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* How will consumers’ energy security be impacted by a transition to a net-zero
emissions economy??

« What types of jobs will be created or lost? Where will those jobs be located?
« \What are the implications for consumers’ incomes?

* How will disadvantaged communities be affected?

This research was supported by the Grid Operations, Decarbonization, Environmental and Energy Equity Platform (GODEEEP)
Investment, under the Laboratory Directed Research and Development (LDRD) Program at Pacific Northwest National Laboratory (PNNL).
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GCAM-USA

IMPLAN

Processes:
Direct and
Indirect

| Employment and income changes in
Washington State: 2035

m Employment and income are impacted by both
direct and indirect effects of decarbonization
* Employment

No Impact
0-0.1
0.1-0.25
0.25-0.75
0.75-1
1-10

> 10

Satiation gap* in heating service: 2045, Decile 1
Under the Net Zero scenario, increases in electricity prices
decrease heating consumption for the lowest income group

L
Reference Net Zero w/o CCS - Reference
* Difference between heating consumption and
the “ideal” heating or "satiation" level.

Energy Justice-Visualization and Multiscale Multi-metric

Impact Analysis (EJ-VIA) tool * Region » Power plant emissions (CO,, SOy, NOy, and PM2.5)
» State » Power plant capacity and locations (new, operational, and
+ DAC census retired)

tracts * Unserved energy
» Census block * Wholesale electricity costs
| At this time, is ]

Choose a Scenario Comparison @
‘ e T
Choose Aggregaton Scaie for Map

County

Choose USS. Stateds) - -\ g e |

Tribs Lands |

[
" || DAC Consus Tract

CEREF sited new (R0 A Comy o Colntls IRy, -
generators Az L A% oae- et
4 © Cranar g
Choose a Definiton of Vulnerable Populations @ o * Sclar
Justiced0 Communities (CEJST) "";.-I(W)
oo0r-05
New climate-sensitive time series Chaose Ecuty Metics © Too0-1s
o 15930
GridView results Now Genoration Capacty by Generator Type - fo=i 10 Comebwesang, cowntin 6 OO

Choose Unk of Equity Metric
© Absoluta Change O Relative Change

Got & Downioad Output Data (CSV) Roset

‘Show 2020 Existing Power Plants 1)

[OUNRP———

‘Show 2020 Transmission Lines Gl

STATE
Asizona 151 2
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Socioeconomic projections — Brian O’Neill

Residential energy security — Ying Zhang

Jobs, income, and DAC status — Sumitrra Ganguli

EJ-VIA demonstration — Stefan Rose
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Urban/rural
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Our focus
Education
Health status
Etc.
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Objectives and challenges

Objective: Define three 21st century socioeconomic scenarios that go beyond the current
state-of-the-art in global change modeling to include projections for multiple income groups at

the state scale in the United States.

U.S. national income distribution, 2050
0.3 | Middle of the road scenario
Assumes lognormal distribution

Income share
o
NJ

Population decile

Challenges:

 Projections of income
distribution do not exist at the
scale of U.S. states

* Currently available
projections are primarily at
the national scale

 New models and data
development are needed



Population by state Overall approaCh

Jiang et al., 2020 Deciles of income by state
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Projection model

Non-parametric approach, fit to national
data 1965-2015

Component weights projected by:
a -> Gini coefficient
b -> Labor share of income, lagged inequality

Base year data

American Community Survey (gross
income by quintile)

Congressional Budget Office (federal tax
adjustment)

Brookings Institution (state tax
adjustment)

Validation

Income share

Approach

Two principal components
represent the data

Income distribution (country, year) =
a*PC1+b*PC2

0.61
0.4
0.21
0.0
-0.21

Historical = = .. eeesr ol

2 3 4 5 6 7 8 9 10
Population decile




Number of States

‘?f/ Results — 2050: variations across
states and scenarios
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Absolute income levels by state SSP2
1st Decile 10t Decile
54 101
5.
0_ | 0 =
_.: 20 -
0 SSP3 2l B SSP3 — SSP5
51 S 10-
5.
0_ B 0 L 1
10- SSP5 | 20
N 151
) mﬂ s
st |
0_ Tliw HT B 0 ] —H_'_\
5 10 15 20 25 250 500

Palma Ratio

GDP per Capita (in thousand USD)
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Projected income distribution,
Washington — 2050
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Washington
SSP5
SSP2
SSP3
d1 d2 d3 d4 d5 d6 d7 d8 d9 d10

Population decile
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State decile
distribution
(per capita GDP)

State reconciled
distribution

(Households by
income)

State 16-bin
distribution
(Households by
income)

I Projection

Downscaling Washington income
distribution

State population

Block-level 3-bin
distribution
(Households by
income)
Block-level 3-bin
distribution
(Households by
income)

B Base year data
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2015

Percent of
households in

lowest income
bin (<~$18k/yr)

- < 5%
| 5%~ 10%

10% ~ 20%

Percent of household in income bin 1
B <5%
[ 5% ~ 10%
[ ]10% ~ 20%

=§°;;;;3°°/° Census block groups o R o Kemeters
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Downscaling Washington income
distribution
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Energy Equity Platform

Percent of household in income bin 1

[ 5% ~ 10%
[ ]10% ~ 20%
[ 20% ~ 30%

Census block groups
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Income
Distribution:
Income Deciles

Model Scenarios

BAU
“Business-as-usual”

Decarbonization
Policies

NZ

“Net-Zero Policy”
Residential

Energy Security:
Income Deciles

Pipeline for tools and data availability
>

Models of
Processes

and
Systems

Residential energy security

Decarbonization Policies

Existing state-level energy and emission
policies

Two national targets:

* 50% net-GHG emission reduction
relative to 2005 level and net-zero GHG
emissions by 2050

» U.S. power grid achieves clean-grid by
2035
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« Energy Service Consumption

= Energy service received by consumers to meet
their specific energy needs.

« Satiation Gap (a measure of comfort level)

= Gap to which consumers feel that their energy

needs are fully satisfied, and thus, they are no ~— Residential Energy Security —
longer seeking additional energy services or A bt A bili
improvements. cceptabnliity CCEeSSIDIIIY
Avalilability Affordability
* Energy Burden \_ Y,
= Percentage of household income that is spent “In 2020, 34 million U.S. households (27% of all U.S.
on residential energy services. households) reported difficulty paying energy bills or

reported that they had kept their home at an unsafe
temperature because of energy cost concerns.”
—U.S. EIA
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ENERGY SYSTEM CLIMATE SYSTEM
V Energy Supply ‘

Resource Bases

Energy Conversion
Technologies

Labor Force

Labor Productivity

Agricultural
Technologies

Land
Characteristics

» Coal, Gas, Oil
» Renewables
» Electricity

» Hydrogen

Energy Demand

» Transportation
» Buildings
» Industry

Energy Markets

» Fossil fuel prices
» Electricity prices
» Hydrogen prices
» Bioenergy prices

Fossil and
Industrial
Emissions

Regional
GDP

Agricultural Demand

» Crops
» Livestock
» Forest Products

Agricultural Supply

» Crops
» Livestock
» Forest Products

Other Markets

» Emissions Permits
» Portfolio Standards

i,

Agricultural Markets
» Crops prices

» Livestock prices

» Forest Product prices
» Bioenergy prices

4

Land Use Change

d Concentration,
forcing
calculations

Land Use and

Emissions

1[

» Bioenergy

AGRICULTURE AND LAND USE

Other things
d (aerosols,
4 sealevel, ...)

Land Use
& Land Cover

(GCAM)

Open-source, well-
documented integrated
multi-sector model, which
has evolved and expanded
since the 1980s

The model represents the
behavior of and interactions
between multiple
systems/sectors

Widely used to study long-
term implications of various
policy scenarios on global

changes in the energy, land
use, agriculture, water, and
other related sectors

GCAM-USA operates within
GCAM with greater detail in
the U.S.’s energy system
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Buildings

Sector

In GCAM-USA, a nested structure based on logit choice formulation is
used to represent fuel and technology competitions for various
residential and commercial energy services. f \

« The future evolution of building energy use is A
shaped by changes in (1) floorspace, (2) the
level of building service per unit of floorspace, @ Heating @ ... 14 Services

and (3) fuel and technology choices by
consumers.

Fuel competitions

* The energy consumption is calibrated in the Electricity Refined Traditiona Coal
historical period with of technology choice
preferences captured in calibration
parameters.

\

<9"1‘ choice

Electric Electric

furnace heat pump Fuel furnace Coal
furnace hi-eff furnace

* Input assumptions of future technology costs,

Gas furnace Wood

efficiencies, and lifetimes are based on the hi-eff furnace
EIA Annual Energy Outlook (AEO) for _
baseline technologies. Technology choices
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technology in Washington State

BAU NZ NZ minus BAU
20-
d10 5 0.4
Highest income group  +o- III = 004 2
Technology
5_
-0.41 electric furnace
o =E=EE=mE=E=me= IR I O e e . . electric heat pum
@ 20+ @ pump
o Q as furnace
d5 S 15- 8 041 . °
: : o o gas furnace hi-eff
Middle income group & . a =il |
9 & L 00 — o fuel furnace
= | . - —
51 I-
C% C% 04- - fuel furnace hi-eff
E o I - I I . - E . wood furnace
L 20 L
. coal furnace
41 . 0.4
Lowest income group 1o 2 0.01 iiii: 2
| JREEEEE || CEEEEEE o
), Illness || HNEnn=s=
2020 2030 2040 2020 2030 2040 2020 2030 2040

Year Year 28
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d1 dd d10
Lowest income group Middle income group Highest income group

“Gap to which consumers
feel that their energy needs
are fully satisfied, and thus,
they are no longer seeking
additional energy services or
improvements.”

Satiation Gap

< 10% (High Comfort)
10% ~ 20% (Moderate Comfort)
B = 20% (Low Comfort)

\

In 2020, roughly 23% of the
! U.S. total population fell into
the “Low Comfort” category

24% fell into the “Moderate
Comfort” category

53% fell into the “High
Comfort” category.
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Lowest income group
BAU
| (2045)
NZ minus BAU
(2045)

Impacts of a net-zero policy on

residential modern heating service
satiation gap in 2045

dd
Middle income group

d10
Highest income group

Residential Modern
Heating Service
Satiation Gap* (2045)

. 60%

30%

0%

Increases in

Residential Modern

Heating Service

Satiation Gap*

under Net-Zero (2045)

l 10% \

5% .

This is absolute
change in terms

of percentage

0% points.
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Lowest income group Middle income group Highest income group

“Percentage of
household income that
is spent on residential
energy services.”

Energy Burden

|| <4.23% (Low)
B = 4.23% (High)

/

Threshold defined based
on U.S. ElA report, such
that in 2020, roughly
27% of the U.S. total
population fell into the
“High” energy burden
category.
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Lowest income group  Middle income group  Highest income group

Residential
Energy Burden* (2045)

. 10%

5%

0%

Increases in
Residential

Energy Burden*

under Net-Zero (2045)

. 1.5%

1.0%

0.5%  Ihisis absolute
change in terms
of percentage
points.

0.0%

’-‘ * Energy burden;, = > j(servlce output; j j * service cost; ) /GDP-
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Business-As-Usual (2045)

\Qo

4

Residential Heating
Service Inequality* (2045)

. 0.70
0.60

0.50 The service inequality is similar to the
S Palma ratio, which is often used for
o 0.40 measuring income inequality. A higher
0.30 Palma ratio indicates a greater degree
cd10 of inequality.
],k

" Service Inequality;; = :
: dl, cd2 o cd3 4 cd4
(SPL + S + 523 + S

where S is the residential service output per capita for service j in state k
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« Our research analyzes and quantifies decarbonization impacts on residential energy
security across different income groups and states

* Despite the influence of decarbonization policies, income disparity remains a
significant factor affecting residential energy security

* The impacts of decarbonization policies on residential energy security vary across
Income groups

* The decarbonization policy scenario exacerbates existing disparities in energy
services among income groups

* This research can help make informed decisions when it comes to designing
equitable decarbonization policies.

Results presented are available at Zenodo -
Zhang, Ying, Waldhoff, Stephanie, Ou, Yang, & lyer, Gokul. (2023). Projecting Residential Energy Consumption across Multiple Income Groups under
Decarbonization Scenarios using GCAM-USA (v1.0.0) [Data set]. Zenodo. https://doi.org/10.5281/zenod0.7988038
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2010

Tem rature Evolution: SSP 5, RCP 8.5, Hot

- -
83

YRR

o =
o o

Mean 2-m Air Temperature [°F]

2020
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Temperature Evolution: SSP 5, RCP 8.5, Hot
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Mean 2-m Air Temperature [°F]
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Grid Operations Model
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< New power plants
¥ Retired power plants
@ Existing power plants

Grid Network Topology
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< New power plants
¥ Retired power plants
@ Existing power plants
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Sz
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Increases in

Residential Modern

Heating Service

Satiation Gap*

under Net-Zero (2045)
10%

5%

State-level residential
energy security impacts
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