
Siting of Wind Power Plants (WPPs): A Comprehensive Guide 

Optimal siting is critical for the technical feasibility, economic viability, 

environmental sustainability, and social acceptance of a wind power project. It 

involves a complex multi-criteria analysis balancing numerous factors: 

I. Core Technical & Resource Factors: 

1. Wind Resource Assessment (WRA): 

o Wind Speed & Distribution: Long-term (10-20+ years), high-

quality data at hub height (typically 80m-160m+) is essential. 

Mean wind speed > 6.5-7.0 m/s is often a minimum threshold for 

viability. 

o Wind Shear: How wind speed changes with height. Impacts 

turbine choice and tower height. 

o Turbulence Intensity: High turbulence increases fatigue loads, 

reducing turbine lifespan and increasing maintenance costs. 

o Wind Direction & Rose: Dominant wind direction(s) influence 

layout optimization. 

o Methods: Meteorological masts (met masts), LiDAR/SODAR 

remote sensing, mesoscale modeling (e.g., WAsP, WindPRO), 

correlation with long-term reference data (MERRA, ERA5, NOAA). 

2. Topography & Terrain: 

o Complexity: Hills, ridges, valleys, and escarpments can accelerate 

wind flow (speed-up effects) or cause turbulence and flow 

separation. Gentle slopes and open plains are often ideal. 

o Roughness: Surface friction (vegetation, buildings) reduces wind 

speed near the ground. Low surface roughness (water, smooth 

land) is preferred. 

o Access: Gradients must allow for transport of massive 

components (blades >70m, towers >100t sections). 

II. Grid Connection & Infrastructure: 

3. Proximity to Grid: 



* Distance to suitable substation/transmission lines (usually 33kV, 110kV, or 

higher). 

* Capacity: Available capacity at the connection point to absorb generated 

power without costly grid upgrades. 

* Grid Stability: Strength of the local grid to handle variable WPP output. 

4. Access Roads: 

* Existing road suitability for heavy transport; cost of constructing/upgrading 

access roads and crane hardstands. 

III. Environmental & Ecological Constraints: 

5. Wildlife & Habitat: 

* Birds & Bats: Collision risk, migration corridors, sensitive habitats (e.g., raptor 

nesting sites). Requires detailed surveys and potential mitigation (curtailment, 

deterrents). 

* Protected Areas: National parks, Natura 2000 sites, RAMSAR wetlands, etc., 

often have strict development prohibitions. 

6. Noise: 

* Distance to noise-sensitive receptors (homes, hospitals, schools). 

Compliance with national/local noise limits (e.g., 35-45 dB(A) at night). Turbine 

selection and layout are crucial. 

7. Shadow Flicker: 

* Potential for rotating blade shadows to cause annoyance. Requires modeling 

and setback distances or operational curtailment. 

8. Land Use: 

* Compatibility with agriculture, forestry, recreation, military operations (radar 

interference), aviation (proximity to airports, flight paths). 

IV. Social & Regulatory Factors: 

9. Land Availability & Ownership: 

* Securing land leases/rights from multiple landowners. Land use restrictions 

(zoning). 

10. Visual Impact (Landscape & Seascape): 

* Aesthetic impact on scenic views, cultural heritage sites, tourism areas. 



Public perception is crucial. Visualization tools used for assessment. 

11. Community Acceptance: 

* Early and transparent engagement, community benefit schemes (shared 

ownership, local funds) are vital for avoiding opposition ("NIMBYism"). 

12. Permitting & Regulations: 

* Navigating complex national, regional, and local permitting processes 

(Environmental Impact Assessment - EIA, planning permission, aviation/military 

clearance, grid connection approval). 

V. Economic Viability Factors: 

13. Capital Expenditure (CAPEX): 

* Turbine cost, foundation cost (soil conditions matter!), road/construction 

costs, grid connection costs, land lease costs. 

14. Operational Expenditure (OPEX): 

* Maintenance accessibility (rough seas for offshore, remote onshore sites 

increase costs), anticipated repair frequency (linked to turbulence). 

15. Energy Yield & Revenue: 

* Estimated Annual Energy Production (AEP) based on wind resource and 

layout (considering wake losses between turbines). 

* Power Purchase Agreement (PPA) price or market revenue forecasts. 

16. Financial Incentives: Availability of subsidies, tax credits, or feed-in tariffs. 

VI. Site-Specific Engineering Factors: 

17. Soil & Geotechnical Conditions: 

* Bearing capacity for foundations, risk of erosion or landslides. Offshore: 

seabed conditions (rock, sand, clay) for foundation design (monopiles, jackets, 

floaters). 

18. Seismic Risk: In earthquake-prone regions. 

19. Extreme Weather: Risk of hurricanes, typhoons, icing (reduces yield, 

increases loads), extreme temperatures. 

20. Corrosion: Saline environments (offshore, coastal) require enhanced 

protection. 

The Siting Process: 



1. Macro-Siting: Identify broad regions/countries with favorable policies, 

grid access, and wind resources. 

2. Preliminary Site Identification: Using GIS mapping to overlay constraints 

(protected areas, settlements, infrastructure, wind data). 

3. Wind Resource Measurement: Deploy met masts/LiDAR for 12-24+ 

months. 

4. Feasibility Study: Technical, environmental, and economic assessment. 

5. Micro-Siting & Layout Optimization: 

o Use specialized software (e.g., WindPRO, OpenWind, WAsP) 

considering: 

▪ Turbine type & specifications 

▪ Detailed terrain model 

▪ Wind resource data 

▪ Wake losses (minimizing turbine-to-turbine shading) 

▪ Noise & shadow flicker constraints 

▪ Setback requirements 

▪ Access roads & cabling 

6. Environmental Impact Assessment (EIA): Mandatory detailed studies. 

7. Permitting: Submission of applications and management of the approval 

process. 

8. Final Investment Decision (FID): Based on finalized costs, yield, permits, 

and financing. 

Offshore WPP Siting Additional Considerations: 

• Water Depth: Dictates foundation technology (fixed-bottom vs. floating). 

• Distance to Shore: Impacts cable cost, maintenance logistics, and visual 

impact. 

• Wave & Current Conditions: Impact foundation design and installation. 

• Marine Ecology: Seabed habitats, marine mammals, fish, benthic 

organisms. 

• Shipping Lanes & Fishing Grounds: Conflicts with existing maritime 

activities. 



• Port Infrastructure: Availability of suitable ports for construction, 

staging, and O&M. 

Key Takeaway: WPP siting is a multidisciplinary optimization challenge. The 

perfect site doesn't exist; it's about finding the best balance between 

maximizing energy yield and economic return while minimizing environmental 

impacts, technical risks, grid connection costs, and social opposition. 

Advanced data analytics, GIS, and wind modeling software are indispensable 

tools in this process. 
 


