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North American Electric Power Grids

Power grids are dynamics in
both their operations and long
term planning, responsive to a

range of drivers
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7 Multiple Bulk Power System Models Used for
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SIMULATION HORIZON-DECISION-MAKING SCALE

Oikonomou K, Kern J, Tarroja B, Voisin N. Review of Core Process Representation in Power System Operational Models: Gaps,
Challenges, and Opportunities for Multisector Dynamics Research. arXiv preprint arXiv:210102303. 2021.
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Optimization
Core objective functions
Temporal resolutions
Spatial granularity
Market operations
Uncertainties

Performance Metrics
Market & systems

Institutions & Agents
Market operators

Reliability Reliability coordinators
Flexibility Regulators
Utilities

Generation Load & Energy Storage

Exogenous and endogenous Load
representations by technology Controls
(thermal, wind, solar, hydro, Storage
distributed generation Transmission Demand response
resources, others) Full AC Electric vehicles
DC approximation
Pipe flow

Physical Grid Assets

9’%

Oikonomou K, Kern J, Tarroja B, Voisin N. Review of Core Process Representation in Power System Operational Models: Gaps,

Challenges, and Opportunities for Multisector Dynamics Research. arXiv preprint arXiv:210102303. 2021.

Physical assets are connected through the grid

Power grids connect 1000s of
generators through transmission lines to
meet the electricity demand at all times.

The reliability cost of climate is
only known after running a
power system model



e - Linking water and power systems: implication of
— multisystem dynamics on water-dependent

Northwest generators

Climate

In a drought
study, important
to constrain
monthly and
. weekly water

R Sres: Esrl, DighiGlobs JeNays, Earthstar
& ooipopiioe. CNESAVEC e NSbA, USoS, Large scale water

Large scale hydrology

availability but the
hourly dispatch is
decided by the

power system

A2roGRID, IGN, and he @ﬂeﬁ&gr Community

management

Stream
temperature model
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Pfi:ic Challenges for representing the impact of heat
Northwest \Waves on load and power grid operations

GO 250 nodes
Load Forecast - e !
» |
Model

Building

» Energy
Climate Demand

Model

Ability to represent
the intensity-duration-
extent of the event?

Team: Casey Burleyson, Jordan Kern, Kostas Oikonomou, Rahman Aowabin, Kerem Akdemir, Casey McGrath, Wenwei Xu, Nathalie Voisin



https://www.climate.gov/news-features/event-tracker/record-breaking-june-2021-heatwave-impacts-us-west
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* The governance of physical assets is multi-scale, spanning from the asset
management itself, control area, to hydrometeorological and environmental
management scales.

* While the climate community needs to derive the right datasets for informing
power system models, power system models topologies and optimization
schemes also need to be challenged for their ability to represent extreme
events




SN
N
N

7 L,
s

Ge

N
\ - =
_APS
N

«'l
N . /
~gre 0- . Q ="
- RS
et ™ L

- ..,(\;g N7 N2 \ZT\

. G, GE Y, Gy, ‘Nl B ]

\!E Z NAZA N, [ VA

=‘

hF

l

ﬂ iﬁ‘IW&M;W'
' T -

v"

—

Pacific
Northwest
NATIONAL LABORATORY

-
O
>
4
-
©
L
—

>
o
O
c
-
o
®
=
N2
@
>
D
©
L
)
©
Z

INTEGRATED MULTISECTOR MULTISCALE MODELING

e



—

Pacific

Northwest  Designing natural extreme events

2,000 nodes (TAMU) 100 nodes 100 nodes

Original TAMU Network New synthetic network: nodes and transmission
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Climate
Hydrology

A large-scale water management model to
transition to the power grid scale

River Transport Model

e 1,001 -5,000
® 5001-10,000
@ 10,001 - 36,700

1840 dams with significant reservoir storage

18 large river basins

10 x 10 miles spatial resolution

Seasonal operations for flood control, water supply

and irrigation 4
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