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The Whole Economy Needs Energy
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Electrification that WIS:dom® Considers

The WIS:dom® optimization model considers electrification through:

1. Light Duty Vehicles,
Heat pump Water Heaters (residential & commercial),
Heat pump Space Heating (residential & commercial),

Transportation,

ok W

H, production for:
= Medium / Heavy Duty Trucking,
= [ndustrial Demands,
= Space heating (residential and commercial),

= QOther processes (Sabitier to Fischer-Tropsch Processes).

Note: WIS:dom® does this while also considering weather and

climate change impacts on each area of the energy sys&eq'v
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Electrification Changes US Electricity Needs

Change in National Coincident Peak Demand (%)
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Electrification Changes US Electricity Needs

National Annual Electric Demands
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WIS:dom® Estimated Traditional Demands (Examples)

New York Traditional Demands

Florida Traditional Demands

0.015%

0.010%

Normalized Demand (sum = 100%)

0.005%

1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760

0.015%

0.010%

Normalized Demand (sum = 100%)

0.005% +

0.000%

0.025% 0.025%

0.020% A 0.020%

3 3

S S

" "

€ 0.015% £ 0.015%

a a

© ©

c c

o o

£ £

@ @

[=] o

E 0.010% E’ 0.010%

= =

£ £

(=} (=}

z z

0.005% 0.005%

0.000% + 4 3 4 4 ¢ ; ; : ; : | 0.000% : : 3 4 t ; ; ; ; : : |

0 730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760 0 730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760
California Traditional Demands Minnesota Traditional Demands

0.025% 0.025%

0.020% 0.020% +

730

1460 2190

2920 3650 4380 5110 5840 6570 7300 8030 8760

info@vibrantcleanenergy.com

SVCE

VIBRANT CLEAN ENERGY



WIS:dom® Estimated Space Heating Demands (Examples)

New York Space Heating Demands
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WIS:dom® Estimated Water Heating Demands (Examples)

New York Water Heating Demands

Florida Water Heating Demands
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WIS:dom® Estimated Transportation Demands (Examples)

New York Transportation Demands Florida Transportation Demands
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How Electrification Changes US Electricity Demand Profiles

WIS:dom® Estimated 48-State Hourly Electricity Demand (2020)
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How Electrification Changes US Electricity Demand Profiles

WIS:dom® Estimated 48-State Hourly Electricity Demand (2030)
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How Electrification Changes US Electricity Demand Profiles

WIS:dom® Estimated 48-State Hourly Electricity Demand (2040)
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How Electrification Changes US Electricity Demand Profiles

WIS:dom® Estimated 48-State Hourly Electricity Demand (2050)
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Detailed wind datasets are critical for resource siting

Optimal Hub Heights For WIS:dom
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Detailed solar datasets are critical for resource siting
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Use of hourly, and sub-hourly is essential

WIS:dom® Estimated Wind Generation For New York State (2018) WIS:dom® Estimated Wind Generation For New York State (2018)
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WIS:dom® Estimated Solar PV Generation For New York State (2018) WIS:dom® Estimated Solar PV Generation For New York State (2018)
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The behavior of storage becomes more

important over time

WIS:dom® Deploying & Dispatching Storage to Support VREs
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We must start from the grid we have

2018 WIS:dom Estimated US Existing Electricity Capacity

Technology
N Coal: 22.0%

Total Capacity: 1,190,410 MW B Natural Gas Combined Cycle: 25.12 %

[ Natural Gas Gas Turbine: 12.74 %

=1 Storage:0.1%

BN Nuclear: 876 %

B Hydro: 6.67 %

B Onshore Wind: 7.95 %

m Offshore Wind: 0.0%

B Utility PV: 2.66 %

3 Geothermal: 0.32 %

B Biomass: 1.28%

[ Other Natural Gas: 7.15 %

BN Other Genation: 3.4 %

= Pumped Hydro Storage: 1.84 %
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Resolving the transmission grid topology

Transmission Topology
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Close up of New York

2018 WIS:dom Estimated NYISO Existing Electricity Capacity
Technology
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Climate change should be incorporated

Overview:

« The CMIP5 datasets allow WIS:dom® to incorporate the changing climate and its impacts on energy infrastructure.
Currently this is achieved through:

Changes to the demand profiles;

Changes to the wind and solar power production;

Changes to the water supply for thermal generation and hydroelectric power plants;

Changes to the transmission line ratings and line losses via the dynamic line rating;

Changes to the heat rates of the power plants due to thermal efficiency;

Changes to the flexibility profiles for the demands.

Wind Changes

RCP4.5; Year: 2020 RCP4.5; Year: 2050

AN

0.2

e

Latitude
Latitude
o
°

9% Change from 2018

¢

-0.2

Longitude Longitude
RCP8.5; Year: 2020 RCP8.5; Year: 2050

02

4

Latitude
Latitude
o
°

% Change from 2018

&

info@vibrantcleanenergy.com ‘)>

VIBRANT CLEAN ENERGY



Overview of Climate Input Data
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WIS:dom®-P Case Study
CONUS Deep Decarbonization Study




Installed Capacities

WIS:dom Installed Capacities For The United States
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Installed Capacities

WIS:dom Installed Capacity By State (2018)
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Installed Capacities

WIS:dom Installed Capacity By State (2050)
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Installed Capacities

A\ ; : ST

4

L ' Y
(@ o © 1
YVCE !, LTS

e N

SVCE

VIBRANT CLEAN ENERGY

info@vibrantcleanenergy.com



Installed Transmission Capacities

WIS:dom Incremental Interstate Transmission Capacity By Investment Period (MW)
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Changes in Emissions & Pollutants

Change in Emissions and Pollutants From US Electricity Sector
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Generation Mix (%)

Generation Share for the Electricity Sector (%)
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Economic Dispatch
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Example US Winter Economic Dispatch (2020)
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Economic Dispatch

Example US Spring Economic Dispatch (2050)
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Hydrogen Economy Enabled

Hydrogen Production Metrics
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Thank You
Questions?

Dr Christopher T M Clack
CEQO Vibrant Clean Energy, LLC

Telephone: +1-720-668-6873
E-mail: christopher@vibrantcleanenergy.com
Website: VibrantCleanEnergy.com
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