
Wind Project Partial Repowering:  

Key Considerations and Insights 

ABSTRACT 
Partial repowering of wind projects has become an attractive option for many wind project owners in the U.S. because of tax law changes in 

December 2015 and the availability of repowering offerings from wind turbine suppliers. Partial repowering enables project owners to capture more 

energy from their sites, to extend the life and improve the availability of their projects, and to take advantage of extended Renewable Energy 

Production Tax Credits (PTCs). Partial repowering was implemented at several sites in 2017 and is expected to be a widespread strategy in 2018. 

FOUNDATIONS 
 

The integrity and capacity of existing foundations are the most critical 

considerations for the long-term success of a repowering effort. In particular, 

owners and tax-equity investors have demanded a thorough, detailed, and 

comprehensive review of existing foundations, including strength, serviceability, 

and fatigue analyses. 

 

Sargent & Lundy has established an approach to understand the risk of foundation 

failure that is based on our thousands of hours of analysis on repowering projects. 

Key discoveries and outcomes from our extensive modeling for a variety of wind 

turbine foundation designs—including octagon spread footing, circular spread 

footing, foundation mounting part (FMP) spread footing, soil/rock anchor, and 

Patrick & Henderson (P&H) Tensionless Pier—are discussed below, including our 

methodology established to assess the risk of foundation failure. 

 

• Investigation Tool: A finite element analysis (FEA) model should be used for 

foundations, especially for fatigue damage checks, because it can yield a 

realistic resultant force distribution and account for proper stress 

concentration.  

 

• Skewed Wind Load: For octagonal wind turbine foundation footings with 

orthogonally oriented reinforcement, we have performed parametric studies 

that consider a skewed wind-load case to evaluate the flexural capacity of an 

octagon spread-footing foundation’s top and bottom steel reinforcement. We 

analyze the skewed load case by considering the wind loading applied at a 

22.5° angle (and 45° angle) relative to the reinforcement steel alignment (see 

figure below). The results of Sargent & Lundy’s recent parametric studies 

have shown that the load case for the orthogonal wind direction governs the 

design. 

 

 

 

 

 

 

 

 

 

 

 

 

• Design Strip Width: For wind turbine foundations, Sargent & Lundy 

recommends consideration of a strip with a width equal to that of the pedestal, 

because it yields realistic analysis results. This recommendation is based on 

the results of FEAs as well as actual wind turbine foundation investigations 

Sargent & Lundy has performed of foundations subject to fatigue damage 

and, in some cases, catastrophic collapse. 

 

• Belowground Foundation Inspection: Before repowering, it is important for 

an engineer to inspect certain portions of wind turbine foundations to set up 

the baseline for the foundation condition assessment and future inspections. 

Foundation inspection results provide input for foundation fatigue damage and 

design life calculations. 

 

• Cracked vs. Uncracked Properties: Sargent & Lundy has performed 

parametric studies using both cracked and uncracked concrete section 

properties in our FEAs to determine which modeling approach is more 

conservative for structural evaluation. We have found that the use of 

uncracked concrete section properties in an FEA is conservative for a 

structural evaluation to determine if a foundation’s capacity exceeds demand. 

 

• Site-Specific Design Loads: A repowering analysis should check that the 

existing foundations are adequate, considering both the life of the foundation 

up to the repowering and 20 additional years after the repowering. For this 

reason, Sargent & Lundy recommends that site-specific wind loads be 

developed to conduct foundation design checks. 

 

• Exposed Foundation Inspection Findings: During recent repowering 

projects, Sargent & Lundy has inspected the exposed portion of more than 

1,400 wind turbine foundations at sites being repowered. During our 

inspections, we focus on the pedestal, grout ring, and anchor bolts. We also 

observe the areas surrounding the base of each pedestal. Numerous 

recommendations for minor repairs have resulted from these inspections.  

WIND TURBINE TOWERS 
• Partial repowering efforts in the United States to date have elected to 

reuse existing wind turbine towers.  

 

• In general, the towers observed by Sargent & Lundy at repowering 

candidate sites, which have been from 8 to 15 years old, have been in 

good condition and considered suitable for repowering.  

 

• It is important to assess the condition of the towers both externally and 

internally via tower climbs to ensure that the towers are in good 

condition and properly maintained.  

 

• Documentation, including analyses and certifications of the repowered 

turbines, pre-upgrade (i.e., pre-repower) inspection certificates, and 

existing procedures and maintenance records should be reviewed.  

 

• To date, findings from tower reviews have been largely site-specific 

and have not required large capital expenditures.  
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METHODOLOGY 
As part of our 125 years of electric power industry experience, Sargent & 

Lundy has significant wind energy experience. We have provided a full 

range of services to the wind energy industry, including site screenings, 

project feasibility studies, wind resource assessments, independent 

engineering, interconnection planning, conceptual engineering, contract 

development, detailed engineering, design reviews, construction 

monitoring, commissioning services, and operations and maintenance 

(O&M) support. Sargent & Lundy has developed a carefully considered 

methodology founded on both our thousands of hours of analysis across 

our recent wind repowering projects as well as our industry-leading depth 

of structural engineering experience. This depth of experience is the result 

of our staff of over 200 structural engineers, including many with a Ph.D. 

and/or advanced degrees who actively sit on relevant code committees, 

such as for ACI 351 (Rotating Equipment Foundations), AISC TC9 

(Seismic), ASCE (Turbine Foundations), and ACI 307 (Shrinkage 

Compensating Concrete - Past, Present, and Future). This experience 

provides the basis for the content within this presentation. 

KEY AREAS OF FOCUS: 

FOUNDATIONS 

ELECTRICAL BOP 

TOWERS 

COMMERCIAL & PERMITTING 

TURBINE TECHNOLOGY AND 

SITE SUITABILITY REVIEW 

O&M COST ASSESSMENT 

WIND RESOURCE ASSESSMENT 

OBJECTIVE 
This poster highlights best practices, common issues, and insights that Sargent & Lundy has identified during recent wind repowering efforts, with a  

focus on wind turbine foundations, electrical balance of plant (BOP), and wind turbine towers. Our goal is to support owners, investors, lenders, and 

engineers on their current repowering projects and to effectively plan for their future repowering initiatives. Our findings are based on a large dataset 

from 18 recent projects undergoing repowering, including inspections of over 1,400 wind turbine foundations, structural analyses of five types of wind 

turbine foundation designs, over 80 tower inspections, and reviews and analyses of numerous electrical BOP systems. 

ELECTRICAL BOP 
Reusing the electrical BOP can provide substantial costs savings, but is 

not without risk to a project. To assess such risk, an independent 

engineering evaluation should be performed to assess the suitability of 

the existing electrical BOP for the repowered wind turbines and the impact 

of additional years of operating life on the equipment.  

 

• Evaluations should include a detailed analysis of site drawings, 

calculations, and reports, along with a site visit to ensure the 

substation, collection system, control systems, and transmission lines 

are suitable for repowering. 

 

• Certain partial repowering variations, including ones that involve 

changes to the turbine maximum output, generator, reactive capability, 

or transformer ratings, may require new engineering studies to support 

the repowering.  

 

• The following studies may need to be completed: ampacity, 

transformer loading, reactive capability, short circuit, grounding, relay 

coordination, harmonics, and supervisory control and data acquisition 

(SCADA) coordination.  

 

• The results of these studies may require new capital upgrades, 

replacements, or site-specific curtailments to ensure the reliable 

operation and compliance of the electrical BOP post-repowering. 

O&M COST ASSESSMENT 
Projected O&M costs following repowering through the end of a project’s life 

should be assessed for agreement with its financial model in order to evaluate the 

level of risk to project stakeholders.  

COMMERCIAL & PERMITTING 
Prior to repowering, a review of commercial agreements and permitting 

requirements should determine that operating and technical requirements of 

applicable agreements and contracts will be met post-repowering. 
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