WUS

newables
NORTH AMERICA




'r Grid Transformation has been an evolving process globally, starting from fuel
1ge with renewable resources to more advanced sustainable, economical, and

0 address challenges on excessive amount of new generation
c inection requests, rapid growth of Data Center/Al loads, large scale Off-Shore
rconnection, and reliability and resilience threats under climate changes.

sgulatory and publicity impacts on energy technology development are also gaining
nore attentions from engineers and leaders in the industry.

to be prepared for the next generation power grid from core technology

elopment perspectives. exus
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Grid Transformation

v commonly used terms for changes in Power Grids -

System Planning

Copilot

Transformation refers to a complete change in the appearance or character of
D eve I (@) p me nt something or someone. It can be a radical alteration, resulting in an improved
state. ... In mathematics, transformation involves changing one configuration or

expression into another according to a mathematical rule?. Overall, it signifies a

= Ct ure Re p | daceme nt shift, whether in form, nature, or character®.

er System Hardening

characterlstlcs of legacy power grid infrastructure development: Long time
-“ant ‘High investment with long return period, Long operational life and reliability
impact...

Passive, Expensive, Inflexible, Heavily Regulatory Dependent

‘ r Grid Transformation x
.Adapti\ie, Economical, Flexible, Competitive e Us
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https://www.merriam-webster.com/dictionary/transformation
https://www.merriam-webster.com/dictionary/transformation
https://www.dictionary.com/browse/transformation

Grid Transformation

rator Survey in 2021

Power System Planning
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Figure 1: Survey results; business areas with a strategic plan regarding sustainable energy Figure 2: Survey results; business areas with a strategic plan
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Advanced Transmission and Distribution
Technologies in Grid Transformation

ation FACTS and HVAC/UVAC

transformer, DC circuit breaker, Off-shore grid, etc.
nd Hybrid DC/AC

al Transmission and Substation

Operation technologies — From reliability preventive operation toward
redictive economical/sustainable energy service

rgy Storage as Transmission and Distribution Service
ation interconnection friendly T&D technologies exu s
technologies and operation method for resilience
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Regulatory and Publicity Impacts
through Grid Transformation

nt major FERC Orders

endation and coming compliance requirements on IBRs
rid Forming Technologies and so on...

d local support/reactions toward renewable energy integration and major
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FERC Order 1920

es “Landmark” rulemaking on new transmission and cost allocation

s for long-term planning for regional transmission facilities and determine
or them

s. 10-, 15-year Long-Term Regional Transmission Planning
age new Grid Enhancing Technologies

d local support/reactions toward renewable energy integration and major
Frastructure
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Long-Term Regional Transmission
Planning in FERC Order 1920

hg-term (20+ years) regional transmission plan to identify needs and the facilities to meet them.

erm planning at least once every five years ... three scenarios ...use best available data.

anefits to determine whether any identified regional proposals will efficiently and cost-effectively address

ent of»delays or cost overruns, reevaluate ...

onsider transmission facilities that address interconnection-related needs (if) identified multiple times in existing generator
erconnection processes, but that have not been built.

er the use of Grid Enhancing Technologies such as dynamic line ratings, advanced power flow control devices, advanced

s and transmission switching.
,:ppor“t'Unities to modify in-kind replacement ...as “right-sizing,” when needed. e U s
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: ,re"éi‘aest Pipelines in US

OW Success rate - “20% requests .,,°*°
acity) reached COD by the end of %fgg I

300GW New Energy, ~120GW Energy
age by 2030 or beyond — Would that be

/emp.lbl.gml/sites/default/files/2024-
04/Queued%20Up%202024%20Edition_R2.pdf

Queue Reform and FERC Order 2023
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https://emp.lbl.gov/sites/default/files/2024-04/Queued%20Up%202024%20Edition_R2.pdf
https://emp.lbl.gov/sites/default/files/2024-04/Queued%20Up%202024%20Edition_R2.pdf

|'— Cluster/Batch Study Process ﬁ

oy

Withdrawal
" o Penalty
. .. L (SLMW v
.

. B K - . ik * -

New Service -, . _Customer - ;- Facility e, . Commercial
Request(s) - : Engagement . : Swudy . Operation
: : Window : * (90180 days) .

. i (B0days) - 5 H
. . H . H

. : . . .Constructlon
: : : . ¥ (variable)
: P e :
s s :- 1 : :
:
: : :
A . et Wiskdraw Withdrawal
(£ W) Penaity
Cluster Request Cluster System Interconnection  (FF0
Window Impact Study Agreement
(45 days) (150 days) i
» i .

.
"
.

Affectad Sytam Study &, "
(150 days)

Cluster R&Sludyi Lot .’
(150 days)

Queue Reform and FERC Order 20

Annual interconnection requests have surged since 2013 (both in terms of
number and capacity); over 900 GW added in 2023 alone

r6000
N . . N As this chart implies, the
== Capacity entering queues in year (left axis)
7504 ) . N rated generating capacity of
= Number of new requests in year (right axis) proposed power plants is
increasing over time. See
= Slide 17 for a detailed
[0} breakdown of this trend. 4000
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i"" Notes: (1) This total annual volume includes projects with a queue status of "active”, "suspended”, "withdrawn", or "operational”. 8

(2) All values — especially for earlier years — should be considered approximate.
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Queue Reform and FERC Order 2023

Solar (1,086 GW) , Storage (1,028 GW), and Wind (366 GW) make up 95% of active capacity in

Total (cumulative) active capacity in queues is now nearly 2,600 GW (2.6 TW); queues, with 3% (79 GW) from Gas. Most solar and storage capacity is in hybrid plants

New (annual) capacity entering the queues has increased every year since 2014
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See htips://emp.lbl.gov/queues to access an interactive data visualization tool.
Notes: (1) Hybrid storage capacity is estimated for some projects using storage:generator ratios from projects that provide separate capacity data, and that value is only
included starting in 2020. Storage duration is not provided in interconnection queue data. (2) Wind capacity includes onshore and offshore for all years, but offshore is

only broken out starting in 2020. (3) Hybrid generation capacity is included in all applicable generator categories. (4) Not all of this capacity will be built.
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Offshore Wind Integration in US
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Figure 1: Locations of U.S. offshore wind pipeline activity and Call New England Offshore Wind Procurement, Image from NEAOSW Solution (NJ SAA Window 1 Problem Statement, illustrative
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Offshore Wind Integration in US

Planned U.S. Offshore Wind Energy Capacity 2022 U.S. Offshore Wind Energy Pipeline

This _r;ag;htows the target amount of offshore wind energy capacity planned to be installed by 2050 (or an earlier This map shows offshore wind energy capacity in the United States by state and where in the development pipeline they
specified date). are as of May 31, 2023, in megawatis.
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Load Growth :

, 21GW (2024)

9% total Load, per EPRI)
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and Michael Herman, presentation to

(February 16,2023)




Final Words

be prepared for the next generation power grid

cademia and industry collaborations
e constant of power technology commercialization

of-box thinking especially in fundamental material and design in power
ations

ond engineering
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