157% 201% 26.9% 6.5% 156% 26.8% 39.7% 52.3%
100,000 to 149,999 dollars 296 2.7% 9% 142% 178% 23.8% 59% 139% 23.7% 34.4% 43.5%
150,000 dollars or more 193 2.6% 8.8% 14% 17% 23.2% 57% 135% 23.1% 33% 41.4%
| Race/Ethnicity
*American Indian/Alaska Native 24 3% 94% 148% 188% 251% | 58% 144% 24.8% 36.5% 47.5%
Asian 75 2.7% 9% 142% 175% 23.7% 58% 13.8% 236% 33.7% 424%
*Black or African American 58 32%  9.7% 15%  19.4% 26% | 6.2% 151% 259% 37.8% 49.7%
*Hispanic 370 | 32% 98% 153% 194% 259% | 6.3% 151%  26%  38% 50.1%
Native Hawaiian or Other 3 1.2% 4.8% 8.1% 9.9% 14% 2.3% 8% 13.7% 19.3% 24.5%
Other 56 35% 101% 155% 204% 27.1% 6.6% 159% 27.4% 41% 54.4%
Pacific Islander 3 3.5% 10% 1567% 225% 28.2% 6.6% 164% 282% 486% 66.2%
White/Caucasian 1462

percentage changes per decade
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Table E.3: Summertime median decadal household-level cooling consumption {(megawatt-hours) across 10 GCMs and
_groups under RCP 4.5 and 8.5 (May to September).

RCP 4.5 RCP 8.5
Count

N 20205 2030s 2040s 20505 2060s | 2020s 2030s  2040s 20505  2060s

| All households |
2432 | 20 21 23 24 25] 21 22 25 27 30

| Age |
18-24 years old | 56 17 18 19 2 21] 18 18 21 23 25
2534 yearsold | 169 | 2.1 2.3 2.3 2.4 26| 22 23 28 28 3

35-44 yearsoid | 536 [INZBIIIN28 28 S SA 2e 2 s s ane el

45-54 years old | 451 23 25 26 2.7 29 2.4 26 29 3.1 3.4
55-64 years old | 506 19 21 22 23 25 2 22 25 27 3
*65 years or older | 705 15 17 18 19 2| 18 1.8 2 2.3 25
| Income |

*Less than 15,000 dollars | 105 13 1.4 15 16 18 1.4 15 1.8 1.9 21
*15,000 to 24,999 dollars | 185 1.4 1.6 1.7 1.8 1.9 1.5 1.7 1.9 2.1 2.3
*35 000 to 34,999 dollars | 176 1.7 1.8 1.9 2 21 1.7 19 21 23 25
35,000 to 49,000 dollars | 280 18 1.9 2 21 23 1.8 2 23 25 27
50,000 to 74,999 dollars | 408 2 2.1 23 2.3 2.9 2 2.2 2.5 2.7 3
75,000 to 99,999 dollars | 293 21 2.3 2.4 25 26 2.2 2.4 26 29 3.1
100,000 to 149,999 dollars | 296 26 28 29 3 3.2 26 29 3.2 3.4 37

150,000 dollars or more 193

| Race/Ethnicity
* American Indian/Alaska Native 24 1.5 1.7 1.8 1.8 2 1.6 1.7 19 2.2 2.4
Asian 75 22 24 25 25 2.7 2.3 25 2.7 29 31
*B|ack or African American 58 21 22 2.3 2.4 25 2.1 2.3 2.5 2.7 3
*Hispanic | 370 |INZ2TT2ATTIN26 2628 s as T as s e

Native Hawaiian or Other 3 6.5 6.7 6.8 7 72 65 6.9 72 7.5 78
Other 56 21 23 2.4 25 26 22 2.4 26 28 31
Pacific Islander 3 23 26 28 3 3.1 2.4 2.8 3.1 3.5 4
White/Caucasian | 1462 1.9 2 2.2 2.2 2.4 2 2.2 2.4 26 2.9

Notes: *Denotes the demographic groups that are at-risk of energy-insecurity. Shading cisplays each sub-group with the highest
ranenmatinn rhannes ner derade
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Table E.4: Quantile regression of summertime cooling consumption percentage changes
relative to households that make more than $150,000.

Percentiles
10[h Solh 90[h
Less than $15,000 0.91 4.14 0.94
(0.13) (0.18) (0.47)
$15,000 to $24,999 0.60 3.67 0.84
(0.11) (0.15) (0.39)
$25,000 to $34,999 0.95 5.14 4.89
(0.11) (0.15) (0.39)
$35,000 to $49,999 0.47 1.66 -2.90
(0.10) (0.13) (0.35)
$50,000 to $74,999 0.16 1.24 -2.63
(0.09) (0.13) (0.32)
$75,000 to $99,999 0.25 2.08 -0.39
(0.09) (0.13) (0.33)
$100,000 to $149,999 -0.00 0.72 -0.24
(0.09) (0.13) (0.32)
1,000 - 1,499 sq. ft. -0.11 -0.63 7.37
(0.16) (0.23) (0.62)
1,500 - 1,999 sq. ft. -0.10 -0.98 4.57
(0.16) (0.23) (0.61)
2,000 - 2,999 sq. ft. -0.16 -0.56 7.81
(0.15) (0.21) (0.57)
3,000 - 3,999 sq. ft. -0.12 -0.99 9.46
(0.16) (0.22) (0.59)
Under 1,000 sq. ft. -0.63 -1.86 10.39
(0.18) (0.25) (0.68)
2030 7.93 9.71 13.01
(0.07) (0.09) (0.24)
2040 17.74 20.25 35.76
(0.07) (0.09) (0.24)
2050 25.32 31.78 55.32
(0.07) (0.09) (0.24)
2060 30.67 43.67 81.24
(0.07) (0.09) (0.24)
One AC unit -0.20 -1.01 -7.47
(0.15) 0.21) (0.56)
Two AC units -0.27 -1.16 -7.79
(0.14) (0.20) (0.53)
AC unit packaged with gas heating -2.11 -12.98 -23.04
(sometimes called a gas packed) (0.06) (0.08) (0.20)
Don't know AC type -1.39 -7.75 -9.41
(0.09) (0.13) (0.32)
Separate AC system that only cools -2.16 -12.91 -22.35
(0.08) 0.12) (0.29)
Occupancy -0.14 -1.53 -4.19
(0.02) (0.02) (0.06)
Intercept -9.91 15.80 56.78
(0.16) (0.22) (0.56)
Observations 876100 876100 8761(
Pseudo R-squared 0.133 0.114 0.09

Standard errors are clustered on accounts
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Table E.5: Age quantile regression of summertime cooling consumption percentage

changes relative to households that are middle aged

Percentiles
lolh Solh golh
65 years old or older 0.61 4.62 11.29
(0.07) (0.09) (0.24)
55-64 years old 0.42 2.05 4.87
(0.07) (0.10) (0.25)
35-44 years old -0.27 -0.90 -4.50
(0.07) (0.09) 0.23)
25-34 years old -0.35 -1.62 -5.50
(0.10) (0.14) (0.34)
18-24 years old -0.20 -1.30 -0.63
(0.16) (0.21) (0.54)
1,000 - 1,499 sq. ft. 0.21 0.34 5.40
(0.16) (0.23) (0.60)
1,500 - 1,999 sq. ft. 0.02 -0.61 3.68
(0.16) (0.23) (0.60)
2,000 - 2,999 sq. ft. -0.03 -0.23 7.03
(0.15) (0.22) (0.56)
3,000 - 3,999 sq. ft. -0.11 -1.02 8.91
(0.16) (0.23) (0.58)
Under 1,000 sq. ft. -0.16 -0.92 9.58
(0.18) (0.25) (0.65)
2030 7.92 9.69 12.40
(0.07) (0.10) (0.24)
2040 17.71 20.27 35.02
(0.07) (0.10) (0.24)
2050 25.31 31.84 54.22
(0.07) (0.10) (0.24)
2060 30.68 43.63 79.94
(0.07) (0.10) (0.24)
One AC unit -0.13 -0.50 -6.01
(0.15) (0.21) (0.56)
Two AC units -0.30 -1.31 -7.17
(0.14) (0.20) (0.53)
AC unit packaged with gas heating -2.13 -12.94 -22.38
(sometimes called a gas packed) (0.06) (0.08) (0.20)
Don't know AC type -1.25 -6.54 -6.98
(0.09) (0.13) (0.32)
Separate AC system that only cools -2.19 -12.84 -21.31
(0.08) (0.11) (0.29)
Occupancy -0.06 -1.05 -2.86
(0.02) (0.02) (0.06)
Intercept -10.20 14.30 50.87
(0.17) (0.23) (0.57)
N 876100 876100 876100
Pseudo R-squared 0.133 0.115 0.093

Standard errors are clustered on accounts
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Table E.6: Race/Ethnicity quantile regression of summertime cooling consumption percen
changes relative to households that are White/Caucasian

Percentiles
lolh 50Ih golh
American Indian/Alaska Native -1.23 -4.91 0.05
(0.21) (0.28) (0.73)
Asian -0.20 -1.23 1.23
(0.12) (0.16) (0.40)
Black or African American 0.35 -0.31 -5.03
(0.13) (0.18) (0.46)
Hispanic 0.15 0.24 -3.84
(0.06) (0.08) (0.21)
Native Hawaiian or Other -4.27 -18.38 -32.59
(0.92) (1.26) (3.24)
Other 0.53 2.18 -0.10
(0.14) (0.19) (0.48)
Pacific Islander 0.12 6.08 9.46
(0.53) (0.72) (1.86)
1,000 - 1,499 sq. ft. 0.01 -0.06 7.80
(0.16) (0.23) (0.60)
1,500 - 1,999 sq. ft. -0.11 -0.71 5.07
(0.16) (0.22) (0.59)
2,000 - 2,999 sq. ft. -0.19 -0.55 8.93
(0.15) (0.21) (0.56)
3,000 - 3,999 sq. ft. -0.24 -1.25 10.62
(0.16) (0.22) (0.58)
Under 1,000 sq. ft. -0.48 -1.14 11.60
(0.18) (0.24) (0.65)
2030 7.93 9.74 13.03
(0.07) (0.09) (0.24)
2040 17.74 20.29 35.89
(0.07) (0.09) (0.24)
2050 25.32 31.84 55.38
(0.07) (0.09) (0.24)
2060 30.65 43.77 81.41
(0.07) (0.09) (0.24)
One AC unit -0.26 -0.80 -8.17
(0.15) (0.21) (0.56)
Two AC units -0.35 -1.16 -8.47
(0.14) (0.20) (0.53)
AC unit packaged with gas heating -2.17 -13.22 -22.84
(sometimes called a gas packed)
(0.06) (0.08) (0.20)
Don't know AC type -1.29 -7.14 -8.91
(0.09) (0.13) (0.32)
Separate AC system that only cools -2.21 -13.11 -21.88
(0.08) (0.11) (0.29)
Occupancy -0.15 -1.55 -4.08
(0.02) (0.02) (0.06)
Intercept -9.55 17.36 57.22
(0.16) (0.22) (0.55)
Observations 876100 876100 87610
Pseudo R-squared 0.133 0.114 0.09C

Standard errors are clustered on account.
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The multi-year baseline
model’s cooling demand
shows that the 2017-2018
baseline model is higher
by 18 percentage points,
while lower for
consumption by 502 kWh.

This implies that our
baseline estimates serve
as an upper bound.
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Table E.7: Summertime median decadal household-level cooling consumption percentage change (%) relative to summer 2017-2018 across 10 GCMs and groups under RCP

4.5 and 8.5 (May to September] for the short- and long-run

Count RCP 4.5 RCP 8.5
N 2020's 2030's 2040's 2050's 2060's 2020's 2030's 2040's 2050's 2060's
SR LR |[SR LR |SR LR |SR LR |[SR LR [SR LR |SR LR |[SR LR |SR LR |SR LR
[ ANl households
333 [ 43 1186 119 55 182 09 236 21 318 75| 80 80 194 00 328 92 433 184 644 0287
L Age
18-24 years old 4 |23 184 86 -135 131 96 166 -66 222 -38| 55 136 131 74 217 07 310 42 387 &7
25-34 years old 22 |38 9% 107 -41 166 01 211 20 281 75| 74 60 176 10 296 98 441 173 586 261
35-44 years old 90 |35 -120 102 67 155 -30 203 -08 270 39| 65 -94 159 27 270 48 405 122 541 197
45-54 years old 57 |41 97 113 37 171 05 225 33 300 86| 73 67 182 09 308 96 452 1838 613 288
55-64 years old 77 |48 121 125 49 194 04 249 42 338 95| 86 -79 211 13 353 115 505 216 673 335
*55 years or older 92 |52 126 137 59 215 03 271 32 374 97|100 76 237 16 404 124 564 230 753 348
[ Income
“Less than 15,000 dollars 7 |42 72 121 40 171 37 222 69 308 126 73 46 188 43 320 135 447 225 586 312
*15,000 to 24,999 dollars 17 |49 119 133 51 207 00 264 38 368 97100 64 236 28 412 116 566 225 767 333
*25 000 to 34,999 dollars 27 |47 129 122 68 191 17 243 10 324 65| 82 90 203 -12 340 85 497 193 675 296
35.000 to 49,000 dollars 56 |44 107 122 42 188 08 243 38 327 96| 86 66 208 21 343 119 496 212 663 317
50,000 to 74,999 dollars 586 |43 121 118 64 179 21 235 09 2315 60| 80 -83 195 02 330 88 483 174 647 276
75,000 to 99,999 dollars 57 |49 97 127 21 200 32 257 68 2342 124| 91 56 216 39 366 142 524 254 701 377
100,000 to 149,999 dollars 54 |38 127 110 70 165 -32 215 06 291 45| 68 -99 171 -28 289 54 436 130 582 215
150,000 dollars or more 41 |37 138 106 -84 161 42 211 18 285 32| 68 -104 168 -35 283 45 419 125 560 212
Race/Ethnicity
“American Indian/Alaska Native | 4 | 49 219 121 -164 186 124 238 102 214 44| 79 194 190 127 322 46 481 43 682 83
Asian 8 |27 118 90 74 140 40 169 23 229 17| 57 100 138 35 234 20 330 70 416 119
“Black or African American 12 |37 -145 106 -88 157 -40 213 -12 289 43| 68 -120 167 -41 285 47 418 137 574 239
*Hispanic 57 |40 -107 110 -45 168 -04 216 25 292 72| 69 -80 173 -04 293 82 431 164 580 248
Other 11 |25 156 87 -113 131 -89 171 -88 228 50| 63 117 147 68 249 17 357 14 476 57
Pacific Islander 2 |21 35 85 26 135 50 163 44 221 103| 51 15 121 38 203 85 304 181 342 191
White/Caucasian 236 |46 115 124 52 191 03 246 28 335 85| 86 75 210 09 352 106 510 203 685 313

Notes: *Denotes the demographic groups that are at-risk of energy-insecurity.

SR- short-run effects (only temperature changes)
LR: long run effects (temperature changes and AC efficiency improvements)
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The intersection of demographic data and energy burden

Less than 15,000 dollars -
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