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SOURCES OF SITING CONFLICTS ARE NUMEROUS AND ON THE RISE 

Sources of opposition to 
renewable energy projects in the 
US (Susskind 2022) 
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● ”Minimizing habitat conflicts in 
meeting net-zero energy 
targets in the western United 
States” (Wu et al. 2023, 
Proceedings of the National 
Academy of Sciences)

● Environmental exclusions and 
some social impact metrics

West National

● Journal paper(s) in prep
● Executive Summary
● Environmental AND social 

impact scoring system and 
expanded set of social 
impact metrics

California

• “Low-impact land use 
pathways to deep 
decarbonization of electricity” 
(Wu et al., 2020, Environmental 
Research Letters)

• Environmental exclusions and 
environmental impact metrics

100% carbon-free and 
renewable electricity by 2050

Net zero economy-wide 
emissions by 2050

Net zero economy-wide 
emissions by 2050

Power of Place

https://www.nature.org/content/dam/tnc/nature/en/documents/FINAL_TNC_Power_of_Place_National_Executive_Summary_5_2_2023.pdf
https://www.nature.org/content/dam/tnc/nature/en/documents/FINAL_TNC_Power_of_Place_National_Executive_Summary_5_2_2023.pdf


What role could land-sparing renewable energy siting approaches play in 
reducing the land use requirements of the buildout needed to achieve 

net zero by 2050 in the US?

5

What is the composition of clean energy 
technologies needed by 2050?

How much land area will be needed?

How do shifts in clean energy 
technologies impact natural areas and 
working lands?

What are the infrastructure buildout 
differences of minimizing environmental 
and social impacts separately and in 
conjunction?

Research questions

Clean energy needs Land area requirements

Socio-environmental 
considerationsImpact to land



Site 
suitability

2. Renewable resource mapping

250+ 
datasets

1. Environmental & social data 
collection and processing

METHODS: Integrated land-energy modeling approach
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ENVIRONMENTAL 
SITING LEVELS 

Categories Definition of Category Examples

Level 1 Legally protected: Areas with existing legal restrictions
National Wildlife Refuges, National Parks, Marine 

Sanctuaries, Military Training Areas

Level 2 

Administratively protected: Level 1 + areas with existing 

administrative and legal designations requiring consultation or 

review; lands with conservation restrictions owned by NGOs.

Critical Habitat for Threatened or Endangered 

Species, Sage Grouse Priority Habitat Management 

Areas, vernal pools and wetlands, tribal lands

Level 3

High conservation value: Level 1 + Level 2 + areas with high 

conservation value per multi-state or ecoregional analysis (e.g., state, 

federal, academic, NGO) and lands with social, economic, or cultural 

value.

Big game priority habitat and corridors, Prime 

Farmland, Important Bird Areas, TNC Ecologically 

Core Areas, “Resilient and Connected Network”

Power of Place - West



METHODS: Environmental impact score - solar PV
Download social and environmental 

data on Zenodo here: https://zenodo

.org/record/7878144
Categories Score

Solar

Discount

Wind

Discount

Wetlands 30 1 0.52

Managed 
areas 15 1 0.5

Threatened 
and 
Endangered 
species 
habitat and 
occurrences

10 1 0.5

Intact habitat 10 1 0.5

Focal bird 
habitat 10 1 1

Bat habitat 3 1 1

https://doi.org/10.5281/zenodo.7878144


METHODS: Social impact score - solar PV

Categories Score
Solar

Discount

Wind

Discount

Productive 
and valuable 
farmland 
(prime 
farmland)

15 1 0

Scenic areas 15 1 0.5

Recreational 
Areas 10 1 0.5

Populated 
areas 3-5 0 1

Marginal 
farmland -5 1 1

Energy 
communities -5 1 0.1

Download social and environmental 

data on Zenodo here: https://zenodo

.org/record/7878144

https://doi.org/10.5281/zenodo.7878144


Site 
suitability

2. Renewable resource mapping

3. Power line routing and costing

Least cost 
path 
modeling

250+ 
datasets

1. Environmental & social data 
collection and processing

METHODS: Integrated land-energy modeling approach



METHODS: Routing and costing for 
power line modeling

1. Power of place 11

11

1. Develop cost and 
routing surfaces 
using multipliers

2. Route spur lines 
using routing 
surface

3. Estimate line costs 
using costing 
surface

Interzonal 

Transmission

Spurs/gen-ties



4. Capacity expansion 
optimization 

Site 
suitability

2. Renewable resource mapping

3. Power line routing and costing

Least cost 
path 
modeling

250+ 
datasets

1. Environmental & social data 
collection and processing

1. Run RIO without any social or 
environmental constraints

2. Calculate the total impact

3. Ratchet down unconstrained
total impact in 10% increments

4. Run RIO

Unconstrained 

(0% impact 

avoided)

Most 

constrained

(90% impact 

avoided)

Moderately 

constrained 

(50% impact 

avoided)

METHODS: Integrated land-energy modeling approach



4. Capacity expansion 
optimization 

Site 
suitability

2. Renewable resource mapping

3. Power line routing and costing

Least cost 
path 
modeling

Statistical 
approaches 
using 
historic data

5. Site selection

250+ 
datasets

1. Environmental & social data 
collection and processing

Onshore wind

Prediction surfaces

Utility-scale PV

METHODS: Integrated land-energy modeling approach



Approach



Solar variables of 
high importance



Wind variables of 
high importance



Prediction surfaces

Utility-scale solar (random forest) Onshore wind (random forest)



4. Capacity expansion 
optimization 

GIS overlays 
with 
environmental 
and social 
data

6. Impact assessment

Site 
suitability

2. Renewable resource mapping

3. Power line routing and costing

Least cost 
path 
modeling

Statistical 
approaches 
using 
historic data

5. Site selection

250+ 
datasets

1. Environmental & social data 
collection and processing

Onshore wind

Prediction surfaces

Utility-scale PV

METHODS: Integrated land-energy modeling approach



Australia's first hybrid wind-solar farm 

to be built near Canberra

Co-location of renewables leads to 

'significant cost savings'

Wind-solar co-location

source

source

Fixed-tilt vs. tracking PV

• Misc Vegs & 

Fruits​
• Cucumbers​
• Tomatoes​

• Grapes​

Crop-based agrivoltaics

Crops suitable for agrivoltaics:

• Broccoli​

• Peppers​
• Lettuce​
• Cabbage​

• Cauliflower​

METHODS: Characterizing land sparing technologies 
and siting strategies

https://www.theguardian.com/environment/2016/jul/26/renewable-energy-australias-first-hybrid-wind-solar-farm-gets-funded
https://www.theguardian.com/environment/2016/jul/26/renewable-energy-australias-first-hybrid-wind-solar-farm-gets-funded
https://www.theguardian.com/environment/2016/jul/26/renewable-energy-australias-first-hybrid-wind-solar-farm-gets-funded
https://www.theguardian.com/environment/2016/jul/26/renewable-energy-australias-first-hybrid-wind-solar-farm-gets-funded
https://renews.biz/82328/co-location-of-renewables-leads-to-significant-cost-savings/
https://renews.biz/82328/co-location-of-renewables-leads-to-significant-cost-savings/
https://renews.biz/82328/co-location-of-renewables-leads-to-significant-cost-savings/
https://renews.biz/82328/co-location-of-renewables-leads-to-significant-cost-savings/
https://www.google.com/url?sa=i&url=https%3A%2F%2Fartetfloritude.fr%2Fground-mount-solar-buyer-s-guide-2021-fixed-tilt-mm-4602515&psig=AOvVaw0Zuo5SWy6zSozBQMrQApd5&ust=1680050543038000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCMi58pCy_f0CFQAAAAAdAAAAABAK
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.solarpowerworldonline.com%2F2018%2F05%2Ftrending-in-mounting-single-axis-trackers-are-adapting-to-bifacial-designs%2F&psig=AOvVaw35I7ut6FhUOBLwwEe-7iB9&ust=1680050663162000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCKink8qy_f0CFQAAAAAdAAAAABAF


LARGE-SCALE 
SOLAR PV

ONSHORE AND 
OFFSHORE WIND 

TX LINES AND 
GENTIES Build-outs differ in 

response to different 
levels of land/ocean 
use protections, most 
notably for 
transmission and 
wind

RESULTS: Western buildout of wind, solar, tx by 2050



RESULTS: Electricity portfolio



• 550 sq km of agrivoltaics

• 3200 sq km of fixed-tilt PV

• 24,000 sq km of co-located wind and PV

RESULTS: Wind and PV build-out, 0% Impact Avoided (Siting-As-
Usual) in 2050 



• Increase to 1550 sq km of agrivoltaics

• Increase to 5900 sq km of fixed-tilt PV

• Decrease to 15,000 sq km of co-located wind and PV

RESULTS: Wind and PV build-out, 70% Impact avoided in 2050 
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RESULTS: <2% of land cover and habitat types are 
converted in the 70% impact scenario

(Lower impact) 



CONCLUSIONS

Environmental and social land constraints:

• Change the renewables landscape by shifting from wind to solar, 
but the overall potential for renewable development remains the 
same

• Increase the economic competitiveness of agrivoltaic and fixed-tilt 
PV systems

• Reduce co-location opportunities, likely due to reduction in overall 
onshore wind capacity

• Reduce total project area by 33% and direct land conversion by 8%



Relevance for policy, planning, and practice

● Maps used in TNC’s Site Renewables Right tool
● Regional and state chapters of TNC have used this as a blueprint for 

identifying state level optimal sites
● Maps have been or are being used by some solar developers for 

siting
● Multiple transmission planning studies have used Power of Place -

West as scenarios for future build-out
○ California Public Utilities Commission and California 

Independent System Operator’s Transmission Planning Process 
Busbar mapping

○ GridLab’s Connected West study
○ Western Transmission Expansion Coalition (WestTEC)’s 10 year 

study

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2024-26-irp-cycle-events-and-materials/assumptions-for-the-2026-2027-tpp
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-power-procurement/long-term-procurement-planning/2024-26-irp-cycle-events-and-materials/assumptions-for-the-2026-2027-tpp
https://connectedwest.org/
https://connectedwest.org/
https://www.westernpowerpool.org/private-media/documents/WestTEC_Public_Webinar_2.04.2026.pdf
https://www.westernpowerpool.org/private-media/documents/WestTEC_Public_Webinar_2.04.2026.pdf
https://www.westernpowerpool.org/private-media/documents/WestTEC_Public_Webinar_2.04.2026.pdf


spatialclimatesolutions.comgracecwu@ucsb.edu 

THANK YOU

Opportunity areas and next steps

● Project scale,  agrivoltaic vs. non-agrivoltaic projects 
● Dynamic database of projects and siting criteria
● Integration of social (particularly, case study, interview, survey) data 

with environmental, techno-economic 
● Siting outcomes reflect interconnection queue bottlenecks, yet 

interconnection data are not considered in predictive models 
● Comprehensive national ordinance dataset



28

EXTRA SLIDES
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