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% GODEEEP uses PNNL’s expertise working across
. 5~ | GODEEEP fundamental and operational research in climate,
E%ﬂ:ﬂt\fvest @

Decarbonization,

power grid, and multisector dynamics
Empowered Stakeholders Decarbonization Pathways
Transfer of methods, tools, /\ Whole economy decarbonization with
datasets, and use cases o o interactions across global markets
3= [M

A $4 million PNNL R&D project

- . Coordinated research using staff
/ G o D E E E P Adoption conomic expertise across renowned Climate and

Bulk Electric Grid Programs in
Grid Operations Fundamental and Applied Research
Decarbonization,

across the Department of Energy’s offices
Environmental and

Atmospheric scientists ¢  Software engineers

Energy Equity Platform ngineerin - Social *  Hydrologists «  Stakeholder
Electrical engineers engagement experts
A\ Social scientists
e i
Resilience and Reliability

Justice and Equity
Infrastructure and operations that are \/ Environmental and energy equity

responsive to climate change impacts of decarbonization
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High-Level Roadmap,
Decarbonization Pathways

Climate Change

U.S. and
Decarbonization
Global
Policies
Economy

Processes
and

Consistent, open-source, end-to-end
framework with intermediate datasets and
tools for flexible customization

Impact on Providers,
Resources Adequacy &
Reliability Studies

Renewable
Weather Time Series
Profiles

Electricity
Demand

New Infra-
structure &
EIREWELIES
Availabilit

Systems

Pipeline for tools and data availability .

Power
Grid
Operations

Impact on
Consumers,
Equity

Environmental
and Energy
Equity and

Justice
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High-Level Roadmap,
Decarbonization Pathways

Climate Change

U.S. and
Global
Economy

Decarbonization

Policies

Climate and decarbonization impacts on
hourly load projections

Impact on Providers,
Resources Adequacy &
Reliability Studies

Weather

Electricity
Demand

Transportation
Electricity Model

Multisectoral
Economic Model
(GCAM-USA)

Annual Sectoral Load
Projections by State

Total Electricity
Load Model
(TELL)

Power
Grid
Operations

Hourly Transportation Load
by Balancing Authority (BA)

Impact on
Consumers,
Equity

Hourly Total Load
Projections by BA

Hourly Non-Transportation
Load by BA
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* Projecting hourly electricity supply and demand for system reliability studies
= Example: Heat wave and cold snap impacts
= Example: System reliability with high renewables penetration and/or low hydro
= Example: Assessing climate change impacts on the future grid

« Exploring load profile shifts with electrified transportation and heating (i.e., super duck curves?)

tran SMm |SS | on Co ITI d ors Records Broken as Heat Wave Bakes Southern

California

/ « Creating baseline systems projections that can be used to understand the impact of new

Temperature on 6-July 2018 2100 UTC

, b
e Y ’ ] ".iT’ ! : By 100
gl
40 1 _1 i %0
80 Jg

35 1 E
Thousands without power in Los Angeles il
after high demand due to heatwave @ T r——
ovimnd 307 B, ‘Unprecedented’ heat wave sets new records

- " : .
fyS«e Fire danger is high
J iland | Updated Jul 6, 2018, 5:43pm PDT 30 comments

-120 -110 ~100 -90 —go CVEWEnen



4 I Global Change Analysis Model with U.S.
Northwest "4 h |2 state-level representation (GCAM-USA)

« GCAM-USA provides a “boundary-condition” of the long-term transitions towards
net-zero, such as energy demand and fuel mix across sectors and states

« GCAM-USA's long-term projection will help drive utility-grade grid operations
models to translate the large-scale projections into “on the ground” realizations of

y future grids, with quantifiable measurements of grid operations reliability and
resilience

Climate Change 1 >
b bonizati U.S. and
ecar (?n_lza ion Global
Policies
Economy

Electricity
Demand

Power
Grid

Operations
{ Transportation Hourly Transportation Load \
Electricity Model by BA

Multisectoral
Economic Model Annual Sectoral Load

(GCAM-USA) Projections by State

Hourly Total Load
Projections by BA

Total Electricity
Load Model
(TELL)

Hourly Non-Transportation
Load by BA




‘??/ ____ Using GCAM-USA to model economy-wide
Northwest 47" net-zero greenhouse gas (GHG) pathways
* Achieving net-zero entails economy-wide Representative Pathway to 2050 Net Zero GHG

transitions, such as unprecedented electric T
capacity expansion

7
 Electricity load is sensitive to many factors e Non-cO,
. (demand, climate, economics, fuel prices, — _* by GHGs
etc.) -F - ratrmmrcao R [
A holistic understanding of electricity 2 II“’
generation and demand is important to 27 [
understand the co-evolution of cross-sector 3 ° Transforming
dynamics 2, the energy . Carbon
5 sector i e .
GCAM-USA endogenizes cross-sector i | & __remqval AAAAAAAAAAAAAA
linkages, such as energy flow, energy prices, _4 | ——
food prices, water, and land I I I
WO ot e o «° TS s

GCAM-USA models a full suite of

greenhouse gases (CO,, methane, F-gases) Source: US Long-Term Strategy, 2021
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Resource Bases

Energy Conversion
Technologies

/ » Buildings
Energy Demand » Industry
Technologies

|/

Labor Force

L/

Labor Productivity

Agricultural
Technologies

Land
Characteristics

GCAM-USA links economic, energy, land-
use, water, and climate systems

Energy Equity Platform

ENERGY SYSTEM

CLIMATE SYSTEM

Energy Supply

» Coal, Gas, OIl
» Renewables
» Electricity

» Hydrogen

Energy Demand

» Transportation

Energy Markets

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

Fossil and
Industrial
Emissions

ECONOMY

Regional
GDP

Agricultural Demand

» Crops
» Livestock
» Forest Products

Agricultural Supply

» Crops
» Livestock
» Forest Products

Other Markets

» Emissions Permits
p» Portfolio Standards

Agricultural Markets
» Crops prices

» Livestock prices

» Forest Product prices
» Bioenergy prices

i,

oN—

Land Use and
Land Use Change

Emissions

-+

» Bioenergy
AGRICULTURE AND LAND USE

Land Use
& Land Cover

Carbon Cycle

Atmosphere -

Concentration,
forcing
calculations

Other things
(aerosols,
sea level, ...)
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 Electricity supply broken out into four sectors Peak
(load duration curve segments) to capture . Subpeak
intra-annual variation of electricity demand N\ @ intermediate

N @ Off peak
v < S:ubneak | @

" S - { < Intermediate |
o [ i ;
= s
@© : : :
D i " .
! : < Baseload
I : | 1
| — | ~,
t, t, t t,

Time [hours]

Sub-annual load profiles
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electricity

wind

Electricity supply broken out into four sectors
(load duration curve segments) to capture
Intra-annual variation of electricity demand

oil

GCAM-USA electricity sector uses a nested nuclear geothermal

structure to represent generation technology
and cooling technology competition -

coal

once through w/
sea water

recirculating cooling pond dry cooling
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g ¥ United States
\_/ Environmental Protection Search EPA.gov m
\’ Agency

 Electricity supply broken out into four sectors
(load duration curve segments) to capture
Intra-annual variation of electricity demand

Environmental Topics v Laws & Regulations v Report a Violation v About EPA v

Related Topics: Stationary Sources of Air Pollution CONTACT US

New Source Performance Standards

« GCAM-USA electricity sector uses a nested
structure to represent generation technology

and cooling technology competition '
* Fuel mix
= No new coal generation without CCS, consistent
with Clean Air Act Section 111 (b) New Source Summary @
Performance Standards States Restrictions on New Nuclear Power
= State-specific coal and nuclear power retirement Facility Construction

pathways based on announced retirements and
fleet age-structure

Updated August 17, 2021
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Electricity supply broken out into four sectors
(load duration curve segments) to capture
Intra-annual variation of electricity demand

GCAM-USA electricity sector uses a nested
structure to represent generation technology
and cooling technology competition

Fuel mix

= No new coal generation without CCS, consistent
with Clean Air Act Section 111 (b) New Source
Performance Standards

= State-specific coal and nuclear power retirement
pathways based on announced retirements and
fleet age-structure

Electricity trade in fifteen grid (NERC) regions

GCAM-USA'’s electricity sector

Central Northeast
orid

Northwest grid

New York R

. New
England
- grid

Mid-Atlantic grid
California
arid

Florida grid

L]

g et

Alaska grid Hawafi grid

Grid regions are consistent with NERC regions

NERC: North American Electric Reliability Corporation



\a/ GCAM-USA’s projection of the co-evolution
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\‘??/ I Current policies are not enough to achieve
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Northwest My |, net-zero emission by 2050
WECC states total
BAU Net Zero
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Ou, Yang, & lyer, Gokul. (2023). GCAM-USA Decarbonization Pathways for GODEEEP (2.0.0) [Data set].
Zenodo. https://doi.org/10.5281/zenodo.7838872
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Ou, Yang, & lyer, Gokul. (2023). GCAM-USA Decarbonization Pathways for GODEEEP (2.0.0) [Data set].
Zenodo. https://doi.org/10.5281/zenodo.7838872




\??/ Capacity investment in response to

e GODEEEP . :
Northwest (A7t i uncertainties in net-zero pathways
Cumulative capacity investment in 2021-2050 (GW) Sensitivity cases
Net Zero I Net Zero — w/CCS Net Zero — Low LUC Net Zero — Low Demand
ca-| IS ca{ BB ca- I cal B
- ut- B ut B ut- §
1 azf§ B az-ll 8 az| B
- wy-| 8 wy-| B8 wy-| B
el mMT-| B mMT-{ I
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wA-| I wA-| I WA-|
NV ] NV -] NV -
OR-| OR-{| OR-|
ID - ID- ID-

50 100 150 200 O 50 100 150 200 O 50 100 150 200 O 50 100 150 200

B coawoccs [l Nuclear Oil and natural gas with CCS [ Wind
. Coal with CCS . Oil and natural gas w/o CCS Other Solar

Ou, Yang, & lyer, Gokul. (2023). GCAM-USA Decarbonization Pathways for GODEEEP (2.0.0) [Data set].
Zenodo. https://doi.org/10.5281/zenodo.7838872
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Clean-energy transition across demand

; Building cooling Building heating Building other Industry Transportation
0
‘ 25% 18%
- ---
T Sectoral 699 -
- . 0 B
electrification
2. rate in 2050
45%
99%

o O
L

N
1

61%

nvg

0197 18N

sectors

. Hydrogen

Electricity
. Biomass Liquids
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High-Level Roadmap,
Decarbonization Pathways

Climate Change

U.S. and

D) rbonization
SRR Global
Policies
Economy

Bridging the gap from

Impact on Providers,
Resources Adequacy &
Reliability Studies

Renewable
Time Series
Profiles

Weather

Electricity
Demand

New Infra-
structure &
EIREWELIES
Availabilit

Operations

scenarios to power
systems models

Impact on
Consumers,
Equity

Environmental
and Energy
Equity and

Justice

Power
Grid

How do we generate future hourly load profiles that are at a spatial resolution
adequate for input to a grid operations model, but that also maintain conceptual
and quantitative consistency with GCAM-USA’s annual state-level results?

24
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Projects the evolution of
hourly electricity demand in
response to changes in
weather and climate

Based on a series of
machine learning models
trained on historical loads
and meteorology

Output is projections of
hourly electricity demand
at the county-, state-, and
BA-scale that are
conceptually and
guantitatively consistent

Released as an extensively
documented open-source
code base:
https://github.com/IMMM-SFA/tell

PNNL'’s Total ELectricity Loads (TELL)
model
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McGrath, C., C. D. Burleyson, Z. Khan, A. Rahman, T. Thurber, C. R. Vernon, N. Voisin, and
J. S. Rice, 2022: tell: a Python package to model future electricity loads. Journal of Open-
Source Software, 7(79) 4472, https://doi.org/10.21105/j0ss.04472

June-17


https://github.com/IMMM-SFA/tell

3 How TELL works
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* Formulate machine learning (ML) models that relate the historical observed
meteorology to the hourly time series of total electricity demand for each of the BAs
that report their hourly loads in the EIA-930 dataset

« Use the ML models to predict historical or future hourly loads for each BA based on
climate projections

* Distribute the hourly loads for each BA to the counties that BA operates in and then
aggregate the county-level hourly loads from all BAs into annual state-level loads

« Calculate state-level scaling factors that force the state-level total loads from TELL
to match the annual state-level non-transportation loads from GCAM-USA

Bl - Apply the state scaling factors to each county-level time series

« Output yearly time series of total non-transportation loads at the state-, county-,
and BA-scale that are conceptually and gquantitatively consistent with each other
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Pacific @ cooeeer  Data for the TELL machine learning models
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Predictive Variable Units Source
Temperature K Climate Projections
Specific Humidity kg kgt Climate Projections  Model hOUfly demand for each BA
- Shortwave Radiation W m-2 Climate Projections USIﬂQ a mUItI-Iayered perceptron
(MLP) neural network
Longwave Radiation W m- Climate Projections . Training. 2016—2018
Wind Speed m s Climate Projections « Evaluation: 2019
Day of Week | Weekday/\Weekend /A » Each BA trained and evaluated
Federal Holiday Yes/No N/A iIndependently
Hour of Day 00-23 UTC N/A » Hyperparameter tuning Is

performed using grid search

Target Variable Source
BA Hourly Demand MWh EIA-930
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U.S. climate projection dataset
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Annual Mean Temperature Projections in CISO
72| —— historic
o
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Annual Maximum Temperature Projections in CISO
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2100

Historic data reproduces observed
sequence of past events (1980-2019)

Sequence is repeated twice in the future
(2020-2059 and 2060-2099) with
additional warming gradually applied

1/8 deg (~12 km) resolution, U.S., hourly

25 hourly and 250+ three-hourly
variables

Output is first spatially-averaged by
county then population-weighted to
create annual 8,760-hr meteorology time
series for 54 BAs across the U.S.

Climate data was developed with DOE Sc funding and
Is publicly available:
https://data.msdlive.org/records/cnsy6-0y610
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Annual Mean Temperature Projections in CISO

72| — historic « Historic data reproduces observed
D70 T reaonotter sequence of past events (1980—2019)
< rcp85cooler
E°| — repgShotter « Seqguence is repeated twice in the future
266
564 (2020-2059 and 2060-2099) with
%62 additional warming gradually applied
/ EGOW « 1/8 deg (~12 km) resolution, U.S., hourly
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110! 7™ historic
e, HOL « OQutput is first spatially-averaged by
w05 PR Year 40 years \ county then population-weighted to

r
*4

create annual 8,760-hr meteorology time
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Climate data was developed with DOE Sc funding and
- is publicly available:
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 https://data.msdlive.org/records/cnsy6-0y610
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Annual Mean Temperature Projections in CISO

72| — historic « Historic data reproduces observed
D70 T reaonotter sequence of past events (1980—2019)
< rcp85cooler
E°| — repgShotter « Seqguence is repeated twice in the future
266
564 (2020-2059 and 2060-2099) with
%62 additional warming gradually applied
/ EGOW « 1/8 deg (~12 km) resolution, U.S., hourly
58
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\4 create annual 8,760-hr meteorology time

series for 54 BAs across the U.S.

(o]
U

nnual Maximum Te‘mperature [°F]

=
o
<

Climate data was developed with DOE Sc funding and
- is publicly available:
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 https://data.msdlive.org/records/cnsy6-0y610
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LDWP Temperature Time Series in 2050
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Burleyson, Casey, Thurber, Travis, Acharya,
Samrat, & Ghosal, Malini. (2023). Total Load
Profiles by Balancing Authority in the Western
United States for GODEEEP (v1.0) [Data set]. a0
Zenodo. https://doi.org/10.5281/zeno0do0.8067472
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LDWP Load Time Series During the Peak Week

= Business-As-Usual
- Net-Zero Scenario

09-27 00 09-27 12 09-28 00 09-28 12 09-29 00

Peak Days

Hourly Total Demand [MW]

Projecting hourly load time series

LDWP Temperature Time Series in 2050
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CISO
70000 2035
§68000
E 66000 2035
. weather
§ 64000 0 year -
62000 -
S v ©® » &

Day of the Year for Peak Demand

weather years to explore uncertainty

The prior example used a single
weather year, but we can run many
unique weather years through the
TELL model

= All years have the same total annual
energy consumption due to scaling with
GCAM-USA state-level projections,
which are chronological

= Absolute magnitude and timing of peak
demand varies significantly depending
on the weather each year



~7 Exploiting the ability to simulate multiple
weather years to explore uncertainty
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Select weather years with extreme peaks for
testing resilience...

* The prior example used a single
weather year, but we can run many
unique weather years through the
TELL model

70000 1

68000 1

= All years have the same total annual
energy consumption due to scaling with
GCAM-USA state-level projections,
which are chronological

66000 -

64000 -

Peak Demand [MW]

62000 . , ‘ = Absolute magnitude and timing of peak
¢ o y demand varies significantly depending
. . . on the weather each year
Q N X
¥ Ny vgo) G)‘?’Q Q%" Select weather years with late season peaks to assess

Day of the Year for Peak Demand reliability with low hydro...
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Pacific Developing transportation electric load profile
Northwest
Transport electrification
scenarios
Electrification of CCAM-USA
transport disrupts Informs State S—

historical load Shapes Level Energy \ J ﬁfﬁgiﬂﬂf&ﬁiﬁl
» Informed by GCAM se ) S
/ electrification County Level
' scenarios and weather Energy USE
model (E’I‘\‘jﬁ%'\‘,’)” -
» Spatially distributed
hourly time-series of L%ggoépg;;
m Itransport_atlon charging Aggregated at
oad profiles ke

Further scaled to nodal
values
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Aviation

e Rail

Ship

0 B No. GODEEEP

‘rbi! Grid Operations,

Transportation
sector

GCAM trans

Liquids, Electric

Liquids, Electric

Liquids, Electric

BEV, liquids, NG

BEV, liquids, NG

BEV, liquids, NG

Walk

Cycle

Electric

Electric, Liquids

Liquids, Electric

BEV, liquids, NG

BEV, liquids

portation structure

Light duty vehicles

Medium duty vehicles

Heavy duty vehicles

trn_pass_LDV_4W - - —-:

BEV, FCEV, Hybrid Liquids, Liquids, NG

BEV, FCEV, Hybrid Liquids, Liquids, NG

r
— trn_shipping_intl I International Ship

Liquids, Electric
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o | SODEEEP Overall framework

PaCifiC Qg % Grid Operations
Northwest "\ Js" | 5.
| Dataset | I Model | | Code
, EV County |
‘ Climate }_ ‘ Adoption Rates | \ 4 4
l / LDVipynb | / MHDV.ipynb |
. GCAM-USA Decarbonization ._ ..
\ ! Pathways MHDV
- , - ' ' Transportation
| EVi-Pro-Lite Depot Electrification Load
“‘“ f’ l Charging S
— . '-.._"'Hl- ’f__,-'; .\".\h -.f___-'; . )
- process_gcam-usa_data.ipynb | 8760-hr time series

v | 7

County Rail, Ship, }—b combined_transportation_loads.ipynb

& Aviation Shares

Overall framework for generating transportation electric loads

GitHub - GODEEEP/transportation electrification: Transportation electrification analysis for GODEEEP
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@PNNL

Overall framework: Under the hood

Decarbonization path Charging Strategies
g ™ L,D_"T i iy {E. :?, - -, County level -
| Mivkm 1 Fleet size LDV charging)
" km/vehicle | e Per county * profile ounty to
A= e =—sd_ County EVI-Pro » BA
Global Change | MHDV energy Manoi Mabbin
Analysis Model | e (ET) R e
(GCAM-USA) d = =N o
Non-Road
enerzy use | Countv level
{EEI} lClimate tempr. BA level
— Model ™" =re
T —_— A EEm O EEm § EEm O Emm LD‘,'
\la_r States !L&cal to UTC timej profilesv
- —_— n _— n _— n _— n _— n _— n _— n I. a p- " : Aﬂﬂggregatiﬂn‘
= Ffeet DNAMEDY b - SPRES 4| | ..
PN i 4 | 5
I mobility data o - MHDV - ~ |
" Stochastic Charging | MHEDYV | chargmng BA 1'3_"'51 MHDV |
l strategies & capacities Load shapes C St;tet mBA. charging profiles |
. e _  »l oun (8] O
I kWh'miles, fleet size, Shape Maping I
. number of samples Generator | N
g /
I e - ! - - 1| | WECC and
. A 1a‘r_1011 " State to BA level Non-Road constant . BA level
| »— Rail :‘ C'Dl].ﬂt_’y’ to BA ChﬂIgﬂlg pfﬂfllf.‘ﬁ- | pr{}fﬂes
) Ship Mani .
I _ Maping

*Muratori, Matteo, and Eric W. Wood. Charging Infrastructure: What, Where, and How Many? NREL Perspective.
No. NREL/PR-5400-73733. National Renewable Energy Lab.(NREL), Golden, CO (United States), 2019.
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*Kintner-Meyer, M., et al. Electric vehicles at scale—phase | analysis:

gC2ul

State level
energy use from
GCAM-USA

No. PNNL-29894. 2020.

GODEEEP

Spatial downscaling of transportation loads

Light-Duty
Vehicles (LDV)

Medium- and
Heavy-Duty
Vehicles (MHDV)

Rall

Aviation

Ship

**Bureau of Transportation Statistics (BTS): https://www.bts.gov/

County level-
vehicle

registration data*

Population of
cities with clean
energy policies*

County-level rall
share (BTS)**

County-level
enplanement
data (BTS)**

County-level
dock
information**

High EV adoption impacts on the western US power grid.
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Pacific L | SODEEE? Sensitivity analysis for LDV load shapes
Northwest ﬁ@
Sensitivity to weekday vs. weekend Sensitivity to charging strategy
05— S
% — Weekday %0'6 :gé 2035 (30% managed)
§0-4’ —Weskend ag 04 —07C1+03C2 7
203 g | T tirh 2050 (70% managed)
2’ 202
4 £00.2 50
< <
0 4 8 12 16 20 24 0 4 8 12 16 20 24
. Hour of day Hour of day
> O‘Eenslltwltly to, temperature  Charging Strategy 1 (Cl/Immediate): Vehicle charges
O | —10°c—20°C Immediately after arriving at the base at fastest available
5701 —0c a0 | charging speed — no charging management
£ 04 / \
=¥ « Charging Strategy 2 (C2/Load leveling): Vehicle
= -
200-2 &f— | charges immediately after arriving at the base at slowest
S ob0—u available charging speed — managed charging
0 4 8 12 16 20 24

Hour of day
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mﬂﬂ&est A Results: Hourly load profiles
2035
25 —LD';I.I’ —I';.'1D"l.l’ —HD"I.I" —mlriati-l:lnl—F!aliI Slhip —ITcltEI i
2 { * Managed charging Is going to
2 M&W\Jﬁw vf\r be more prevalent in 2050
e | = |n 2035, only 30% charging is
Taadim Al a e M A A AL b done using load leveling
e T T M 0e0 = In 2050, 70% LDVs charge
60F | —LDV —MDV —HDV — Aviation — Rail — Ship — Total| - USing the Ioad |eV€|ing
= 0 MWW AN NN W A e Charging strategy plays biggest
5 |\ W W W W AW\ impact on reducing peak
£ 20 -

0
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month of Year

: _ (b) : :
Daily average transportation charging load profiles in the
WECC across months in for the NZ decarbonization pathway
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Pacific BT | SODEEEP Results: System-relative loads
. 2035
= Transportation load affects 0.6 e
I I I M 1: Yearly trans. energy to system energy
various BAs diife rently 0.5 [ M2: Trans. load to system load at system peak

0.4 [ IM3: Trans. load to system load at trans. peak

=  Approximately 10-20% of the
system's peak load is impacted
by transportation load for
overall Western Interconnect
(WI) :

=
=03
%

0.2

0.1

BAs with predominantly

0.8 | | | I | | I | | I I I I I I I I I I | I I | I [ I | |

reSidential and mOderate I M 1:Yearly trans. energy to system energy
. . . B [ M2:Trans. load to system load at system peak |
C“mate reg 1ons experlence 0.6 [ IM3: Trans. load to system load at trans. peak

more significant peak load |
penetration from transportation

The peaks for transportation
load and system load do not
coincide
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: Transportation Electrification Load Profiles by
Avallable dataset and code for further research  Balancing Authority in the Western United

and policy analysis, enabling the development of States for GODEEEP

(® Acharya, Samrat; (& Thurber, Travis B; (& Ghosal, Malini

- - -
C h ar I n I O ad r Ofl I e S f O r Ot h e r r e I O n S . Time-series electric charging load profiles for the transporiation sector across Balancing Authorities (BAs) in the Westemn
g g p g " Electricity Coordinating Council (WECC) interconnect for the years 2025, 2030, 2035, and 2050. The data is provided for
two different sociceconomic pathways and two different climate pathways, resulting in four total scenarios. The
socioeconomic pathways—-Business-As-Usual with Climate (BAU_Climate) and Net-Zero without CCS

Y D at aS et . L6 I ran S O rta‘tl O n E I e Ctr‘ I fl C atl O n L O ad (MetZeroMNoCCS_Climate)—are described by https:/dol.org/10.52817/zenodo.7838871. The climate pathways—
" p Representative Concentration Pathway 4.5 cooler (rep45cooler) and Representative Concentration Pathway 8.5 hotter
(rcp85hotter)—-are described by hitps://doi.org/10.57931/1885756. The climate influence is only considered for Light Duty

Profiles by Balancing Authority in the Western «e=w=

. For additionzal details please consult the paper Acharya et al 2023, Developing Spatio-Temporal Transportation Electric
U n I te d S tate S fo r G O D E E E I )” Load from Multi-Sector Dynamics Model, in prep, and the code
repository https:/github.com/GODEEER/transportation_electrification, in prep.

A brief summary of the files and directories in this data package is provided below. Text within chevrons implies a

-
« Available: https://zenodo.org/record//7888569 ==
u u u o rcpdscooler
o = =balancing authority=_hcurly_transpertation_load_<socioecenomic pathway=_<climate
SCenario=_<year=.csv
Y u o rcp@shotter
. e a r S = =<balancing authority=_hourly_transportation_load_<socioeconomic pathway»_<climate
" ] b) ] ] ] SCENario>_<year.csv
* MNetZeroMoCCS_Climate
= L] « rcpdscooler
. I I m at e S C e n ar I O S " R P4 5 O O I e r R P 8 5 = <balancing authority=_hourly_transportation_load_<socioeconomic pathway=_<climate
C - C n C y C » SCenario=_<year=.csv
s rcpaShotier
= <balancing authority>_hcurly_transpertation_lead_<socioeconomic pathway>_<climate
H Otte r SCenario=_<year=.csv
« WECC_hourly_transportation_load_<sociceconomic pathway>_<climate scenario=_<year>csv
Each file is in comma-separated-value (CSV) fermat with the following columns:
- - - . - « time - 1S50 8601 timestamp representing the end of the hourly timestep; values are reported as the summation over
« Decarbonization Scenarios USINESS-as-
n

balancing_authority - Acronym of the balancing authority for this data point

LDV_load_Mih - Energy consumed by the charging of Light Duty Vehicles (LDVs) during the previous hour in

Megawatt hours
l I S l I a a n e e ro « MOV _load Mih - Enargy consumed by the charging of Medium Duty Vehicles (MDVs) during the previous hour in

Megawatt hours
= HDV_load Muh - Enargy consumed by the charging of Heavy Duty Vehicles (HDVs) during the previous hour in
Megawatt hours
passengesr_rail_load_Muh - Energy consumed by the charging of passenger rail vehicles during the previous hour in
Megawatt hours
freight_rail load Mih - Energy consumed by the charging of freight rail vehicles during the previous hour in
Megawatt hours
« aviation load Mwh - Energy consumed by the charging of aviation vehicles during the previous hour in Megawatt
hours
« ship load Mih - Energy consumed by the charging of ships during the previcus hour in Megawatt hours
transportation_load_Muh - Total energy consumed by the charging of vehicles during the previous hour in
IMegawatt hours (summation of the other calumns)



https://zenodo.org/record/7888569
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Key Datasets

« Climate Forcing

= Jones, A. D., Rastogi, D., Vahmani, P., Stansfield, A., Reed, K., Thurber, T., Ullrich, P., & Rice, J. S. (2022).
IM3/HyperFACETS Thermodynamic Global Warming (TGW) Simulation Datasets (v1.0.0) [Data set]. MSD-LIVE Data
Repository. https://doi.org/10.57931/1885756

= Burleyson, C., Thurber, T., & Vernon, C. (2023). Projections of Hourly Meteorology by Balancing Authority Based on the
IM3/HyperFACETS Thermodynamic Global Warming (TGW) Simulations (v1.0.0) [Data set]. MSD-LIVE Data Repository.
https://doi.org/10.57931/1960530

« GCAM-USA Decarbonization Pathways

= QOu, Yang, & lyer, Gokul. (2023). GCAM-USA Decarbonization Pathways for GODEEEP (2.0.0) [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.7838872

« Total Electricity Load Profiles by Balancing Authority

= Burleyson, Casey, Thurber, Travis, Acharya, Samrat, & Ghosal, Malini. (2023). Total Load Profiles by Balancing Authority in
the Western United States for GODEEEP (v1.0) [Data set]. Zenodo. https://doi.org/10.5281/zenodo.8067472

- » Transportation Electrification Load Profiles by Balancing Authority

= Acharya, Samrat, Thurber, Travis B, & Ghosal, Malini. (2023). Transportation Electrification Load Profiles by Balancing
Authority in the Western United States for GODEEEP (v1.0.1) [Data set]. Zenodo. https://doi.org/10.5281/zen0do.8065137

Code
o https://github.com/GODEEEP and https://qgithub.com/IMMM-SFA/tell



https://doi.org/10.57931/1885756
https://doi.org/10.57931/1960530
https://doi.org/10.5281/zenodo.7838872
https://doi.org/10.5281/zenodo.8067472
https://doi.org/10.5281/zenodo.8065137
https://github.com/GODEEEP
https://github.com/IMMM-SFA/tell
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High-Level Roadmap,

Energy Equity Platform
@PNNL

Decarbonization Pathways

Climate Change

Decarbonization
Policies

Multisectoral
Economic Model
(GCAM-USA)

Weather

U.S. and
€]lo]oF]
Economy

Annual Sectoral Load
Projections by State

Climate and decarbonization impacts on
hourly load projections

Impact on Providers,
Resources Adequacy &
Reliability Studies

Renewable
Time Series
Profiles

Electricity
Demand
Power
New Infra- Grid
structure & Operations
Renewables
Availabilit

Hourly Transportation Load
by BA

Transportation
Electricity Model

Impact on
Consumers,
Equity

Environmental
and Energy
Equity and

Justice

Hourly Total Load
Projections by BA

Total Electricity
Load Model

Hourly Non-Transportation
Load by BA

(TELL)
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Q&A

On behalf of the whole
GODEEEP team, thank you!

Casey.Burleyson@pnnl.gov
Yang.Ou@pnnl.gov
Malini.Ghosal@pnnl.gov

https://godeeep.pnl.gov/
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