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Key Takeaways 
 

 This chapter identifies low-impact, high-quality areas for wind and solar development in 
San Diego and neighboring Imperial County. 

 The region has sufficient available land area for wind and solar generation to approach a 
fully decarbonized energy system in line with the California-wide system model in 
Appendix A. 

 However, approaching a 100% decarbonized energy system that also meets societal 
expectations and regulatory standards for reliability will require significant but uncertain 
investments in a suite of additional resources, including excess intermittent and flexible 
generation, storage, and demand-side management. 

 The chapter informs decision-making by providing a series of site-selection scenarios 
that prioritize land value, ease of development, and environmental impact as well as 
proposing a strategy for addressing reliability. 

 The significant solar and geothermal potential of neighboring Imperial County is a large 
potential resource for San Diego that may require upgrades to the transmission 
network. 

 The County should coordinate with state agencies (CPUC Integrated Resource Planning 
team, CPUC Resource Adequacy team, CAISO Transmission Planning Process team, 
CAISO Local Capacity Requirements team) to ensure the reliability of the system. 

 

 

2.1 Introduction 

 

Decarbonization of the electric sector in San Diego County will require substantial deployment 

of new renewable resources; 90% of the electricity in most decarbonization scenarios comes 

from commercially mature renewable technologies such as wind and solar. Decisions on where 

to site wind and solar photovoltaic (hereafter solar) facilities can have significant impacts on the 

environment1 and require development of new and upgraded transmission infrastructure.2 In 

this chapter of the Regional Decarbonization Framework (RDF), we use the modeled electricity 

demand from the Central Case of the Evolved Energy Research (EER) modeli and identify low-

impact, high-quality areas for wind and solar development in San Diego County, and compare 

the resource potential to the modeled 2050 demand forecast for a fully decarbonized economy, 

                                                                 
i For more information on the macro energy modeling, see Appendix A. 
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in order to comment on magnitude and scale of anticipated supply and demand. This report 

also considers an alternate site selection scenario that assumes power transfer between San 

Diego and Imperial County, as well as four additional scenarios with site selection prioritized on 

the basis of environmental protection, pecuniary land value, carbon sequestration potential, 

and developable land. We also estimate the costs and capacity addition of prioritizing urban 

infill and rooftop solar. We discuss the potential co-benefits of rooftop and urban infill ground-

mounted solar, including equity benefits such as local economy job creation and pollution-

reduction. Finally, we present least-cost actions in the near-term which are valid across site 

selection scenarios. The electric sector spatial analysis is intended to inform planning and 

deployment of renewable electricity capacity in the region based on a range of techno-

economic and environmental variables including cost of energy, environmental impacts, and 

resource availability. 

 

2.2 Data 

 

RETI Candidate Project Areas 

To identify the resource potential of utility-scale solar and wind energy generation in San Diego 

and Imperial Counties, this analysis considers candidate project areas (CPAs) - land areas where 

renewable development is possible - identified in the 2009 Renewable Energy Transmission 

Initiative (RETI).3 The RETI CPAs were selected through a collaborative process between 

California Public Utilities Commission, the California Energy Commission, the California 

Independent System Operator along with local utilities and a 29-member Stakeholder Steering 

Committee. The goal of the RETI process was to achieve consensus on transmission 

development for renewable energy sufficient to meet state energy targets. CPAs were 

identified following a series of environmental and GIS-based exclusions (Figure 2.1). For a full 

list of excluded lands, see Appendix 2.A (Tables 2.A.1 – 2.A.3). Despite being dated, this dataset 

was chosen for two reasons: 1) it is still currently being used in the CPUC statewide Integrated 

Resource Plan modeling, and 2) it included a broader definition and greater overall quantity of 

developable land in San Diego County than other studies. For example, the renewable energy 

potential estimates for the Western U.S. from Wu et al 20201 were considered but not used, 

because that study applied more extensive techno-economic and environmental screens, 

reducing the area and providing very limited options in terms of remaining developable land in 

San Diego County.   

  

In addition to utility-scale CPAs in non-urban settings, this analysis considers CPAs within 

urbanized areas, or “infill.” This is defined as undeveloped land in more densely populated 

areas where small ground-mounted solar arrays could be constructed. The infill CPAs are added 

from a dataset under development by The Nature Conservancy (TNC) in an update to the 2019 



 

14 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

Power of Place (PoP) study.4 Finally, this report considers the potential capacity and costs for 

rooftop solar in San Diego using methodology created by Anders and Bialek.5 

 

 
Figure 2.1.  RETI CPA delineation Process adapted from the 2009 RETI report.3 

  

2.3 Methods 

 

RDF Candidate Project Areas and Downscaling 

In order to analyze the spatial distribution and subsequent power capacity of possible 

renewable energy power generation, we start with all the CPAs in San Diego County and then 

eliminate areas inappropriate for development (based on a variety of criteria) to identify the 

most suitable sites. We then calculate how much power generation is possible in these areas. A 

detailed description of the methods used follows.  

 

For the spatial analysis of low-impact, high-quality areas for renewable electricity development, 

this analysis uses open-sourced QGIS software to constrain and analyze CPAs within San Diego 

and Imperial Counties. This section begins with the RETI CPAs in San Diego County and excludes 

Conserved Lands identified by SANDAG.6 Lacking these data for Imperial County, this analysis 

relies on the baseline RETI environmental exclusions (see Appendix 2.A.1 & 2.A.2). All utility-

scale CPAs less than one square kilometer (km2) are excluded as unsuitable for development, 

where smaller infill solar polygons are retained. Areas of existing and planned solar and wind 

developments that total 266 Megawatts (MW) are removed (existing sites above 10MW were 

converted into files created from Google Satellite images and planned sites were digitized from 

Environmental Impact Report plant maps using the QGIS Georeferencer tool). To divide the 

CPAs into developable sites, a grid of 4 km2 for solar and 36 km2 for wind is overlaid on the 

sites. Using power density assumption of 30 MW per km² (MW/km²) for solar7 and 2.7 MW/km² 

for wind,8 CPAs that produce roughly 100 MW are created, a typical capacity for project 

modeling.9–11 Finally, as solar provides higher power density per km2, for all areas of overlap, 

solar is prioritized over wind and utility-scale over infill polygons. 
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The total annual electricity generation for each CPA polygon is identified using the formula 

below.  

 

𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑎𝑟𝑒𝑎 ∗ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 8760 (ℎ𝑜𝑢𝑟𝑠 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟) = 𝑎𝑛𝑛𝑢𝑎𝑙 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

 

The nameplate capacity, or expected output, is calculated using the power density assumptions 

stated above. The annual generation in MW hours (MWh) is calculated for each area polygon 

by first multiplying the hours in a year (8760 hours) and the location-specific capacity factor, or 

percentage of time when the site is expected to produce electricity. For utility-scale solar, the 

capacity factor is assumed to be equal to the fixed-tilt solar value in the urban areas, and the 

tracking value in non-urban areas, where there is more likely to be larger developments on 

open land suitable for less-dense tracking technology. To identify urban areas, the 2019 US 

Census Urban areas was used.12 

 

This analysis compares the estimated resource potential of renewables with the forecasted 

electricity demand for San Diego in 2050. Forecasted demand is based on the Central Case of 

the EER model.ii The forecasted demand for Southern California is downscaled to San Diego by 

applying the percentage of Southern California population in San Diego (13.75%). Next, 

existing/planned wind and solar generation projects within San Diego County are subtracted 

from the total forecasted demand to find the amount of new generation capacity needed. Data 

from the EPA’s EIA-860 Form13 were used to find 470 MW of existing/planned wind and solar 

capacity. Excluding these 470 MW from the downscaled electricity demand, a balance of 49,979 

GWh of electricity generation is found to be needed to achieve a 100% renewable target. 

Shown in Table 2.1, the total potential utility-scale and infill annual generation from wind and 

solar CPAs within the County of San Diego is 67,062 GWh, or 17,083 GWh above forecasted 

demand. Figure 2.2 shows the relative capacities of solar and wind with and without infill 

compared to the estimated demand. Utility-scale solar resource potential in San Diego County 

accounts for 98.6% of renewable resources. 

 

  

                                                                 
ii See Appendix A Central Case for model details. Model parameters are available in column “Central” of Table 1; 

projected installed electricity capacity in California for the Central Case is in Figure 3; 2050 electricity supply in 

California is in Figure 8. 
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Table 2.1.  Candidate Project Areas in San Diego County. 

Findings Units Utility-Scale Only With Infill 

Solar Area sq km 661 843 

Wind Area sq km 86 86 

Solar Resource Potential GWh 54,784 66,332 

Wind Resource Potential GWh 730 730 

Total Renewable Resource Potential GWh 55,514 67,062 

Estimated 2050 Electricity Demand GWh 49,979 49,979 

Electricity Resource Balance (assuming no 

curtailment) GWh 5,535 17,083 

 

 

 

 
Figure 2.2.  San Diego County Renewable Resource Potential. Notes: The total resource potential within San Diego 

County for utility-scale and utility-scale with infill is shown relative to the estimated 2050 electricity demand (grey) 

based on the downscaled Central Case scenario of the EER model for 2050 detailed in Appendix A. The bars show 

that the resource potential exceeds demand in both cases of utility-scale only and utility-scale with infill. Both the 

demand and resource potential account for existing resources within San Diego County. 

 

To arrive at an estimate of the wholesale cost of electricity for utility-scale CPAs, the levelized 

cost of energy (LCOE), or the adjusted cost of electricity production per MWh, is calculated. 

Calculations begin by adding the solar and wind plant capital cost and the costs of 

interconnection to the grid. The plant capital cost is based on a capital expenditure cost 

assumption for utility-scale solar (1,599 $/kW) and wind (1,556 $/kW) from NREL.14 The 

interconnection cost is based on the distance to the nearest substation and a transmission cost 

assumption of 2,948 $/MW-mile from the NREL ReDS model.15 In these calculations, a 

substation dataset from DHS16 is used and the Euclidean distance to the nearest substation is 

calculated to approximate the interconnection distance. The estimation of annual payments is 
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based on a capital recovery factor of 7.36%.17 The LCOE is then calculated using the formula 

below to find the ratio of payments to generation, or the wholesale cost per MWh of electricity. 

 

(𝑐𝑎𝑝𝑖𝑡𝑎𝑙 + 𝑖𝑛𝑡𝑒𝑟𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛) ∗ 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑓𝑎𝑐𝑡𝑜𝑟

𝑎𝑛𝑛𝑢𝑎𝑙 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛
= 𝐿𝑒𝑣𝑒𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 

 

For infill solar development, the PoP CPAs and the annual generation formula above are used. 

To calculate the LCOE, this analysis uses the average of large and small non-residential capital 

cost of 2.7 $/W for solar installation from Berkeley Lab’s Tracking the Sun Report as the capital 

cost.18 There is no interconnection cost, as it is assumed to be included in the LBNL capital cost. 

The same capital recovery factor of 7.36% is applied and the LCOE is calculated using the 

formula below.  

 

𝑐𝑎𝑝𝑖𝑡𝑎𝑙 ∗ 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑓𝑎𝑐𝑡𝑜𝑟

𝑎𝑛𝑛𝑢𝑎𝑙 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛
= 𝐿𝑒𝑣𝑒𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 

 

The range of LCOE across both infill and utility-scale CPAs in San Diego County is shown in 

Figures 2.3 (solar) and 2.4 (wind). Figure 2.5 shows the CPAs across San Diego and neighboring 

Imperial County. Note that the cost of balancing resources are not included in solar and wind 

capital cost estimates. For grid reliability in the deeply decarbonized scenarios described here, 

balancing resources beyond wind and solar would be needed. Options include energy storage, 

retention of gas peaker plants, increased interregional coordination for geographic diversity of 

power generation resources, and other options described in the EER modeling. Costs of 

balancing resources vary widely, and have significant uncertainty, and should be further 

explored in future work to complement this spatial analysis. 

 

Site Selection Scenarios 

Next, renewable energy sites need to be chosen and their development sequenced starting 

with least cost. To sequence the CPAs needed to achieve 100% renewable energy by 2050, 10-

year timesteps are used from the EER Central Case estimated demand forecast for San Diego 

starting in 2030.iii A site selection algorithm modeled after Wu et al.1 is implemented. The 

algorithm is run on two scenarios: 

 
Site Selection Scenario 1: San Diego-Only (solar and wind resources within San Diego County) 

Site Selection Scenario 2: San Diego and Imperial County Scenario (solar, wind, and geothermal resources 

within San Diego and Imperial Counties, with transfer of power between the two assumed) 

                                                                 
iii See Appendix A for model details and electricity forecasts. 
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Figure 2.3.  Solar Candidate Project Areas in San Diego County and the LCOE per CPA. 

 

 
Figure 2.4.  Wind Candidate Project Areas in San Diego County and the LCOE per CPA.
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Figure 2.5.  Solar and wind Candidate Project Areas in San Diego and Imperial Counties. Notes: Areas suitable for 

wind and solar development within San Diego County are shown in Figures 2.3 and 2.4 and within San Diego and 

Imperial County in Figure 2.5. The maps show the levelized cost of energy (LCOE), with the least cost in yellow. 

Utility-scale CPAs are from the RETI dataset and infill solar CPAs are from the 2019 PoP dataset. The LCOE is 

calculated based on capacity for each area polygon, capital costs, interconnection costs, and a capital recovery 

factor. Existing transmission lines are also pictured in Figures 2.3-2.5. 

 

Unlike wind and solar CPAs, geothermal resource potential is confined to select sites with 

known resources. Therefore, for the San Diego and Imperial Scenario, the E3 and CPUC 

statewide Integrated Resource Plan (R-20-05-003) estimated supply of geothermal in 

neighboring Imperial County is used (no geothermal sites have been identified in San Diego 

County).19 Five geothermal sites are identified in Imperial County with generation of 10,680 

GWh of electricity (seen as green points in Figure 2.8). This analysis assumes these plants 

become fully operational by 2030 and supply the remaining capacity to San Diego after 

satisfying Imperial County’s electricity demand. The total geothermal generation available for 

San Diego is downscaled by multiplying the proportion of residents in the County of San Diego 

to the overall population of the two counties (94.7%). We therefore assume, for the purposes 

of this model, that 10,113 GWh of geothermal firm power from Imperial County will go to San 

Diego County.  In the San Diego and Imperial Scenario, 10,113 GWh is subtracted from all three 

time steps of the forecasted electricity demand. 

 

 

 



 

20 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

Candidate Project Area (CPA) Scenarios 

In addition to the site selection scenarios, alternate scenarios to select CPAs are analyzed that 

factor in four new exclusion zones based on different policy goals: 1) minimize environmental 

impact, 2) avoid high-pecuniary value land, 3) maximize carbon sequestration potential, 4) 

include only developable land as identified by SANDAG. For each scenario the methodology 

described in section 3.1 is used to identify the LCOE and available capacity of CPAs under more 

restrictive scenarios within the boundaries of San Diego County.  

 

CPA Scenario 1: Low Environmental Impact 

To show renewable site selection under a scenario in which avoiding high environmental impact 

is highly prioritized, the most restrictive siting level areas for wind and solar resource potential 

areas in the West are used (Unconstrained SL 4) from the Wu et al.1 study of low-impact 

renewable energy siting. The study incorporated high-resolution ecological and agricultural 

datasets to identify sites with low impact on the environment. In this scenario all urban infill 

CPAs are included because of lower environmental impacts from siting in urban areas. 

 

CPA Scenario 2: Reduce Loss of Land with High Pecuniary Value 

To identify CPAs that factor in the pecuniary value of land, the Cropland Data Layer raster from 

the US Department of Agriculture is used.20 To analyze the raster with the CPA sites, the zonal 

statistics tool is run on a 0.10 km2 grid to identify the modal land use within each cell. To 

restrict the CPAs to land with low pecuniary value, the data is filtered to include only 

“Fallow/Idle Cropland”, “Grassland/Pasture”, “Forest”, “Wetland”, “Shrubland”, and “Barren.” 

Urban infill is excluded in this scenario because of the higher relative value of land in the urban 

environment. 

 

CPA Scenario 3: Reduce Loss of Land with High Carbon Sequestration Potential 

In the third scenario, lands which have high carbon sequestration potential are excluded. 

Analysis from Chapter 4 is used, which identifies carbon pools within San Diego County. 

SANDAG’s Vegetation Dataset is also used, which classifies the vegetation types in the County.21 

The data is filtered to vegetation with high CO2 Sequestration potential (see Appendix 2.C for a 

full list). These lands are excluded from the renewable resource potential to find CPAs under a 

scenario that prioritizes natural carbon sequestration. Urban infill sites are included in this 

scenario because of the lower carbon sequestration potential of infill land. 

 

CPA Scenario 4: Restrict Sites to Developable Land 

The fourth scenario identifies potential sites that exist on developable land, given that they are 

likely to face fewer legal and social barriers. SANDAG’s Developable Land data is utilized, which 
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classifies “Vacant” and “Agricultural Redevelopment” as suitable for development.22 In this 

scenario, urban infill sites are excluded as having higher barriers to development. 

 

CPA Scenario 5: Prioritize investments in frontline communities 

The fifth scenario includes prioritizing rooftop solar and urban infill solar, in particular in 

communities where the economic development, good-paying local jobs, and potential air 

quality benefit, reducing emissions from local thermal plants, would have high societal value. 

 

The Climate Equity Index (CEI) was created for the City of San Diego in 2019 and updated in 

2020 through a stakeholder process to address environmental justice and social equity.23 The 

CEI measures access to opportunity at the census tract level through 35 indicators covering 

health, housing, socioeconomic, mobility, and environmental categories. As with the SB 535 

Disadvantaged Community designation, the communities that score as having “low access” are 

primarily in the southern areas of San Diego including Barrio Logan, Lincoln Park, 

Mountainview, and the Tijuana River Valley.24  

 

SANDAG has identified communities of concern and has stated a goal to ensure that Low 

Income and Minority communities receive benefit from public investments, in particular 

transportation and mobility investments These county-designated Communities of Concern are 

spatially distributed throughout the county.25 The highest concentration occurs in the coastal 

southwest part of the County.   

 

The communities in the southwest part of the County (National City, Chula Vista, and San 

Ysidro, for example) are also designated Disadvantaged Communities (DAC) by the state (Figure 

2.6). DACs are identified by CalEPA to be disproportionately burdened by and vulnerable to 

multiple sources of pollution.26 Under California state law (SB 535 and AB 1550), DACs are 

specifically targeted for investment of proceeds from the State's cap-and-trade program. 

Known as California Climate Investments (CCI),27 these funds are aimed at improving public 

health, quality of life, and economic opportunity in California's most burdened communities at 

the same time they are reducing pollution that causes climate change.  

 

A scenario maximizing rooftop and urban infill solar and energy storage in these frontline 

communities could result in 5-30% reduction in infrastructure development on previously 

undisturbed land (greenfield development). It could also have multiple co-benefits, including 

progress toward county-level and higher-level equity goals, job creation in “green job” or 

“cleantech” sectors with corresponding well-paying wages,iv reduced GHG emissions and 

                                                                 
iv San Diego’s jobs in these industry groups grew 17.6% from 2010 to 2018. 

https://www.sandiego.gov/sustainability/social-equity-and-job-creation  

https://www.sandiego.gov/sustainability/social-equity-and-job-creation


 

22 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

criteria pollutants from land use change for energy infrastructure, and availability of 

supplemental funding sources for example from the state. Further study to quantify the local 

economic and public health benefits of such a scenario would be valuable; however, adequate 

information exists28 to support early action to pursue growth in rooftop solar, especially in 

communities overly burdened with pollution and having low access to opportunities.  
 

 
Figure 2.6.  Disadvantaged Communities in San Diego County. 

 

Infill and Rooftop Solar Scenario Capacity and Costs 

In a 2003 analysis by Anders and Bialek,5 the GIS analysis of non-residential rooftops in the City 

of San Diego identified approximately 143,489,645 square feet (3,294 acres) of usable roof 

area. The ratio of total usable roof area to total developed land was identified as [3,294 acres of 

total usable area]/[26,078 acres of total developed land] = 12.6%. This study assumes that all 

other jurisdictions in the San Diego region would have a similar ratio of total developed land to 

usable roof area. This ratio was applied to the jurisdictions outside the City of San Diego to 

derive an estimated technical potential for the remaining portions of the County of San Diego. 

This resulted in a total estimated county-wide capacity of approximately 1,726 MW AC.5 

 

A more recent solar siting survey by Clean Coalition identified the 2018 non-residential solar 

rooftop potential in the City of San Diego at 499 MW. The Clean Coalition analysis incorporates 
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additional information about how much distributed generation could be accommodated on 

specific electric distribution system circuits in the City of San Diego, based on Integration 

Capacity Analysis (ICA) data from SDG&E.  However, the geographic extent of this analysis 

includes the City of San Diego only, not other cities, or the unincorporated county. Using a 

simple extrapolation, assuming that the city-to-county ratio remains 44% (769 MW in the City, 

compared to 1726 MW county-wide, as characterized by Anders and Bialek, 20035), then the 

countywide non-residential rooftop potential would be 1,134 MW, based on extrapolation of 

the 499 MW city value.29 At an assumed 28% capacity factor,30 this corresponds to 2,781 GWh 

annual generation county-wide.  This is 5.5% of estimated 2050 electricity demand. At an 

average LCOE of $92/MWh, these non-residential solar systems are estimated to be on the high 

end of candidate project costs (see Figure 2.3 for comparison). 

 

This value is based on existing buildings only, and the rooftop resource potential would increase 

if it were updated to include anticipated new buildings in 2050.  Future analyses should 

estimate the 2050 rooftop solar potential, using the SANDAG 2050 forecasted footprint of 

developed land. Relevant GIS data are available through the SANGIS portal (see Planned Land 

Use for the Series 13 Regional Growth Forecast (2050)). At a high level, urban land in the U.S. is 

expected to grow by 1-4 times by 2100, thereby increasing the anticipated rooftop solar 

potential.31 

 

Future analyses should also perform a detailed Integration Capacity Analysis (ICA), expanding 

beyond the City of San Diego to include other jurisdictions throughout the County of San Diego, 

to confirm distribution grid capability to accommodate these resources. 

 

Least-cost Near-term Scenario 

To identify a least-cost scenario for near-term action, this analysis looks for CPAs within San 

Diego County which are the lowest cost in both the San Diego-only and San Diego and Imperial 

site selection scenarios. The sites selected in both scenarios are identified to meet the 

forecasted 2025 electricity demand. Then the 2025 outputs from the two scenarios are 

intersected in QGIS to find the CPAs identified in both as a least-cost scenario. 
 

2.4 Results and Discussion 

 

Site Selection Scenarios 

The results of the site selection scenarios are shown in Figures 2.7 & 2.8 below. In the San 

Diego-only Scenario (Figure 2.7) the 2030 sites are selected based on LCOE clusters largely 

around Jacumba Hot Springs in the Southeast and Borrego Springs in the Northeast parts of 

unincorporated San Diego. In the 2040 and 2050 time-steps, CPAs closer to urban areas are 
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selected. Few urban infill CPAs are selected in the San Diego scenario as the LCOE is relatively 

higher due to lower capacity factors, in part from the restriction of fixed-tilt installations. The 

San Diego-only scenario also requires higher overall electricity generation from renewable 

resources due to the lack of geothermal resources from Imperial County. The lack of firm power 

would also increase the requirement for additional generation and storage capacity for reliance 

on intermittent resources, which would likely add, possibly substantially, to the cost. Battery 

energy storage and pumped hydro could be deployed to meet this need. 

 

In the San Diego and Imperial Scenario (Figure 2.8) geothermal and solar resources from 

Imperial County are factored into the resource potential to meet 100% of San Diego’s electricity 

demand. While the area east of Jacumba Hot Springs remains a priority cluster for solar and 

wind development within the County of San Diego, most other CPAs from the San Diego-only 

Scenario are not selected as the costs are higher than resources from Imperial County. 

Geothermal resources (green points) reduce the overall requirement for wind and solar 

resources. Also, a larger geographic area of resource aggregation may also reduce the 

overcapacity and storage needed to balance supply and demand because of the geographic 

diversity of wind and solar generation profiles, thereby increasing reliability and reducing 

system costs. In the San Diego and Imperial Scenario, no infill resources are selected due to 

lower-cost sites in Imperial County. 

 

Though the scenarios explored so far can likely generate enough energy on a GWh basis to 

meet forecasted demand, the mismatch between the timing of renewable generation (supply) 

and electric loads (demand) across days and seasons means that these identified GWh will not 

be able to meet real-time demand alone.  In a study of the ability of high-renewable (80%+) 

systems to reliably meet demand across the US, Shaner et al.32 found that a system with 75% 

solar and 25% wind generation could achieve 98.74% reliability (aggregated over a geographic 

area roughly the size of the continental US) or 90-95% reliability (if aggregated over an area 

roughly the size of San Diego and Imperial counties combined), as long as 50% excess 

generation (~25,000 GWh) plus storage equal to 12 hours of mean demand (in MW) were 

included. This is a lower bound for what will be necessary in practice, since the reliability 

standard set by the North American Electricity Reliability Corporation (NERC) is 99.97%.   

 

In order to approach 100% reliance on zero carbon resources, this large reliability gap must be 

filled by some combination of excess intermittent generation, long and short duration storage, 

clean dispatchable power generation, and demand-side management (such as conservation 

during periods of peak demand). Decisions about which resources to choose will depend on the 

status, cost, and negative impacts of existing and new technologies and the willingness of end 

users to adapt their energy use to smooth demand peaks. The 2020-2021 CAISO Transmission 



 

25 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

Planning modeling (base case) included 300 MW pumped hydro storage at San Vicente as well 

as 660 MW of 4-hr battery energy storage in San Diego County.30 Together, these planned 

energy storage resources make up about 20% of the anticipated need.v Other options could 

include overbuilding the renewable CPAs, with curtailment as a cost-effective tool to deliver 

more renewable energy through existing transmission lines. A 2017 study found that allowing 

10% annual solar curtailment enables a 5-fold increase in the amount of annual solar 

generation that can be delivered on existing transmission lines.33 Additional options include 

natural gas-fired generation with carbon capture and storage, other zero carbon gaseous fuels 

such as hydrogen from electrolysis, or rapid scale-up of demand response programs in the 

region, among others. Given the rapidly changing nature of technology and the fact that human 

behavior related to demand-side management is not well understood, the optimal combination 

for ensuring reliability is currently unknown and unknowable.  

 

In both site selection scenarios, the increased electricity demand for the region due to 

electrification as shown in the EER model may require transmission upgrades to avoid higher 

costs34 and curtailment of renewable resources.35 Increased transmission capacity may also 

enable greater reliability due to interconnection with more geographically diverse hourly 

generation profiles that smooth out variable power generation.32 

 

Table 2.2 lists the costs and timelines of the six identified major transmission upgrades for the 

region from an analysis by the California Independent System Operator (CAISO).36 These are 

transmission upgrade options only.  Statewide modeling results have not yet been released, 

indicating which (if any) of these options will be needed or will be optimal. While transmission 

upgrades will be overseen by state agencies and the local utility, the process will interact with 

local communities where new transmission upgrades are sited. The planning process for these 

six transmission upgrades is still underway. These are transmission upgrades that have been 

studied by the CAISO, and they are upgrade options in state-level modeling for the state's 

Integrated Resource Plan (IRP). In the IRP proceeding, a statewide 2030 portfolio with high 

penetration of renewables is modeled, and least-cost transmission upgrades are selected from 

this list of options, to support and enable transmission planning for the state’s clean energy and 

climate goals. The updated “Modeling Assumptions for CAISO 2022-2023 Transmission Planning 

Process” will be released in Q4 2021,vi and this report will shed light on which transmission 

                                                                 
v Assuming that mean demand (in MW) can be calculated as 2050 electricity consumption forecast divided by the 

total number of hours per year (49,979,000 MWh / 8760 hrs-per-yr = 5,705 MW mean demand). 
vi For example from a previous year, see CPUC report “Modeling Assumptions for 2021-2022 Transmission Planning 

Process.” https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-

term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-

2021-2022-transmission-planning-process  

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2019-20-irp-events-and-materials/portfolios-and-modeling-assumptions-for-the-2021-2022-transmission-planning-process
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Figure 2.7.  Site Selection Scenario: San Diego County Only. 
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Figure 2.8.  Site Selection Scenario: San Diego and Imperial Counties. 
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Table 2.2.  Transmission upgrades and costs In the SDG&E territory. Data from an analysis by the CAISO.37 

Transmission 

Constraint 
Affected Zones 

Estimated Full Capacity 

Deliverability Status Based 

on On-Peak Study 

Resource Output 

Area Delivery Network Upgrades (ADNU) & Cost Estimate 

Wind/Solar 

Area 

Designation 

Existing 

System 

(MW) 

Increase 

due to 

ADNU    

(MW) 

ADNU 

Construction 

Time 

(months) 

Cost ($millions)  

East of Miguel 

Constraint  

Arizona, Imperial, Baja, 

Riverside 
731 1,412 

New Imperial Valley - 

Serrano 500 kV line 
120 $3,680 Solar 

Encina-San Luis Rey 

Constraint 

Arizona, Imperial, Baja, 

Non-CREZ within San 

Diego 

2,901  3,718  
New Encina - San Luis 

Rey 230 kV line 
120  $102 Solar 

Imperial Valley 

transformer 

Constraint 

Imperial 1,959  400  

New Imperial Valley 

500/230 kV Bank at 

new substation 

105  $214 Solar 

San Luis Rey-San 

Onofre Constraint 

Arizona, Imperial, Baja, 

Non-CREZ within San 

Diego 

1,748  4,269  
New San Luis Rey-San 

Onofre 230 kV line 
120  $237 Solar 

San Diego Internal 

Constraint 

Imperial, Non-CREZ 

within San Diego 
968  2,067  

Internal San Diego 

reconductoring 
18  $89 Solar 

Silvergate-Bay 

Boulevard Constraint 

Imperial, Baja, Non-CREZ 

within San Diego 
1,202  2,119  

Silvergate - Bay Blvd 

230kV 3-ohm Series 

Reactor 

72  $31 Wind 

San Diego Oceanside 

Constraint 

Non-CREZ within San 

Diego 
280  301  Oceanside ADNU 60  $133 Solar 

Total (MW) 9,058               12,874                Total Cost   $               4,486   

Total Additional (MW)  3,816                 Cost per additional MW  $        1,175,577      
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upgrades are selected in IRP modeling. However, the timeframe of that study ends in 2030, and 

further upgrades are likely to be needed in the 2050 timeframe. The CAISO is separately 

undertaking a 20-yr transmission outlook study process,37 and clean energy planning efforts in 

the San Diego region should incorporate findings from the CAISO 20-yr transmission outlook 

study as they come available.  

 

Candidate Project Areas Scenarios 

As policymakers consider alternate scenarios for siting renewable resources, priorities beyond 

the wholesale cost of energy may factor into the decision making. Figures 2.9 through 2.12 

show solar and wind CPAs under four policy scenarios within the County of San Diego. Table 2.3 

shows a summary of the resource potential for each scenario. 

 

CPA Scenario 1: Low Environmental Impact 

When more environmental screens are applied to identify low-impact CPAs as in Wu et al.,1 the 

resource potential is reduced by 76.5%. Most remaining CPAs are in the urban infill, which was 

included without further restriction from the previous analysis. The remaining total resource 

potential is 15,777 GWh, requiring imports to approach 100% of electricity demand. 

 

CPA Scenario 2: Restrict Land with High Pecuniary Value 

The exclusion of land with high-pecuniary value does not significantly lower the capacity of 

utility-scale renewable generation within San Diego County. Most of the land identified in the 

previous scenarios was not on high-value cropland. The resulting total resource potential is 

52,394 GWh. Therefore, if 95.4% of the resource potential on land with low value is developed, 

San Diego County would be able to approach 100% of electricity demands with resources 

internal to the County. 

 

CPA Scenario 3: Restrict Land with High Carbon Sequestration Potential 

When CPAs are restricted by removing land with high carbon sequestration potential, the 

resulting capacity is 22,844 GWh, or roughly one-third the original capacity. Much of the 

remaining CPAs are in the urban infill which are included without further restrictions in this 

scenario. In this scenario, the County would require imports to approach 100% of electricity 

demand with renewable energy. 

 

CPA Scenario 4: Restrict Sites to Developable Land 

Restriction of CPAs to developable land may provide decision makers with low-hanging fruit in 

terms of ease of development. When CPAs are restricted to “Vacant” and “Agricultural 

Redevelopment” land types, there is 13,894 GWh of remaining resource potential. This is not 



 

30 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

enough to fulfill the County’s electricity demand internally, but it provides a good starting point 

for near-term resource development at 28%. 

 

 

Table 2.3. CPA scenarios resource potential and deficit with projected demand summary. 

Scenario Resource Potential (GWh) Deficit with Demand 

Low Environmental Impact 15,777 -34,202 

Low Land Value 52,394 2,415 

Carbon Sequestration Potential 22,844 -27,135 

Developable 13,894 -36,085 

 

 

 

 

 

 
Figure 2.9. CPA Scenario 1: Low Environmental Impact. 
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Figure 2.10. CPA Scenario 2: Restrict Land with High Pecuniary Value. 

 
Figure 2.11. CPA Scenario 3: Restrict Land with High Carbon Sequestration Potential. 
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Figure 2.12. CPA Scenario 4: Restrict Sites to Developable Land. 

 

Infill and Rooftop Solar Costs 

Results of the rooftop solar analysis are summarized in Table 2.4 below. This analysis is not 

intended to make any indication of reliability.  It is only intended to show cost-ranked ordering 

of renewable resource options. This illustrates why most planning efforts don't rely more 

heavily on rooftop solar, despite strong stakeholder interest in rooftop solar’s co-benefits. 

Rooftop solar has much higher capital costs than ground-mounted solar and other renewable 

options. Studies show that an optimal portfolio can be designed to include higher rooftop solar 

penetration, and a higher-rooftop-solar-portfolio can also maximize co-benefits, while 

achieving the same societal cost of the overall portfolio (with the caveat that societal cost is 

defined differently than simple capital cost of the generating equipment).39 

 

Table 2.4. Cost Scenarios of Rooftop and Solar. 

Cost Scenarios Average LCOE ($/MWh) Total GWh in San Diego County Percent of Demand 

Average US Combined Cycle 

Natural Gas Plant38 34.51 N/A N/A 

Output of Scenario 1 (Sites 

selected based on LCOE) 40.65 49,979 100% 

Rooftop Solar  92.32  2,781 5.6% 

Rooftop and Infill Solar 70.04 15,100 30.2% 
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Least-cost Scenario 

The least-cost scenario shown in Figure 2.13 provides an estimate of the lowest cost wind and 

solar resources that were selected in both site selection scenarios (San Diego-only and San 

Diego/Imperial) for 2025. Shown in Table 2.5, the total resource capacity in this near-term 

scenario is 4,107 GWh or 8.2% of the total 2050 electricity demand. These sites represent low-

cost CPAs in San Diego County regardless of whether the region imports power (and whether 

necessary transmission upgrades occur). As shown in Figure 2.13, the least-cost CPAs are 

located adjacent to the recently approved JVR solar PV site near Jacumba Hot Springs.40 The 

development of this project signals commercial interest in renewable siting in this part of the 

County that reinforces this area as an economically attractive site for development. It should be 

noted that the algorithm selected wind as well as solar because of the low LCOE. However, per 

square kilometer, the energy density of wind is 9% of solar PV. As a more energy dense 

resource, solar may be the more favorable technology in a least-cost scenario. There are, 

however, some indications of greater societal preferences for wind.41,42 There is general 

agreement in the modeling and planning communities that more wind on the system is 

desirable, from a resource-diversity perspective; however high-quality wind resources are 

relatively scarce in California. 

 

Table 2.5. Summary of near-term least-cost site selection. 

Least-cost Summary 

2050 Demand (GWh) 49,979 

Least-Cost Generation (GWh) 4,107  

Percent of Total Demand 8% 
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Figure 2.13. Least-cost Scenario for 2025. Notes: The least-cost scenario shows sites that were selected to meet the 2025 electricity demand in both the San 

Diego-only and the San Diego and Imperial Scenarios. They are the lowest cost CPAs regardless of whether electricity is imported from Imperial County. The 

sites center around the Jacumba Hot Springs in the southeast part of the County. They are located near existing and planned renewable sites, including the JVR 

site approved by the Board of Supervisors in 2021.
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2.5 Conclusion 

 

To develop the necessary renewable resources that approach 100% of electricity demand by 

2045, San Diego will need to engage in near- and long-term planning to ensure priorities such as 

environmental protection, cost, carbon sequestration potential, equity, and land value are 

considered adequately in deployment. This report has shown that balancing these priorities 

may be possible with available resources in the region.  

 

Transmission upgrades may be needed to avoid congestion. There are opportunities for power 

transfer between San Diego and Imperial Counties, including solar and geothermal firm power 

which can increase reliability. Given the necessary expansion of the electricity supply to meet 

estimated ~50,000 GWh of demand (or ~5,700 MW of capacity) by 2050, there will need to be 

more than two new operational 100 MW clean power plants every year between now and 2050 

that supply electricity to San Diego County. If the timeline is constrained to 2035, this would 

require more than four new operational 100 MW clean power plants every year. Close 

coordination with state agencies such as the CAISO and the CPUC can help accelerate the 

deployment of clean energy infrastructure, including transmission.  

 

A scenario maximizing rooftop and urban infill solar and energy storage in frontline 

communities could result in 5-30% reduction in infrastructure development on previously 

undisturbed land (greenfield development). It could also have multiple co-benefits, including 

progress toward county-level and higher-level equity goals, job creation in “green job” or 

“cleantech” sectors with corresponding well-paying wages,vii reduced GHG emissions from land 

use change for energy infrastructure, and availability of supplemental funding sources from 

sources such as the state. If coupled with apprenticeship programs, job training opportunities 

could be significant. Further study to quantify the local economic and public health benefits of 

such a scenario would be valuable; however, adequate information exists to support early 

action to promote growth in rooftop solar, especially in communities overly burdened with 

pollution and having low access to opportunities. 

 

In all scenarios, such high reliance on intermittent renewables implies a need for reliability 

studies to quantify how much additional long and short duration energy storage, clean 

dispatchable power, and demand-side management may be needed. Given that the best 

combination of these is currently highly uncertain, local leaders must engage in a concerted 

effort--executed in parallel with rapid renewable deployment--to learn about and deploy the 

                                                                 
vii San Diego’s jobs in these industry groups grew 17.6% from 2010 to 2018. 

https://www.sandiego.gov/sustainability/social-equity-and-job-creation  

https://www.sandiego.gov/sustainability/social-equity-and-job-creation
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best options for ensuring reliability. This could include coordination with the CPUC Integrated 

Resource Planning team and Resource Adequacy team, and with the CAISO Local Capacity 

Requirement (LCR) and Transmission Planning Process (TPP) teams to ensure that renewable 

energy development in the region is compatible with San Diego Local Capacity Requirements 

and reliability needs. Additional coordination with federal agencies and academia could be 

beneficial to identify and adopt the best strategies while abandoning those strategies that do 

not work.  
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Appendix 2.A RETI Exclusions 
 

Table 2.A.1 Category 1 Environmental Exclusions 

Category 1 Lands 

Federal Lands State Lands 

Designated Federal Wilderness Areas Private Preserves of The Wildlands Conservancy 

Wilderness Study Areas   

National Wildlife Refuges   

Units of National Park System (National Parks, National 

Monuments, National Recreation Areas, National 

Historic Sites, National Historic Parks, National 

Preserves) 

Existing Conservation Mitigation banks under 

conservation easement approved by the state 

Department of Fish and Game, U.S. Fish and Wildlife 

Service or Army Corps of Engineers 

Inventoried Roadless Areas on USFS national forests CA State Defined Wetlands 

National Historic and national Scenic Trails CA State Wilderness Areas 

National Wild, Scenic and Recreational Rivers CA State Parks 

BLM King Range Conservation Area, Black Rock-High 

Rock National Conservation Area, and Headwaters 

Forest Reserve DFG Wildlife Areas and Ecological Reserves 

BLM National Recreational Areas   

BLM National Monuments   

Lands precluded by development under Habitat 

Conservation Plans and Natural Community 

Conservation Plans   

Lands specified as of May 1, 2008, in Proposed 

Wilderness Bills (S. 493, H.R. 3682)   

Adapted from RETI, 2009 

  



 

41 

 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

Table 2.A.2 Category 2 Environmental Exclusions 

Category 2 Lands 

BLM Areas of Critical Environmental Concern 

USFWS designated Critical Habitat for federally listed 

endangered and threatened species 

Special wildlife management areas identified in BLM's West 

Mojave Resource Management Plan. I.e., Desert Wildlife 

Management Areas and Mojave Ground Squirrel Conservation 

Areas 

Lands purchased by private funds and donated to BLM, 

specifically the California Desert Acquisition Project by The 

Wildlands Conservancy 

"Proposed and Potential Conservation Reserves" in HCPs and 

NCCPs 

Adapted from RETI, 2009 
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Table 2.A.3 Full List of Exclusions for RETI CPA Site Selection 

RETI Excluded Lands 

  Geothermal Solar PV Wind Notes 

Category 1 lands Yes Yes Yes   

Category 2 lands Yes Yes Yes Pre-identified projects OK 

Wetlands and water bodies Yes Yes Yes Dry lakes not excluded 

Native American reservations Yes Yes Yes Pre-identified projects OK 

Military lands Yes Yes Yes Pre-identified projects OK 

Mines (surface) Yes Yes Yes   

Urban areas Yes 
Yes, + 

buffer 

Yes, + 

buffer 

buffer up to 3 miles depending on 

population 

Airports Yes Yes 
Yes, + 

buffer 

Major airports only. Wind buffer is up 

to 5 miles 

Military flyways No No Yes 
Pre-identified projects OK in red 

zones. All other open 

Williamson Act Prime 

Agricultural Land 
No Yes No 

Pre-identified projects OK in red 

zones. All other open 

Williamson Act Non-Prime 

Agricultural Land 
No Yes No 

Excluded until 2018, pre-identified 

projects OK 

Renewable resource quality No No 
< 6.3 

m/sec 
  

Min. contiguous square 

acreage 
No 160 none 640 acres = 1 section = 1 sq mile 

Land slope No > 5% > 20% 
Geothermal evaluated on case by 

case basis 

Adapted from RETI, 2009  
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Appendix 2.B Downscaling Method  
 

First, the proportion of the population of San Diego with respect to the population of Southern 

California (SC) is found. The SC population is defined as all counties south of the PG&E 

territoryviii. Therefore, using the following formula to find a result of 13.75%. 

 

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝑎𝑛 𝐷𝑖𝑒𝑔𝑜 𝐶𝑜𝑢𝑛𝑡𝑦 / 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝐶 𝐶𝑜𝑢𝑛𝑡𝑖𝑒𝑠 

 

Table 2.B.1 Proportion of Population in San Diego 

San Diego Percentage of Southern CA 

San Diego 3,315,404 

Total 24,106,838 

SD % 13.75% 

 

Then the modeled final energy demand (“d-energy” in the Overall Energy System Model) is 

used. First, the total energy demand is filtered to “electricity” and “Southern California”. Then 

the sum of electricity demand is found for all years 2018 - 2050. The proportion of Southern 

California population in San Diego (13.75%) is applied to find the San Diego electricity demand. 

Finally, 4,115 GWh of existing and planned solar and wind resources within the County is 

removed. The total resource requirements based on demand are found in Table 2.B.2. 
 

Table 2.B.2 Necessary Renewable Resources to Meet 100% of Demand 

Year Total GWh 

2020 19,158 

2025 20,919 

2030 26,689 

2035 34,825 

2040 42,412 

2045 47,045 

2050 49,979 

 

 

  

                                                                 
viii PG&E, 2014. https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_MAPS_Service_Area_Map.pdf  

https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_MAPS_Service_Area_Map.pdf
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Appendix 2.C Vegetation Types in San Diego with High CO2 Sequestration Potential
Non-Native Vegetation 

Disturbed Wetland 

Disturbed Habitat 

General Agriculture 

Orchards and Vineyards 

Southern Coastal Bluff Scrub 

Coastal Scrub 

Maritime Succulent Scrub 

Diegan Coastal Sage Scrub 

Diegan Coastal Sage Scrub: Coastal 

form 

Diegan Coastal Sage Scrub: Inland 

form 

Riversidian Sage Scrub 

Riversidian Upland Sage Scrub 

Alluvial Fan Scrub 

Sonoran Desert Scrub 

Sonoran Creosote Bush Scrub 

Sonoran Desert Mixed Scrub 

Sonoran Mixed Woody Scrub 

Sonoran Mixed Woody and 

Succulent Scrub 

Sonoran Wash Scrub 

Colorado Desert Wash Scrub 

Encelia Scrub 

Acacia Scrub 

Mojavean Desert Scrub 

Blackbush Scrub 

Great Basin Scrub 

Sagebrush Scrub 

Big Sagebrush Scrub 

Desert Saltbush Scrub 

Desert Sink Scrub 

Chaparral 

Southern Mixed Chaparral 

Granitic Southern Mixed Chaparral 

Mafic Southern Mixed Chaparral 

Northern Mixed Chaparral 

Granitic Northern Mixed Chaparral 

Mafic Northern Mixed Chaparral 

Chamise Chaparral 

Granitic Chamise Chaparral 

Mafic Chamise Chaparral 

Red Shank Chaparral 

Semi-Desert Chaparral 

Montane Chaparral 

Mixed Montane Chaparral 

Montane Manzanita Chaparral 

Montane Ceanothus Chaparral 

Montane Scrub Oak Chaparral 

Upper Sonoran Ceanothus 

Chaparral 

Ceanothus crassifolius Chaparral 

Scrub Oak Chaparral 

Upper Sonoran Subshrub Scrub 

Valley and Foothill Grassland 

Native Grassland 

Valley Needlegrass Grassland 

Valley Sacaton Grassland 

Non-Native Grassland: Broadleaf-

Dominated 

Foothill/Mountain Perennial 

Grassland 

Transmontane Perennial Grassland 

Vernal Pool 

San Diego Mesa Vernal Pool 

San Diego Mesa Claypan Vernal 

Pool 

Meadows and Seeps 

Montane Meadow 

Wet Montane Meadow 

Dry Montane Meadows 

Alkali Meadows and Seeps 

Alkali Playa Community 

Southern Coastal Salt Marsh 

Alkali Marsh 

Cismontane Alkali Marsh 

Freshwater Marsh 

Coastal and Valley Freshwater 

Marsh 

Transmontane Freshwater Marsh 

Emergent Wetland 

Riparian and Bottomland Habitat 

Riparian Forests 

Southern Riparian Forest 

Southern Coast Live Oak Riparian 

Forest 

Southern Arroyo Willow Riparian 

Forest 

Southern Cottonwood-Willow 

Riparian Forest 

White Alder Riparian Forest 

Sonoran Cottonwood-Willow 

Riparian Forest 

Mesquite Bosque 

Riparian Woodlands 

Desert Dry Wash Woodland 

Desert Fan Palm Oasis Woodland 

Southern Sycamore-Alder Riparian 

Woodland 

Southern Riparian Woodland 

Riparian Scrubs 

Southern Riparian Scrub 

Mule Fat Scrub 

Southern Willow Scrub 

Arundo donnax Dominant/Southern 

Willow Scrub 

Great Valley Scrub 

Great Valley Willow Scrub 

Colorado Riparian Scrub 

Arrowweed Scrub 

Intertidal 

Shallow Bay 

Estuarine 

Saltpan/Mudflats 

Woodland 

Cismontane Woodland 

Oak Woodland 

Black Oak Woodland 

Coast Live Oak Woodland 

Open Coast Live Oak Woodland 

Dense Coast Live Oak Woodland 

Engelmann Oak Woodland 

Open Engelmann Oak Woodland 

Dense Engelmann Oak Woodland 

Peninsular Pinon and Juniper 

Woodlands 

Peninsular Pinon Woodland 

Peninsular Juniper Woodland and 

Scrub 

Elephant Tree Woodland 

Mixed Oak Woodland 

Undifferentiated Open Woodland 

Non-Native Woodland 

Eucalyptus Woodland 

Mixed Evergreen Forest 

Oak Forest 

Coast Live Oak Forest 

Canyon Live Oak Forest 

Black Oak Forest 

Torrey Pine Forest 

Southern Interior Cypress Forest 

Lower Montane Coniferous Forest 

Coast Range, Klamath and 

Peninsular Coniferous Forest 

Coulter Pine Forest 
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Bigcone Spruce (Bigcone Douglas 

Fir)-Canyon Oak Forest 

Sierran Mixed Coniferous Forest 

Mixed 

Oak/Coniferous/Bigcone/Coulter 

Forest 

Jeffrey Pine Forest 

Interior Live Oak Chaparral 

Southern Maritime Chaparral 

Coastal Sage-Chaparral Transition 

Montane Buckwheat Scrub
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Appendix 2.D List of Key Assumptions 
 

Key Assumptions 

 Solar is prioritized over wind within San Diego County. 

 Cost of transmission can be approximated by cost of Euclidian distance from CPA to 
nearest substation. 

 Total geothermal resource potential identified by E3 and CPUC as part of the statewide 
Integrated Resource Plan (R-20-05-003) will be operation by 2030. 

 Geothermal supply in Imperial is shared with San Diego in an amount equivalent to the 
ratio of their combined population. 

 Electricity demand model results can be downscaled by the ratio of San Diego 
population to total Southern California population. 

 Storage will meet intermittency demands. 

 No offshore wind. 

 Cost is the most important criteria for site selection. 

 The Overall Energy Model Central Case is the best forecast for the purposes of the 
spatial analysis. 

 The capacity factor is equal to the fixed-tilt solar percentage in the urban areas and 
tracking solar in non-urban areas. 

 Infill solar sites are grid connected. 

 All planned and permitted solar sites in San Diego County will be constructed. 

 SANDAG’s Conserved Land areas are undesirable for renewable development. 
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Appendix 2.E List of Spatial Data Sources 
 

Spatial Sources 

1. Utility-Scale Wind and Solar Polygons: California Renewable Energy Transmission 
Initiative, 2009. https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-
f.pdf 

2. Infill Solar Polygons: The Nature Conservancy, Power of Place, 2019 (update to 2019 
report, not published). https://www.nature.org/en-us/about-us/where-we-
work/united-states/california/stories-in-california/clean-energy/ 

3. Conserved Lands Exclusions: San Diego Association of Governments, 2021. 
https://rdw.sandag.org/Account/gisdtview?dir=Ecology  

4. Existing Utility-Scale Solar and Wind Polygons:  Polygons created based on existing and 
planned sites identified by EIA, 2021 https://www.eia.gov/electricity/data/eia860/ 

5. Existing Substations: Department of Homeland Security, Homeland Infrastructure 
Foundation-Level Data, 2021. https://hifld-
geoplatform.opendata.arcgis.com/datasets/electric-substations  

6. Urban Areas: US Census, 2019. https://catalog.data.gov/dataset/tiger-line-shapefile-
2019-2010-nation-u-s-2010-census-urban-area-national  

7. Transmission Networks: Department of Homeland Security, Homeland Infrastructure 
Foundation-Level Data, 2021. https://hifld-
geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-
lines/explore?location=25.606388%2C-7.477918%2C2.79   

8. Geothermal Sites: Points created based on data from E3 and CPUC as part of the 
statewide Integrated Resource Plan (R-20-05-003) 
https://www.ethree.com/tools/resolve-renewable-energysolutions-model/  

9. Low Environmental Impact CPAs: Wu et al., 2020 Data Github 
https://github.com/grace-cc-wu/LandUsePathwaysTo100 

10. Land Value: USDA Cropland Data Layer 
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php 

11. High Sequestration Potential: Taken from analysis in the Land Use chapter, the SANDAG 
“Eco Veg” dataset is used. https://www.sangis.org/ 

12. Developable Land: Vacant or Agricultural Redevelopment Land Use. SANDAG, 
Developable Land, 2010. 
https://www.sandag.org/resources/maps_and_gis/gis_downloads/land.asp 

  

https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-f.pdf
https://grist.org/wp-content/uploads/2009/11/reti-1000-2009-001-f.pdf
https://www.nature.org/en-us/about-us/where-we-work/united-states/california/stories-in-california/clean-energy/
https://www.nature.org/en-us/about-us/where-we-work/united-states/california/stories-in-california/clean-energy/
https://rdw.sandag.org/Account/gisdtview?dir=Ecology
https://www.eia.gov/electricity/data/eia860/
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-substations
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-substations
https://catalog.data.gov/dataset/tiger-line-shapefile-2019-2010-nation-u-s-2010-census-urban-area-national
https://catalog.data.gov/dataset/tiger-line-shapefile-2019-2010-nation-u-s-2010-census-urban-area-national
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://hifld-geoplatform.opendata.arcgis.com/datasets/electric-power-transmission-lines/explore?location=25.606388%2C-7.477918%2C2.79
https://www.ethree.com/tools/resolve-renewable-energysolutions-model/
https://github.com/grace-cc-wu/LandUsePathwaysTo100
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php
https://www.sangis.org/
https://www.sandag.org/resources/maps_and_gis/gis_downloads/land.asp
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Appendix 2.F QGIS Processing Modeler 

 

Solar CPAs Modeler

 
 

Wind CPAs Modeler 

 
  


