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Capacity Expansion Role in WestTEC Project Workflow
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 E3 is leading the capacity expansion analysis, utilizing the PLEXOS LT model to co-optimize intrazonal 
generation and storage resource portfolios, and inter-zonal transmission resources over the entire 
Western Interconnection. 

 The optimization will create portfolios that will incorporate the following in each of the modeled zones: 

• Meet hourly load and reserve requirements

• Respect policy and voluntary goals 

• Respect resource availability limits

• Result in the lowest Western-system-wide capital, dispatch, and penalty costs (if applicable)

 The goal of the capacity expansion analysis is to create 20-year resource portfolios for each zone, which:

• incorporate generation, load, and transmission information from the 10-year study as base inputs

• utilize new load forecasts data that are being developed using a bottom-up approach

• utilize the latest generation, storage, and transmission resource costs and performance assumptions

• utilize scenario analysis to consider multiple potential future realities

Overview of Capacity Expansion Analysis
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 The 20-Year Reference Scenario optimizes resource and transmission expansion for 2035 and 2045

• The optimization samples 72 days per year with 24 hours per each sample day

 This 20-Year Reference Scenario uses a load forecast that has a 2.2% CAGR between 2025 and 2045, building on the 
load forecast used in the 10-Year Reference Scenario

 The clean energy standard (CES) adopted represents only the mandatory CES across all the jurisdictions in the WECC

• No voluntary utility or balancing area CES commitments are modeled

• In jurisdictions with no mandatory clean energy standards, all clean energy levels (as a percent share of load) that are achieved by 2035 
(in the reference case) are assumed to be preserved through 2045

• CA, WA, and OR have carbon prices of $57/metric ton in 2035 and $106/metric ton in 2045 (nominal $)

 Planning reserve margin (PRM) requirements are modeled at a regional level using the perfect capacity (PCAP) 
method, which can be met by (a) resources located within that region or  (b) remote resources selected and 
specifically dedicate to serve load in that region; regional PRM targets are:

• CA – 15.6%

• Pacific Northwest – 5.6%

• Rockies – 10.8%

• Desert Southwest – 12.9%

20-Year Reference Scenario Definition



Key Inputs
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2045 Loads are stacked over the 10-Year Reference Scenario 
Loads

Note: E3 load components above shown for 2035-45 
incremental additions

Electrification & data center load components in 
2035 ((in previous slide) are included in grey 
”baseline” area (broken out in next slide)
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Marginal ELCC Curves by Region for Achieving PRM Requirement

0

0.2

0.4

0.6

0.8

1

0 50000 100000 150000

Fi
rm

 C
ap

ac
ity

 (M
W

)

Installed Capacity (MW)

CA
CA_InState_Wind_Aggregate_ELCC

CA_Offshore_Wind_Aggregate_ELCC

CA_OOS_Wind_Aggregate_ELCC

CA_Solar_Aggregate_ELCC

CA_Storage_Aggregate_ELCC

0

0.2

0.4

0.6

0.8

1

0 20000 40000 60000 80000

Fi
rm

 C
ap

ac
ity

 (M
W

)

Installed Capacity (MW)

PNW

PNW_Solar_Aggregate_ELCC

PNW_Storage_Aggregate_ELCC

PNW_Wind_Aggregate_ELCC

0

0.2

0.4

0.6

0.8

1

0 10000 20000 30000 40000

Fi
rm

 C
ap

ac
ity

 (M
W

)

Installed Capacity (MW)

Rockies

Rockies_Solar_Aggregate_EL
CC

Rockies_Storage_Aggregate_
ELCC

Rockies_Wind_Aggregate_EL
CC

0

0.2

0.4

0.6

0.8

1

0 50000 100000 150000

Fi
rm

 C
ap

ac
ity

 (M
W

)

Installed Capacity (MW)

DSW

Desert
Southwest_Solar_Aggregate_ELCC

Desert
Southwest_Storage_Aggregate_ELCC

Desert
Southwest_Wind_Aggregate_ELCC



10

LFC of Firm Capacity ResourcesLCOE of Variable Renewable Resources

Nominal-Levelized Resource Costs (Average Across Regions)

Years correspond to project COD (vintage)

Years correspond to Project COD (Vintage)
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LFC of Firm Capacity ResourcesLCOE of Variable Renewable Resources

Real-Levelized Resource Costs (Average Across Regions), 2023$

Years correspond to Project COD (Vintage)
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Candidate Resource Availability 
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 Core gas prices derived using a combination of forwards in the near-term and AEO fundamentals-based forecasts for 
the longer term

• Monthly SNL forwards for Henry Hub used through 2028

• Past 2028, Henry Hub forecast is trended to EIA forecasts by 2040

 For all other hubs, monthly basis differentials are derived from SNL forwards in the near term

• 3 years of monthly basis derived from forwards are averaged and assumed to hold constant through the forecast

Fuel Price Forecast

Summer Gas Price (Nominal $/MMBtu) Winter Gas Price (Nominal $/MMBtu)
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 Out-of-state resources are placed in the load zone they are contracted to serve, rather than their physical remote 
zone, in the model. However, the transmission capacity required for the resource to flow from the remote zone to the 
load zone (which reduces headroom on the transmission line for other flows) is accounted for using the following 
constraint:

 Subtract remote wind generator’s generation from the line rating

• Physical Line Flow Coefficient * 1 + remote wind Generator Generation Coefficient * 1 <= X

• This should not be applied to candidate remote gen that comes with dedicated new Tx

• Can be applied to multiple lines in a selected path between the load zone and the remote resource zone 

Out-of-state/remote resource modeling

Zone A
(load)

Load B
(remote 

resource)

Physical Line
Node From: Zone B (remote)
Node To: Zone A
Line Rating: [X, -Y]
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1. Identify a major high-voltage substation within each 
PLEXOS region to represent each region as a single node 
(presented previously)

2. Calculate the straight-line path between each region’s 
representative node

3. Calculate routing distance multipliers that consider both 
greenfield and existing ROW alternative paths1

4. Using single-circuit compensated 500-kV per unit costs and 
transfer capabilities from MISO 2024 MTEP 2 with the line 
distance, adjusted by routing multipliers (from 3), for 
overnight project costs in $/MW 

5. Using the cost levelization parameters from the CPUC Draft 
I&A,3 to then calculate the LFC (2024 $/kW-yr) for each line 
using the overnight projects costs (from 4) and additional 
regional cost adjustments

Transmission Expansion Costs Methodology

1 https://www.pnas.org/doi/10.1073/pnas.2204098120
2 https://www.energy.gov/gdo/national-transmission-needs-study 
3 https://www.caiso.com/documents/2024-20-year-transmission-outlook-jul-31-2024.pdf

Low Cost

Medium Cost

High Cost

https://www.pnas.org/doi/10.1073/pnas.2204098120#data-availability
https://www.energy.gov/gdo/national-transmission-needs-study
https://www.caiso.com/documents/2024-20-year-transmission-outlook-jul-31-2024.pdf
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Histogram of Candidate Transmission Costs

Transmission Cost Benchmarking

Current scenario 
candidate transmission 
options summarized by 

cost tier

 The generic transmission expansion 
costs we calculated were consistently 
in alignment with costs shown for 
certain in-development reference 
projects including:
• SWIP North

• New ONLine

• Transwest

• SunZia 



Resource Expansion Results



Total Resource Capacity and 
Generation Summaries
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2045 Total Resource Capacity

Preliminary results. Subject to change.

For simplicity, “Baseline Capacity” above includes the existing/planned resources remaining online in 2045 in the 10-yr Reference Portfolio. While the model does not optimize for 
economic retirement, it accounts for planned retirements of some baseline resources from 2035 to 2045, which can be found by comparing the next two slides.
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2035 Total Resource Capacity (MW)
(10-yr Reference Portfolio + Selected Candidate Resources)

Preliminary results. Subject to change.

 Note

• Generators built for a remote load 
center are included in the origination 
zone. E.g. NM wind for CA shows up in 
PNM. 

• There are 5 regional capacity/PRM 
zones – CA, PNW Core, Rest of PNW, 
DSW, and Rockies. Resources built in 
any of the regions within the same 
capacity zone can contribute equally to 
meeting that region’s PRM.

 Total builds in 2035 largely reflect 
portfolios identified in the 10-Year 
Reference Scenario with some 
additional wind resources added 
primarily based on economics

• Model runs intertemporally so 2035 
builds include consideration & 
anticipation of 2045 needs and value

Solar Customer Solar Wind Offshore Wind Battery Storage Geothermal Hydro Hydrogen Nuclear Pumped Hydro Gas CCS Gas Oil Coal Other Total
CA
WECC_CA-NP15+ 7,113        11,228                      4,710        931                           7,113                        1,275               8,699     -               -           2,047                       -           12,658  335       -        694       56,803     
WECC_CA-SP15+ 34,252     16,909                      13,805     -                            30,391                     3,483               1,585     -               -           2,302                       -           18,216  59          25          762       121,788  
WECC_CA_PGandE_ZP26 5,778        4,728                         411             2,924                      1,974                        -                     28             -               -           -                             -           3,209     -        -        44          19,097     
PNW NW
BPA-NW -              -                               6                   -                            4                                  -                     238          -               -           -                             -           850          -        -        230       1,329        
PNW Core_NW -              -                               0                   -                            -                             -                     677          -               -           -                             -           1,586     -        -        -        2,264        
PugetSound 16                1,059                         1,423        -                            1,992                        -                     368          -               -           400                            -           1,493     3             -        35          6,788        
SeattleCL -              73                                 -              -                            -                             -                     844          -               -           -                             -           3                12          -        5             937             
TacomaPower -              27                                 -              -                            -                             -                     697          -               -           -                             -           -           -        -        -        724             
PNW NE
Avista 19                46                                 609             -                            1                                  -                     1,252     -               -           -                             -           753          3             -        131       2,814        
BPA-NE 828             -                               5,530        -                            1,215                        -                     20,165  -               1,151     314                            -           615          -        -        27          29,844     
ChelanCountyPUD -              1                                    -              -                            -                             -                     1,984     -               -           -                             -           -           -        -        -        1,985        
DouglasCountyPUD -              2                                    -              -                            -                             -                     840          -               -           -                             -           -           -        -        -        842             
GrantCountyPUD 280             3                                    144             -                            -                             -                     2,192     -               -           -                             -           -           -        -        -        2,619        
PACW-NE 1,246        942                              4,026        -                            940                            -                     2                -               -           -                             -           464          -        -        -        7,620        
PNW Core_NE 1,890        -                               10,237     -                            -                             -                     1,104     -               -           -                             -           924          -        -        -        14,155     
PNW SW
BPA-SW -              -                               -              -                            -                             -                     1,913     -               -           -                             -           235          -        -        121       2,268        
PACW-SW 3                   -                               -              -                            -                             -                     269          -               -           -                             -           -           -        -        163       435             
PNW Core_SW 0                   -                               -              -                            -                             -                     -           -               -           -                             -           -           -        -        -        0                   
PortlandGeneral 81                145                              334             -                            645                            -                     241          -               -           -                             -           -           -        -        19          1,464        
PNW SE
BPA-SE 679             15                                 -              -                            -                             38                       2                -               -           -                             -           -           -        -        -        735             
PACW-SE 565             -                               21                -                            -                             -                     15             -               -           -                             -           -           -        -        -        601             
PNW Core_SE 1,811        -                               2,516        -                            -                             -                     482          -               -           -                             -           590          -        -        -        5,399        
Rest of PNW
IdahoPower 2,397        154                              3,399        -                            1,055                        36                       2,344     -               -           -                             -           723          5             -        35          10,149     
NWMT 418             171                              3,253        -                            100                            -                     751          -               -           -                             -           186          -        1,587  132       6,598        
PacificorpEast 5,118        2,077                         2,631        -                            844                            484                    281          -               -           -                             -           3,811     28          2,730  109       18,112     
PacificorpEastWY 92                133                              11,581     -                            660                            -                     4                -               345          -                             -           2,762     1             1,711  112       17,401     
MISO
North Dakota Wind (forced-in) 3,000        3,000        
DSW
NevadaNorth 6,192        151                              150             -                            2,380                        903                    1                -               -           -                             -           1,530     -        219       3             11,529     
NevadaSouth 3,982        1,667                         -              -                            2,473                        4                          1,039     -               -           -                             -           4,981     -        -        13          14,160     
AZPublicService 8,103        3,765                         2,902        -                            3,819                        -                     -           -               3,937     -                             -           6,469     1,086  -        25          30,106     
ElPasoElectric 1,888        162                              159             -                            1,141                        -                     -           -               -           -                             -           1,091     2             -        54          4,497        
PublicServiceNM 4,350        527                              7,959        -                            2,856                        29                       62             -               -           -                             -           1,680     31          -        2             17,496     
SaltRiverProject 11,837     1,270                         880             -                            4,635                        -                     80             -               -           1,176                       -           9,003     2             -        -        28,883     
TucsonElectric 2,408        478                              1,003        -                            1,956                        -                     -           -               -           40                               -           1,316     -        415       3             7,619        
WAPA_LwrCO 3,682        144                              680             -                            275                            -                     2,746     -               -           -                             -           1,552     -        -        -        9,078        
Rockies
PublicServiceCO 4,757        2,765                         9,992        -                            2,707                        5                          33             -               -           342                            -           5,992     51          -        32          26,676     
WAPA_ColMo 1,680        164                              748             -                            609                            -                     1,368     -               -           239                            -           886          100       -        6             5,800        
WAPA_ColMo_WY -              -                               3,113        -                            0                                  -                     -           -               -           -                             -           2,008     10          1,822  1             6,954        
WAPA_UprMO -              12                                 110             -                            0                                  -                     226          -               -           -                             -           7                5             -        2             361             
Total 111,466  48,818                     95,332     3,855                      69,783                    6,255               52,533  -              5,433     6,860                       -           85,595  1,732  8,509  2,757  498,928  
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2045 Total Resource Capacity (MW)
(10-yr Reference Portfolio + Selected Candidate Resources)

Preliminary results. Subject to change.

 Note

• Generators built for a remote load 
center are included in the origination 
zone. E.g. NM wind for CA shows up in 
PNM. 

• There are 5 regional capacity/PRM 
zones – CA, PNW Core, Rest of PNW, 
DSW, and Rockies. Resources built in 
any of the regions within the same 
capacity zone can contribute equally to 
meeting that region’s PRM.

 Total builds in 2045 represent 
significant resource additions 
relative to 2035, with a diverse set of 
generation and capacity resources

Solar Customer Solar Wind Offshore Wind Battery Storage Geothermal Hydro Hydrogen Nuclear Pumped Hydro Gas CCS Gas Oil Coal Other Total
CA
WECC_CA-NP15+ 24,555     12,809                      7,813        1,607                      12,111                     1,275               8,699     2,182         -           2,047                       -           11,561  335       -        3             84,996     
WECC_CA-SP15+ 41,119     19,766                      15,385     -                            36,055                     3,483               1,585     0                    -           2,352                       -           16,757  57          25          97          136,681  
WECC_CA_PGandE_ZP26 17,606     5,601                         1,885        2,924                      3,633                        -                     28             0                    -           -                             -           2,664     -        -        -        34,341     
PNW NW
BPA-NW -              -                               6                   -                            4                                  -                     238          -               -           -                             -           850          -        -        2             1,100        
PNW Core_NW -              -                               0                   -                            -                             -                     512          0                    -           -                             -           1,109     -        -        -        1,621        
PugetSound 16                1,270                         1,423        -                            1,792                        -                     368          -               -           400                            -           1,214     3             -        -        6,485        
SeattleCL -              82                                 -              -                            -                             -                     844          -               -           -                             -           3                12          -        -        941             
TacomaPower -              28                                 -              -                            -                             -                     697          -               -           -                             -           -           -        -        -        725             
PNW NE
Avista 19                49                                 609             -                            1                                  -                     1,252     -               -           -                             -           576          3             -        -        2,510        
BPA-NE 818             -                               5,530        -                            1,215                        -                     20,125  -               1,151     314                            -           615          -        -        2             29,768     
ChelanCountyPUD -              1                                    -              -                            -                             -                     1,984     -               -           -                             -           -           -        -        -        1,985        
DouglasCountyPUD -              3                                    -              -                            -                             -                     840          -               -           -                             -           -           -        -        -        843             
GrantCountyPUD 280             4                                    144             -                            -                             -                     2,192     -               -           -                             -           -           -        -        -        2,620        
PACW-NE 946             1,130                         3,976        -                            940                            -                     1                -               -           -                             -           464          -        -        -        7,458        
PNW Core_NE 15,920     -                               16,954     -                            -                             -                     1,104     0                    -           -                             -           924          -        -        -        34,902     
PNW SW
BPA-SW -              -                               -              -                            -                             -                     1,909     -               -           -                             -           235          -        -        -        2,144        
PACW-SW 3                   -                               -              -                            -                             -                     203          -               -           -                             -           -           -        -        -        206             
PNW Core_SW 1,005        -                               -              -                            -                             -                     -           5,472         -           -                             -           -           -        -        -        6,477        
PortlandGeneral 81                174                              334             -                            645                            -                     241          -               -           -                             -           -           -        -        1             1,476        
PNW SE
BPA-SE 679             16                                 -              -                            -                             38                       2                -               -           -                             -           -           -        -        -        736             
PACW-SE 565             -                               21                -                            -                             -                     12             -               -           -                             -           -           -        -        -        597             
PNW Core_SE 10,247     -                               2,516        -                            -                             -                     482          0                    -           -                             -           100          -        -        -        13,345     
Rest of PNW
IdahoPower 2,397        169                              7,031        -                            1,055                        36                       2,344     -               -           -                             -           723          5             -        -        13,761     
NWMT 418             198                              4,702        -                            100                            -                     751          -               -           -                             -           186          -        1,587  38          7,981        
PacificorpEast 9,431        2,337                         2,714        -                            844                            484                    279          -               -           -                             -           4,429     28          458       2             21,005     
PacificorpEastWY 92                143                              12,408     -                            660                            -                     3                -               345          -                             -           5,043     1             -        112       18,807     
MISO
North Dakota Wind (forced-in) 3,000        3,000        
DSW
NevadaNorth 5,912        170                              150             -                            2,615                        903                    1                -               -           -                             -           737          -        219       -        10,706     
NevadaSouth 2,882        1,924                         1,485        -                            2,193                        4                          1,039     -               -           -                             -           2,611     -        -        -        12,138     
AZPublicService 8,103        4,568                         4,044        -                            4,702                        -                     -           -               3,937     -                             -           5,073     1,086  -        -        31,512     
ElPasoElectric 5,086        196                              1,433        -                            3,445                        -                     -           -               -           -                             -           1,138     2             -        4             11,305     
PublicServiceNM 4,797        652                              9,631        -                            2,386                        29                       62             -               -           -                             -           4,501     31          -        -        22,088     
SaltRiverProject 10,697     1,474                         880             -                            3,658                        -                     80             -               -           1,176                       -           8,995     2             -        -        26,961     
TucsonElectric 11,599     564                              873             -                            7,580                        -                     -           -               -           40                               -           1,155     -        -        -        21,811     
WAPA_LwrCO 3,622        187                              680             -                            662                            -                     2,746     -               -           -                             -           1,552     -        -        -        9,448        
Rockies
PublicServiceCO 8,052        3,225                         11,602     -                            3,031                        5                          33             -               -           342                            -           5,043     48          -        -        31,382     
WAPA_ColMo 3,580        187                              4,697        -                            609                            -                     1,368     -               -           239                            -           886          100       -        -        11,665     
WAPA_ColMo_WY 0                   -                               5,468        -                            0                                  -                     -           -               -           -                             -           3,212     10          1,822  -        10,512     
WAPA_UprMO -              16                                 110             -                            0                                  -                     226          -               -           -                             -           7                5             -        -        363             
Total 190,525  56,943                     127,505  4,531                      89,936                    6,255               52,250  7,654         5,433     6,910                       -           82,362  1,726  4,111  260      636,401  
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2035 Total Resource Generation (GWh)
(10-yr Reference Portfolio + Selected Candidate Resources)

 Note

• For this energy generation 
summary, the generators built 
for a remote load center are 
included in the load delivery 
zone. E.g. NM wind for CA 
shows up in CA. 

 The significant portion of 
generation is from 
renewable resources

• Fossil generation accounts 
for about 15% of total 
generation 
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2045 Total Resource Generation (GWh)
(10-yr Reference Portfolio + Selected Candidate Resources)

 Note

• For this energy generation 
summary, the generators built 
for a remote load center are 
included in the load delivery 
zone. E.g. NM wind for CA 
shows up in CA. 

 Even more of the total 
generation is from 
renewable resources

• Fossil generation now 
accounts for less than 10% of 
the total generation



Incremental Selected Capacity 
(Beyond 10-Year Reference 
Portfolio)



28

 The model choses to primarily add wind 
beyond the resources in the 10-year 
Reference portfolio

• Note: Generators built for a remote load center 
are included in the origination zone. E.g. NM 
wind for CA shows up in PNM. 

• Model runs intertemporally so 2035 builds 
include consideration & anticipation of 2045 
needs and value

 The optimization also adds some capacity 
resources in the PNW and in the Rockies, 
which are capacity short

• There are 5 regional capacity/PRM zones – CA, 
PNW Core, Rest of PNW, DSW, and Rockies. 
Resources built in any of the regions within the 
same capacity zone can contribute to the 
regional PRM.

• Busbar mapping and powerflow analyses will 
determine the final placement of gas and 
hydrogen capacity resources within regions

2035 Selected Candidate Resource Capacity (MW)
(Incremental to 10-yr Reference Portfolio)

Preliminary results. Subject to change.

Solar Wind Offshore Wind Battery Storage Geothermal Hydrogen Nuclear Pumped Hydro Gas CCS Gas Total
CA
WECC_CA-NP15+ -        0              -                     -                      -                -           -        -                      -        -        0              
WECC_CA-SP15+ -        (0)             -                     -                      -                -           -        0                          -        -        (0)             
WECC_CA_PGandE_ZP26 -        0              -                     -                      -                -           -        -                      -        -        0              
PNW NW
PNW Core_NW -        0              -                     -                      -                -           -        -                      -        -        0              
PNW NE
PNW Core_NE 0            4,170      -                     -                      -                -           -        -                      -        -        4,170      
PNW SW
PNW Core_SW 0            -          -                     -                      -                -           -        -                      -        -        0              
PNW SE
PNW Core_SE 383       2,516      -                     -                      -                -           -        -                      -        -        2,899      
Rest of PNW
IdahoPower -        -          -                     -                      -                -           -        -                      -        0            0              
NWMT -        617          -                     -                      -                -           -        -                      -        -        617          
PacificorpEast -        0              -                     -                      -                -           -        -                      -        0            0              
PacificorpEastWY -        -          -                     -                      -                -           -        -                      -        1,335    1,335      
MISO
North Dakota Wind (forced-in) 3,000      3,000      
DSW
NevadaNorth -        -          -                     -                      -                -           -        -                      -        -        -          
NevadaSouth -        -          -                     -                      -                -           -        -                      -        -        -          
AZPublicService -        -          -                     -                      -                -           -        -                      -        -        -          
ElPasoElectric -        0              -                     -                      -                -           -        -                      -        -        0              
PublicServiceNM -        0              -                     -                      -                -           -        -                      -        -        0              
SaltRiverProject -        -          -                     -                      -                -           -        -                      -        -        -          
TucsonElectric -        -          -                     -                      -                -           -        -                      -        -        -          
WAPA_LwrCO -        -          -                     -                      -                -           -        -                      -        -        -          
Rockies
PublicServiceCO -        3,981      -                     0                          -                -           -        -                      -        0            3,981      
WAPA_ColMo -        0              -                     0                          -                -           -        -                      -        0            0              
WAPA_ColMo_WY -        2,147      -                     0                          -                -           -        -                      -        1,590    3,737      
WAPA_UprMO -        -          -                     0                          -                -           -        -                      -        -        0              
Total 383       16,432    -                     0                          -                -           -        0                          -        2,925    19,740    
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2045 Selected Candidate Resource Capacity (MW)
(Incremental to 10-yr Reference Portfolio)

Preliminary results. Subject to change.

 Solar and wind comprise the bulk of new 
resource additions

• Note: Generators built for a remote load center 
are included in the origination zone. E.g. NM 
wind for CA shows up in PNM.

 In most regions, new gas is the primary 
capacity resource added to meet PRM, 
along with some reliance on battery 
storage

• Hydrogen is added as new capacity in 
California and PNW Core likely because new 
gas build is not allowed for 2045

• There are 5 regional capacity/PRM zones – CA, 
PNW Core, Rest of PNW, DSW, and Rockies. 
Resources built in any of the regions within the 
same capacity zone can contribute to the 
regional PRM.

• Busbar mapping and powerflow analyses will 
determine the final placement of gas and 
hydrogen capacity resources within regions
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 A significant amount of remote wind is developed 
through 2045 for delivery to load zones mostly in CA 
and the PNW

 This is largely driven by the availability of existing and 
planned transmission connected to the regions with 
high capacity factor wind

• This remote wind complements the solar and storage and 
local wind developed in these zones

2045 Selected Candidate Resource Capacity
(Incremental to 10-yr Reference Portfolio)

Preliminary results. Subject to change.

Remote Resources and their Delivery Zones
Remote Gen Load Region 2035 2045

WY Wind WECC_CA-NP15+ 163     1,500   

WY Wind WECC_CA-SP15+ 1,984 3,129   

WY Wind PNW Core_NE -      1,094   

WY Wind NevadaSouth -      -        

WY Wind PublicServiceCO -      -        

WY Wind WAPA_ColMo -      -        

NM Wind WECC_CA-SP15+ -      3,534   

ID Wind WECC_CA-SP15+ -      3,566   

ID Wind PNW Core_NE -      209       

ID Wind PNW Core_SE -      -        

ID Wind NevadaSouth -      -        

MT Wind PNW Core_NW 617     2,106   

AZ Solar PNW Core_SE -      -        

NV Geo WECC_CA-NP15+ -      -        

NV Geo WECC_CA-SP15+ -      -        

UT Geo WECC_CA-SP15+ -      -        

ND Wind (forced-in) PNW Core_NW 1,000 1,000   

Total 3,764   16,139   



Transmission Expansion 
Results
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Existing Transmission Path Ratings

 The existing transmission path ratings 
represent present-day limits on interzonal 
power flow, excluding planned or in-
development interregional transmission 
projects

 Existing transmission path ratings were 
primarily taken by reviewing the WECC Path 
Ratings

 For other interties, the maximum historical BA-
BA interchange over recent historical years 
(2018-2024) is used to infer a path rating
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 Major planned and in-development 
transmission projects are incremental to the 
existing transmission path ratings

 Major interregional transmission projects are 
assumed to be online by 2035 and add to the 
total path ratings:

• BPA Evolving Grid 1.0

• B2H

• Gateway

• TransWest Express

• SWIP North

• Greenlink

• ONLine Uprate

• SunZia

• Ten West Link

Planned and In-Development Transmission Projects

Preliminary results. Subject to change.

Ten West Link
3200 MW SunZia

3000 MW

SWIP North
1700 MW

ONLine Uprate
1200 MW

Greenlink
725 MW N-S

Gateway South
1700 MW

TransWest DC
3000 MW

TransWest AC
1500 MW

B2H
1400/1000 MW

BPA Evolving 
Grid 1.0

+1500 MW

BPA Evolving 
Grid 1.0

+650 MW
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Selected Transmission Lines, 2045

 Due to the significant amount of existing and 
planned transmission, the optimization selects 
about 9 GW of transmission expansion/new 
lines

 Lines are selected primarily to deliver WY wind 
to loads in Colorado and Nevada/California 
and to deliver resources from BC Hydro to the 
PNW

Preliminary results. Subject to change.

Path LFC ($/kW-yr)New Capacity (MW)

BCHA_to_PNW_NE 34.79$        2,100                         
NevadaNorth_to_PacificorpEast 19.12$        205                             
NevadaNorth_to_WECC_CA_NP15 183.08$      555                             
NevadaSouth_to_WECC_CA_SP15 66.88$        49                               
NevadaSouth_to_PacificorpEast 50.08$        382                             
NevadaSouth_to_WAPA_LwrCO 14.64$        113                             
PacificorpEastWY_to_WAPA_WY 11.77$        3,130                         
PublicServiceCO_to_WAPA_WY 37.54$        1,400                         
WAPA_LwrCO_to_WECC_CA_SP15 61.33$        997                             



Thank You

If you have any questions or feedback, please feel free contact us.

Arne Olson, arne@ethree.com 

Jack Moore, jack@ethree.com

Femi Sawyerr, femi@ethree.com

mailto:arne@ethree.com
mailto:jack@ethree.com
mailto:femi@ethree.com
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Resource Cost Assumptions
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 Recost is E3’s in-house discounted cash flow model used to calculate levelized fixed costs and levelized cost of electricity for 
mature and emerging technology resources, inclusive of financing costs

 Recost is optimized for two goals:
1) Evaluate the fundamental economic costs of building new resources to inform energy system modeling, validate investment theses, 

and shape resource strategy for public and private sector stakeholders
2) Estimate the expected cost to contract these resources under Power Purchase Agreements (PPAs), and support the calculation of 

Levelized Cost of Capacity (LCOC) using each resource’s Effective Load Carrying Capability (ELCC)
Recost is built to inform the ongoing debate around how to finance and build the resources necessary for the energy transition 

by leveraging E3’s expertise on this topic

What is E3       RECOST?
Overview of Model and Use(s)

E3 Recost

Cost Assumptions 
NREL, EIA, PNNL, Market Data

Financing Assumptions 
Market Data, NREL, PNNL

Operations Assumptions 
NREL, EIA, PNNL, Market Data

Technology Inputs (Sources) Outputs (Metrics)

Discounted Cash Flows
Net Present Value (NPV), 
Internal Rate of Return (IRR)

Levelized Costs
Levelized Fixed Costs (LFC), 
Levelized Cost of Energy (LCOE)

Results Validation

Uses

Utilities and Resource Planning Entities
Transparent, Defensible, and Public-Facing Analysis for Integrated 
Resource Planning (IRP) and Analogous Processes

Investors, Asset Owners, and Developers
• Capital Expenditure, Operating Expense, and Financing Scenario 

Forecasts to Support Investment Thesis or Strategy Formation
• Competitive Pricing and PPA Analysis to Support Request For 

Proposal (RFP) and Analogous Processes

https://www.ethree.com/tools/recost-model/
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 E3’s RECOST model calculates levelized fixed costs (LFC) and the levelized cost of electricity (LCOE) for a range of 
conventional and emerging technologies

• LFC is reported in $/kW-yr, and LCOE is reported in $/MWh

 LFC and LCOE are calculated by initial commercial operations date (COD), from 2025 through 2050

 RECOST estimates are calculated using inputs from various sources:

E3 Resource Cost Estimates
RECOST Model Overview

E3 RECOST

Technology Cost Assumptions 
Sources: NREL, EIA, PNNL, Market Data

Technology Financing Assumptions 
Sources: Market Data, NREL, PNNL

Technology Operations Assumptions 
Sources: NREL, EIA, PNNL, Market Data

Inputs (Database) Outputs (Calculations)

Discounted Cash Flow Model
Outputs: NPV, IRR

Levelized Costs
Outputs: LFC, LCOE

Results Validation
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 Levelized Fixed Cost (LFC) ($/kW-yr): the levelized capacity payment that a system would need every 
operating year over its useful life to cover fixed costs, including amortized capital costs (capex), fixed 
operations and maintenance (O&M) costs, property taxes, and investment tax credits (if applicable)

 Levelized Cost of Electricity (LCOE) ($/MWh): the levelized energy payments that a system would need for 
every operating hour over its useful life to cover all costs, including fixed cost components as well as fuel 
costs, variable O&M, and the federal production tax credit (if applicable)

• An electricity generator that collects revenue over its useful life at the LCOE will have an NPV of $0

Calculation of Levelized Costs
RECOST Model Overview

𝐋𝐅𝐂 =
NPV Fixed Costs, $

NPV Capacity, kW
𝐋𝐂𝐎𝐄 =

NPV Total Costs, $

NPV Energy, MWh

Fixed Costs =
+ Capital Expenditures and Interconnection Costs
+ Investment Tax Credit
+ Fixed O&M
+ Property Taxes
+ Warranty
+ Repowering & Augmentation

Total Costs =
+ LFC
+ Variable O&M
+ Fuel
+ Production Tax Credit



41

Resource Cost Assumptions

 The resource costs used in the WestTEC capacity 
expansion model are taken from public data sources, 
primarily NREL 2024 ATB

 Estimates for the weighted-average cost of capital 
(WACC) are calculated using market indicators for 
cost of debt, returns on equity, and debt fraction

 IRA tax credits are assumed to be available through 
2045; the 45V and 45Q credits for Hydrogen and CCS, 
respectively, are assumed in full at 10% (H2) or 20% 
(CCS) capacity factor

 For compatibility with PLEXOS, the net present value 
(NPV) of LFC is entered into the model for each 
model year, along with assumptions for useful life 
and WACC

 The charts in subsequent slides will be expressed in 
nominal dollars unless otherwise specified

Technology Data Source

Solar Custom analysis 1

Land-Based Wind Custom analysis 1

Geothermal NREL 2024 ATB 2

Pumped Storage Hydro NREL 2024 ATB

Floating Offshore Wind NREL 2024 ATB

4-Hour Li-ion Battery Custom analysis 1

Gas CT Custom analysis 3

Hydrogen CT Custom analysis 4

Gas CT with 95% CCS NREL 2024 ATB

Nuclear SMR NREL 2024 ATB
1 CAPEX estimates derived by averaging across multiple public reports, including NREL ATB, EIA AEO, Lazard LCOS, and 
others. FO&M taken from NREL 2024 ATB.
2 For both conventional (hydrothermal) and enhanced geothermal resources, a binary system using a secondary 
working fluid is assumed.
3 CAPEX estimates derived by averaging across recent (2023-2025) public and confidential project quotes.
4 Hydrogen turbine costs are assumed to be 3% higher than NGCT. In PLEXOS, hydrogen CAPEX also includes 
electrolyzer and location-agnostic surface tank storage sized to provide up to 4 hours of daily peaking capacity.



42

Upfront Capex Forecasts for Selected Resources
RECOST Assumptions: Q4 2024 (Results in Real 2023 Dollars)

Utility-Scale Solar PV Li-ion Battery Storage (4-hour)Onshore Wind
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Years correspond to Project COD (Vintage)

Above estimates are exclusive of AFUDC and IX; these are separately accounted in the pro forma. IX estimates calculated via geospatial analysis (ES/MME)
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LFC of Firm Capacity ResourcesLCOE of Variable Renewable Resources

Nominal-Levelized Resource Costs (Average Across Regions)

Years correspond to project COD (vintage)

Years correspond to Project COD (Vintage)
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LFC of Firm Capacity ResourcesLCOE of Variable Renewable Resources

Real-Levelized Resource Costs (Average Across Regions), 2023$

Years correspond to Project COD (Vintage)
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Financing Assumptions

Within each risk band, variation in WACC is due to differences in 
assumed project debt fraction by technology and year

Technology Risk Economic Life

Solar Low 30

Land-Based Wind Low 30

Geothermal Mid 30

Pumped Storage Hydro Mid 50

Floating Offshore Wind High 30

4-Hour Li-ion Battery Mid 1 20

Gas CT Low 30

Hydrogen CT Low 30

Gas CT with 95% CCS Mid 30

Nuclear SMR High 50

High-Risk

Medium-Risk

Low-Risk

Years correspond to Project COD (Vintage)

1 Li-ion batteries will be updated to Low-Risk in the next iteration of modeling.



Cost Breakdown by WECC 
Region
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Utility Solar Nominal LCOE

Years correspond to Project COD (Vintage)

33%-35% CF

20%-29% CF

24%-33% CF

33%-35% CF
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Land-Based Wind Nominal LCOE

Years correspond to Project COD (Vintage)

27%-36% CF

26%-38% CF

30%-50% CF

27%-42% CF
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Geothermal (Hydro-Binary) Nominal LCOE

 

  

   

   

   

   

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
  
 
   

 
 
 
  
 
  

 
 

          

 

  

   

   

   

   

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
  
 
   

 
 
 
  
 
  

 
 

         

 

  

   

   

   

   

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
  
 
   

 
 
 
  
 
  

 
 

         

 

  

   

   

   

   
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
  
 
   

 
 
 
  
 
  

 
 

         

Years correspond to Project COD (Vintage) 80% CF assumed for LCOE calculation
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Pumped Storage Hydro Nominal LFC ($/kW-yr)

Years correspond to Project COD (Vintage)
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Floating Offshore Wind Nominal LCOE

No Floating offshore wind planned in Southwest and Mountains region

Years correspond to Project COD (Vintage)

40%-45% CF 48%-59% CF

Offshore Wind cost estimates are not available 
until 2030
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Li-ion Battery (4-hour) Nominal LFC ($/kW-yr)

Years correspond to Project COD (Vintage)
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Gas CT Frame Nominal LFC ($/kW-yr)

No Gas CT Frame planned in California

Years correspond to Project COD (Vintage)
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Hydrogen CT Frame Nominal LFC w/ PTC ($/kW-yr)

Years correspond to Project COD (Vintage)
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CT Frame with 95% CCS Nominal LFC w/ PTC ($/kW-yr)

Years correspond to Project COD (Vintage)
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Nuclear SMR Nominal LFC w/ PTC ($/kW-yr)

No Nuclear SMR planned in California

Nuclear SMR cost estimate is available starting in 2030

Years correspond to Project COD (Vintage)


	Slide 1: CREPC-TC Monthly Meeting
	Slide 2: Content
	Slide 3: Analytical Background and Scenario Definition
	Slide 4: Capacity Expansion Role in WestTEC Project Workflow
	Slide 5: Overview of Capacity Expansion Analysis
	Slide 6: 20-Year Reference Scenario Definition
	Slide 7: Key Inputs
	Slide 8: 2045 Loads are stacked over the 10-Year Reference Scenario Loads
	Slide 9: Marginal ELCC Curves by Region for Achieving PRM Requirement
	Slide 10: Nominal-Levelized Resource Costs (Average Across Regions)
	Slide 11: Real-Levelized Resource Costs (Average Across Regions), 2023$
	Slide 12: Candidate Resource Availability 
	Slide 13: Fuel Price Forecast
	Slide 14: Out-of-state/remote resource modeling
	Slide 15: Transmission Expansion Costs Methodology
	Slide 16: Transmission Cost Benchmarking
	Slide 17: Resource Expansion Results
	Slide 18: Total Resource Capacity and Generation Summaries
	Slide 19: 2045 Total Resource Capacity
	Slide 20: 2035 Total Resource Capacity (MW) (10-yr Reference Portfolio + Selected Candidate Resources)
	Slide 21: 2045 Total Resource Capacity (MW) (10-yr Reference Portfolio + Selected Candidate Resources)
	Slide 22: PRM
	Slide 23: PRM
	Slide 24: PRM
	Slide 25: 2035 Total Resource Generation (GWh) (10-yr Reference Portfolio + Selected Candidate Resources)
	Slide 26: 2045 Total Resource Generation (GWh) (10-yr Reference Portfolio + Selected Candidate Resources)
	Slide 27: Incremental Selected Capacity (Beyond 10-Year Reference Portfolio)
	Slide 28: 2035 Selected Candidate Resource Capacity (MW) (Incremental to 10-yr Reference Portfolio)
	Slide 29: 2045 Selected Candidate Resource Capacity (MW) (Incremental to 10-yr Reference Portfolio)
	Slide 30: 2045 Selected Candidate Resource Capacity (Incremental to 10-yr Reference Portfolio)
	Slide 31: Transmission Expansion Results
	Slide 32: Existing Transmission Path Ratings
	Slide 33: Planned and In-Development Transmission Projects
	Slide 34: Selected Transmission Lines, 2045
	Slide 35
	Slide 36: Appendix
	Slide 37: Resource Cost Assumptions
	Slide 38: What is E3        RECOST? Overview of Model and Use(s)
	Slide 39: E3 Resource Cost Estimates RECOST Model Overview
	Slide 40: Calculation of Levelized Costs RECOST Model Overview
	Slide 41: Resource Cost Assumptions
	Slide 42: Upfront Capex Forecasts for Selected Resources RECOST Assumptions: Q4 2024 (Results in Real 2023 Dollars)
	Slide 43: Nominal-Levelized Resource Costs (Average Across Regions)
	Slide 44: Real-Levelized Resource Costs (Average Across Regions), 2023$
	Slide 45: Financing Assumptions
	Slide 46: Cost Breakdown by WECC Region
	Slide 47: Utility Solar Nominal LCOE
	Slide 48: Land-Based Wind Nominal LCOE
	Slide 49: Geothermal (Hydro-Binary) Nominal LCOE
	Slide 50: Pumped Storage Hydro Nominal LFC ($/kW-yr)
	Slide 51: Floating Offshore Wind Nominal LCOE
	Slide 52: Li-ion Battery (4-hour) Nominal LFC ($/kW-yr)
	Slide 53: Gas CT Frame Nominal LFC ($/kW-yr)
	Slide 54: Hydrogen CT Frame Nominal LFC w/ PTC ($/kW-yr)
	Slide 55: CT Frame with 95% CCS Nominal LFC w/ PTC ($/kW-yr)
	Slide 56: Nuclear SMR Nominal LFC w/ PTC ($/kW-yr)

