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Electric Grid Basics

Generation
* Renewables - sunny/windy locations
* Hydro - river locations suitable for dams
e Gas/Coal/Nuclear - locations where fuel can be delivered

Delivery
* Large and small lines
* Transmission is larger (higher voltage)
e Distribution is smaller (lower voltage)

Transmission is Like the Interstate Highway
e Transmission Lines = Regional / Interstate Highways
Q- Distribution Lines = Local Highways / Sideroads
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Transmission Lines
Higher voltage - typically 115-500 kv

Distribution Lines
Lower voltage - typically 2-35 kv



Electric Transmission’s Origin

Connecting remote
generation to load center

1889 - Willamette Falls to
Chapman Square

e 13 miles
e DC then converted to AC in 1890

Photo by Jesse A. Meiser - restored by Old Oregon Photos,




BPA’s 1938 Regional Plan

g AT

BPA planned to build out a
transmission system for the
Federal Columbia River
Power System
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PNW Regional Transmission

PNW

PNW & Intermountain West

MPacifiCorp — Large Owne

MIdaho Power — Large Owne

Others
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https://www.oregon.gov/puc/utilities/Documents/TxWorkshop-RegionalLandscape.pptx.pdf

Western Interconnection

Operates in synchronism
where all load and resources
are continuously balanced

https://hifld-
geoplatform.opendata.arcgis.com/ 7




Regional Transmission - 2 Key Aspects

Physical Systems

WESTERN ¥ ~
INTERCONNECTION . ~
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ERCOT
INTERCONNECTION

QUEBEC
INTERCONNECTION

FRCC

EASTERN
INTERCONNECTION

Transmission Markets

Electric Reliability
Councll of Texas
ERCOT)



Open Access in the PNW

. .
Transmission Interconnection Queues

W
CLEARING UP \EL_ et

M —
arkets — Open Access to Transmission
FERC Deregulation in the 1990s

e All't iSSi
. Stror;)agn/sr?ssmn owners required to provide “Open Access”
y encouraged formation of RTO/ISOs to help further open acc
ess

Energy and Utility News

Western Canada

. T o
ypes of Transmission Service Requests
e Network service

* Point-to-Poi i
o-Point service 11 BPA Study Could Be‘Early Warnin

NewsData LLC, Seattle & San Francisco: November 5, 2021 « No. 2029

g’ of Trouble

for Clean Energy Goals

The results of a 2021 BPA transmission study may foreshadow
trouble in meeting the region’s clean energy goals. A batch of
(ransmission service requests from mostly renewable resources is
considered the first wave of projects needed for Washington and
Oregon utilities to meet their 2030 clean energy goals. To meet
the requests, BPA would need to invest $845 million (o upgrade 1ts
system. Af [12], “we simply can’t make the 2030 goals without building
more transmission capacity.”

Source 9


https://www.newsdata.com/clearing_up/supply_and_demand/bpa-study-may-be-early-warning-of-trouble-for-clean-energy-goals/article_d6c17a30-3e7c-11ec-ba8c-d3574f1b5405.html

National & Regional Context

Figure 1: Renewable and Clean Energy Standards in the United States

www.dsireusa.org / September 2020

Oregon is now
100% Clean x 2040
HB 2021 (2021)

Idaho Power & Avista T 30k
100% Clean x 2045 s
(
{ | e—A— 30 States + DC have a
sl O o~ ¥ _ Renewable Portfolio
- ' Standard, 5 states have a
’ U.S. Territories Clean Energy Standard
M. 100% x 2045 DNMEZONSE0E | cuam 25%x2035 (8 states have renewable
SO RO 7orTlo Jous S states ave
clean energy goals)
. Renewable portfolio standard . Clean energy standard * Extra credit for solar or customer-sited renewables
a . Renewable portfolio goal Clean energy goal t Includes non-renewable alternative resources

N Oregon & Many States are Looking for Clean Energy!
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Scale of Existing PNW Renewables

Wind and Solar Development in the Region
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How Much More?

THE 2021

NORTHWEST
POWER PLAN

FOR A SECURE & AFFORDABLE
ENERGY FUTURE

Wind & Solar in the PNW
Developed to date:

Approximately 10,000 MW
of wind, with solar increasing
in recent years.

11


https://www.nwcouncil.org/sites/default/files/2021_06_p1.pdf

Average Renewable Build in the Region - Baseline Conditions
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Scale of Need for New PNW Renewables

THE 2021

NORTHWEST
POWER PLAN

FOR A SECURE & AFFORDABLE
ENERGY FUTURE

Draft 2021 Power Plan:
Baseline Conditions

Average build of additional
new renewables in the
Pacific Northwest over the
next 20 years.

12


https://www.nwcouncil.org/sites/default/files/2021_06_p1.pdf

Western Interconnection Resource Areas
Wind F

Annual Aver

Annual average wind speed

Wind §
About the Data b
The data shown are =10
average wind speeds 90t099
2007-2013 21100 8089
meters above surface 70079
level, derived from 60w 69
modeded resource 501059
estimates developed | 401049
by NREL via the WIND | 30t0 3.9
Toolkit. Currently, data weed <30
for Alaska and Hawali
are not available.

| hitps/Avwwanrel gov/grd wind-toolkithtrmi

IZINREL

ATIONAL RENEWASLE ENERG

Billy ). Roberts, Sﬂ)lmnbrv‘ﬂ 2017
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% 0 Source: https://www.nrel.gov/gis/wind-resource-maps.html 13



Western Interconnection Resource Areas
Dire

National St

Annual average solar output

About the Data KWh/m’/Day

This map provides 275
monthly average daily /70to74
total solar resource 651069
using 1998-2016 data 60t 64
(PSM v3) covering 551059
0.038-degree latitude 501054
by 0.038-degree 451049
longitude (nomenally :2 t(;, 44
dkmx4km v

For more information, visit
i nsrob nred O
Email us at: nsrdbanmel.goy

LINREL|

Billy | Sobws

Source: https://www.nrel.gov/gis/solar-resource-maps.html

Sengupta, M., Y. Xie, A. Lopez, A. Habte, G. Maclaurin, and J. Shelby.
2018. "The National Solar Radiation Data Base (NSRDB)." Renewable
and Sustainable Energy Reviews 89 (June): 51-60. 14



https://doi.org/10.1016/j.rser.2018.03.003

Western Interconnection Resource Areas
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Source: https://www.nrel.gov/gis/solar-resource-maps.html

Sengupta, M., Y. Xie, A. Lopez, A. Habte, G. Maclaurin, and J. Shelby.

2018. "The National Solar Radiation Data Base (NSRDB)." Renewable

and Sustainable Energy Reviews 89 (June): 51-60. 15



https://doi.org/10.1016/j.rser.2018.03.003

NorthernGrid Planned Resource Retirements

6,000 MW total
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NorthernGrid Planned Resource Additions

13,390 MW total

Cumulative
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NorthernGrid Planned Resource Additions

Located near
existing transmission

Cumulative
Resource Additions

2020 - 2030
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Renewables & Transmission

Renewables = Location Matters
* Sunny/Windy Areas + Transmission

23 e
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New Renewable Projects
* Available Transmission Capacity (ATC) — 9

e Transmission Service Rights ﬂa
* New Gen-Tie Lines %CHD&
* Batteries Help Optimize AR i
E‘,} 2309 up to 1000 kv
Two Ways to Increase ATC Generation Gen-Tie Lines Transmission Highway
1) Obtimize Existing Lines High Value Paths to Larger Large Paths to Customers
P & Areas Transmission Requires ATC & Service Rights

2) Build New Lines

QD

~~ :



Transmission Capacity Example

BPA’s 10-year Long-Term Firm Available Flowgate Capability Less
Pending Requests

Green: available capacity

Red: pending requests exceed available flowgate capacity

Source:
https://www.bpa.gov/transmission/Reports/Transmissi
onAvailability/Pages/default.aspx

20



More Transmission = Optimizing Existing Lines

* Energy Efficiency & Distributed Energy Resources
e Upgrade Existing Paths
e Re-Use Transmission from Retired Generation

e Strategically Locate New Generation and/or Batteries

* Increased Regional Coordination

Q Is Optimizing Existing Enough?

4

21



More Transmission = Building New Lines

e New Renewables & Load Growth

WASHINGTON

MONTANA
McNary

 Costs

IDAHO

G
ATEway WEst WYOMING

® Windstar

® Shirley Basin

Captain Jack @

e Long-Lead Times (~10+ years)

CALIFORNIA

PacifiCorp retail service area

* Environmental/Cultural Resources ..«/‘%

= 500 kV minimum vol Itage
= 345 kV minimum vol Itage
230 kV minimum voltage

@ Existing substation

e Natural Hazards (e.g. Wildfires) \

Source
% How Can We Optimize New?
4

4

ARIZONA NEW MEXICO

This map is for general reference only and reflects current plans. 22
It may not reflect the final routes, construction sequence or exact line configuration.


https://www.pacificorp.com/transmission/transmission-projects/energy-gateway.html
https://www.pacificorp.com/transmission/transmission-projects/energy-gateway.html

Key Takeaways

* New Renewables May Drive New Lines
* Building New Transmission Lines Can Be Difficult

* New Transmission Can Support New Generation

* How much generation needed should drive regional conversations on how to
optimize existing lines and how to optimize processes for building new lines

QD

=
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