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AGENDA 

1. Introduction 

2. Brief History of UL & AWSTruepower 

3. Overview of UL Renewable Energy Services 

• Evaluating Operational Wind Plant Performance 

• Using Wind Plant Data to Forecast OPEX Costs 

• Due Diligence:  Turbine Suitability 
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BRIEF HISTORY OF AWS TRUEPOWER  & UL 
• AWS Truepower was founded as “Associated Weather Services” in 1985, providing energy 

forecasting and consulting services to the nascent US wind energy industry. 

• Underwriters Laboratory acquired AWS Truepower in Q4 of 2016 and combined with other UL 

acquisitions under the UL Renewable Energy Services group. 

• AWS Truepower provides ~50% of the energy forecasts for utility-scale wind projects in the 

U.S. 

• Energy Forecasts for 60+ GW of installed renewable energy projects globally 

• Independent Engineer on 450+ wind & solar projects 

• 200,000+ MW renewable energy assessed 

• Has advised 90% of the industry’s top Project Developers and Plant Owners 

• Work with 90% of the top wind OEM’s 

• UL 500+ employees in renewables and offices located in 143 countries around the world 
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RENEWABLE ENERGY SERVICES 

Project Development Support: 

• Site screening & Feasibility, 

• Resource Assessment & Measurement,  

• Plant Design & Technology Selection,  

• Balance of  Plant Review 

• Permit Support  & Environment Assessment 

 

Asset Management 

• Plant Performance Analysis & Optimization 

• Operational Energy Assessments,  

• Power Performance Testing,  

• Turbine Inspections,  

• Root Cause Analysis,  

• Extreme Loads, LiDAR 

Due Diligence & Bankability 

• Independent Engineering 

• Technical Advisory for Operational Projects 

• Pre-construction Projects 

• Operational & Repowering Projects,  

• Turbine Technology Review,  

• Turbine Suitability 

• Electrical & Civil Design Review,  

• Review of Contracts, Environmental 

Permitting, Financial Model,  

• Construction Monitoring,  

• Project Lifetime Assessment 
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RENEWABLE ENERGY SERVICES 

Software, Data / Analytics 

• Wind Developer Suite,  

• Windographer, Openwind,  

• Windnavigator,  

• Resource Maps,  

• Time Series Datasets 

 

Standards 

• Modules 

• Inverters 

• Converters 

• Balance of Plant Systems 

 

Grid Solutions 

• Real-time energy forecasting 

• Grid Management & Planning 

• Atmospheric Modeling & Applied 

Research 

Certification 

• Certification of Turbines & components 

• Project Certification 

• Grid Code Compliance 

• Foundation Assessments 

 

Testing & Inspection 

• Validation & Type Testing 

• Mechanical Loads 

• Power Performance Measurement 

• Electrical Characteristics 

• Low Voltage Ride Through Testing 
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OPERATIONAL WIND PROJECT ASSESSMENT 

A typical operational advisory project is 

initiated due to Mergers & Acquisition 

activity and usually includes the 

evaluation of 1 or more operating Wind 

(and/or Solar) projects supporting 

investment Due Diligence activities for: 

• Banks 

• Finance Companies 

• Investment Funds 

• Tax Equity Investors (related to the 

PTC in the US) 

 

Project scope typically includes: 

• Historical Operations Review 

• Energy Production Analysis 

• Project Availability 

• Component Usage Analysis 

• Turbine Reliability Issues 

• OEM Warranty Review 

• Electrical Design Review 

• Contracts Review 

• Environmental Permitting and 

Compliance 

• Financial Model 

• Operational expenditure 

(OPEX) review and forecast 

• Site Visit 
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OPERATIONAL ENERGY ASSESSMENT 

1. Comparison with Pre-construction assessment 

2. Methodology 

• Historical Net Energy Losses 

• Historical Gross Energy 

• Future Gross Energy 

• Future Net Energy and Probability Model 
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OPERATIONAL ENERGY ASSESSMENT 

Preconstruction Energy Estimates: 

• Use monitoring systems to collect wind speed 

• Extrapolate to hub height or plane of array 

• Extrapolate to all turbine locations 

• Energy production is modeled  - accounting 

for comingled effects of multiple generation 

sources 

• Losses are assumed:  availability, electrical 

losses etc. 

Operational Assessments: 

• All of the above are accounted for in the 

actual MEASURED energy reflected at the 

revenue energy meter of the project. 

• Operational assessments have higher 

accuracy and lower uncertainty 
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OPERATIONAL ENERGY ASSESSMENT 

Several activities may trigger an updated Energy Analysis 

• Refinancing, M&A, Budget changes, Portfolio analysis 

Uncertainty goes down with the # of months of available data 

•  Typically requires 12 months of consistent operational data 

Project performance is rarely static: 

• Performance changes 

• Availability issues 

• Turbine component reliability 

• Blade leading edge erosion 

• Grid congestion/curtailment 

• Additional surrounding development 
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OPERATIONAL ENERGY ASSESSMENT 

Inputs to the Analysis 
Project Data: 

Revenue Meter Data (by project) 

Availability data parameters (SCADA) 

Energy Loss Sources 

Curtailment 

BOP Issues 

Environmental Issues 

• Bird, Bat, Noise, Icing, Flicker 

Operational reports (monthly) 

On-site meteorological instrumentation 

Plant Design 

OEM specifications  

GPS coordinates of each turbine 

 

Reference Data: 

• Wind Speed, 

• Wind Direction 

• Temperature 

• Pressure 

• %RH 

• Precipitation 

• Data Sources:   

• MERRA, MERRA2, ERA-Interim, Surface 

Station Networks, WRF 
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OPERATIONAL ENERGY ASSESSMENT 

High Level Process Steps 
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OPERATIONAL ENERGY ASSESSMENT 

Historical Net Energy & Losses 

• Data screened for quality 

• Remove plant start-up bias and one-

time events where appropriate 

• Availability and Energy Loss Data 

are assessed for consistency 

• Plant Energy-based availability is 

preferred vs. time based or 

contractual 

• Red-flags, questions etc. forwarded 

to client for comment 

• Analysis is tailored to each project 
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OPERATIONAL ENERGY ASSESSMENT 

Historical Gross Energy 
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Future Gross Energy 



OPERATIONAL ENERGY ASSESSMENT 

Example Plant Power Curve 
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OPERATIONAL ENERGY ASSESSMENT 

Historical Performance per Project 

(aggregated annual and evaluation uncertainties and 

associated net energy probabilities of exceedance at 

the P50, P75, P90, P95, and P99) 
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EXAMPLE:  OPERATING COST MODEL 
Hydraulic Pitch Actuator Failure Data 
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COD:  7/11/2011 

1. Bent Ram:  N=1 

2. Cracked Cylinder N = 21 

3. Leaking End Cap N = 41 

            Total:  63 Replacements 

Scenario:  Warranty dispute 

between plant owner and turbine 

OEM 

Failure Data: 

• Pitch actuators – 3 per turbine 

• Cost of replacement:  

crane/labor costs exceed the 

cost of new actuator ~ 2X 

• Inspection and replacement 

dates provided 

• Multiple failure modes 

observed 

Objective:  develop a cost model 

that projects the operating costs 

out to year 20 and 25. 

 



WEIBULL CURVE “FIT” FOR ALL 63 FAILURES 

Observations: 

Raw data has large “dog leg” 

Typical for wind industry: 

• Bathtub infant mortality 

• Remote Equipment  

• Failures declared 

based on inspection 

date 

• Definitions of failure 

“Failing” vs. “Failed” 

 



WEIBULL “FIT” FOR LEAK ONLY FAILURES 



COST MODEL INPUTS 



MODEL SCENARIOS 

3 factors x 2 levels = 8 runs with 3 outputs each = 24 scenarios 
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No. Failure mode Crane Improved Replacement

Variation

Scenario

Total 

Replacements 1st Mean Life (yrs) Weighted Avg. Life (yrs) # of times each actuator replaced

1 All Crane Yes Best Case: 432 7.2 7.7 2.7

2 All Crane Yes Base Case: 421 6.3 7.1 2.6

3 All Crane Yes Worst Case: 411 5.6 6.6 2.5

4 All Crane No Best Case: 461 7.2 N/A 2.8

5 All Crane No Base Case: 518 6.3 N/A 3.2

6 All Crane No Worst Case: 576 5.6 N/A 3.6

7 All No Crane Yes Best Case: 432 7.2 7.7 2.7

8 All No Crane Yes Base Case: 421 6.3 7.1 2.6

9 All No Crane Yes Worst Case: 411 5.6 6.6 2.5

10 All No Crane No Best Case: 461 7.2 N/A 2.8

11 All No Crane No Base Case: 518 6.3 N/A 3.2

12 All No Crane No Worst Case: 576 5.6 N/A 3.6

13 Leaks Only Crane Yes Best Case: 400 5.3 7.7 2.5

14 Leaks Only Crane Yes Base Case: 451 5.6 7.1 2.8

15 Leaks Only Crane Yes Worst Case: 535 5.8 6.6 3.3

16 Leaks Only Crane No Best Case: 608 5.3 N/A 3.8

17 Leaks Only Crane No Base Case: 680 5.6 N/A 4.2

18 Leaks Only Crane No Worst Case: 915 5.8 N/A 5.6

19 Leaks Only No Crane Yes Best Case: 400 5.3 7.7 2.5

20 Leaks Only No Crane Yes Base Case: 451 5.6 7.1 2.8

21 Leaks Only No Crane Yes Worst Case: 535 5.8 6.6 3.3

22 Leaks Only No Crane No Best Case: 608 5.3 N/A 3.8

23 Leaks Only No Crane No Base Case: 680 5.6 N/A 4.2

24 Leaks Only No Crane No Worst Case: 915 5.8 N/A 5.6



COST MODEL OUTPUT 



COST MODEL OUTPUT 



OPERATIONAL ASSESSMENT FROM 

RECENT M&A PROJECT 
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The same availability along with net energy 

plotted with 6 month rolling average: 

• Discovered that plant is curtailed 

seasonally due to presence of bats 

Availability along with component usage: 

• Odd pattern, but no apparent correlation 

to component usage 



OPERATIONAL ASSESSMENT 

 Availability and Component Usage Examples 
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New O&M 

Company 

New O&M 

Company 



OPERATIONAL ASSESSMENT 

 Operating Expenditure (OPEX) Forecast Analysis by Turbine Type 

UL and the UL logo are trademarks of UL LLC © 2017. Proprietary & Confidential. 25 

2 Projects – Turbine Type “A” 3 Projects – Turbine Type “B” 



Stephen Lightfoote – Sr. Wind Energy Analyst 
https://www.youtube.com/watch?v=oCunp8RX8yA 

Emil Moroz – Sr. Wind Turbine Engineer 

ACKNOWLEDGEMENTS & CONTACT INFO 
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TURBINE SUITABILITY 

IEC 61400-1 DESIGN REQUIREMENTS 

“TO ENSURE THE STRUCTURAL 

INTEGRITY OF WIND TURBINES” 



WIND TURBINE 

SUITABILITY PROCESS 

FOLLOWS TURBINE 

DESIGN PROCESS 

Site Specific “Real 
World” environmental 
conditions simplified 

If site conditions are not 
within design assumptions 

(b) Demonstration of 
structural integrity “Design 

Load Cases” 

per IEC 61400-1 

“Wind Turbine 
Classes” and 
“Design Load 

Cases” per IEC 
61400-1 

Site Specific Loads derived 
from scenarios mimicking 

Design Process 

Compare to 
Design Loads 

Draw Suitability 
Conclusions 



Global “Real World” 
environmental conditions 

are simplified 

IEC DESIGN CLASSES 



COMPILATION OF CHALLENGING SCENARIOS FROM 

ALL AROUND THE WORLD 

Extreme Operating 

Gust (EOG) – 

Ultimate Load 

Analysis (Growian 

site Germany) 

San Gorgonio Pass 

Palm Springs, USA 

“Wind Turbine 
Classes” and 
“Design Load 

Cases” per IEC 
61400-1 

Global “Real World” 
environmental conditions 

simplified 



COMPONENT ULTIMATE LOADS E.g 

. 

Global “Real World” 
environmental conditions 

simplified 

“Wind Turbine 
Classes” and 
“Design Load 

Cases” per IEC 
61400-1 

Design Loads 
(Ultimate) 



COMPONENT FATIGUE LOADS 

Global “Real World” 
environmental conditions 

simplified 

“Wind Turbine 
Classes” and 
“Design Load 

Cases” per IEC 
61400-1 

Design Loads 
(Fatigue) 



REAL WORLD CONDITIONS ARE 

IMPORTANT AND INFORMATION 

MAY BE LOST THROUGH 

SIMPLIFICATION 

TURBINE SUITABILITY 



IDEALIZED FLOW OVER HILL 
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Adapted from R.B. Stull (1988). “Introduction to Boundary Layer Meteorology” 

blocking 

Some air blocked upwind. 
Remaining air flows around 

sides of hill. Very stable 
• Air flow blocked at hill top 

• Flow diverges around the side 
of the hill 

Stable 

• Capped flow over hill top 

• Gravity waves on lee side 

Resonance (most intense lee waves) 

Rotors 

Neutral 

• Flow over and around hill 

• Wakes and recirculation on 
lee side 

Region of Influence 
Turbulent wake 

Cavity 
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Both wind frequency distributions have an approx 8.5 m/s mean! 

Double hump distribution means hours spent in above rated winds are closer to 

Class I than the Class II suggested by mean wind speed! 



POSSIBLE RELIABILITY IMPACT OF UNEXPECTED 

LOADS 

Better understanding could lead 

to lower COE 
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* At most energetic / demanding location(s) within wind farm 

Turbines may still be suitable if site specific loads are shown to be within Design Loads 

(IEC 61400-1 Section 11 option “b”) 

Site Characteristics IEC Class IIA Site* 

50 Year Return 10-min Averaged Vref  (m/s) 
42.5 40.7 

Annual Average Wind Speed (m/s) 
8.5 8.8 

Wind Frequency Distribution – Shape Factor, k 
2 2.5 

Reference Turbulence Intensity (%) 
16 16.5 

Annual Average Air Density (kg/m^3) 
1.225 1.19 

Upflow (deg.) 
8 6 

Annual Average Vertical Shear 
0.2 0.15 

Minimum (Survival) Temperature (◦C) 
-20 -25 

COMPARISON AGAINST DESIGN ENVIRONMENT 

Design Basis 

Exceeded 

Within 

Design 

Basis but 

is it ok? 
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Thank You! 


