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Grand Challenge: developing a decarbonized energy system
that is resilient and equitable

Mitigating climate change will
require massive shifts in energy
production, storage, and use

Energy systems are vulnerable Climate change and energy
to both extreme events and

long-term changes

transitions have a disproportionate
Impact on disadvantaged groups




How will people experience this change?

Average Residential Electricity Cost Burden
Jan 2016
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How will different people experience this change?

Average Residential Electricity Cost Burden

Jan 2016

Black-majority census tracts installed 69% less
p rooftop PV than no-majority tracts of the same
. household income.
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How will different people experience this change?

Average Residential Electricity Cost Burden

Jan 2016

= Since 2006, 90% of electric vehicle income
% credits were received by the top income quintile.
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How will different people experience this change?

Average Residential Electricity Cost Burden
Jan 2016
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M ~10% of people with multiple disabilities have no
- gccess to paratransit because they live in
h paratransit deserts.
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i Energy equity recognizes that disadvantaged

B communities have been historically marginalized

B and overburdened by pollution, underinvestment
i N clean energy infrastructure, and lack of access

== (0 energy-efficient housing and transportation.

https://www.pnnl.gov/projects/energy-
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@ designing systems, technology, procedures, and
B policies that lead to the fair and just distribution of
ges Denefits in the energy system.

https://www.pnnl.gov/projects/energy-
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DECARBONIZE END-USES
Decarbonize energy end-uses
in our transportation, buildings,
and industry, primarily through
electrification and efficiency

ENHANCE ECOSYSTEMS

Enhance the carbon storage
potential of our forests,
farms, and coastal wetlands
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Propane
5%

Natural gas
DECARBONIZE END-USES 33%

Decarbonize energy end-uses
in our transportation, buildings,
and industry, primarily through

electrification and efficiency

oa
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Fuel oil or kerosene

Electricity
55%

https://www.eia.gov/consumption
/

https://www.eia.gov/environment/
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DECARBONIZE END-USES
Decarbonize energy end-uses
in our transportation, buildings,
and industry, primarily through

electrification and efficiency

90%

Airborne
particles
from diesel
exhaust, dust,
smoke and
other sources

) 2

Indoor
Air Quality

of our lives More pollution
spent indoors = indoors than

outdoors
5) 4

S~

from activities
such as painting,
cooking, and
smoking




Asthma mortality by ethnicity
in the United States, 1990-1995®

DECARBONIZE END-USES

Decarbonize energy end-uses
in our transportation, buildings,
and industry, primarily through

30
electrification and efficiency

10 |-

Average Annual Death Rate per Million

White® Black® Total Cuban- Mexican- Puerto Other
Hispanic American American  Rican  Hispanic-
American

“Mortality rates are age-adjusted rates standardized to the 1970 U.S. population.
*Non-Hispanic.




It cools.
It heats.

What is it?

It's Heat Pump! =

Heat Pump visits the White House.
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Residential heat pumps
deployed in the US
reduce 20-year global
warming potential by
53-67% compared to
gas furnaces.



Today air-source
heat pumps can
supply more than
90% of global
space and water
heating with lower
CO, emissions
than gas boilers.




Can flexible, residential heat pumps
decarbonize home heating AND provide :a Sam Rosenberg
a grid resource in Alaska?

- DRt
o COL 4 .
N SR .
(W

2

- A ERERTRE
o




e ﬁ‘ Increase
i M Affordability and
P\ Enhance Equity

Future

Buildings and .
Communities of the /-

Resilience

Enhance Grid
Reliability and

AT

W
!

B

i u.‘hha

N

R

L

ERT L RIS R
T e )

-] ' L ARUEN 1 ]

B o
. S‘D-Qih-_‘

=l

gk 1ol S BT TE LR U
T NS A L e g e e
S e N ) g e ) e e
CENERSSSNN S e s
NEnNEE N ANE

© 6 S o 0 A N ) N ey e

CENNMML S s
) S S
VESNE SRS S

&

IESVINNSSESaSE )

T rENMNMEN LN
0 W S S
=_xd S S

F T 1.1 7 T e



' Bethel
Tarekegne

Alok Bharati

RELIABILITY

(SAIDI, SAFI,
CAIDI)

Rohit Jinsiwale

DECARBONIZATIO

Equity
N 10
(GHG
Decarb
RESILIENCE
(to utility

disruptions)

- Reliability Resilience

(distribution of benefits)

A.K. Bharati, A. Singhal, R. Jinsiwale, K. Kazimierczuk, J. Yoshimura, and B.W. Tarekegne. 2022. "Advancing Energy Equity Considerations in Distribution Systems Planning" Accepted in IEEE ISGT North America
2023, Washington DC, January, 2023




In 2022, electric vehicle adoption in the US is 25% in
non-disadvantaged communities and 5% in
disadvantaged communities.

6

5

EV Load multiplier
w

2022 2024 2026 2028 2030

Source: Historical sales data, Evadoption.com



Disadvantaged communities have lower electricity
base loads and growth rates.

1.06
1.05 ~-Non-DAC ~-DAC
1.04
1.03

1.02

Load multiplier

1.01

2022 2024 2026 2028 2030

Source: https://www.eia.gov/outlooks/aeo/electricity/sub-topic-01.php
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How would distribution planning change with equitable
load growth and electric vehicle adoption?

Layout of Feeder Power Components for R1-12.47-4
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* Note that the results are only for a specific feeder with assumed definitions of DAC




How would distribution planning change with equitable
load growth and electric vehicle adoption?

Layout of Feeder Power Components for R1-12.47-4
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* Note that the results are only for a specific feeder with assumed definitions of DAC




How would distribution planning change with equitable
load growth and electric vehicle adoption?

Layout of Feeder Power Components for R1-12.47-4
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* Note that the results are only for a specific feeder with assumed definitions of DAC




How would distribution planning change with equitable
load growth and electric vehicle adoption?

Layout of Feeder Power Components for R1-12.47-4
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* Note that the results are only for a specific feeder with assumed definitions of DAC




RELIABILITY

(SAIDI, SAFI,

DECARBONIZATIO CAIDI)

N
(GHG)
COST
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(to utility

disruptions)

(distribution of
benefits)



igR¥ Building electrification provides an opportunity

% to mitigate climate change while improving

D, & energy access and health outcomes for many
W different communities.




w4 Positive impacts from electrification will only reach
4%4 underserved communities if we work in partnership
28 with them and perform equity-aware analyses in

"% grid planning and operations.




M Engineers must develop and deploy technologies and
/@ policies that address the unique community goals
» across the energy system.
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