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EXECUTIVE SUMMARY

Offshore wind (OSW) power based on floating technology in the coastal waters of the U.S.
Pacific Ocean has great potential to contribute to climate mitigation and renewable energy goals
in California, Oregon, and other parts of the western U.S. To actiéaetopment of OSW at

scale, investments in transmission infrastructure are needed to deliver this power to major
metropolitan areas because these are the primary electricity load centers. Currently the
transmission infrastructure serving coastal regioner@OSWis most likely to be developed

has limited capacity and is designed to bring power from the east to serve modest coastal loads.
The development of OSW generation and the interconnection of this resource to the bulk power
grid will require major investmestin new transmission infrastructure and upgrades to existing
infrastructure. This study investigated the development of up to 25.8 GW of OSW energy on the
northerncoast of California and thautherncoast of OregonThe focus of the study was to

assess various transmission alternatives that cmlider OSWpower to distant load centers

while also providing energy benefitsraral coastalcommunitienearto where OSWpower

may be developed

Scope, method and approach

This study explored transmission solutions for regional OSW development ranging from about 7
GW to almost 26 GW of total installed capacity in the OSW study area, which ranged from Coos
Bay, Oregon in the north to Cape Mendocino, California in the sohteeTdevelopment

scenarios were considered (Low, Mid and High), and for each scemaitiple transmission
alternatives were considered. This included two alternatives in the Low scenario, six alternatives
in the Mid scenario, and two alternatives in ifigh scenario. The scenarios and the

transmission alternatives considered were informed by a review of prior research and studies on
the topic, as well as by direct input from

The key goals of the study were to assess the cost and function of each of the transmission
alternatives. This involved the specification of proposed new transmission infrastructure, both
onshore and offshore, that could accommodate the OSW developniienteéoby a steady

state power flow analysis to assess the need for additional transmission system network
upgrades. We then estimated the cost of the new transmission infrastructure and the required
network upgrades using accepted cost guidelines. Tradallawed by a production cost

analysis that allowed us to determine how much wind power could be injected into the system
throughout the year, how much would need to be curtailed, what the wholesale value of the
powerand the systemwide benefits electricity benefits mighFbwally, we determined the
levelized cost of energy and the levelized cost of transmission for each of the alteraatives
well as the systerwide benefitsWe then compared the results across alternatives and drew
conclusions.

Going beyond an electrical assessment of the transmission alternatives, we also conducted
preliminary assessments related to potential barriers to onshore and offshore transmission
development and routes, including consideration of existing uses andadesigrfe.g.marine
protected areas, fishing grounds, and DOD operational areas), logistiqs)ygcal constraints,
rights-of-way, environmental impact, and permitting.

t
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Study areas, scenarios and transmission alternatives

Five wind study areas were defined. Three of these were based on areas defined by the Bureau of
Ocean Energy Management (BOEM), including the Coos Bay and Brookings Call Areas in
Oregon and the Humboldt Wind Energy Area in California. The other two losatiere

notional (i.e, hypothetical) areas offshore from Del Norte County, California and Cape
Mendocino, California. Selection of these notional areas was informed by preliminary sea space
analysis led by the California Energy Commission. The assumed @@S&lbpment in these five
study areas totaled 7.2 GW for the Low development scenario, 12.4 GW for the Mid
development scenario, and 25.8 GW for the High development scenario. We then defined two
transmission alternatives for the Low development casealtepnatives for the Mid

development case, and two more alternatives for the High development case. The transmission
alternatives included an assessment of the following technologies and configurations:

onshore and offshore transmission routes,

high-voltageAC (HVAC) andhigh-voltageDC (HVDC) solutions,

long-distanceoffshore transmission routes via undersea HVDC cables,

radial connections from individual wind farms to immediate onshore landing locations,

O« O¢ O¢ O«

offshore meshed networks with shared HVAC buses,
an HVDC backbone thabnnectsnultiple wind farms, and

O«

¢

the use of phase shifting transformers to allow lower voltage, local transmission systems
to receive power fronthe gigawattscale wind farms beingtudied

O«

We note that some of the necessary technologies for$aaje development of floating OSW
powerare neither fully developed nor commercially available at this time. This is also true for
many of the offshore transmission technologies we considered (i.e., floating substations, floating
HVDC conversion stations, dynamic highpacity HVAC and HVDC cables). Therefore, we

made assumptions regarding technologies that are expected to be available in the coming years,
and our assumptions are described and dooteden the reporiActual feasible future

configurations, especially for the larger configurations involving offshore meshed networks on
floating platforms, may differ in some aspects from those described in this tagmatticular,

the largerscale scenarios (i.e., 12.4 GW and 25.8 GW) are more likely to feature a mix of

HVAC and HVDC export cables in the later phases of development, as this would allow early
development with HVAC export cables and later developmetht MVVDC export cables.

Table ES1 summarizes the characteristics of the 10 transmission alternatives investigated.



Table ES-1. Characteristics of the ten transmission alternatives considered in the study

Characteristic Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt.
7.2a 7.2b 12.4a | 124b | 12.4c | 12.4d | 12.4e | 12.4f | 25.8a| 25.8b
Total wind farmcapacity (GW) 7.2 7.2 12.4 124 | 124 | 124 12.4 12.4 | 25.8 25.8
CA wind farmcapacity (GW) 4.1 4.1 9.3 9.3 9.3 9.3 9.3 9.3 16.0 16.0
ORwind farmcapacity (GW) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 9.8 9.8
g:f;i;ore HVDC backbone connecting wind NoO No No No Yes Yes Yes Yes Yes Yes
Offshore HVDC mesh network No No No No No No Yes Yes Yes Yes
No. of HVAC undersea export cables 9 9 14 14 14 9 3 3 0 0
No. of HYDC undersea cables 0 2 2 5 3 5 8 10 27 22
No. of floating HVAC substations 9 9 14 14 14 9 3 0 0
No. of floating HVDC conversion stations 0 0 0 0 5 8 7 8 15 15
e r i s |e] e |8 |u]s
IS\IL?b ;1; Ei\r/]vsonshore 500 kV HVAC 5 5 3 5 5 5 5 5 5 5
No. of new onshore HVDC transmission ling 0 1 1 1 0 1 2 1 1 1
glt(;ﬁ(c))fnr;ew onshore HVDC conversion 0 3 3 4 1 5 5 4 8 7
No. of new phase shifting transformers 5 6 5 8 6 8 7 7 9 8




Subsea cable routing considerations

The study included a higlevel assessment of the challenges and opportunities associated with
deploying subsea electrical cables that will be necessary to transmit OSW power to shore, as well
as overland transmission routes that will be necessanyet@onnect the OSW power to the bulk
electric system and get it to the major load centers where it can be ulidgletly available

data for the study region were compiled to inform the assessment, and several key considerations
were identified Offshore able routing challenges can include:

1 Challenging bathymetric and geophysical characteristics, including submarine canyons,
turbidity flows, fault lines and seismic displacement, substrate conditions, and steep
slopes

1 Usage conflicts, including U.S. Department of Defense operational areas, vessel traffic,
fairway designations, cable landing locations, existing submarine cable locations, fishing
grounds and marine protected areas

1 Deeper water depths, which present challenges associated wittegaide siting, and

repair

Requiredspacing betweeoables, which increases with depth

Cable landfall challenges, including roads and access, shipborne access to deep water

(cable lay vessels require approximately 30 feet of water Jeitiexistence of marine

protected areas or national marine sanctuaries

= =4

Key findings include the understanding that the ddjptiitation for undersea electrical cables is

a critical factor in establishing subsea cable routes. It may be preferable for several reasons (e.qg.,
vessel traffic density, MPAs, submarine canyons, seigmieiult lines and displacement

potential, etc.,) to route subsea electrical transmission cables further from shore. Exporting
power to major load centersuch as the San Francisco Bay Areauld therefore require

routing cables further offshore ifissea transmission were pursued. However, doimgago

require laying transmission cable onto the abyssal plalepths greater than 3,000 meters. At
present, transmission cable installation at such depths is not possible due to the technological
limitations of existing cables. Howevendustry is working to relax these depth constraipis

the timeline for development and market readiness for such cables is not yet known.

Additionally, areas for cable landfall are limited, and selecting those areas will need to consider
submarine canyons, the slope of the continental shelf, and water depths where cable lay vessels
may safely operate while stdtaying withinthe typicaldistancdimit for anonshore cable pull

in of 3,2804,920 ft (1,0001,500 m) All of thesefactors were considered at a high level to

developa conceptual map of potential or notionadersea cableorridorsfor the transmission
alternatives examined inighstudy

Transmission route feasibility

The study included a preliminary assessment of factors that could influence the feasibility of
potential transmission line routdsoth undersea and overlardhis effortinvolved identifing
potential environmental concerns and permitting or regulatory challenges associatibe with
transmissiomoutes being studied\reas ofexaminationincluded cable landfall locations, subsea
cableand overlandransmission lineorridors,Jand ownership or designatisgnsitive marine
and terrestrial habitatandpotential for interaction with speciatatus plants and wildlife (e.qg.,
Federal and State Endangered Species Ag#sed upon the potential environmental impacts
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and subsequent permitting complexity, the line segments were screened, compared and
differentiated. Each line segment was ranked based on potential barriers to development, ranging
from low to very high barriers to developmemt.addition,we attempted to identify areadere
potentialtransmission routesould overlap with military utilized airspa¢cand we note that it

will be critical to ensure early consultation with the DOD during preliminary planning stages for
any potential projects that include olag with military utilized airspace.

Further analysis is warranted to identify which transmission segments are most feasible to
permit. The geographic layout for the transmission line routing would need to be further defined,
including whether existing segments would be expanded or newaliiiesasements would be
created altogether. Future analysis would also use additional data, including tower locations,
tower height, undergrounding or reconductoring of existing lines, expansimhtgof-way and
easements. Also, the specific locationd &ootprints of any new substations or HYDC converter
stations would need to be further evaluatérbund truthing of sensitive ecological communities
would also be recommended to confirm habitat types and potential presence of plant and/or
animal species of regulatory conceffor subsea routes, future analysis would make use of more
robust oceanographic surveys, as well as available geophysical datasets regarding seabed
characteristics, substrate types, and the presence of specific benthic communities.

Transmission analysis results and cost estimation

For each of the alternatives, we estimated the transmission related cost for new offshore and
onshore infrastructure, as well as the need for upgrades to existing transmission infrastructure.
The total cost of transmission, both onshore and offshore sait®4.0 alternatives ranged from
$7.5 billion (7.2 GW scenario) to $41.3 billion (25.8 GW scenario). We assumed an OSW farm
CapEx of $3,500/kW to $3,700/kWThe total transmission costs accounted for 23% to 32% of
the combined wind farm and transmission system costs across all 10 alternatives. One
characteristic that clearly drove transmission costs up was longer undersea cable rigsirSee
ES1 for a summary of costs for the 10 transmission alternatives.

We structured our analysis so we could assess the tradeoffs between the use of HVAC versus
HVDC infrastructure. This included examining alternatives that featured only HVAC
infrastructure, and others that relied heavily on HVDC infrastructure. We alsoredm

alternatives that put more emphasis on onshore infrastructure, and others that included
substantial offshore infrastructure. In general, we found the alternatives that emphasized the use
of HVDC infrastructure were more expensive. However, we notdhlacost estimates for

much of the HVDC infrastructure involve equipment that is not yet commercially available, so
this observation is uncertain and could change as new information about equipment costs
becomes available.

1 These costs are reported in 2022 dollars, assume a wind farm deployment in the year 2032, and assume cost
decreases as the nascent floating OSW industry matures.
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Figure ES-1. Estimated transmission costs for lanébased and undersea infrastructure in
California and Oregon

Although HVDC infrastructure appears to be more expensive in the alternatives we examined,
there are reasons why HVDC infrastructure might be preferred. For example, if there is a desire
to utilize a meshed offshore transmission network, which can offey advantages, then

HVDC technology will likely be critical on the West Coast. This is because there are likely to be
long distances between adjacent wind farm areas and between the wind farms and the load
centers where the power is most needed. Sincasealé&lVAC cables are limited in terms of the
distance that they can efficiently transmit power (i.e., roughly 60 miles maximum), HVDC
technology becomes critical for alternatives featuringd0isgance undersea transmission.



It is also important to note that the cost to develop necessary transmission infrastructure is only
one aspect of OSW power development to be considered. There will be other costs, such as
permitting and environmental mitigation costs, that were not cereidn this study. Perhaps

more importantly, this study only conducted a very preliminary assessment of the environmental
and permitting challenges that might be encountered for each of the alternatives examined.
Further research in this area will be icat to the transmission planning and decisioaking

process. In addition, a full assessment of multiple types of costs and benefits that compares
systemwide aggregate benefits to costs should be conducted to ensure a holiséoefst

approach thatan effectively identify the most cesffective solutions.

We also examined the cost to connect local coastal communities to the new transmission
infrastructure installed to support wind power generated off their coasts. Such connections can
benefit communities by improving electricity reliability and expandingacéy in these areas.

We found that this cost was relatively low, accounting for about 0.4% to 2.4% of estimated total
transmission costs. Finally, we examined the geographic distribution of costs and found that the
distribution by region varied acrossthlternatives, but in general a large portion of the costs
could be attributed to offshore infrastructure in some alternatives, and more to onshore
infrastructure in others. In terms of onshore infrastructure, the results again varied by alternative,
butit was common for a large portion of the cost to be attributed to the Central Valley of
California, the San Francisco Bay Area, and the Humboldt area in California, and the BPA and
PacifiCorp territories in Oregon.

Production costand levelized cost of energy results

Production cost modeling (PCM) allowed us to simulate the performance of the various
transmission alternatives on an hourly basis over a full year. For any given run, the production
cost model determined the most eeffective mix of generation resources that could be
dispatched to meet the hourly loads across the entire WECC region while satisfying all of the
transmission system constraints. The PCM results provided us with an estimate of the annual
curtailment of wird power that would be necessary foy given alternative. Curtailment was

very low, ranging from 0.6% to 2.4%. In addition, the PCM results provided us with an estimate
of the annual revenues that could be generated in the wholesale,raanket| as the system

wide benefits in terms of production cost savings and €fssions saving&stimated potential
wholesale revenueangedrom $44/MWh to $54/MWhSystemwide production costs savings
ranged fron$0.6 billion to $1.7 billion per year, and @@missions savings were estimated to

be worh $0.6 billion to $1.2 billion per year. All dollar valua® provided in 2022 dollars and
estimated for the study year of 2032.

The PCM results also provide an indication of how well the new transmission infrastructure
would be utilized. For example, the model showed us that the proposed new transmission lines in
the 12.4 GW alternatives would be utilized at relatively high capadaarly half the new lines

would be used at full capacity at least part of the time flamaggregate @l newlinesin each
alternativewere utilized at an averag@nualcapacity of about 35% to 50% addition, we

found thanewtransmission infrastructure built to accommodate OSW developmvaether it

be onshore or offshoreanalso serve other transmission system négdsroviding additional

routes for power flowThis can lead to lower cost systemwide power flow solutions, potentially
resulting in substantial savings to ratepayers.



We estimate that the OSW plant LCOE in 2032 would be between $64/MWh and $66/MWh. By
2050, the LCOE could fall to $4647/MWh. The combined cost of OSW and transmission,
LCOEH+T, is between $77/MWh and $85/MWh for a commercial operations date of 2032.
Revenues estimated using the production cost model for the 7.2 GW and 12.4 GW alternative
ranged from $44/MWh to $54/MWh, lower than the 2032 LCOE or LCOE+T. However, this
conclusion is limited to the specific year and revenue structure (i.e., market phHc2aiM\Wh
production tax credit) that were modeled in this study. Additional work would be required to
explore the effects of alternatives such as electricity sales through power purchase agreements
(PPASs), utilization of the investment tax credit inste&the production tax credit, and an

extension of the revenue analysis to years beyond 2032.

With regard to the cosdffectiveness of various transmission alternatives and a comparison
between them, wstresghe importance of examining both the costs and the benefits for the
alternativesandthe benefits should include the direct OSW transmission related benefits, as
well as broader systemwide benefRsoduction cost model results indicate ttinetsystemwide
production cost savings throughout the Western Electricity Coordinating Council (WECC)
region could amount to $0.6 billion to $billion annually, representing abae¥b to 1%
savings. In addition, the value of the estimated €@issions reduction amounts to anotheb3$0.
billion to $11 billion annually.

Key findings

ThenorthernCoast of California and treutherncoast of Oregon have some of the best wind
resources in the United States, and development of these resources can contribute to meeting the
clean energy goals of California, Oregon, and other western states. Because the existing
transmission grid infrastriire that serves these coastal regions is limited in capacity, major
investments in new transmission grid infrastructure will be needed.

Numerous studiesncluding Pfeifenberger, J., et al. (2023ve demonstrated the importance of

and the benefits associated with proactive transmission planning to accommodate the
development of renewable energy resources at the gigawatt scale. If the development of OSW
projects and their associated transmissiagragbesvereto occur piecemeal over time, it is

likely that the longterm result will be less than optimal. Studies show that proactivetéony

planning can reduce costs, environmeatadcommunity impactstransmissiorcongestion, and

OSW curtailment, while increasing reliability and grid services. To accomplish this, policy
makersand transmission planner shotédilitate a coordinated, integrated planning effort for

major transmission upgrades at a regional scale to accommodate many gigawatts of OSW power
on theWest Coast of th&nited States

The development of tens of gigawatts of floating OSW power generation on the West Coast will
not occur quickly; a successful effort would take decades, and the associated transmission
upgrades would also take place over decades. A proactive and coortfiaaseaission planning

effort with a longterm outlook should be initiated very soon. This planning effort should

consider how early investments in transmission infrastructure can set the stage for subsequent
phases of investment. It should also identify imost coseffective pathways over the long term,
recognizing that this may involve spending more upfront to make sure that the infrastructure can
accommodate future growth and development while meeting the needs of both rural and urban
constituencies. In general, wecommend transmission planning efforts that consideryeadb

time horizon andhatidentify nearterm transmission upgrades that are ypelitioned to



supportafuture vision. This longerm and proactive transmission planning approach may also
include an assessment of regionalization of transmission planning, grid operation, and wholesale
power markets. While studies have shown that there are many possiblé&skasseiciated with
regionalizationHurlbut et al. 2023)there may also be risks that need to be assessed and
mitigated and various approaches to be considered

Most OSWprojects to date have utilized radial interconnections between the wind generators
and the transmission system. This approach connects the generators to the nearest suitable
onshore substation via dedicated export cables. In this configuration, theawmdwner

usually owns and maintains the export cables, since they are used solely to connect their wind
generators to the grid. This radial approach tends to be the simplest and lowest cost solution
when the scale of development is low, the point of aenection is relatively close by, and the
transmission grid is already robust enough to readily accept the new generation.

However, with gigawatscale OSW development from multiple wind farms, the radial
interconnection approach becomes problemeaiith too many undersea cabléso many

onshore landinggnd a lack of coordinated planning. Thereformae regional, meshed

network approach may be preferable. The benefits of the meshed network can pbe many
including fewer cables and lower associated impaetijced curtailment, more optimal power
flows, and improved reliability and resilience. These benedit® been docuemted in prior

studies donen the East CoasP{eifenberger et al. 202USDOE and BOEM023)and Great
Britain (DNV 2020) On the U.S. West Coast there are long distances between the large OSW
resour ces | oc anbrthedncooans tC aa ni dsoaen@agsiesd the major load
centers of San Francisco, Sacramento, Los Angeles, Portland and beyond. To deliver power over
these long distances, a meshed HVDC network technology may ofteeghsolution, although
multiple technology advances areeded to enable this possibility in the deep waters of the U.S.
West CoastWhile localized offshore HVAC mesh systems may also play a role, adistance
offshore mesh system will require HVDC technology.

In addition, the work being done on the East Coastdwawl that a phased approach &mesh
network design would be preferable. The resea
could be installed in the netarm, and that would allow the addition of cables at a later date that

could interconnect the multiple nodes in the netwdiie researchers estimated no more than a

1% cost increase in the first phase to be aresldy, and another 3% to 6% cost increase for full
implementation of the mesH system. This approach and these cost increases were for an

HVAC meshed system. It may be possible to take a similar approach with an HYDC mesh

system, but that would need to be researched and costs would need to be estimated.

With integrated mesh transmission systems, where the infrastructure may be shared amongst
multiple wind farm developer& becomes particularly important to determine who should pay

for, own, and operate the transmission infrastrucfline offshore mesh network will likely

become part of the overall transmission network, and will therefore also serve to move onshore
power from one onshore location to another onshore location via the offshore infrastructure. This
suggests that the offsfte mesh network igart of the overall grid and should bwnaged by the
transmission operator rather than the OSW generaler question of who should pay for, own,

and operate offshore transmission infrastructure is a policy and regulatory issue that must be
resolved to facilitate the necessary planning and future development of the transmission
infrastructure needed to supp OSW development.



Recommendations
We offer the following recommendations for further research and next steps.

O«

Build on the work that has been done to condwddtailed analysis of routes anights
of-way for promising transmission pathways that are relevant to igigawattscale
OSW development in northwestern California.

O«

Examine the potential role of energy storage in supporting OSW development.

Conduct an exhaustive assessment of transmission alternatives for O SWhanhdra
coast of California andoutherncoast of Oregon.

(@4

O«

Examinephased approaches to regional transmission development.

(@4

Examine regionalization of the western power market, as well as transmission planning,
development and operation.

0 Conduct more rigorous transmission ebshefit analyses that examine multiple types of
needs and benefits and compare aggregate, systemwide benefits to costs.

O«

Engage with industry and installation contractors to better assess floating transmission
component development timelines, limitations, supply chain issues and market readiness.

0 Develop comprehensive transmission dastefit analysis for various offshore
topologies considering technological readiness and challenges for initial rounds of OSW
plant developments.
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1 BACKGROUND

Since 2019, the Schatz Energy Research Center (Schatz Center) at Cal Poly Humboldt has
engaged in planning and feasibility studies related to the potential development of floating
offshore wind (OSW) energy off therthern California coast. In this study, a project funded by

the Department of Defense (DOD) and managed by the California Energy Commission (CEC) in
collaboration with the Oregon Department of Energy (ODOE), the Schatz Center has led an
analysis, workingvith partners, to better understand tpportunities and challenges associated
with the transmission infrastructure that is needed to support gigseaét OSW energy
development off theorthern California andouthern Oregon coasts. These areas have some of
the most abundaf@SWresources in the United States, and their development has great potential
to contribute to the climate and clean energy goals of California, Oregon, and the nation.
However these coastal areas are distant from the major load centers ahecthieal

transmission ifrastructure is limitedSignificant investmentvould be required to expartie

bulk transmission system to develop this gigavsatileOSWresource. Thexpanded

infrastructure would likely include the creation of new offshore and subsea infrastructure, new
onshore and offshore substations, and new onshore and offshore transmission lines, as well as
upgradng the existing onshore infrastructure.

Lacking major population centers or largeale industrial and manufacturing facilities, the
northern California andouthern Oregon coastal regearecurrently served by limited grid
infrastructure that is designed to bring power from large transmission lines east of the coastal
mountains to medhe modest loads in the coastal communities. In Humboldt County, California,
for example, arterial transmission lines feeding the county consist solely of two 115 kilovolt
(kV) lines running eastvest, and two 8 kV lines, one running nortbouth and the other running
eastwest Previous Schatz Center studies have looked at the potential for export of electricity
from proposed OSWEnergygenerators located offshore of Humboldt County and found that

only a small capacity wind farm, on the order of 140 to 170 MW, could be accommodated using
existing transmission infrastructuf@acobson etal. 2023 out her n Oregonds CcoO0as
grid is slightly more robust, utilizing 230 kV lines running along the coasthuethe

transmission system is still designed to bring power from the east totlemedest coastal

loads. Therefore, exporting gigawatts of OSW power from this region to major load centers will
require significant transmission upgrades.

Figurel displays the project study area within the larger Western Electricity Coordinating

Council (WECC)regional footprintFigure2 provides a qualitative look at the relative capacities

of thetransmission lines serving the coastal areas being considered. The thickness of the lines is
indicative of the line voltage, with thickener lines indicating higher voltages and therefore

greater transmission capacity. The thickest purple line that ramky lee length of the north

south map is aigh-voltagedirect current (DC) line, called the Pacific DC Intertie. It connects
large-scale hydroelectric power in the Pacific Northwest to the Los Angeles area. The next
thickest lines represent 500 kV altatimg current (AC) lines. These run primarily nesibuth

along the Interstate Highway 5 corridor and also connect to large load centers and power plants.
The rest of the lines shown are primarily intended to serve regional loads. The next thickest lines
represent 230 kV AC lines, after which thinner 115 kV AC lines are represented, and finally the
thinnest lines shown represent 60 tekBAAC lines.
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As visible inFigure2, coastal communities mouthern Oregon are primarily served by 230 kV
and 115 kV lines, whereas therthern California coast is primarily served by 115 kV and\69
lines. What is less evident froRigure?2 is that these coastal transmission lines pass through
rugged, mountainoyand fire prone regions, which can add greater risk for outages. Notably,
OSWenergydevelopment presents an opportunity to provide a reliable and resilient form of
clean energy to these somewhat remote, rural communities. However, the presence of OSW
generators alone will not guarantee that the coastal communities hosting these amstalliti
benefit from the energy generated. Indeed, an undertjoagn this study was to explore
transmission alternatives that could provide energy benefits todosahunities, while also
costeffectively transmitting gigawatts of powernwre distanelectrical load centers.
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map was generated. Our adjustments that account for restrictions as discussed in Section 4 largely account for the

BOEM updates. The updated Oregon Wind Energy Areas can be fountthgse/www.boem.gov/renewable
energy/statectivities/Oregon
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2 ScopPg, METHODS, AND APPROACH

This study examineflO alternatives for building new bulk electrical transmission infrastructure
that could support gigawastcaleOSW projects with up to 25.8 GW in installed capacity in a
region spanning from Cape Mendocinaorthern California to Coos Bay southern Oregon.
The study examined possible OSW development in five OSW study areas and assessed the
expected costs and benefits associated idtinansmission alternatives.

One of the first tasks was to convene a Technical Focus Group (TFG). The purpose of the TFG
was to help us make wetiformed choices about the input data sets we would use for the
transmission analyses and the alternatives we would consider. We engmgeq af

stakeholders, including transmission planners, regulators, and policy makers. We drew on their
technical expertise and reabrld experience to help ensure that our study was well informed

and produced outcomes that were relevant and valualadddition to the CEC, ODOE, and

DOD, individuals from the following organizations participated in our TFG:

O«

Aspen Environmental Group
Bonneville Power Administration

O«

O«

California Independent System Operator
California Public Utilities Commission

O«

O«

CoosCurry Electric Cooperative
NorthernGrid
Oregon Public Utilities Commission

O« O¢ O«

PacifiCorp

O«

Pacific Northwest National Laboratory

O«

Pacific Gas & Electric Company
Portland General Electric

O«

O«

United States Bureau of Ocean Energy Management

2.1 Key questions to be answered
With input from our TFG, we identified the following key questions to be answered in this study:

0 How can we deliver OSWower in a coseffective manner to where it can be absorbed
into regional transmission systems?

0 How can we ensure coastal communities receive benefits (energy and other benefits)?
0 How can we ensure that OSW development contributes to grid resilience and reliability?

In addition to these key questions, our goals included identifying possible policy and market
challenges and opportunities related to OSW development, and identifying key next steps for
research and planning efforts that can move the development of OS§Y mowhe West Coast
forward. The key questions and issues noted were explored by comparifijrdresmission
alternatives in light of results from the analyses we conducted. This included power flow
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analyses, production cost modeling, technology readiness and logistical considerations,-and high
level permitting assessments.

2.2 Methodology

The methodology we followed is outlined in the list belowth@sectionghat follow, we briefly
describe the methodology and present the results we generated. Finally, we compare the costs
and benefits across the various transmission alternatives and discuss key conclusions from our
research.

w

(0]

(@4

O«

Section 3. Review existing studiesWe identify and review relevant literature that
examines OSW energy development and transmission infrastructure in the region.

Section 4. Define OSW study areasWe define the OSW areas that exaluated and
discuss the restrictions that were considered

Section 5. Define OSW development scenarie$Ve define the scale of OSW energy
development that we studied and we describe the process for generating estimates of
hourly OSW energy generation annual profiles.

Section 6. Develop transmission alternativesWe describe the process used to develop
thel10transmission alternatives that we studied, and we briefly describe the alternatives.
This includes a higlevel assessment of permitting and environmental challenges
associated with various onshore and offshore transmission routes.

Section 7. Transmission analysis methodolognd results

3 Power flow analysis- We describe the power flow analysisd resultsThis
analysis was used to determine the transmission system network upgrades needed
to accommodate the new OSW energy generation.

3 Cost estimation- We describe the estimati@mocess for determining the cost of
new transmission infrastructure and upgrades.

3 Production cost modeling- We describe the production cost modeling analysis.
This analysis allowed us to estimate how much wind power could be injected into
the transmission system, how much might need to be curtailed, and what the value
of the power could be.

Section 8. Transmission alternative cost resultsWe present the cost results
determined from the analyses discussed in the previous section and we compare and
contrast the costs of tH® transmission alternatives.

Section 9. Production cost modeling resultsWe present the results of the production
cost modeling analysis. This includes estimates of ard8%V energy generation, as
well as curtailed energy, estimatesawkrage wholesale market pricing and resulting
potential revenues from the generated OSW energy, and estimatesystdmawide
production cost benefits associated with each of the alternatives examined

Sectionl10. Levelizedcost ofenergy and transmission- We discuss the methodology
andpresentesultsfor thelevelized cost of energy. COE) and levelized cost of
transmission (LCOTin $/MWh. This allows the cost of the various alternatives to be
furthercompared with each other.
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O«

Section 11. Potential revenue sourcesNe discusshe assumptions behind the potential
revenue estimategenerated via thproduction cost model and present alternate revenue
structures that could be examined

Sectiors 12 and 13 Discussion of resultsconclusions andecommendations- We
discuss the overall results of the study, highlight key findingssagdest further
researchihatcouldhelp move the possible development of OSW energy on the West
Coast forward.

O«

2.3 Approach

This study explored transmission solutions for regi@@aVdevelopment ranging from about 7

GW to almost 26 GW of total development in the study area. Three development scenarios were
considered (Low, Mid and High), and for each scenauidtiple transmission alternatives were
considered. This included two alternatives in the Low scenario, six alternatives in the Mid

scenario, and two alternatives in the High scenario. The scenarios and the transmission

alternatives considered were informed bywaew ofprior research and studies on the topic, as

well as by direct input from the projectdés TF

It is important to note that the aim of this study was not to identify the optimal transmission
solution for any particular OSW development scenario. Instead, it was to explore a broad range
of possible solutions and consider the opportunities and carisfras well as the potential costs
and benefits associated with each alternative.

3 REVIEW OF EXISTING STUDIES

The key focus of this project is to evaluate OSW transmission options foottiernCalifornia
andsouthern Oregogoast. We examined existing studies that considered the ability of existing
transmission infrastructure to accommodate OSW development and the need for new
infrastructure. Special focus was given regarding what infrastructure was required and the cost of
the infrastructure upgrades, as well as documentation of the benefits provided. Studies were
identified through both independent reseanh with the guidance of the TFG. A full list of

studies considered and reviewed can be found in Appendix A. Below is a brief summary of key
findings from our literature review.

3.1 Criteria and methodology of transmission analysis

The Atlantic OSW Transmission Literature Review and Gapalysis(USDOE 2021¥ound

that existing OSW energy and transmission planning studies were inadequate to plan for the
required infrastructure upgrades necessary to realize the Unites 8686 OSW energy
deployment goals. Specific gaps were identified and include the following four themes:

1 The first theme found studies to be isolated with respect to geographic and oceanic
planning. Nearly all studies considered stgpecific Independent System Operators
(ISOs) or Regional Transmission Operators (RTOs), assuming an individual state has
claimto specific OSW resources. This lack of regional coordination was found to have
implications for understanding grid interconnection and coordination across the eastern
seaboard.

1 The second theme identified was a lack of coordination between OSW generation
planning and transmission development. As opposed to regional or more broadly
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coordinated approaches, it was more common for RTOs and ISOs to use the generator
interconnection queue to analyze project specific deployments and to determine
transmission requirements to bring individual new generators online.

The third theme identified was a limited range of technical analysis. In the studies
reviewed, the gaps analysis identified a lack of landfall locations, transmission cable
routing, and points of interconnection. Additionally, some of the studies that were
reviewed assumed technology availability, though additional technology development is
still required. In particular, HVDC breakers are referenced as being critical to a meshed
offshore transmission network. Without such technology, the reliability bemdéfa

meshed network may not be achievable. The study authors point out that few HVDC
breakers were in operation globally as of the time of the report's publication.

Finally, the study found that dAreliabil
defined at best, and rely on metrics which may be hard to define. Some studies were
found to lack consistency across temporal scales of wind speeds utilized for igyodelin
and most of the reviewed studies used one year or less of data. With limited temporal
scales, reliability or resiliency analyses cannot be realistically modeled because
interdecadal variability, including extreme weather events (hurricanes, etc. hotiag
adequately captured, and may therefore be omitted from long term planning and
development considerations.

3.2 Existing infrastructure and need for expansion

Previous studies show that the existing transmission infrastructure oortherncoast of
California andsoutherncoast of Oregonloes not have the capacity to accommodajawatt

scale OSW power generation, but rather is designed to transmit modest amounts of power from

eastern generators to small coastal communities. The transmission network on the coasts of
Oregon and California consists of 60 kV, 115 kV and 230 kV HVIAEs.

Early studies looking at transmission capacity in Oregon found that relatively small ame8nts (2
of utility scale generation from OSW coul
investment Novacheck& Schwarz22021)and Douville et al. 2020). However, as we learned

from additional sources, the ability of the existing gridanthern Oregon to absorb betweef 2

G W)

GW is

optimistic under optimal DC power flow assumptions. Additionally, the initial studies

considered injection across the entiretfhe Oregon coastline, as opposed to interconnection at
a few specific locations. When contingency analyses were conducte@® f{GV2 injected at a
few specific locations, the available transmission capacity was shown to decrease (Douville

2023).

Other studies assessing the grid in Oregon found that significant upgrades, including
reconductoring and development of new #80lines, would be required to interconnect new
OSW generators within the Oregon glntegited For
Resource Plan they estimated that incremental transmission for 1 GW of OSW would cost
approximately $947 million, with incremental transmission costs for up to 3.5 GW costing

$1.115 billion (PacifiCorp 2(® .

MW of OSW via the Fairview Substation, and 1,200 MW through Wendsloich triggered the
need for significant upgrades to transmission corridors by developing a 300k Yetween the
Fairview, Wendson, Lane, Alvey and Dixonville substations (NorthernGrid 2023).
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BPAGs 2022 Cl ust €022 bakedhtysOOR®Vpiopower injeBtddl At Fairview

and 1,600 MW at Rogue and found that new 500 kV reinforcements would be required at Rogue
and Fairview, and multiple new 500 kV lines would be required to connect Rogue to Fairview,
Fairview to Alvey, and FHaview to Lane substations at a cost of approximately $904 million
(Bonneville Power Administration 2022). The same study found that approximately 80 MW
could be injected at the Rogue substation without upgradgspédiars the generating resources
being studied were floating offshore resourtes.

PacifiCorp also prepared an Economic Study Request to examine the interconnection of 1 GW of
OSWenergyon thesouthern Oregoroast(PacifiCorp 2023) They examined interconnecting to

the Del Norte substation and sending the power northeast to the Sams Valley substation and
beyond. Per a PacificCog®222023local transmission system planning document, the Sams
Valley 500kV to 230kV substation is planned for a service date of 2025jtandludes

upgrade to lines and transformers from Sams Valley to Grants Pass. PacifiCorp evaluated three
different transmission options, each building on the previous, with the largest investment
including a new 500 kV path between Snow Goose, Corral, anghoon substations. For the

most modest option, where upgrades essentially terminated at Sams Valley and then relied on
existing infrastructure, the total transmission cost was about S8Hon.

PacificCorp also ran a production cost model that assessed the impacts of adding 1 GW at Del
Norte and they found that the bestse solution resulted in a suboptimal beraiit ratio of

0.21, however, this benefitost ratio only considered the benefits provided within the PacifiCorp
Balancing Authority Area. If benefits to the wider bulk electric system were consjdtered
appearshe benefitcost ratio wouldegreater than 1.7, a substantial improvement that
emphasizes the importance of considerirgga®al costs and benefits in these transmission
planning analyses for OSW developmdgcause the large amounts of power that are being
generated penetrate far into thak transmission systerthere are substantigystemwide

benefits and costs that should be considered when looking for the optimal solutions.

Studies in California found generally that the available transmission capacity is insufficient to
interconnect OSW generators to major load centers because of the weakly developed
transmission network serving the Humboldt aodhern California regions as a whole. In a

PG&E study published in 203@acific Gas and Electric Company 2028modeled 48 MW of
OSW power injected at Humboldt Bay was enough to trigger thermal overloads, requiring about
$550 million worth of upgrade#ccording to the same studgrger upgrades required more

costly investments: injecting 144 MW required a total of $950 million in upgrades, and injection
of 1,836 MWexaminedhe use of extensive subsea HVAC or HVDC upgrades, which the study
estimated to cost between $billion and$3 billion. In afollow-on study examining

transmission solutions for OSW development in Humboldt County,&hé¢shpooy &

Anilkumar 2023, it was found that the existing transmissiofmastructureservingthe Humboldt
Countycoast of California coultransmit up to 30 MW foafull-deliverability interconnection,

and up to 174 MW foanenergy only interconnection. For greater than 480 MW of transmission

SA presentation titled ATr a%bBoi sslimne Gt atdii @s forSdatryer
delivered by Dmitry Kosterev, Transmission Planning, Bonneville Power Administration on January 12, 2023 at the
USDOE sponsored West Coast Offshorm@iVTransmission Workshop. This presentation identifies a 2022 BPA
Transmission Service Request for studying 1,600 MW of OSW being injected at Rogue and 600 MW at Fairview.
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capacity, major (500 kV) expansions would be required, as would considerations for interaction
across Path 66 (the California Oregon Intertie).

The CAISO 202422 Transmission Plan outlin€sSW scenarios that include the development of
1.6 GW of OSW in Humboldt Bay and a future outlook of 2.2 GW off the coast of Del Norte
County and 6.2 GW off the coast of Cape Mendo¢@alSO 2022) Proposed upgrades include

a new Fern Road substation, new 500 kV HVAC lines, delivery to the Bay Area via subsea
HVDC cables to a new HVDC converter station in a notional Bay Aunbaand finally LCC

HVDC bipole cables to connect the Humboldt OSW energy area to the Collinsville 500/230 kV
substation. The most expensive option of the upgrades is the utilization of HYDC subsea cables,
estimated at $4.0 billion. In comparison, the overland routes to Fern Roadisntzta

estimated at $2.4 billion, while HVDC injections to Collinsville substation are estimated at $2.1
billion. l-year tarsimiSsiom aaitlodk the authors explored-@nm grid upgrade
requirements needed to support 1.6 GW of OSW in Humbardt 4 GW total as part of the-20
year outlook considering notional areas. The report specifies the need for two 500 kV AC lines
to the Fern Road 500 kV substation and a HVDC line to the Collinsville 500/230 kV substation.

3.3 Literature review influence on the transmission alternatives evaluated

When we began crafting the 10 transmission alternatives that we eventually evaluated, we drew
heavily on the literature sources described here, as well as on personal communications with
many of the individuals who were involved in preparing the reportsiteeKey literature

review influences on our selected transmission alternadneedescribed belaw

0 The California transmission infrastructure options were inspired by the CAISO
Transmission Planning Process (TPP) and the previous Schatz Center studies in
partnership with PG&E (2020) and Quanta Technology (2023tures inspired by
these studiemcluded gooint of interconnectioPOI) on Humboldt Baytransmission
lines running east and/or sodtbm Humboldt Bayand an undersdeansmissiorcable
to the San Francisco Bay Area.

0 The 500 kV line from Fern Road to Tesla and the San Francisco Bay Area POI hub were
inspired by the CAISO TPP.

The 500 kV loop in Oregon and the Rogue and Wendson POls were inspired by the
NorthernGrid Economic Study Request.

O«

0 The Del Norte POI for OSW from the Brookings Call Area and the connection to Sams
Valley were inspired by the PacifiCorp Economic Study Request.

3.4 Need for broader look at costs and benefits

PNNL prepared d.iterature Review and Gap Analygidouville et al. 202Bthatidentified an
emergent theme arising from the source materials reviameithdicated a lack of qualitative
benefits that might address stakeholder concerns. The study called for relating dorgnefist
analysis more broadly to social, cultural, environmental, and economic impacts to coastal and
ocean reliant communities, ag#e specific concerns have been absent from many of the studies
and analyses to date. The study asgédt intentional design of infrastructure will be a
requirement of new developments in order to prevent new inequities which might otherwise be
created.
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4  OFFSHORE WIND STUDY AREAS

The OSW study areas chosen for this study were based primarily on areas designated by the
BOEM for potential OSW development. In addition, we considered areas nartherncoast

of California that have been identified as possible sites for future develo(ibester et al.
2020).Figure3 shows the OSW study areas consideFedm north tasouth, the areas are the

Coos Bay and Brookings Call Areas (both off the Oregon coast), and the Del Norte notional area,
the Humboldt Wind Energy Area (WEA), and the Cape Mendocino notional area (all in waters
offshore from California).

The Humboldt WEA has also been designated by BOEM, and a northern California lease auction
was completed in December 2022 that resulted in two leases being issued to potential wind farm
developers at a combined value of $331.5 milIB@EM n.d.a) Finally, the Del Norte and

Cape Mendocino notional areas are locations of interest that offer substantial wind energy
resources andhight be candidate areas BOEM couatihsider for future potential leasing

activities
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Figure 3. Unmodified offshore wind study area$

4 Map showsCoos Bayand Brookings Call Areas as initially released by BOEM. Following stakeholder input, Draft
Wind Energy Areas with reduced footprints were proposed in August 2023 by BEMBOEM website for

further information https://www.boem.gov/renewabénerqy/statectivities/Oregon



https://www.boem.gov/renewable-energy/state-activities/Oregon

These two notional areas, though not the exact geometries specified in this report, have been
explored in previous Schatz Cen@8W feasibility and economic studigacluding Chapman et

al. (2021) andSevery et al(2020). These latter notional areas were also based in part on

information provided by the CEC as part of the AB 525 offshore wind strategic planning process.

As discussedn a September 2023 workshopetCEC has begun the process of identifying

additional sea space off the northern coastaofiCi f or ni a t o meet the stat
goals(CEC 2022)Information from this process was used to help define the Del Norte and Cape
Mendocino notional areas.

4.1 Restrictions applied to wind study areas

In order to increase the probability that the proposed wind farm development scenarios
considered in this study are aligned with DOD mission compatibility needs and to avoid other
potential conflicts and restrictions, the project team considered muligtier$ that might further
restrict OSW development.

First, wind farm areas were selected using known geographic boundaries for: 1) Call Areas and
WEAs defined by the BOEM, and 2) notional areas, provided by the CEC as part of its sea space
analysis, which may be considered for future call areas. The CaWard Energy Areas

represent the theoretical maximum area that could be developed under current federal leasing
guidelines. The notional areas were considered in the same way, though they are hypothetical in
nature and do not represent officially delireghfireas being considereg BOEM for potential

leasingat this time.

Once the maximumotentiallydevelopable areas were identified, additional layers of restriction
were considered and subsequently subtracted from the total areas previously described. A
proposed shipping lane, or fairway realignment Pacific Coast Port Access Route Study (PAC
PARS) dréted by the United States Coast Gua&2843 was incorporated into the study area
(seeFigured). Following the guidelines of thanited States Coast Guald$CQ study, the
PAC-PARS fairway areas thaitersected the various wind areas were subtracted and considered
to be permanently unavailable for development. The wind areas most heavily affected by this
were the Coos Bay Call Area, the Del Norte notional area, and the Cape Mendocino notional
area.

Additional development restrictions were obtained fiem2023 Wind Energy Siting Analysis for

the Oregon Call AreaCarlton et al. 2023 These data layers were utilized to identify military
flight corridors {.e.,low altitude aviator trainingseeFigure5), as well as sea space wind

exclusion areas which would preclude the development of permanent, floating asdeiguisee

4). After excerpting the areas noted above, and thepropmsed by the PARARS fairway, the
remaining portion of the Coos Bay Call Area was identifiedaentiallyavailable for

development. The wind exclusion and military flight corridor layers did not affect any other Call,
Wind Energy or notional area identified as part of this study. Other areas offshore from the
Oregon coast did not appear to have restrictiooms the Coast Guard or Department of Defense
with respect to possible development, although it is possible that mitigations may be required in
some locations.

Information regarding additional potential airspace restrictions associated with military special
use airspace was acknowledged and mapped, but it was not utilized to @SWietreas or
potential routes for transmission line corridors considered in this study. The special use airspace
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covers most of the area associated with wind call areas off of the Oregon Coast. Nonetheless, we
note that areas for transmission upgrades may intersect with known military utilized airspace and
could pose an obstruction to low altitude military trainimgther use of airspace. As such, early

and frequent communication between potential developers and the DOD will be critical in order

to meet both national security needs and homeland infrastructure developments requirements.

In addition to following thepreviouslystated guidelines, we note that it will be critical to ensure
early consultation with the DOD during the preliminary planning stages for any potential
projects that include any overlap with military utilized airspace. Additional consultation with the
Fedeal Aviation Administration should also be pursued independent of communications with
the DOD.

Communications with CEC staff indicated that sea sponge and coral habitats were present and
likely to impact approximately 50% of the developadpp@cen the Del Norte notional area. This
further reduced the potentially developable portion of the Del Norte notional area.

For the Cape Mendocino notional area, we only considered the northernmost portion for
potential development. This was for several reasons, including the presence of Marine Protected
Areas and subsea canyons that are ecologically important and may pdgmsigrarriers to
development. PA@PARS fairway areas prevalent off of Cape Mendocino were also assessed
and considered to be significant barriers to development. In addition, there is a lack of existing
transmission infrastructure, roads, or signifiqgampulation centers in the Lost Coast region (the
coastal area south of Cape Mendocino and north of Fort Bragg).

After removing the restricted areas and areas considered unlikely for development, we prepared a
final series of maps. These maps were shared
Steering Group (CSG), which included representatives from the D@MDOE, and the CEC.

With respect to undersea transmission cable routes, many of the same restrictions identified
earlierwere considered. With respect to overland transmission line alternatives, the proposed
routes followed existing transmission corridors, wheghts-of-way and transmission
infrastructure are already present. In most cases, exigjimg-of-way would need to be
expanded to accommodate additional transmission infrastructure. All transmission alternatives
and associated routes have been reviewed by DOD representatives to assess DOD mission
compatibility as part of CSG review activities. Key takaege/derived from mapping proposed
OSW developments, in concert with a DOD mission compatibility assessment, are that
development may be possible, but would require early and frequent communication and
coordination with DOD leadership to ensure that missmmpatibility and national defense are
not impacted.
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Figure 4. OSW study areas with known PAGPARS and Wind ExclusionAreas subtracted

from areas considered for development as part of the study
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Figure 5. OSW study areas with known Military Special Use Airspace areas and Military
Flight Corridors
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Tablel lists each of the wind study areas, identifies the source of the boundaries for each, lists

the assumegotentiallydevelopable area, and lists some of the knpatentialrestrictions that

were adjusted for in each of the areas. The study made use of publicly available data sets, see

Appendix B for a complete list.

Table 1. Offshorewind study area characteristics

Unrestricted sl
OS\AV Study State | Source of Boundaries| Area (sq. Potentially HUEIAE Restrlitlons
rea mi.) Developable Considered
' Area (sq. mi.)
Wind Exclusion and PAC
Coos Bay Call Area PARS restrictions
Clzstsy G (BOEM) Ll = considered; additional
restrictions may apply.
: Brookings Call Area None considered, but
EEO TS I (BOEM) a4t aar restrictions may apply.
PAC-PARS, coral and sea
Notional Area(AB525 sponge restrictions
bt CA Sea Space Analysis) LU SR considered; additional
restrictions may apply.
Humboldt Wind Energy None considered, but
Alliflsetel e Area (BOEM) Al Al restrictions may apply.
PAC-PARS and undersea
Cape Notional Area (AB525 canyon restrictions
Mendocino G Sea Space Analysis) e e considered; additional

restrictions may apply.

*Note that additional restrictions may apply, but further investigation was beyond the scope of this study.

The Coos Bay and Brookings Call Areas were officialignowed down by BOEM and
designated as Draft Wind Energy Areas in August 2023, after our analysis was complete but
before we released this rep@BIOEM 2023) BOEM (n.db) indicates that they utilized a

A .camprehensive process to identify the potential offshore locations that appear most suitable
for floating OSWenergy leasing and potential development, taking into consideration possible

impacts to local coastal and marine resources and ocearodserOraftWEAS specified by
BOEM for potential development (lease sales) include 95.6 square miles in the Carsday
and 247.4 square milestine Brookingsarea This is contrasted witthe areas considered our
study, which include®@00 square miles ithe Coos BayCall Areaand 447 square miles in the
Brookings Call Area. Our largest development scenario of 5.9 GW of nameplate capacity in
Brookings consisted of a turbine footprint (including mooring line standoffs) of 360 square
miles, whereas th€oos Baywind farmconsisted of a fully built out footprint (including
standoffs) of 237 square miles. This reduction in lease area footprint across both call areas
represents a reduction in the number of turbines possible for installation and may impact the
results of oustudy for the full 25.8 GW buildout scenario. We discussithibe next section
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5 OFFSHORE WIND DEVELOPMENT SCENARIOS

The OSW devel opment scenarios selected for th
OSWgener ation capacity), to AMido (12.4 GW), t
energy policy goals for California and Oregon, and more broadly to the larger western states

region.

California has ambitious and aggressive climate policies to achieve energy sector
decarbonization by 2045. €ke policiesncludereducing statewide greenhouse gas emissions to
85% below 1990 levels and reaching a 100% clean electric grid. In addition, as directed by
Assembly Bill (AB) 525 (Chiu, 2021), the CEC established preliminary planning goals for the
development 0©OSWenergy off the California coast in federal waters of 2 GW to 5 GW by
2030, and 25 GW by 2045. These preliminary planning goals fa¥ @&selopment will be

further evaluated as part of the complete AB 525 strategic planning process.

Oregon has established a statewide goal to achieve 100% clean electricity serving Oregon
consumers by 2040, as well as a 50% econamdg emissions reduction by 2035 and a 90%
economywide emissions reduction by 2050. In addition, Oregon has adopted @ gtaining
for up to 3 GW of OSW development by 2030.

Oregon also has aggressive clean energy and c¢

|l aw requires the stateb6s | argest retail el ect
associated with electricity serving Oregon consumers by @Drdhon State Legislature 2021a)
Oregoné6s Climate Protection Program, establis

Quality(2021) r egul at es twide reduttiantokgéesnhoeise gases,with an
interim target of 50 percent reduction 2§35 and 90 percent reduction by 20B0addition,
Oregon has a state goal to plan for the development of up to 3 GW of floating OSW within
federal waters off its coast by 20@0regon State Legislature 20218} a result, Oregon policy
recognizes the merits of studying and planning for floa@&yV, though Oregon has not
committed to deployment targets.

In light of these legislative and regulatory goals, the OSW development scenarios chosen for this
study were selected to align with the planning targets of both Oregon and California. For the

Low and Mid development scenarios, which could be seen to egpinesar and miterm

buil dout scenarios, respectively, Oregonds st
California, the 2030 preliminary planning goal oG2Vto 5 GW of OSW energy served as a

guideline for the Low development scenario. Thiel Mlevelopment scenario of 7.2 GW on the
northerncoast of California represents a step toward the larger buildout goals for the state. For

the High development scenario, total nameplate capacity in Oregon was stepped up to a total of

9.8 GW, while the total capacity in California was increased to 16 GW.

The 16 GW of OSW development in California for the High development scenario is roughly
consistent with Californiabds 2045 preliminary
that not all OSW development in California will necessarily take placthefNorth Coast.

There is currently a lease on the Central Coast for the Morro Bay Wind Energy Area, and per
NRELO6s 2022 assessment, it is expgCogpermatett o acc
al. 2022) This would indicate that another 4 to 6 GWHef/elopment on the California coast in

another location (i.ebeyond the areas considered in this study and the Morro Bay WEA) may

be necessary to meet the 25 GW goal by 2045. The following tables show the OSW development
capacities that wereonsidered in this study in the Lowable2), Mid (Table3) and High
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(Table4) developmenscenarios, including how those capacities were broken out by state and by
OSWstudy area.

As noted in the previous sectidQEM's recent identification of Draft Wind Energy Areas has
reduced the size of the potentially developable ocean areas adjacent to southern Oregon.
Compared to the footprints utilized in our study, which were based on the previously designated
call areas, the new lease area footprints will allow for the siting of only about 40% of the
turbines wemodeledn the Coos Bay call area and approximately 55% of thosdeledfor the
Brookings call area under the High developnsa@nario. We note that the reduced developable
area defined by BOEM does not impact the Low or Mid development scenarios we modeled.

Table 2. Wind farm capacities for Low developmentscenario (7.2 GW total, 3.1 GW in OR
and 4.1 GW in CA)

Development Scenario Wwind Area Nameplate Output
Capacity (GW)
Low Coos Bay 1.3
Low Brookings 1.8
Low Del Norte 2.1
Low Humboldt 2
Low Cape Mendocino 0
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Table 3. Wind farm capacities for Mid developmentscenario (12.4 GW total, 3.1 GW in
OR and 9.3 GW in CA)

Development Scenarity Wind Area Ng@sg?:;(gw;m
Mid? Coos Bay 1.3
Mid? Brookings 1.8
Mid* Del Norte 6.7
Mid? Humboldt 2.6
Mid? Cape Mendocino 0
Mid? Coos Bay 1.3
Mid? Brookings 1.8
Mid? Del Norte 4.6
Mid? Humboldt 2.6
Mid? Cape Mendocino 2.1

*There are two Mid development scenarios. Mistuses only on the four northern wind areas and does not feature
any development in the Cape Mendocino area, whereas Mid2 develops 2.1 GW in Cape Mendocino, with a
comparable decrease in capacity in Del Norte.

Table 4. Wind farm capacities for High developmentscenario (25.8 GW total, 9.8 GW in
OR and 16 GW in CA)

Development Scenario Wind Area Nameplate Output
Capacity (GW)
High Coos Bay 3.9
High Brookings 5.9
High Del Norte 4.6
High Humboldt 2.7
High Cape Mendocino 6.3

5.1 Offshore wind power generation estimates

Offshore wind generation profiles for each of the scenarios shoWabie2, Table3 andTable
4 were developed using data from the WIND toolkit (Drax| eR@l5). This datasebntains
modeled one hour wind speed and direction data for Central and North America including
offshore areas along the coastline, spanning from-2004. A typical meteorological year
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(TMY) of hourly wind speed data was assembled from this& data set. In this process, one
month of data were selected from the eight years of data available for the TMY dataset for each
month of the year such that the month selected most closely makehaverage single turbine
power generation in that month given the full data set. Each wind area had its TMY data set
assembled independent of all other call areas to give the best possible fit for the TMY data.

It was assumed that 15 MW turbines will be utilized, and turbine layouts were assumed to be a
hexagonal close packed structure of offset rows. Rows of turbines were assumed to be spaced at
10rotor diameters while columns were spaced at four rotor diameters. Rows were set
perpendicular to the prevailing wind direction. These assumptions follow NREL's site

assessment (Cooperman et al. 2022). A Gaussian plume wake model was used to estimate wake
losses, and proportional losses, shutdown losses affecting simgines, and shutdown losses
affecting the entire farm were also consideRResulting estimated capacity factors ranged from

42% to 52% depending on locatidrable5 provides cumulative installed capacity, the annual
generation at the wind farm, and the annual capacity factor for each of the scenarios and wind
farm configurations that were evaluatéthte that the generation and capacity factor values do

not account for the curtailment that was determined via production cost modeling; this is
discussed in section 9.

Table 5. Offshore wind farm installed capacities andannual generation

Development Transmission Installed Annual Annual
Scenario Alternatives Capacity (GW)| Generation Capacity

(TWh) Factor

Low 7.2a, 7.2b 7.2 30.44 48.3%
Mid*? 12.4a, 12.4b, 12.4c, 12.4 52.98 48.8%

12.4d,12.4e

Mid? 12.4f 12.4 53.50 49.2%
High 25.8a, 25.8b 25.8 109.66 48.5%

Peak generation numbers for each wind area were used for the power flow analyses, and hourly
wind generation profiles were used for the production cost model analyses. Appendix C includes
more detailed informatioregarding how the wind generation profiles were developed. In

addition, we present a set of plots that characterize the power generation curves for each wind
farm that was modeled.

6 TRANSMISSION ALTERNATIVES

In this section we provide an overview of thgtransmission alternatives that were evaluated,

and we discuss some of the reasoning regarding how they were developed. Once again, itis
important to note that the aim of this study was not to identify the optimal transmission solutions,
but instead wastlearn from the exploration of a broad range of possible transmission
alternatives. Technology options explored in the various transmission alternatives included:

0 Onshore and offshore transmission routes,
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O«

High-voltage AC (HVAC) and higivoltage DC (HVDC) solutions,
Long-distance offshore transmission routes via undersea HVDC cables,

O«

O«

Radial connections from individual wiridrms to immediate onshore landing locations,
Offshore meshed networks with shared HVAC buses,
An HVDC backbone that conneatsultiple wind farms, and

The use of phase shifting transformers to allow lower voltage, local transmission systems
to be served by the gigawatt scale wind farms being deployed off their coasts.

O« O«

O«

We note that all the necessary technologies for {acgée development of floating OS&viergy

are not fully developed nor commercially available at this time includes floating turbines,
floating substations, floating HVDC conversion statianssh transmission networks, and

dynamic highcapacity HVAC and HVDC cables. Therefore, we made assumptions regarding
technologies that are expected to be available in the coming years. Our assumptions regarding
floating offshore infrastructure are discussed Wwelo

To confine the breadth of the study, the overland portion of the transmission analysis only
considered transmission routes along existing transmission corridors. In addition, regarding all
overland routes, following existing corridors, we considered ovdytead lines for all new and

upgraded lines, as opposed to underground lines. The undergrounding of transmission lines,

while substantially more expensive, tends to improve their reliability because they are not

subjected to major risks posed by high venextreme storms and wildfires. Also, while the

devel opment of completely new transmission co
likely to be more challenging, there may be some situations where it makes sense to consider

new corridors; howeer, such an analysis was beyond the scope of this study.

For the transmission analyses, we utilized standard electrical transmission system data for the
region obtained from the Western Electricity Coordinating Council (WECC) and modified them
to meet CAISO planning standards. The study year used for the tsaimmanalysis was 2032.

It is important to note that standard transmission planning data are availabl{pear time
horizon, and that is what determined the study year. However, it is not expected thataléull
buildout of OSWon theWestCoastwill be completed by 2032n addition, it is likely that
development will occur over time and in a phased approach. Consequently, it is important to
consider that early planning decisions will affect later opportunities and d@damg carefully
conceived, phased vision is likelly be most effective.

The main focus of this study was to examine the transmission system upgrades that would be
required to support specific levels of OSW development, and to estimate what those upgrades
would likely cost. This was accomplished by conducting power flow arafgsall 10

alternatives, and production cost modeling (PCM) for eight ol Ghadternatives. While this

study did not include a detailed assessment of the potential issues and challenges associated with
each of the alternatives evaluated, we did complete aléngth assessment of the potential

5 PCM analyses for the 25.8 GW scenario were not conducted as part of this study. We note that due to data
limitations, the PCM analyses could only be conducted for the 2032 study year. We expect that the development of
OSW on Californié Blorth Coast and theoutherncoast ofOregon at a scale similar to the 25.8 GW scenario is not
likely to happen before 2040 or later. By that tirkectrical demand profiles and generation mixes are likely to be
significantly differentfrom the 2032 estimate$herefore, running the PCM model for 25.8 GW of OSW in 2032

would not likely produce meaningful results.
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challenges, issues, and constraints that might be encountered. This effort included a general
assessment of both the offshore infrastructure and cable routes, as well as the onshore
transmission corridors that would need to be expanded to accommodatmatitiiansmission

line capacity.

6.1 Floating offshore infrastructure

Most OSW farms globally utilize fixeBottom infrastructure (turbines, substations, etc.).

However, for the development 6fSWtechnology in northern California and southern Oregon,

fixed bottom infrastructure is largely infeasible due to the extreme water depths and unique
terrain challenges, such as steep shelf embankments and submarine canyons. These
oceanographic and geologiballenges represent a departure from the conditions found where
existingOSWfarm developments have occurred or are plannechét,ssuch as in Northern

Europe and off of the East Coast of the United States. In those areas, the relatively shallow water
depth (less than 60 meters) does not logistically or economaient developers from

affixing the turbine platforms directly to the seafloor.

Floating infrastructure brings many new challenges. Equipment like wind turbines and offshore
substations need to be supported by floating platforms or other floating structures, and these
structures will be constantly in motion. Th#re, thecables that interconnect these moving
components will need to be dynamic cables that are designed to withstand motion while in
operation.

6.2 HVAC and HVDC cables

It is likely that the transmission solutions for floating OSW offribehern California and

southern Oregon coasts will include both AC and DC cables. AC transmission cables are more
widely implemented and are a more developed technology. This suggests that the first market
ready transmission solutions for floating OSW will utilize AC cables. HewneAC transmission

cable efficiency is both voltage and distaigispendent, making them nageal for longdistance
transmission. While these efficiency andtdnce constraints do not necessarily preclude
widespread use, they increase the cost of transmission due to the mitigation measures required.
However, for radial connections bringing the generated power directly to an onshore landing
point with cable rurdistances in the 2@o 40-mile range, little if any mitigation would be

required.

When considering using subsea cables to route power to distant major load centers (e.g., Portland
or the San Francisco Bay Area), the inefficiencies of HVAC cables become proHeitiaase

of the hundreds of miles of length that will be required. In these cases, the implementation of
HVDC subsea cables becomes appediacauséiVDC transmission capacity is not length
dependent. When exporting power fr@®Wfarms to the onshore grid, there is a commonly

cited breakeven point at betweenBI0 km (about 8-60 miles) at which HVDC becomes a

more economical choice than HVAEBuang et al. 2023

Subsea export cables extend from an offshore substation to a coastal landfall point where there is

a transition joint between the subsea and overland cables. Current Industry standards for fixed

bottom OSW farmspecifystatic export cables. Floati@SWp | ant s r eq wablese fAdyna
that are designed to withstand motion while in operationKgpee6). Export cables canse a

relatively short segment of dynamic cable between the floating substation and the seabed, then
transition to a static cable for the remaining distance to the cable landfall. For this study, we
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assume the availability of dynamic HVAC power export cables with a capacity of 1 GW, which
is approximately twice the capacity of current HYAC export cables. For HVDC power cables we
assume a capacity of 2 GW, which is comparable to currently availatitet$tdDC cables, and

a 525 kV bipole configuration with metallic return, bundled for installation in a single trench.

We note that according to Huang et al. (2023), HVAC dynamic export cables are not currently
available at high voltages (they are curreathgilable at 33 and 66 kV), and HVDC dynamic
export cables do not exist in any form.
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Figure 6. Dynamic subsea cable system componenthustration by Josh Bauer, NREL.
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6.3 Floating HVAC and HVDC substations

Substations are used to boost the voltage of the electrical power generated by wind turbines
before transmitting the power over long distances. If there is a desire to use HVDC cables, then
the AC power from the turbines must firstdmnverted into DC power, then transmitted via the
HVDC cables, and then converted back to AC power in order to be injected into the bulk AC
electric power grid.

Current offshore substations are commonly located on fixed platforms. We assumed that floating
platforms would support similar substation structures. For HVAC substations we modeled 1 GW
floating systems, which are comparable to current fixetiom HVAC sibstation capacities.

Each platform holds a transformer to step up from the turbine array system voltage of 132 kV to
the export cable voltage of 400 kV. The offshore substation also has switchgear to protect the
equipment against electrical faults, angheleding on the cable length, has reactive power
compensation to maintain voltage at the specified level.

For HVDC conversion stations, we assume the use of voltage source converter (VSC)
technology and a modular 2 GW system per platform, which is comparable tdiked
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HVDC substations that are planned to be in service by 2030 (TendgTEach platform holds

a transformer to step up the wind turbine array system vditagel32 kV to the export cable
voltage of 525 kV. HVDC export systems require an AC/DC converter between the collection
system and the export cable. The offshore platform also holds DC circuit breakeraerging
technologyto protect the equipment from electrical faults. The offshore platform is expected to
supportlOstories and cover a footprirdughly the size of a soccer field.

6.4 Offshore mesh networks

To date OSWfarms have commonly utilized radial connections, where wind farms are

connected to the nearest onshore location where they can tie ietxgtiegelectrical

transmission system. However, as the industry scales up there is more attention being paid to
networked interconnection schemes. Such schemes include shared substations, meshed grids, and
offshore HVDC backbones that tie multiple wind farms tbgeand allow for power to flow in

multiple directions at any given time. These types of igométions can potentially increase

reliability anddecrease congestion issues. Utilizing a meshed, or networked connection can also
allow for power sharing across the regional power grid, again improving reliability and allowing
power to flow to locations where it is most valued. However, these typesfijurations can

be more complicated from a technology, regulatory and wholesale energy market perspective.

Meshed grid systems have been studied in New York, New Jersey and Great Britain. In New
York, a studyfound that networked concepts (shared substations, meshed grid, and common
backbone) were economically justifiable if they encompassed at leasOSW@rojects with a
minimum aggregate rating of 3 GI®NV GL et al. 2020)In New Jersey, a state level approach
was initiated to examine various transmission solutions, including a meshed offshore grid
approach(Pfeifenberger et al. 2022And in Great Britain, an extensive study examined an array
of offshore network transmission solutions that could sereae¢ommodate approximately 60
GW of OSW generating capacity by 208NV GL 2020) The UK study examined four HVAC
networked technologies and four HVDC networked technolo@ies researchefsund that the
integratechetworkeddesigns would likely offer many advantages, including reductions in the
number of onshore cable landings, reductions in required onshore transmission upgrades,
reductions in costs, reduced impacts to the environment and coastal communities, and improved
transmission services.

In our current study, we examined both offshore radial and networked transmission solutions.

For the networked solutions we took a mixed approach. In all of the alternatives we assumed that
the cumulative AC capacity from each wind farm was connecteddamanon busbérthat could

serve any of the floating substations, HVAC or HVDC, that were associated with that wind farm.
Il n Alternatives 7.2a through 12.4b, this is t
to shore are radial via HVAC export cables. Thstarting with Alternatives 12.4c and 12.4d, we
begin to interconnect some of the adjacent OSW farmiengadistanceHVDC cables. But

there still are no networked connections within the HVDC transmission system. In these two
alternatives, all connections within the HVDC transmission system are via individual, two

terminal HVDC cables. Finally, in Alternatives 12.4e thgh 25.8b, weassumeanetworked,
multi-terminal connections within the offshore HVDC transmission system. In these mesh

6 This busbaris assumed tabe a set of cables that interconnect the floating offshore substations serving a
regional wind farm. The voltage serving these floating substations is assumed to be 132 k¥e actual design
and implementation of a common AC busbasystem may be different from these assumptions.
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configurations, we assume that the offshore transmission assets can be shared between multiple
OSW projects.

We note that these offshore transmission technologies are all still very much in development and
there are numerous technologies and configurations in the HVDC space that could be used to
create meshed networks within the DC system. We assessed thestotgebrat a&onceptual

level and did not specify detailed technology chomesost parameters.

6.5 Serving local coastal community loads

Offshore wind development in northern California and southern Oregon is being considered in
rural regions that are characterized by limited transmission infrastructure and frequent and
extended power outages. The transmission infrastructure needed &v cerliewable power to

major load centers can also provide reliability benefi®@8Wfi host 6 communi ti es
communities along transmission routes, provided that the new infrastructure includes
connections to the local systems that serve these commuHitegver, it is also possible for

the new infrastructure to bypass rural communities if local connections are not included.

If development oDSWis to be successful, it will need the support from communities in the
coastal regions near the wind farms. This support, in turn, will depend, in part, on the delivery of
tangible and meaningful benefits to these communities. Increased electricitylitgliapresents

one important form of community benefit that could result f@8W development.

To address this, each of the transmission alternatives considered in this study included some
points of interconnection to local systems in coastal regions near the respective wind farms.
While quantifying the associated reliability benefits is beyondtope of the current analysis,
we were able to estimate the cost associated with providing these interconnections. The
infrastructure needed to serve these local communities included phase shift transformers,
autotransformers, and local transmission lirwemterconnect new substations to existing nearby
substations.

Phase shifting transformers are used at the point of interconnection between thigimew,
voltagetransmission infrastructure and the lower voltage electrical systems that serve local
communities. The phase shifting transformers are needed to control power flow within the AC
system. The GW scale wind farms being modeled are located offshore froncemiadlnities

with minimal electrical loads. If that power is brought onshore and interconnected to the local
transmission system, it could overload the limethe local system. In this case, the phase

shifting transformer creates a phase shift betweehigievoltageside (e.g., 500 kV) where the

wind generators are connected, and the lower voltage side (i.e., 115 kV) that serves local loads.
The phase shift allows for control of the power flow to ensure that the local lines do not become
overloaded. In addition, auteansformers were used to connect new 500 kV lines to existing

230 kV substations serving local communities.

Points of interconnection with local systems are noted in single line electrical schematics that are
shown below in the description of the transmission alternatives.
6.6 Offshore cable routes

Numerous data sources were used to inforntay@uts of the subsea cables well as the
overall transmission alternatives that were studied. GIS data from project partners Mott
MacDonald and H. T. Harvey & Associates were utilized, and primarily consisted of publicly
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available geospatial and infrastructure level datdive geographic regions (the Oregon coast,
the North Coast of California, the Mendocino area in California, the San Francisco Bay Area,
and the Central Coast of Californ@ataincludedspatial distributions of endangered species and
species of special consideration, hydrology, hydrographic and topographic layers, benthic
seafloor and sediment characteristics, subsea cables, submarine canyons, Marine Protected
Areas, National Marine Wilde Sanctuaris, ship traffic, and ship densitgeveral key
considerations emerged from this and previous ana{fZeter A. andPhillips, S.2020)

regarding the development of subsea cable routing for OSW energy transmission.

Bathymetric and geophysical characteristics, which include submarine canyons, turbidity flows,
fault lines and seismic displacement, substrate conditions, and steep slopes, can all present
significant challengesSubsea transmission routes were defined at a high level with
consideration for logistical and ecological impacts. Geomorphologic and oceanographic
constraints related to siting and layouts were compared to technological capabilities of existing
and develomg equipment. In addition to the aforemened constraints, factors including DOD
operational areas, vessel traffic, fairway designations, cable landing locations, existing
submarine cable locations, fishing grounds and marine protected areas)(WEtA considered

for routing purposes.

Additional consideration was given to the presence of submarine canyons, some of which extend
up to 108miles offshore from the coastlines. Along tiethern coast of California, particularly

from Cape Mendocino and southward to the Monterey Bay area, deeply incised submarine
canyons are a prevalent characteristic of the continental slope. Mitigating for these features may
require wholesale avoidance, which dstaiting the cabledeeper tha3,000 meters. Cable

routing closer to shore would allow foretlsiting of subsea transmission cables in water depths

for which HVDC cables are currently rated; however, there are significant ocean user conflicts
associated with nearshore cable routing. In addition to potential conflicts with commercial

fishing operabns, updated fairway alignments along West Coastfor which no permanent
developments are permissible, would coincide with the proposed routes along the shallower
extents of the continental shelf. Other considerations included Marine Protected Areas,
submarine cables, depth contours, slopes, and fault zones or seismic activity centers, as well as
vessel traffic.

Deeper vater depths also present challenges. At pregenapproximate limiting water depth
for cables is 6500 ft (2,000m). The technology necessary for cable laying at 9,800fin(3 @00
deeper is currently under development. In general, the technology risk increases with depth
because additional challenges associated with cable laying, siting, and repair become more
expensive and complicated with deeper depths.

The spacing between cables also presents increased challenges withihepitayinga cable

parallel toanexisting cable, a new cable typically needs to be placed aliodtinesthe water

depth from existing cable to allow enough space for repairs to be conducted such that the
repaired cable will not overlay an adjacent cable. Cables installed in water depths offshore of the
continental shelf would therefore potentially be spaaggaroximately 30 5 miles (4.88.0 km)

apart to allow for standard raip methodology. This is natecessarilya hard constraint, as

repairs may potentially be conducted in a shorter width, though at a higher cost.

In addition to routing considerations, cable landfall considerations were made. Factors including
roads and access, shipborne access to deep water, and the existence of marine protected areas or
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national marine sanctuaries (NMS) were all consideCatble lay vessels typically require
approximately80ft (~10m) of water depth, and therefore the distance to thi¢ @htour was
assessed along the shoreline to check the distance to this waterTdhéptlistance is important
becausé¢he typical limit ofa cable pullto shore i3280ft to 4920ft (1,0001,500m).

All of the factors were utilized by the Mott MacDonald team to create a conceptual map of
example corridors. The feasibility of these options is not confirmed, and is based on an early
review of constraints and hazaytise optionsare conceptual or notional in nature only. These
concept level options formed the basis of our consideration for design and layouts of offshore
transmission alternativebigure? illustrates a conceptual subsea cable layout, vatious

obstacles or areas of special consideration displayed in conjunction with notional cable routes.
Additional information regarding subsea cable and landfall considerations is provided in
Appendix D.
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6.7 Development of transmission alternatives

The development of the transmission alternatives was driven primarily by the OSW farm
capacities being proposed, the proximity and capacity of existing onshore transmission
infrastructure, the proximity of electricity load centers, the assumed capatiiasons

transmission technologies, and the transmission planning standards enforced by entities such as
CAISO and WECCTable6 provides a list of the transmission technologies that wensidered

and the assumed transmission capacities for these technologies. We note that some of these
technologies do not currently exist, but all are being discussed and pursued by the OSW industry
and are expected to begin to become commercially alailalthe next decade or so. Dynamic
HVDC cables are expected to be available by 268&(g et al2023), whereas the first floating
substations are expected to be available by 28R0pljak 2023)

Table 6. Assumed capacities for transmission line technologies (per line)

Technology Capacity | Notes

(GW)
HVAC overhead (500 kV) 3.2 Mature in use technology currently available.
HVAC undersea (400 kV) 1.0 Technology in development; requires dynamic cab

and floating substations that do not currently exist,
Assumed maximum distance of 60 miles due to
higher cable power losses and increased reactive
power compensation requirements at greater
distances.

HVDC overhead (£500 kV) 3.0 Technology exists toddyAssumed voltage source
converter (VSC) bpole technology.

HVDC undersea (£525 kV) 2.0 Technology in development; requires dynamic cab
and floating substations that do not currently exist,
Assumed voltage source converter (VSGjpbie
technology

All of the alternatives we evaluated required floating offshore substations, and many included
floating offshore HVDC conversion stations, both of which will require dynamic HVAC and/or
HVDC export cables. We note here that the assumptions we used,tioratiihe

characteristics stated irable6, are that the floating offshore HVDC conversion stations will be
available in a 2 GW modular format, where each conversion station would have its own floating
platform that would be roughly the size of a soccer field (115 yards long by 84 yards wide). This
i's based on Ten{[@Tenied s.d,)@HEkcurrently i bemgdeveloped for fixed
bottom HVDC conversion stationfeatures a 525 kV bipolar cablend is designed to be muilti
terminal ready, which is key for future adoption of an HVYDC mesh network

8 HVDC technology is common throughout the world, though less so in the United States. One relevant
example in the US is the Pacific DC intertie that runs from northern Oregon to Los Angeles, California. It is a
+500 kV line that carries up to 3.1 GW of DGower.
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Based on these assumed capacities, we crafted a series of alternatives that were expected to be
capable of transmitting the power generated by the OSW developments to onshore transmission
infrastructure that could then handle the power flow and conveyhgtelectricity load centers

in the San Francisco, Sacramento, Portland and other metropolitan areas. In addition to the
capacities listed ifable6, we adhered to the CAISO planning standard that dictates that no

more than 1.15 GW of generation can be dropped due to the loss of one transmission line. This
meant that transmission line redundancies were planned to cover the loss of a single line and
make sure this power loss criterion was not exceeded.

Using these guidelines, we developed a set of possible transmission alternatives, starting with the
Low development scenario and building toward the Mid and High development scenarios. We

based our initial proposed alternatives on information we gaineddtber recent and related
transmission studi e s20223ransnissianPlEASO 2RAaAnd5 O6s 20 2
NorthernGrido6s e toexanimdSWinOtegod(Mortherm@rid 2023)0Once

we had a set of potential transmission alternatiwespresented them to our Technical Focus

Group received feedbacglkandthen made adjustments based on that feedback. For example, we
expanded our alternatives to include more variety, such as interconnections into the PacifiCorp
system, which straddles batbrthern California andouthern Oregon, via the Del Norte and

Sams Valley substations. This was iamlysisr med by
t hat was conducted in response to theOSW egon
integration (Austin 2023)

Below we briefly describe the transmission alternatives that were evalliatdd? lists the
transmission alternatives and the development scenarios that each are associated Tatiieand
8 outlines the key characteristics of each alternative.

A few key trends can be observedliable8. First, as expected, the total amount of new
transmission infrastructure increases steadily from the Low to the Mid to the High development
scenarios. However, what is more notable is that the amount of HVAC infrastructure increases
somewhat from the 7.2 GW to the 12.4 GW scenario, but then dexegsticantly as a

greater reliance on HVDC infrastructure is employed. This can particularly be seen in
Alternatives 12.4e, 12.4f, 25.8a and 25.8b. We note that as the alternatives progress from 7.2a
through to 25.8b and the amount of HVDC infrastruetsteadily increases, this corresponds to a
greater reliance on an offshore HVDC transmission network. It is also notable that the total
number of floating offshore substations, both HVAC and HVDC, increases through to
Alternatives 12.4c and 12.4d, but théecreases when an offshore HVDC mesh network solution
is adopted

Table 7. List of ten transmission alternativesby development scenario

OSW Development Scenario Transmission Alternatives
Low - 7.2 GW 7.2a,7.2b
Mid - 12.4 GW 12.4a, 12.4b, 12.4c, 12.4d, 12.4e, 12.4f
High - 25.8 GW 25.8a, 25.8b
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Table 8. Characteristics of the ten transmission alternatives

Characteristic Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt.
7.2a | 7.2b | 12.4a | 12.4b | 12.4c | 12.4d | 12.4e | 12.4f | 25.8a | 25.8b
Total wind farmcapacity (GW) 7.2 7.2 12.4 12.4 12.4 12.4 12.4 12.4 25.8 25.8
CA wind farmcapacity(GW) 4.1 4.1 9.3 9.3 9.3 9.3 9.3 9.3 16.0 16.0
ORwind farmcapacity(GW) 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 9.8 9.8
O_ffshore HVDC backbone connecting No No No No Yes Yes Yes Yes Yes Yes
wind farms
Offshore HVDC mesh network No No No No No No Yes Yes Yes Yes
No. of HVAC undersea export cables 9 9 14 14 14 9 3 3 0 0
No. of HVDC undersea cables 0 2 2 5 3 5 8 10 27 22
No. of floating HVAC substations 9 9 14 14 14 9 3 3 0 0
No. of floating HVDC conversion stationf 0 0 0 0 5 8 7 8 15 15
No. of new onghore 500 kV HVAC 7 7 7 8 7 8 6 8 11 15
transmission lines
No. of new onshore 500 kV HVAC 5 5 3 5 5 5 5 5 5 5
substations
l_\lo. of new onshore HVDC transmission 0 1 1 1 0 1 5 1 1 1
lines
No._of new onshore HVDC conversion 0 3 3 4 1 5 5 4 8 7
stations
No. of new phase shifting transformers 5 6 5 8 6 8 7 7 9 8
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6.8 Description of transmission alternatives

Below we briefly describe the alternatives and make comparisons betvesenn each
development scenario. For one example alternative in each scenario, we also provide a single
line schematic showing the proposed new transmission infrastructure and the existing
infrastructure it interconnects with, along with a map that shibw physical routes that were
assumed. Further descriptions of the transmission alternatives;lgiegéehematics, and maps

for all the alternatives are included in Appendix E. Importantly, we note that all transmission
corridors that were examinedeamotional, primarily follow existing corridors, and may not

match future layouts.

6.8.1 Low development scenartoAlternatives 7.2a and 7.2b (7.2 GW)

Alternative 7.2a was developed to accommodate 7.2 GW of OSW development. It features radial
connections via 500 kV AC export cables between the proposed OSW farms and nearby onshore
substationskigure8 provides a single line electrical schematic &iglre9 provides a physical
geographic map of Alternative 7.2a. Similar figures for Alternative 7.2b are included in

Appendix E.

In Oregon, this alternative drew heavily on the NorthernGrid approach, where approximately 3
GW of OSW is connected on the central and southern Oregon coast, with 500 kV substation
upgrades and a 500 kV AC transmission line loop created between WendsenAhay,

Dixonville and Fairview substatior{dlorthernGrid 2023)From here forward in this report we
refer to this approach as the ANorthernGrid
repeated through a number of the transmission altegsaiinat were considered.

In California this transmission alternative, and all the transmission alternatives that follow, rely
on the establishment of two new 500 kV substations at Del Norte and Humboldt. In Alternative
7.2a, each of these new substations are connected via 50C kvies to the planned Fern Road
substation in the Central Valley. Thiennectghe California wind generation into the main 500
kV transmission backbone that runs along tbecbrridor of California and thereby connects the
power to the load centers $acramento and San Francisco. In addition, a new 500 kV line is
added between the Round Mountain and Tesla substations, which are part of the 500 kV
backbone. This additional line is needed to handle the additional power flow and is included in
every tranmission alternative that follows.

Connections to lower voltage, local transmission grids via pslaising transformers were
included for the Wendson (230 kV), Fairview (230 kV), Rogue (230 kV), Del Norte (115 kV)
and Humboldt (115 kV) substations.

Transmission Alternative 7.2b also featured radial connections from all wind farms to shore.
Differences between 7.2a and 7.2b are that we eliminated the 500 kV loop in Oregon (between
Wendson, Lane, Alvey, Dixonville and Fairview substations), and insteaidyed redundant

lines from the coastal substations to the 500 kV transmission backbone to the east. In addition, in
California we eliminated the overland transmission lines running from the Del Norte substation

to Fern Road, and instead added two HVID@s running from the Del Norte substation to the
Humboldt substation via an offshore cable route. We note that these lines both originate and
terminate at onshore HVDC conversion stations, so they do not require floating conversion
stations. We chose tloéfshore route for these cables because it avoids overland transmission
lines along the remote, rugged, and environmentally sensitive coast line of far northern

42



California. This stretch of coastline also hosts national and state parks, as well as multiple Native

American Indian Reservations.
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6.8.2 Mid development scenarioAlternatives 12.4a throughi2.4f (12.4 GW)

The six transmission alternatives under the Mid development scenario, identified as Alternatives
12.4a through 12.4f, are all configured to accommodate 12.4 GW of OSW power. In this section
we highlight Alternative 12.4c and discuss the other alternativesmparison.

Alternative 12.4c is the first to explore both radial and meshed offshore network connections to
bring OSW power to shore via 500 kV AC export cables, as well as interconnecting OSW farms
with subsea HVDC cables. This alternative provides OSW power towAtis the state where

the power is generated (i.e., power generated off the Oregon coast is connected to substations
located in Oregon).

In Oregon, this alternative connects the Coos Bay and Brookings wind farms radially to
Wendson and Rogue substations, respectively. Here, approximately 3 GW of OSW is connected
on the central and southern Oregon coast, with 500 kV substation upgradesOand/aAC
transmission line added to create a loop between Wendson, Lane, Alvey, Dixonville and
Fairview substations (the NorthernGrid 500 kV loop). All of the Mid development scenarios
feature the NorthernGrid 500 kV loop, with the exception of Alteveal?.4a.

In California, Alternative 12.4c connects the Del Norte and Huml@&W farms via two

subsea HVDC cables. This requires the development of dynamic HVDC cables, as well as
floating HVDC conversion stations. This contrasts with Alternatives 7.2b, 12.4a and 12.4b,
which all utilize onshore HVDC conversion stations and statietsgh HVDC cables to connect
the Del Norte and Humboldt substations.

In Del Norte, power is brought ashore via seven HVAC export cables, connecting to the new Del
Norte substation, and from there it is transmitted via two new 500 kV HVAC lines to the Fern
Road substation.

The Humboldt OSW farm is connected to an offshore network via two HVDC subsea cables
running north to Del Norte, and a single HVDC subsea cable running south to the Moss Landing
substation. Power brought directly onshore from the Humboldt wind farm isnpisbed using

three 500 kV HVAC export cables connected to the Humboldt substation, and the Humboldt
substation is connected via a single new 500 kV AC line running to the Fern Road substation in
the Central Valley. This approach ties the Califo@BW generation into the main 500 kV
transmission backbone that runs along tbecbrridor of California, as well as more directly
injecting power into the San Francisco Bay Area via the Moss Landing substation connection.

As in all other transmission alternatives, a new 500 kV HVAC line is added between the Round
Mountain and Tesla substations, which are part of the existing 500 kV backbone. This additional
HVAC line is needed to handle the expanded power flow along thisico

Connections to lower voltage, local transmission grids via pblaiging transformers were
included for the Wendson (230 kV), Fairview (230 kV), Rogue (230 kV), Del Norte (115 kV),
Humboldt (115 kV) and Moss Landing (230 kV) substatidiigure10 provides a single line
electrical schematic arfeigurel11 provides a physical map showing the proposed transmission
routes for Alternative 12.4c. Similar figures for the other Médelopmenalternatives are
included in Appendix E.

In comparing Alternative 12.4c with the other Mid development scenarios, Alternatives 12.4a
and 12.4b feature undersea HVDC lines that connect the Del Norte and Humboldt onshore
substations. ThesE.4a and 12.4b alternativiesolve landbased HVDC conversion stations
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and static HVYDC cables that run offshore and undersea to the alternate location where they again
come ashore and connect to a Hyaded HVDC conversion station. As noted above, floating
offshore substations and HVDC conversion stations do not curreligty or do the dynamic

cables that are required to connect to the floating substations.dserg¢hsos, we examined

these cases that utilize an undersea HVDC link between the Del Norte and Humboldt OSW areas
while utilizing HVDC conversion stations thare located onshore. This eliminates the need for
dynamic HVDCcables since the onshore HVDC conversion stations are fixed.

Similarly, Alternatives 12.4a and 12.4b feature an overland HVDC cable running from the
Humboldt substation to the Collinsville substation, and in Alternative 12.4b an undersea cable
running to the Martin substation in the San Francisco Bay Area that also connects on both ends
to a landbased HVDC conversion station. Because these solutions do not require floating
offshore HVDC conversion stations and dynamic HVDC cables, they ahgtikbe deployable

in a nearer timeframe than the alternatives that rely on the floating infrastructure.

Another distinction between Alternatives 12.4a and 12.4b when compared to 12.4c is that 12.4a
and 12.4b interconnect all or part of the Brookings wind farm to the Del Norte substation in
California, rather than to the Rogue substation in Oregon. The Dtd Blabstation is owned by
PacifiCorp, whereas the Rogue substation is owned by Bonneville Power Administration.
Therefore, this alternate approach ties the Brookings wind farm into the PacifiCorp transmission
system as opposed to the Bonneville Power Adstration transmission system. It also feeds the
OSW power generated into the southwestern region of Oregon rather than directing the power
more toward the central and northwestern regions of Oregon. These alternatives were influenced
by the OSW transmigm studies that were recently conducted by PacifiCarstin 2023).

In a similar vein, Alternatives 12.4a, 12.4b and 12.4d all feature a connection between the Del
Norte substation in northern California and the Sams Valley substation in southern Oregon.
These substations are both owned by PacifiCorp. This interconnextidd also serve to feed
OSW power into the southwestern region of Oregon.

As we move successively from Alternative 12.4a through to Alternative 12.4f, there is an
increased utilization of HYDC technology, with Alternatives 12.4c through Alternative 12.4f
featuring an increased use of floating offshore HVDC technology. Altegsati2.4d, 12.4e and

12.4f all feature floating offshore HVDC conversion stations that interconnect m@i§ié

farm areas, and Alternatives 12.4e and 12.4f minimize the use of HVAC floating substations and
HVAC export cables.

In all Mid development alternativea new 500 kV line is added between the Round Mountain
and Tesla substations in California to handle the expanded power flow along this corridor.
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6.8.3 High development scenarioAlternatives 25.8a and 25.8b (25.8 GW)

Alternatives 25.8a and 25.8b were developed to accommodate 25.8 GW of OSW generation
capacity. We note that this High development scenario iswds futuristicand therefore the
most uncertain. Cost estimates and other assumptions become less certain the further in the
future they are. In addition, this High development scenario will require greater technological
advances and significantly more infrastructuread@ment, again adding to the uncertainty.

In this section we highlight Alternative 25.8a, and compare Alternative 25.8b to 25.8a.

Alternative 25.8a features the most robustly developed offshore network of all the transmission
alternatives examined, making extensive use of floating HVDC infragteuddoth radial and

meshed offshore network connections, all HVDC, transmit OSW power to shdnpeiar525

kV dynamic HVDC export cables. Radial connections from OSW farms to POIs transmit power
primarily along state | immssfishole asvieenoghras an HVDC
Tillamook and as far south as Moss Landing, thereby transmitting power regionally along the
broadetWest Coastithin the project study area.

In Oregon, power is transmitted north of Coos Bay and injected at the Tillamook substation via
two new HVDC subsea export cabfeBower is injected radially from Coos Bay via two HVDC
subsea export cables to Wendson, and from Brookings via three HVDC subsea export cables to
Rogue. As with others before, this alternative employs the NorthernGrid 500 kV HVAC loop to
interconnect the 8&jue, Fairview, Wendson, Lane, Alvey and Dixonville substations. Power can
also be exported south from Coos Bay via two HVDC subsea export cables to Brookings. From
Brookings, power can flow north to Coos Bay via two subsea HVDC cables and south to Del
Norte via three subsea HVDC cables.

In California, Alternative 25.8a continues the offshore HVDC backbone by connecting the Del
Norte, Humboldt and Cape Mendocino wind farms via subsea HVDC cables. In addition, from
Cape Mendocino two HVDC undersea cables transmit power to the San FrdaysBoea

Martin substation and further south to the Moss Landing substation. Power can also be
transmitted radially from Del Norte and Humboldt OSW farms to onshore substations via
undersea HVDC export cables.

The onshore transmission infrastructure in California includes two parallel 500 kV HVAC lines
connecting the Del Norte and Fern Road substations, as well as two 500 kV HVAC lines
connecting Humboldt and Fern Road. In addition, there are two new transnliiss®) one
bipolar500 kV HVDC and one 500 kV HVAC, that run from the Humboldt substation to the
Collinsville substation, thereby providing OSW power to the greater San Francisco Bay Area.

Connections to lower voltage, local transmission grids via pslaising transformers were
included for the Tillamook (230 kV), Wendson (230 kV), Fairview (230 kV), Rogue (230 kV),
Moss Landing (230 kV), Martin (230 kV), Del Norte (115 kV) and Humbold&(kV)
substationskigure12 provides a single line electrical schematic &iglire13 provides a

91In retrospect, we note that BPBllamook is a very weak transmission interconnection point, and will likely need a
500kV line tothe BPA Keeler 506kV substation. The 50RV line length is 58 miles and could likely be built in

the existing transmission corridor. The line would also provide an additional power source to a rapidly growing load
area. This would add an estimated $225 mmillio the transmission upgrade costs for Alternative 25.8a, less than a
1% increase imotal transmission systempgradecosts.
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physical map showing the proposed transmission routes for Alternative 25.8a. Similar figures for
Alternative 25.8b are included in Appendix E.

As in all other transmission alternatives examined, a new 500 kV line is added between the
Round Mountain and Tesla substations in California to handle the additional power flow in this
corridor.

Comparing Alternatives 25.8a and 25.8b, the differences are that 25.8b drops one of the 500 kV
HVAC transmission lines that runs from the Del Norte substation to Fern Road, and instead the
2nd 500 kV HVAC line runs to the Sams Valley substation in sout@ezgon. Additional

differences include the fact that there are only two subsea HVDC transmission lines connecting
the Del Norte and Brookings OSW farms in Alternative 25.8b (instead of three), there are no
subsea HVDC lines connecting the Brookings wiaahf with the Coos Bay wind farm, and

there are ntong-distancesubsea HVDC lines running from Coos Bay to Tillamook/Portland,
Oregon. Instead of some of this offshore HVYDC transmission infrastructure there are additional
onshore 500 kV HVAC lines that have been added, doubling up on lines between Wendson and
Lane, Faview and Dixonville, Lane and Alvey, and Alvey and Dixonville.
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6.8.4 High-level assessment of permitting challenges for transmission routes

H. T. Harvey & Associates utilized California Department of Fish\afildlife GIS databases

(BIOS and CNDDB, in addition to others) to provide a Hig\el summary and assessment of
potential permitting challenges along the proposed overland and subsea transmission corridors.
Their experience with permitting and navigating the environmental landscape with respect to
endangered species, species of speoiacern, and areas of biological importance or special
significance provided critical insight.

The H. T. Harvey & Associates team worked to identify potential-leghl environmental

concerns and key permitting or regulatory challenges associated with each segment of all of the
transmission alternatives. Areas of particular focus included cable landfall locations, subsea and
overland cable corridors, and transmissiioe corridors. Land ownership or designation was
considered a key factor, including national parks, wild and scenic rivers, and marine protected
areas. Sensitive marine and terrestiaitats, as well as the potential for interaction with
specialstatus plants and wildlife (e.g., Federal and State Endangered Species Acts) were also
considered. Based upon the severity or likelihood for environmental impacts and permitting
challenges e line segments were screened, compared and differentiated.

Figurel4 shows the transmission line segments that were evaluated and ranks the various
segments according to the barriers to development that were identified, ranging from low to very
high barriers to development. As can be seen,
barriers to development. This is primarily related to thé-wast section of this segment located

in northern California. This portion of the segment has many challenges, including potential

impacts to Redwood National Park, a state wilderness area, redwood forests, and marbled

murrelet and northern spotted owitical habitat. These challenges make this section of segment

3 very difficult to permit. However, the more nogbuth portion of segment 3 does not have

these same challenges and would likely be easier to permit.

Segments 20 and 21 showrFigurel4al so are ranked with Avery hi
development. These include potential impacts to state and federal threatened or endangered
species and impacts to marine protected areas, national marine sanctuaries, and biologically
important areas, as well as potential impacts to San Francisco B#yedbdlta. Cable routing

into the San Francisco Bay requires coordination with several additional agencies, further
complicating the permitting process.

In northern California, segments 13 & 14 run roughly parallel to Highways 299 and 36 and are
ranked as having Ahigho barriers to devel opme
with Tribal lands, two national forests, the Humboldt Bay National \f&dRefuge, and the

Trinity Wild and Scenic River. Closer to the coast, both routes would require permitting from the
Humboldt Bay Harbor, Recreation, and Conservation district.

Similarly,insout her n Oregon segments 6 and 7 are r ank
devel opment . Key issues her e ttheadmbinagosofl t i n t
terrestrial and subsea components, as well asuimder of speciadtatus species, habitats, land

use, and permits that would be required for each segih#mtse were only terrestrial in nature,

they would be ranked as fAmediumo barriers to

Subsea obstacles were found to be present south of the Humboldt OSW farm area (see segment
15 which is ranked as having Ahigho barriers
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environment consist of sensitive habitats, seismically active regions, steep submarine canyons,
and significant depths. Similar challenges to subsea alternatives are also present further south,
where sections of the proposed routes intersect with sevaraié/Protected Areas (segments

15 and 20). These areas cannot be completely avoided, but route adjustments could reduce transit
of some protected areas by making landfall further south instead of the proposed onshore landing
areas. This presents additibt@ographical challenges because of the deep underwater canyons

in the region, and adds additional costs and maintenance challenges associated with adding
significant cable lengths.

In addition to the potential permitting challenges noted aldéigeirel5 shows a map of the
proposed transmission routes along with an overlay of military utilized airspace. We note that
where the transmission routes overlap with military utilized airspace, there may be a need for
mitigation. In any event, there should be early and ongoing ttatisn with DOD to ensure that
transmission projects do not adversely impact DOD mission compatibility or national defense.

Appendix F contains more detailed information about the methods and approach used to conduct
the highlevel permitting and environmental assessment, as well as the results of the assessment.

An in-depth analysis would be needed to further identify which transmission segments are most
feasible to permit and could therefore move toward development. The geographic layout for the
transmission line routing would need to be further defined, inajudimether existing segments
would be expanded or new lines and easements would be created altogether. Future analysis
would also use additional data, including tower locations, tower height, undergrounding or
reconductoring of existing lines, expansiorrights-of-way and easement&round truthing for
sensitive ecological communities would also be recommended to confirm habitat types and
potential presence of plant and/or animal species of regulatory coRoeisubsea routes, future
analysis would make use of more robust oceanographic surveys, as well as available geophysical
datasets regarding seabed characteristics, substrate types, and the presence of specific benthic
communities.
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6.8.5 Other transmission alternatives considered

The 10transmission alternatives described above are the alternatives that were evaluated in this
study. However, additional transmission alternatives were considered as part of the process of
developing the final 0 alternatives that were evaluated. This section briefly describes a few of
the key alternatives that were considered, but not evaluated.

In Transmission Alternatives 7.2b, 12.4a, and 12.4b, we consider the possibility of onshore
HVDC conversion stations at Del Norte and Humboldt, with static HYDC cables connecting
these substations via offshore HVDC cables. This approach was chosentamaiia to

floating offshore HVDC conversion stations for the Del Norte and Humboldt wind farms with
dynamic HVDC undersea cables connecting them. Floating offshore HVDC conversion stations
and dynamic undersea HVDC cables are two technologies thadillarader development,

whereas onshore HVDC conversion stations and static undersea HVDC cables already exist.

One other key alternative that was considered but not evaluated was to have an overland
transmission line running along the coast between Del Norte and Humboldt. This line could be
either HVAC or HVDC (we note that HVDC was required undersea becausestheod was

too far for an HVAC cable between Del Norte and Humboldibwever, this onshore coastal
transmission line was not included in any of the alternatives largely because the coastal onshore
route would involve a new transmission corridor that wouldthrough state and national parks,
ecologically sensitive areas, and Tribal lands, likely posing serious challenges.

We also considered an alternative that included a parallel 230 kV AC line and a 500 kV AC line
between Humboldt and Collinsville substations, as well as alternatives that included 500 kV AC
lines running in parallel with HVDC lines between Wendson and kabstations and between
Fairview and Dixonville substations. Due to the limited time and resources available, none of
these alternatives were evaluated. Most other revisions that took place as we develbPed the
transmission alternatives that were evtddavere small changes in response to feedback from
our Technical Focus Group.

Another alternative which was identified through the environmental and permitting assessment
involved an alternate routing of subsea cables from the HVDC backbone to the San Francisco
Bay Area and Moss Landing onshore locations. This alternative avoiel€aréater Farallones

and Cordell Banks National Marine Sanctuaries. This route would still require passing through
the Monterey Bay NMS, but reducing the number of sanctuaries crossed from three to one could
avoid some ecologically sensitive areas ancelesmrriers to permitting. Moreover, the

legislation that created the Greater Farallones and Cordell Banks Marine Sanctuaries includes
language that is more restrictive with respect to undersea power cables than the corresponding
legislative language fohe Monterey Bay NMS. The overall route lengths for the two pathways
were similar, which indicates that the cost of development, the cost of maintenance, and the
implications for power flow would not change appreciably. Ultimately, the routes shown in the
maps presented above were the ones studied for this pfippate 16 below shows the

alternative subsea route to deliver power to the San Francisco Bay Area (Martin substation) and
to theMoss Landing substation in Monterey Bay. As noted above, the alternative route could
help address some of the isstlest were identified in the higlevel environmental and

permitting assessment that found very high barriers to developFiguat€14) for the original

cable routeSee Appendix D for additional information about this alternative route.
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7 TRANSMISSION ANALYSIS METHODOLOGY AND RESULTS

Thetransmission analysis work for this study was conducted by Quanta Technology and
consisted af

1. Steady state power flow analyses and the determination of required network upgrades to
accommodate the proposed OSW generation,

2. Cost estimation for the network upgrades and the proposed new onshore transmission
infrastructure, and

3. Production cost modeling to assess the ability to feed the hourly generated wind power
into the transmission system over a full year and to estimate the annual wholesale power
market value of the wind energy generated.

In parallel, the NREL team on this project developed cost estimates for all of the offshore
infrastructure, including the floatingSWfarms and the supporting offshore transmission
infrastructure (i.e., the floating HVAC and HVDC substations, the HVYAC and HVDC export
cables bringing the power to shore, and the HVDC cables connecting the wind farms together).

The overall flow of these analyses was as follows. The proposed wind generation and new
transmission infrastructure for each alternative, as discussed in Section 6, was modeled in the
power flow analyses. The results of the power flow analyses identdigebrk upgrades that

would be required in the transmission system. The proposed wind generation along with the
proposed new transmission infrastructure and the required network upgrades were then analyzed
in the production cost model. In addition, costsemestimated for the proposed new

transmission infrastructure (both onshore and offshore), for the required network upgrades, and
for the floatingOSWfarms themselves.

In this section of the repgrve describe the methodology employed to conduct these analyses, as
well as some of the interim results (such as the results of the power flow analyses). More detailed
information about the methodology employed and the results generated can be found in
Appendices G and H.

7.1 Power flow analysis methods and results

A steadystate power flow reliability analysis was conducted by Quanta Technology to ensure

the CAISO controlled grid would comply with the North American Electric Reliability

Corporation (NERC) reliability standards, the WECC regional criteria, and th&@@planning
standards. Quanta Technology then identified the need for transmission network upgrades on the
northern California coast arebuthern Oregon coast, adhering to the guidelines established by
NERC for ensuring system reliability. The NERC rellityp standards impose specific criteria to

be met under diverse operating conditions. In addition, WECC Regional Criteria and CAISO

ISO Planning Standards were adhered to. atiiserencéncluded contingency analyses,

whicht he transmission systemds performance with
evaluated under normal conditions and following the loss of single or multiple bulk electric
system elements. Details regarding the power flow analysis reliability staratardsiteria can

be found inAppendix G.

The power flow cases for the 2032 CAISO Transmission Planning Process were used as the
baseline power flow models. These cases reflect peak loading conditions for the years studied

and were updated to reflect assumptions of this study. To support that®rabf all OSW
transmission alternat iterre@danning 2ddsAthr@ghnthegear Pe a k 0
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2032) were used in the study. The reliability
(Transmission Adequacy & Reliability Assessment) Softwareorder to evaluate the local

impact of OSW generation using steatgte power flow analysis (viz., the studies do not

consider short circuit analysis). Constraints were examined to determine if they could be
mitigated via A con gtensredispatch. imdthtRegeguinedmdtwbbrkor sy s
upgrades were determined.

Quanta Technology performed the power flow analysis on the 10 transmission alternatives. The
results of the steadstate power flow reliability analysis provide crucial insights into the
performance of the transmission network onribehern California coast arsbuthern Oregon

coast when significant OSW generation is introduced. Using load flow analysis, peak load
scenarios were studied in order to gain a comprehensive perspective on the transmission system's
reliability across all transmission alternass Contingency analysis highlighted critical failure
scenarios that could potentially lead to thermal overloBalsle9 presents an overview of the

number of thermal violations across all the transmission alternatives. As expected, the number of
violations generally increases as we move from the 7.2 GW scenario to the 25.8 GW scenario.
Appendix H presents a more detailed account of the thermal aderiolations on specific
transmission circuits across all 10 transmission alternatives.

As can be seen ihable9, the power flow analysis was first conducted for the 2032 base case
condition. This was defined as the CAISO 2032 baseline power flow case, without the proposed
OSWgeneration or the proposed new transmission infrastructure. As shdwahle®, there

were some thermal violations even in the base case. Therefore, the following criteria were used

to determine when network upgrades were warranted. For eachrobtbehar200 individual
transmission circuits evaluated in the power flow analysis, if the base case condition resulted in a
circuit loading of less than 100% of the capacity and the post conditioraffez.adding the

OSW generation and proposed new transmission
103%, then network upgrades were assumed to be required and the associated costs were
estimated. Similarly, if violations existed onthecitcuii n t he 2032 base case
and the pstOSW conditionscauseld0 10% i ncrease in the overl oac
upgrades were assumed to be required and the associated costs were estimated.

10 hitps://mww.power -gem.com/TARA.html
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Table 9. Count of resulting thermal violations from power flow analysis for each of the 10 transmission alternatives and the

2032 base case

Transmission component affected | 2032 | Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt. Alt.
Base | 7.2a | 7.2b | 12.4a| 12.4b | 12.4c| 12.4d | 12.4e| 12.4f | 25.8a | 25.8b
Case

115 kV Transmission Lines 14 17 36 24 12 36 11 27 20 39 43

230 kV Transmission Lines 0 10 19 21 17 22 28 22 23 39 33

500 kV Transmission Lines 0 0 2 5 3 2 4 2 2 5 1

Transformers (500/230 kV) 1 0 0 2 1 1 2 1 1 3 3

Transformers (230/115 kV) 1 2 1 4 4 5 6 6 1 9 8
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7.2 Cost estimation methodology

Costs were estimated by Quanta Technologies and by NREL for both new onshore transmission
infrastructure and network upgrades, as well as for offshénastructure. Onshore
infrastructure included:

1 New HVAC substations,
1 New HVDC conversion stations,
1 New transmission lines (both HVYAC and HVDC),
1 New transformers, and
1 Reconductoring of transmission lines.
Offshore infrastructure included:
1 FloatingOSWfarms (including turbines, mooring, floating platforms, and array cables),
91 Floating offshore substations and HVDC conversion stations, and
1 HVAC and HVDC export cables.

In this section we discuss the methodology used to estimate costs in these various categories. All
costs were estimated in 2022 dollars.

7.2.1 Onshore transmission infrastructure costs

Quanta Technology developed the cost estimates for the new onshore transmission infrastructure
and network upgrades. Cost estimates developed arbimding and are not based on a
transmission owner 6s preliminar yerwdusingneer i ng
publicly available cost estimation resourcEsese resourcescludedl)t he #2022 PG&E
Proposed Generator | nt G&ERO2R)@nd2)ti hoen AJOri e g ocCro sR u &
Utility Commission Request for Offshore Wind Integratidicon o mi ¢ St udy Request
prepared by PacifiCorp in March 20@8ustin 2023) Both resources provide valuable data and

insights into the projected costs of OSW developments and new infrastructure in the respective
regions. Appendix | provides the cost parameters that were used to estimate the onshore
transmission costs, includirmgpth new transmission infrastructure and required network

upgrades.

7.2.2 Offshore floating wind farm and transmission infrastructure costs

Our project team collaborators from NREL estimated costs fadD8Wfarm and associated
transmission system components. We notelibahuséhe floatingOSWindustry is still in its
nascency, most of these components are still in development and therefore the cost estimates
have a significant amount of uncertainty associated with them.

NREL used a bottorap approach to model capital expenditures (CapEx) foD®\/ plants

and offshore transmission elements in each transmission alternative, building up total cost
estimates from the estimated costs of individual components andlaystégp model of the
installation process. They combined these customized CapEswaitinepreviously published
estimates of financing and operating costs for floa@&yV plants to obtain levelized costs of
energy and transmission.
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Cost estimates for offshore equipment, including wind energy facilities, floating substations,
converter platforms, and subsea transmission
Renewables Balaneaf-System and Installation Tool (ORBIT) (Nunemakerle2@20)-*.

ORBIT uses sitespecific parameters to model the costs of procuring and inst@lBW projects

and the associated electrical infrastructure. Location specific inputs included depth, distance to
port, and distance to cable landfall. The-specific parameters used in ORBIT can be found in
Appendix J.

We used the following set of technology assumptions for wind plant componentO&¥¢h
power plant used tBIW wind turbines with dimensions based on the IEAM®/ Reference
Wind Turbine (Gaertner et al. 202G gurel7 identifies the major wind turbineomponents and
indicates dimensions for the IEA 15 MW Reference Turbine on a floatingsséamersible
substructure. We assumed a turbine capital cost of $1,500/kW ori®#RoB per turbine.

— o

Swept Area @ Nacelle (drivetrain)
| 45,239m? (486,949 ft2 : @ Hub

@ Tower

240m (722 ft) —»/ { Bl
diameter : . P Elade
@ Column
@ Mooring Lines
(?) Electric Cable

on center

Figure 17. International Energy Agency (IEA) 15-MW Reference Wind Turbine with
dimensions on a floating semsubmersible substructure.lllustration by Joshua Bauer,
NREL.

The number of wind turbines per proposed wind farm would be between 87 and 467, depending
on the prescribed generation capacity for each alternative analyzed. Because the water depths in
the study region are too deep for fixedttom designs, we modeledlpiioating wind turbines

11 https://github.com/WISDEM/ORBIT Version 1.0.8
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and substations and developed cost estimates based esuten@rsible platforms with semi
taut mooring lines and drag embedment anchors. We used a wind and wave time series to
simulate weather delays affecting the tout process and other vessel operatiduring
installation. The intrarray power collection system consisted of dynamic AC cables with a
voltage of 132 kV (Carbon Trust 2022).

The offshore export system includes floating offshore substations, export cables, and subsea
Abackboned cables that directly connect two
selection for each of these components varies among the transraissinatives studied and

several alternatives contain a mixture of technology types. Almost all of the technologies that we
modeled including floating substations and dynamic export cables for both HYAC and HVDC
technologied have not yet been proven anomercial scale, which increases the uncertainty of

the cost estimates (Huaegal.2023).

The floatingOSWenergy industry is in a nascent stagih only 123 MW of pilotscale and
pre.commercial scale projects operating at the end of 2022 (Musialfettatoming. We

expect costs to decline as manufacturers gain experience, supply chains develop, and installation
processes become more streamlined. To estimated@Wplant CapEx is likely to change over

time, we apply a learning rate. Learning rates are observed empirically in many industries and
are expressed as the percent cost redufdioevery doubling of industrial outpditin this case,
cumulative globaDSWenergy deployment in megawatts. CapEx costs were estimated out
through 2050 based on assumptions of the global flo&tg/development trajectory and a

learning rate of 11.5%.

Detailed assumptions and model inputs to ORBIT, key technology cost estimates for
technologies that are still in development (e.g., floating substations and dynamic ealles),
detailed assumptions in terms of learning curve cost reductions are all provided in Appendix J.

7.3 Production cost modeling

The comprehensive production cost analysis for OSW and associated transmission expansion
considered capital and fixed costs for the transmission additions and system operating costs, as
well as annual electricity costs derived using the Production CostiIMgdPCM) methodology

as discussed belot.

The PCM analysis served two main functions: 1) Assessing the estimated value of the OSW
generation within the broader wholesale power market based on hourly conditions of load,
alternate generating resources and their associated operating costs, sysietarias,
congestion, etc., and 2) assessing congestion issues and the possible need for curtailment of
OSW generation over the hourly profile for a full year.

While the steadystate power flow analysis was utilized to determine the need for network
upgrades, it was based on an assessment of only the 2032 summer peak conditions. The PCM
analysis was conducted for the fuJr80 hours of the study year. This allowed assessment of
hourby-hour power flows and congestion on each link in the transmission system over a full
year, and subsequently an assessment of when the new wind generation would need to be
curtailed.

12\We only conducted the PCM analysis for the Low development (7.2 GW) and Mid development (12.4 GW)
transmission alternatives.
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GridView, a production cost model developed by Hitachi, was used to simulate the Western
Interconnection grid in order to minimize total energy production costs while accounting for
transmission congestion limitations. Parameters used in the optimizedesp included fuel
costs, variable operating and maintenance costs (VO&M) like generatenst@osts, renewable
energy costs, battery storage costs,theccosts obther ancillary services. The simulation
determined the committed generation andlirgiservices at the generating unit level for each
hour of the study year, providing valuable insights into the mostetfesitive approach for
integrating OSW generation into the grid and for optimizing the overall grid operation.

The transmission grid models used for this study were obtained from CAISO and referenced as
Al SO Pl an2n0i3h2g BPaCsv Portfolio, 0 reflective of
the key assumptions applicable to the study are as follows:

0 The ISO Planning PCAN2032 Base Portfolio builds on the WECC Anchor Data Set
(WECC 2023 for 2032. The WEC@nchor Data SetADS) is intended to be a
compilation of load, resource and transmission topology information used by the
Regional Planning Groups in the Western Interconnection as part of their regional
transmission plans.

0 The models reflect generation station additions, retirements, and the overall expected
CAISO outlook for the year 2032. The outlook is guided by the current California Public
Utilities Commission integrated resource plan and {tamgn procurements plan

processes.

0 The models include ungpecific cost data@r emission rates, variable operations and
maintenance [O&M], and associated fuel prices). The CAISO models include this
information based on plant performance and operating history.

0 The CAI SO systemds hourly values for the
are considered.

0 The grid models include the rest of WECC and interactions between CAISO and
neighboring California regions@rthwest,southwest, etc.).

0 The models simulate the generating unit commitment and dispatch process, considering
generatoiforced outages and-Il system security.

0 The model calculates key parameters, including local marginal prices (LMPs), production
profiles, capacity factors, and curtailments.

To be consistent with CAISO modeling assumptions, the curtailment price for renewables
was set at $25/MWh, based thre assumption that a federal Production Tax Credit (PTC)
will be available to support development of the wind farms. No other fixed or variable
O&M costs were associated with the renewable projects (including the OSW
development).

(@4

0 The analysis did not consider OSW farm participation in any ancillary service markets,
which is consistent with the current CAISO market treatment of other variable energy
resources such as labdsed wind and solar generation.

0 The CAISO models do not include Ancillary Service market prices (primarily due to the
confidential nature of the bid data). The prices obtained by the models are proxy
representations of the impact of scarcity pricing events.
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0 The OSW generation profiles for the OSW resources that were considered in each
alternative were developed using modeled hourly wind speed data for 2006 through 2014
from the WIND toolkit (Draxl et al. 2015). See Section 5 and Appendix C for further
information regarding the OSW generation profiles.

8 TRANSMISSION | NFRASTRUCTURE COSTSESTIMATES

For each of the transmission alternatives, we estimated the transmission related cost for both new
offshore and onshore infrastructure, as well as the need for network upgrades to existing onshore
transmission infrastructure. New offshore infrastructuckuthed floating HVAC substations,

floating HVDC conversion stations, and undersea HVAC and HVDC cables. New onshore
infrastructure included new substations, new HVDC conversion stations, new autotransformers,
new phase shifting transformers, and new HVA@ BVDC transmission lines. Onshore

network upgrades included new transformers and reconductoring of existing transmission lines.
In this section we summarize and discuss the costs results, with an emphasis on the comparison
of costs across alternativesthwill support the same level of OSW development (i.e., 7.2 GW,

12.4 GW or 25.8 GW). Additional detailed cost results for both the onshore and offshore
transmission infrastructure are provided in Appendix K. All costs are in 2022 dollars.

8.1 Comparison of costs across the transmission alternatives

Figurel8shows the total cost by alternative, as well as the breakdown between the three cost
categories (new offshore infrastructure, new onshore infrastructure, and network upgrades). As
expected, the total cost increases as we progress from Alternative 2.2\ of total capacity)
through to Alternative 25.8b (25.8 GW of capacifyigure18 also shows that the majority of

the cost is accounted for by the new onshore and offshore transmission infrastructure, with a
relatively small portion being allocated to network upgrades. Also, the cost of offshore
infrastructure represents a higher pmmtof the total costs in many of the higher capacity
scenarios, where a greater reliance was placed on offshore transmission infrastructure,
particularly on floating HVDC conversion stations and an HVDC transmission backbone that
interconnects numero@SWfarms in the region. This is particularly noteworthy in the 25.8

GW scenario.

Not surprisingly, when the total transmissiglated cost is normalized according to the total
OSW generation capacity being interconnected ($ billions/GW), the normalized costs are more
uniform, ranging from a high of $1.74 billion/GW to a low of $1.0dn/GW (seeFigurel9).

The lowest normalized costs are clearly demonstrated for Alternatives 7.2a and 12.4a, with
Alternative 25.8b being the next lowest normalized cost. The highest normalized costs are for
Alternatives 12.4d, 12.4e, 12.4f, and 25.8a. These are the aitemaith the most floating

offshore HVDC conversion stations and dynamic HVDC undersea cables, indicating that these
technologies may be comparatively more expensive. However, Alternative 25.8b also utilizes a
lot of offshore HVDC infrastructure, and thermalized cost in that alternative is the third

lowest of the alternatives examined.

The costs irFigure18 andFigure19 are based largely on current cost guide data from PG&E

and PacifiCorp, as well as on estimates for the cost of offshore transmission technologies that are
still under development and do not yet commercially exist. We note that there is substantial
uncertanty in these cost estimates. As a resulfigure20we present an estimated range of
transmissiorrelated costs. The low values in the ranges are the costs shbigurel8, and the
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high values in the ranges are simply those initial estimates increased by a factor of two. The
estimated transmission cost range for the Low development scenario (7.2 GW)hslin. 5o
$20.2billion, for the Mid development scenario (12.4 GW) it ranges from $diBidn to $43.2
billion, and for the high development scenario (25.8 GW) it ranges from B8 to $82.7
billion.

Figure21 shows a rough breakdown of the estimated costs of infrastructure located in California
versus the cost of infrastructure located in Oregon. For transmission lines that cross state lines,
the cost was split evenly between the two states. For offshorstmftture, the costs were split
based on the proximity to state coastal boundati@shown inFigurel8, Figure21 also
demonstratethatfor the larger capacity scenarios, especially the 25.8 GW scenario, there is a
greater portion of the cost associated with the offshore infrastructure, namely the floating HVDC
conversion stations and HVDC undersea cables.

When comparing costs between the various alternatives, there are some interesting things to
note. The lowest cost alternatives examined at each scale were consistent diiénrtasves
exhibiting the lowest normalized cost. These were Alternative 7.2a at the Low development
scale, 12.4a at the Mid development scale, and 25.8b at the High development scale. We note
here, and discuss further in Section 10, that there is dat@mrebetween longer subsea cable
lengths and higher offshore transmission €oaihd this appears to be part of the reason why the
transmission alternativgsstnoted are the lowest cost within their respective development
scenarios. Each of them has the shortest undersea cable runs when compared to the other
alternatives in their scenario. The difference in cost between Alternative 25.8a and 25.8b is
mainly becausd\lternative 25.8dasmore undersea cables that traverse significantly greater
cumulative distance. In Alternative 25.8a, HVDC cables cover almost 50% greater distance t
in Alternative 25.8b.

Another interesting comparison is between Alternatives 12.4b and 12.4d. They are fairly similar
in their onshore transmission configuration, and both use offshore HVDC cables. The key
difference is that 12.4b does not require any floating offshore HVD@ecsion stations or any
dynamic HVDC cablesyecausét uses onshore HVDC conversion with static offshore HVYDC
cables running between the onshore conversion stations. We note that while these two
alternatives present similar transmission line interconmegi@nd capacities, the cost for 12.4b is
about $4.3 billion less than for 12.4d, a 20% reduction. This amounts to a cost decrease of about
$0.35billion per gigawatin terms of the normalized cost. This is likely due to the high expected
cost of floating offshore HVDC conversion stations and dynamic HVDC cables. We also note
that Alternative 12.4a has the least HVDC infrastructure, and it is the cheapest alténrtagve

Mid development scenario.

Figure22 examines the relationship between the normalized cost of transmission infrastructure
($B/GW) and the portion of the total transmission cost that is associated with HVYDC
infrastructure. It appears from the Mid development scenario alternatives-{224athat there

is a linear relationship (coefficient of variation = 0.92) and that the normalized cost increases as
the cost burden shifts toward more HVDC infrastructure. The Low development (7.2a and 7.2b)
and High development (25.8a and 25.8b) alternatalso show an increase in normalized cost as
the HVDC cost portion increases. However, it is important to note that the cost estimates for
floating infrastructure (substations and HVDC conversion stations), dynamic cables, and much
of the HVDC technolog® are for equipment that is not yet commercially available. As a result,
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theinferencethat HVDC alternatives are more expensive is uncertain and merits further
consideration as additional information becomes available.

Alternatives 12.4c through 25.8b all feature an offshore HVDC backbone, and Alternatives 12.4e
through 25.8b feature an offshore HVDC mesh network. Many of these alternatives exhibit
higher normalized costs. However, it is hard to imagine developing OSudlaton th&Vest

Coastwith up to 25 GW or more of capacity, and not utilizing HVDC technology, both onshore
and offshore. In that regard, Alternative 25.8b indicates that transmission solutions utilizing
onshore and offshore HVDC technology might be cosnpetitive. It is also important to note

that the comparisons being made here are based on costs only, and do not consider the different
benefits that each of these transmission alternatives may provide. We will examine that question
somewhat in the nésection when weiscusshe production cost model results.

45
40 —| @ CapEx - Offshore Trans. Infrastructure ($B)
35 — CapEx - Onshore New Trans. Lines & Substations ($B)
30 — mCapEx- Onshore Network Upgrades (5B)
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Figure 18. Total transmission system cost broken out by offshore transmission
infrastructure, new onshore transmission lines and substations, and network upgrades for

existing transmissioninfrastructure
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8.2 Cost to serve local communities

As described in Section 6, specific transmission infrastructure was installed across all of the
transmission alternatives to ensure that the wind power generated can serve the local coastal
communities that will be impacted by these projects. We estintagezbsts for the required
infrastructure, including phase shift transformers, dransformers, and new transmission lines.
Table10 presents the costs for this infrastructure in each alternative. The cost of adding these
local connections ranged from 0.4% to 2.4% of the overall cost of the respective transmission
alternatives. While this analysis is not exhaustive and there may be additional costs or additional
locations where power should serve local communities, tlalysia does provide an idea of the
magnitude of the cost associated with providing power to local communities.
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Table 10. Cost to provide OSW power to local communities

T;?tgsrrr:];;\s/?n Transmission Infrastructure Needed Cost ($M) T:/:lr?sfr:izfil:)n

Cost
1 | Querrstomes, @prase g | s | 2w
1 | Quormsemers Gosestino] eiso | 1
1242 | yanctommers, (1) 115 kv Wanemission fnd 10219 0
124 | yandiormers, (1 115 kV banemission e 18150 =
g | O omorrsomers @ s | wmiso | 10w
1240 | o dormers, (1) 115 k tranamission fnd 15450 o
taae | v W10 | 0w
1240 | (anstormers, (1 115 kV tranemission Ind 18150 ek
soa | Qaorarsomes, @praseshtng | ssso | o
2580 | Lanstomers, (1 116 k tranamisson ind 15250 0t

8.3 Geographic distribution of costs

In terms of the geographic distribution of onshore transmission related Caiss]11 shows the

total onshore transmission costs by geographic re@ioese includeequired investments in

new substations and HVDC conversion stations, new HVAC and HVDC transmission lines, and
required network upgrades.is nearly uniform across all alternatives that the majority of the
investment®ccur in the following geographic regions: California Central Valley, Humboldt,
SanFranciscoBay Area, BPA service territory (Oregon), andcifiCorp service territory

(northern California andouthern Oregon)igure23, Figure24, andFigure25 show the

geographic distribution of onshoaed offshordransmission costhiroughout the study region

for transmission Alternative 7.2a, Alternative 12.4c and Alternative 25.8a, respectively. Regional
transmissionnfrastructure investmembaps for all 10 transmission alternatives are included in
Appendix L. We note that in these figures the size of the box that holds the transmission system
investmenfor a given region is indicative of the magnitude ofithestment requirefl.e., a

larger box indcates a higher costjlote that regionalasts arenot borne by ratepayers Wwih a

specific region, but rather acevered on a systemide basigSevery, M. et al. 2021).
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Table 11. Total land-basedtransmissioninfrastructure investment ($M) required for each alternative by geographicregion

Geoaranhic Region| At Alt, Alt. Alt, Alt, Alt. Alt, Alt. Alt, Alt,
grap 9 7.2a 7.2b 124a | 12.4b | 12.4c | 12.4d | 124e | 124f | 258a | 25.8b
Central Valley Area| 2,216 | 1,244 | 2,061 | 1472 | 2,061 | 1,774 | 2,850 | 2,061 | 2,344 | 1,993
Humboldt Area 595 1558 | 1574 | 1,764 | 420 420 1,558 883 2,811 | 2,875
i?g;ra”C'SCOBay 50 1,215 | 1,294 | 1,748 166 1,955 | 1,307 | 1,922 | 1,940 | 1,950
Central Coast Area - - - - 479 - 479 - 479 479
BPA Territory 1,210 | 1259 | 473 1245 | 1254 | 1,195 | 1,323 | 1,146 | 3088 | 2974
PacifiCorp Territory| 1,051 | 1,143 | 2,520 | 1,430 | 1,341 | 1,332 | 1,768 | 1,490 | 1,504 | 1,805
Awsjta Corp. ) i ) i i i i ) 96 96
Territory

Portland General

Electric Territory i i i i i i i i e L2
LosAngelesArea 4 70 80 19 24 32 35 35 33 33
Total 5125 | 6490 | 8000 | 7679 | 5744 | 6,709 | 9320 | 7537 | 12,324 | 12,328
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74



e &

!
Tillamodk;\‘._ .

S
. = i

j;_. e iz
R, o
%,

g )
, |

i

Wendson L'anes.

T

1

Fairview,
-

f . Dixonville

\
fs/ ROgue

3
ol
SRty

"4
¥

PO
alels, 0%
X P
2SS
2%

7676 47
(SITRRRAIAR,
KRRRR
o

1 N
y L)
1}
]
\
1
\
1
\
\
\
0 25 50 100 Miles ™
——————— ~
~
- > ~
Sub-Regions
I Bonneville Power Administration
CAISO
I FacifiCorp N
Portland General Electric
[ Avista Corp Project Cost ($M)
Humboldt X

Central Valley

[ITIT] Moss Landing
Offshore Infrastructure Zones [N @ $1’501+

R Wind Energy Areas

(To LA)

Figure 24. Regionaltransmission infrastructure investment mapfor Alternative 12.4c
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Figure 25. Regionaltransmission infrastructure investment mapAlternative 25.8a
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