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1. Executive Summary: 
In September 2011, a Wind Energy Research Workshop was held at the University of 

Massachusetts Lowell (UML) with approximately 150 participants.  The purpose of the 

Workshop was to bring together a diverse audience (from academia, industry, and 

government) with a collective wealth of knowledge that: 

(1) identified research gaps that currently exist in the wind industry   

(2) determined future research directions that will provide immediate and long-term 

benefits to the nations’ ability to harness wind energy   

(3) exchanged information via several panel sessions with distinguished and 

knowledgeable speakers  

(4) educated the wind-energy community about the relevant issues that need to be 

addressed to reduce the cost of wind harvested energy 

 

The specific focus of the workshop and panel sessions included the following topics:  

1) Computational Modeling and Simulation, 2) Energy Storage, 3) Structural Health 

Monitoring and Non-Destructive Inspection, 4) Manufacturing, 5) Offshore Wind, and 6) 

Workforce and Economic Development.  Most of the presentations and videos of all speakers 

and panels are now available on-line for the public to see.  The website is:  

http://www.uml.edu/Research/centers/Wind-Energy/Workshop/Schedule.aspx 

 

As of 2011, the wind turbine installations in the U.S. had a power generating capability of 

40,181 MW, representing 21% of global wind capacity.  In 2010, the U.S. installed 2900 

wind turbines with an average rating of 1.77 MW per turbine, and the wind industry has had 

a growth rate of more than 15% per year in the last five years [1].  Approximately 20 years 

ago, the largest wind turbines had blades ~8-m long (50 kW of electricity) and today the 

largest mass-produced blades in the world are 62-m long (capacity of 5 MW, enough 

electricity to supply approximately 5,000 households) and weigh approximately 18 tons [2].  

This level of growth is impressive but only highlights the importance of researchers being 

able to keep up-to-date of the critical needs of the industry.  Therefore communication 

between the workshop participants allowed for the future directions of the research to be 

discussed in an open forum.  This report has been compiled in order to identify the research 

gaps and critical needs, that when filled, will ultimately increase the nation’s ability to 

harness wind energy.   

 

The workshop panels and discussions identified the key research gaps and future direction 

within each of the Workshop focus areas.  Details can be found in the respective sections, 

however the primary results are now summarized. 

 

The Computational Modeling and Simulation session identified the need for as near to -

100% correct multi-physics simulations as possible, the best solution for the lowest cost, 

design optimization turn-around in less than a day, verification and validation tied to 

computations, detailed experimental data at scales appropriate to the problem being 

investigated, data-driven computation and analysis, and economical computational methods 

for small businesses.  Empirical data and formal verification and validation (V&V) are 

necessary for increasing user confidence in complex, computational methods. 

   

http://www.uml.edu/Research/centers/Wind-Energy/Workshop/Schedule.aspx
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The Energy Storage session identified the need for lower cost battery technologies, battery 

recycling, the use of non-toxic materials in batteries, further research for technologies such as 

flywheels, super-capacitors/conductors, and thermal/fluid/chemical potential energy storage 

systems, and a better understanding of the economics of including energy storage as part of a 

renewable energy system. A better understanding is needed of how to control intermittent 

power generation and its dynamic interaction with the electrical grid. 

  

The Structural Health Monitoring and Non-Destructive Inspection panel identified the 

need for tools that can predict and accurately identify wind loads on the blades during 

operation.  There is also a need for sensors that can be used both in-service and during the 

manufacturing process (cradle to grave), a meaningful certification process that includes 

better boundary conditions and loads during testing/modeling, and sensing approaches that 

can predict damage globally from limited sets of sensors or over a large area.  Long-term 

turbine lifespan also requires sensors that are capable of out-living the host structure.    

 

The Manufacturing panel identified the need for improved resin systems and processes that 

increase throughput and reduce cost, while also reducing defects and allowing for large 

blades/towers/components that can be assembled on-site due to transportation restrictions.  

With the expected growth of the industry and the number of turbines, end of service life 

issues such as blade recycling need to be addressed.  

 

The Offshore Wind panel identified challenges facing offshore wind resulting from large-

scale, strongly coupled multi-physics and the marine environment. Specific needs include 

research in new materials and blade/tower construction techniques, novel control strategies 

for mitigating aero-elastic effects such as flutter, understanding wave/turbine/mooring system 

dynamic interaction, lighter weight towers, improved corrosion resistance, ability to 

withstand offshore storms, and improved offshore wind assessment/remote monitoring.  

 

The Workforce and Economic Development panel identified the difficulty in finding 

experienced workers, the need for increased certainty for wind energy investors/developers, 

and raising public awareness to both the economic, environmental and social benefits to 

society of wind energy that will help drive demand and reduce wind energy costs. 
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2. Computational Modeling and Simulation 
 

Panel Members:  
David Willis (Co-Chair, University of Massachusetts Lowell) 

Matthew Lackner (Co-Chair, University of Massachusetts Amherst) 

Kristian Dixon (Seimens) 

Curtt Ammerman (Los Alamos National Laboratories) 

Andrew Goupee (University of Maine) 

Mark Higgins (Department of Energy) 

 

Motivation 
Computational modeling and simulation will play an important role in the design, analysis 

and improvement of both present and future wind energy conversion systems. The current 

trend toward larger wind turbine rotor diameters will continue to expose the importance of 

accurately capturing the multi-physics and multi-scale responses using computational 

models. Ultimately, the computational modeling and simulation efforts are driven by 

business and life-cycle economics – reducing time to market and lowering the overall cost of 

energy (CoE) while providing design and analysis insights in a reasonable timeframe.  

 

One of the distinct challenges of wind turbine computational modeling and simulation is the 

scale of the problem – both physical and mathematical. The diverse physical scales and the 

unsteady operational environment result in a complex system with a large number of degrees 

of freedom. These nonlinear, coupled physics at a variety of scales present a challenging 

mathematical and computational problem. 

 

State of the Art 
One of the foci of current research efforts is to reduce the computational time of wind turbine 

simulations. One strategy is to reduce the number of computational degrees of freedom and 

decouple the complex interactions of sub-disciplines where appropriate. Approaches include 

examining multi-fidelity methods and surrogate modeling.  Lower fidelity tools such as the 

blade element momentum (BEM) and aeroelastic free-vortex-wake methods are commonly 

used during the turbine design phases (see Fig. 2-1) [3, 4]. Computational fluid and structural 

dynamics codes are typically computationally cumbersome and are relegated to research and 

analysis for a deeper understanding of turbine physics [4]. Parallelization of simulation codes 

coupled with cluster or GPU computing could be a fruitful strategy for performing large 

numbers of simulations, e.g. aero-elastic time domain simulations, in a relatively efficient 

manner. 

 

At the cusp of current capabilities are tools that can be used to examine the highly coupled 

physics in offshore turbine installations which include: unsteady aerodynamics analysis [5], 

the dynamics of highly flexible blades [6], atmospheric boundary layer interactions with 

wind farms [7], and wind-wave-platform hydrodynamic loading [8]; however, while these 

methods are under active development, they are believed to currently fall short of fully 

capturing the full physical interactions. This is partly due to the large relative motions and 

deformations experienced in the offshore environment, as well as the wide range of physical 

scales inherent to the problem.  
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Figure 2-1. Example simulation of a floating wind turbine using a free vortex method 

simulation code from UMass Amherst. 

In addition to the development of robust modeling and simulation approaches, there are much 

needed and complementary research efforts in validation and verification (V&V). These 

efforts are aimed at improving both the predictive capability of computational tools as well as 

providing increased confidence in modeling and simulation tools. Validation is focused on 

appropriately framing the problem and solving the correct equations. Verification deals with 

the correctness of the mathematics of the model. This focus on the validity of the solution 

leads to a better understanding of the propagation and quantification of uncertainty. 

  

Complimenting the efforts in verification and validation are a series of experimental research 

studies that focus on acquiring data for comparison and validation of the aero-hydro-

structural computational techniques [9]. Rather than re-inventing the computational space, 

more focus on data-driven computation is expected and proposed. These combined 

experimental-computational efforts are expected to provide significant insight into the 

challenges still facing our understanding of wind turbines. 

 

It is worth noting that many of the computational methods for wind turbines are often derived 

from the related rotorcraft and aeronautics industries [10, 11]. While this summary does not 

aim to include the overall state of the art in computational methods, practitioners and 

developers are encouraged to examine what is available in other disciplines before re-

inventing the wheel for wind turbines. 

 

Research Gaps and Future Directions 
One of the outcomes of this computational modeling and simulation panel was a wish-list of 

computational capabilities and focus. While these wish-list items are ideal, they provide 

insight into the future interest areas: 

 As near to 100% correct multi-physics simulations as possible 

 Best solution for the lowest cost  

 Optimization turn-around in less than a day 

 Verification and validation tied to computations 

 Detailed experimental data at scales appropriate to the problem being investigated 

 Data-driven computation and analysis 

 Economical computational methods for small businesses 
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Several future directions are expected for computational modeling and simulation efforts.  

While numerous tools exist and even more may be developed, a smaller number of carefully 

devised tools are expected to pervade the computational space, with a longer-term vision of a 

standardized series of open source tools. These tools will represent different fidelity levels, 

and may be modular in nature allowing users to “plug in” different computational approaches 

depending on their needs. 

 

In addition to the development of key computational tools, there is also expected to be a 

focus on improving design level-optimization and efficiency. Formal optimization techniques 

are infrequently used in industry. This acceptance of optimization coupled with faster 

computational techniques is expected to impact the turbine design cycle. Some of the reduced 

computational cost is expected through parallelization of standard serial codes (either 

traditional multi-processor parallelization or more non-traditional GPU optimization), 

surrogate and reduced order modeling, and multi-fidelity approaches. 
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3. Energy Storage 
 

Panelists: 

Ziyad Salameh (Chair, University of Massachusetts Lowell) 

John Bzura (National Grid) 

Matthew Lazarewicz (Beacon Power Corporation)  

Andy Chu (A123 Systems)  

Maria Rotea (University of Texas-Dallas) 

 

Motivation: 

Energy storage is a very important part of wind energy and other renewable energy sources, 

because it is necessary for smoothing and firming the power generated by these inconsistent 

energy systems.  Smoothing is necessary to absorb sudden changes in the output of a wind 

farm.  Firming is necessary to deal with the time shifting of energy harvesting and usage so 

that energy can be provided when the wind is not blowing and to also deal with forecast 

hedging.  As wind generated electricity becomes a larger portion of the grid power, it 

becomes even more important to be able to create a reliable and steady power source.  

Therefore, a truly effective alternative energy power source is likely to require an energy 

storage option using either: batteries, flywheels, super-capacitors, super-conductors, or 

thermal/fluid/chemical potential energy storage systems (e.g. hydrogen or compressed air).  

Energy storage is a very important field not only for wind but as a component of a revitalized 

and balanced energy grid. 

 

State of the Art: 

Some of the technologies that are at the state of the art for energy storage are the latest 

batteries, flywheels, super-capacitors and -conductors, hydro-systems, and compressed air.  

All of these technologies are able to store energy, but the challenge is to use these 

technologies to efficiently store the megawatts-hours of energy generated by wind turbines 

and then to efficiently recover and transmit that stored energy to the grid to meet consumer 

demands. 

 
Figure 3-1. Schematic of Tehachapi battery storage project by A123. 
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Batteries represent one of the commonly used methods of storing energy, but significant 

challenges exist in storing power this way at the grid level.  Certain battery technologies have 

comparative benefits related to their useful life.  In the case of comparing Ni-Cad and Pb-

acid batteries, Ni-Cad has a longer life cycle, 1500 to 2000 compared with about 500, but Ni-

Cad experiences discharge memory while Pb-acid does not.  Pb-Co has three times the 

capacity of Pb-acid.  The largest storage project using Li-ion batteries is the Tehachapi 

Storage Project in California (see Fig. 3-1).  It is connected to the 2
nd

 largest wind farm in the 

world with about 5000 wind turbines and 660 MW installed as of 2010.  The storage capacity 

is 8 MW – 32 MWh [12]. 

 

Flywheel storage is another potential method of storing energy on a large scale.  This method 

mechanically stores energy in the form of kinetic energy of a high moment of inertia 

flywheel. In order to minimize the loss of energy over time via friction, flywheels are often 

isolated in near vacuum environments, using low friction magnetic bearings.  The flywheels 

themselves are very efficient and coupled with the entire system connecting them to the grid 

have been able to achieve a total efficiency of about 85%.  Storage facilities with a capacity 

of 20 MW have been built in several locations around the US (see Figure 3-2). 

 

 
Figure 3-2. Flywheel energy storage facility by Beacon Power, LLC  

 

Two methods of energy storage that have could potentially have a great advantage for energy 

storage are super-capacitors and super-conductors.  The super-capacitors can have hundreds 

of times the capacity of traditional capacitors and have the advantage of being able to 

discharge very quickly in comparison to batteries.  Other energy storage methods that have 

potential (especially for smaller amounts of energy) are compressed air and hydro-storage 

systems.  Wind generated electricity can also be used to create hydrogen as a fuel to make 

electricity or as an ingredient for the manufacture of ammonia [13, 14].     
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Research Gaps and Future Direction: 

Energy storage research continues to require improved technologies, new methods and 

improved materials.  The implementation of these technologies must reduce cost and address 

regulations as well as the total life cycle of the technologies.  Batteries are one of the most 

common storage methods and there have been major improvements with better battery 

technologies, but these batteries can still be improved and the cost of the batteries must be 

reduced.  Current advancements in the electric and hybrid car industries have helped to 

reduce the cost of batteries.  However, the costs must continue to decrease in order for 

batteries to meet the increasing need for larger-scale energy storage.  Battery recycling is also 

needed to address the full lifecycle of energy storage systems.  New Li-ion batteries are much 

better than older types of batteries, but research into the use of no-toxic materials in batteries 

is needed. 

 

Government regulation has a tendency to slow some aspects of the innovation process and 

makes it more difficult to implement and invest in new technologies.  Researchers need to 

continue to inform the regulatory process of technologies so that the regulatory process can 

adapt to and accept new technologies.  Some solutions such as compressed air and 

hydropower storage require significant siting and many proposed systems are hampered by 

the permitting process.   Current practices in evaluating the cost of technologies also need to 

be improved.  The $/kWh metric is insufficient for comparing some energy storage systems 

because there are other variables (e.g. the siting and permitting process required to 

implement the technology) that influence the overall cost of energy.  There also need to be 

further comparison of the pros and cons of private energy storage systems and how the 

private parties are compensated for their contribution to energy storage.   

 

With the potential use of millions of electric vehicle batteries as part of this energy storage 

solution, “vehicle to grid” electrical storage systems could become a widely utilized private 

contribution to energy storage.  The use of external power regulation systems could free up 

the capacity for power plants that currently have to reduce their total output to allow for 

internal power regulation.  Related to the use of batteries in automobiles battery charging 

rates must be improved from about four hours to about 15 minutes so that consumers can 

charge their car battery in a time similar to a visit at a gasoline station.  More research is 

needed in the thermal management of battery systems.  Storage management systems are 

needed that include the performance, life, and durability of the storage solution. 

 

Since wide scale energy storage systems have not been adopted, virtually all the technologies 

mentioned (batteries, flywheels, super-capacitors, super-conductors, or thermal, fluid, and 

chemical potential energy storage systems) require additional research prior to widespread 

acceptance and adoption in practice.  In order to add-value to a wind energy harvesting 

system, all energy storage systems must add value and be economically viable, while being 

environmentally sustainable.     
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4. Structural Health and Monitoring and Non-Destructive Inspection 
 

Panel Members: 

Peter Avitabile (Chair, University of Massachusetts Lowell) 

Wolfgang Schade (Fraunhofer Heinrich Hertz Institute) 

Mark Rumsey (Sandia National Labratories)  

Martins Schmidt-Bremer Jr. (WindGuard North America Inc.)  

Nathan Post (National Renewable Energy Laboratory, NREL) 

Christopher Niezrecki (University of Massachusetts Lowell) 

 

Motivation 

One driver that influences the cost of wind generated energy is the reliability of wind 

turbines.  The extraordinary size and imparted dynamic loading of modern wind turbine 

blades, compounded with the extreme environmental conditions to which they are often 

subjected can make these systems susceptible to local damage, fatigue, or even catastrophic 

failure during operation.  Much experience has been gained in the design process including 

the development of analytical modeling techniques to target the best possible wind turbine 

designs.  However, as turbines become larger, new challenges that may not have been present 

or anticipated are surfacing. Current and future turbines will be subjected to a more severe 

dynamic response and higher loads that are ultimately transmitted to the blades, hub, 

gearbox, generator, and tower.  To address these challenges, large area inspection techniques 

in both manufacturing and during operation need to be utilized.  In order to improve overall 

system reliability, steps must be taken during manufacturing (to ensure product quality) and 

operation (to prevent costlier than necessary repair, operating downtime, and failure). 

 

State of the Art  

Structural health monitoring (SHM) and non-destructive inspection (NDI) techniques are 

currently being adopted to detect and monitor structural changes and damage to wind turbine 

systems (blades, towers, foundations, gearboxes, generators, etc.).  A thorough review of 

SHM systems has been presented in prior work [15, 16]. Sensors that are routinely used in 

the tower and nacelle (and to a lesser extent in the blades) are: strain gages, accelerometers, 

microphones, thermocouples, piezoelectric impedance sensors, and acoustic emission 

sensors.  One approach for performing SHM uses embedded sensors installed at the critical 

locations of the turbine blade. Cables running from the sensors to the rotor hub transfer both 

data and operational power.  The data is transmitted wirelessly from the hub to a data 

acquisition system at the turbine base [17].   If a sufficient number of sensors are used, and 

the speed of sound transmission in the blade materials is known, acoustic emissions can be 

used to determine the extent and location of fatigue damage via a triangulation process [18].  

Fiber optic sensors are also attractive due to their low profile, immunity to electro-magnetic 

interference, and ability to multiplex numerous sensors on a single fiber [19].  Other 

inspection approaches, such as stereophotogrammetry with digital image correlation, are also 

being considered as quality assurance tools for manufacturing to cover a wider observation 

area. An example of a full-field strain measurement using stereophotogrammetry and digital 

image correlation on a CX-100 wind turbine blade is reported in [20].  Another approach 

uses shearography to display full-field qualitative changes to a structure when subjected to 

mechanical or thermal loading [21].  Both DIC and shearography systems are commercially 
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available and are currently being tested for use in monitoring and inspecting wind turbine 

system components such as blades.   

 

 

Research Gaps and Future Directions 
Several research gaps were identified by the workshop panel and audience: 

 

1) Structural health monitoring and sensing systems still have to reach a level of maturity in 

order to be routinely adopted in complex wind turbine systems.  

 

2) Turbine blade sensors need to address both in-service sensing and blade defect 

monitoring during the manufacturing process. This will permit a fuller understanding of 

“cradle-to-grave” structural health considerations.  

 

3)  Fluid structure interaction models need to be further developed and validated to ensure 

that the predicted loads are representative of operational loads.  Validation and 

verification of high performance computing models is essential.   

 

4) Wide area inspection/interrogation methodologies need to be developed to provide 

information at the end of the manufacturing cycle as well as periodic and/or continuous 

monitoring of these large structures during operation.   

 

5) Sensing approaches are needed that can predict damage globally from limited sets of 

sensors or measured degrees of freedom.  Although many laboratory tests provide 

fundamental understanding related to blade defects (coupon testing) and blade integrity 

(fatigue certification tests), sensors that can be used for condition based monitoring in the 

field must be developed and implemented.  

 

6)  Blade certification specifications need to be further developed to increase the relevance 

of certification criteria to the actual loads experienced by the turbine blades. 

 

Although implementation of SHM and NDI approaches has been growing, much work 

remains to show how these technologies can be used to eliminate defects and improve 

reliability.  Any sensing or interrogation system implemented on a turbine needs to add value 

without adding extra cost to the system, therefore driving down the cost of energy.       

 

Note: It should be mentioned that gearbox and bearing failures are an important cost driver 

that impacts wind turbine reliability.  However, the panel session primarily focused on 

blades.   
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5. Manufacturing 
 

Panel Members:  
James Sherwood (Chair, University of Massachusetts Lowell) 

Stephen Nolet (TPI Composites, Inc) 

Matthew C. Frank (Iowa State University) 

Dana Granville (U.S. Army Research Laboratory) 

Wendy Lin (GE Global Research) 

Derek Berry (National Renewable Energy Laboratory) 

 

Motivation 

For wind to be a cost-effective source of electricity, the manufacturing of the turbine 

components must evolve to be a low-cost high-volume manufacturing processes, such as 

those associated with the automotive industry, and these components must demonstrate 

excellent reliability.  While the production of many of the wind-turbine components can take 

advantage of current low-cost high-volume manufacturing processes, e.g. drive train 

components, the production of the composite wind turbine blades is currently a labor-

intensive hand-layup process, and hence relatively expensive with lower than desired 

volume. 

 

Manufacturing defects, such as in-plane and out-of-plane waves, bad bonds, delamination, 

incomplete wetting, resin-rich pockets, and voids, can all result in blade failure.  Therefore, 

the desired throughput increase must also be accomplished while producing more high-

quality defect-free blades.  These higher-quality blades will reduce the need for post-

manufacturing rework, minimize scrap and increase in-service reliability with the added 

benefits of reduced maintenance and repairs in the field. 

 

State of the Art 

Composite wind turbine blades are made of glass- and/or carbon-fiber fabrics embedded in a 

polymer matrix.  The blade is manufactured in three parts: the top and bottom blade-halves 

comprising the airfoil are bonded to a twisted I-beam spar.  As a result, bond lines exist along 

the leading and trailing edges of the blade as well as along the top and bottom spar caps.  

 

The first step in the manufacturing process is the placement of the fabric in a mold using a 

hand lay-up process.  The mold can be either a two-piece mold, i.e. matched core and cavity, 

or a one-piece mold.  The fabrics are either pre‐impregnated with uncured resin or dry fabric 

layers.  The dry-fabric process requires a resin infusion step. The fabric placement could be 

accelerated by automating the process [22].  Currently, automation is only being used in the 

process to cut the fabric blanks in preparation for hand placement in the molds. Also, laser-

projection systems are used to project each individual fabric layer onto the mold to ensure 

proper blank size and placement.  Tape laying machines are a currently available automated 

manufacturing machine for aligning fibers.  However, the cost of these machines cannot be 

justified for use in blade manufacturing as they are for aerospace applications.  The cost of 

aerospace components is on order of $200/pound, while the cost for wind turbines needs to 

be on order of $6/pound.  Thus, alternative devices and concepts need to be developed for the 

blade industry (see Figure 5-1).   
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The first step in the manufacturing process is the hand lay-up of the fabric in a mold.  The 

mold is either a two-piece mold (matched core and cavity), or a one-piece mold.  The fabrics 

are either pre-impregnated with uncured resin or dry fabric layers.  The dry-fabric process 

requires a resin infusion step. This fabric lay-up could be accelerated via process automation 

[22].  Currently, automated processes are used to cut the fabric blanks in preparation for hand 

placement in the molds. In addition, laser-projection systems are used to project each 

individual fabric layer onto the mold to ensure proper blank size and placement.  Tape laying 

machines exist for aligning fibers; however, the cost of these machines cannot be justified for 

use in blade manufacturing as they are predominantly used in the aerospace industry.  The 

cost of aerospace components is on order of $200/pound, while the cost for wind turbines 

needs to be on order of $6/pound.  Thus, alternative devices and concepts need to be 

developed for the turbine blade industry (see Figure 5-1).   

 
Figure 5-1. Automated blade manufacturing system [23] 

 

The stiffness, ultimate and fatigue strengths of composite blades are a function of the fiber 

and resin material properties and the fiber orientations in the various plies as a result of the 

fabric placement step.  As the fabrics are placed in the molds, the fabrics must deform by 

shearing and/or developing in-plane and/or out-of-plane waves to conform to the compound 

curvatures of the surface of the mold and/or the previously placed plies.  Current models use 

simplified kinematic algorithms to predict the reorientation of the fibers.  To compensate for 

the variations of the load paths in the blades as a consequence of fabric shearing and waves, 

knockdown factors are used to reduce the max allowable loads.  These knockdown factors 

result in blades being over designed for stress considerations, which in turn leads to heavier 

and more expensive blades than could be realized with a credible map of the fiber 

orientations throughout the blade.  The availability of credible simulation tools for mapping 

the fiber orientations would assist in linking the manufacturing process to the resulting 

stiffness, ultimate and fatigue strengths of composite blades [24].  Such tools would assist in 

the selection of fabrics by accounting for fabric drapability and a fabric’s potential for 

forming undesirable waves that can lead to resin-rich pockets (see Figure 5-2).  In addition to 

providing a credible map of the fiber orientations, simulations must be improved to reliably 

guide the design of the resin infusion system and to improve the quality of the resin 

distribution [25].  The quality of the resin infusion is subject to a number of parameters that 

include but are not limited to resin type, resin viscosity, resin temperature, resin velocity, 

location and size of the gates, porosity of the dry fabric stack-up, and curing cycle 

(temperature and pressure history). 
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Figure 5-2. Draping simulation showing in-plane shear angle contours in a (a) 0/90 biaxial 

fabric and (b) +/-45 double-bias fabric. 

 

The post-manufacturing inspection of the pieces comprising the composite blade and the 

assembled blade is currently limited to visual inspection.  Such an inspection process is 

limited to seeing flaws on the surface and whatever signs of an internal defect are propagated 

to the surface by an internal defect, e.g. out-of-plane wave.  To assist in the manufacturing of 

quality composite subcomponents and blades, large-scale in-process inspection should be 

implemented that quickly scans the surface as well as detects internal flaws, e.g. 

delaminations, dry spots, voids and resin-rich pockets [26]. 

 

Research Gaps and Future Directions 

Future research in blade manufacturing should be focused on increasing throughput while 

decreasing costs associated with manufacturing, maintenance, and operations.  Increased 

throughput can be achieved by further automating the manufacturing process.  However, this 

automation must be cost-efficient and therefore alternative devices and concepts must be 

developed.  Increased throughput can also be achieved by reducing maintenance costs 

associated with repairs and/or replacements due to manufacturing-induced defects.  The 

number of defects can be reduced by developing high-fidelity computer simulations that can 

predict fiber orientations, local volume fractions, dry spots, etc.   

 

The curing of the polymer matrix, whether using a pre-preg material or a resin-infusion 

process, is a time-consuming step in blade manufacturing.  The ideal material system would 

be one where the resin cures instantly upon conclusion of the infusion process.  While such a 

resin currently sounds like a dream, this step in the manufacturing process could benefit from 

research efforts to develop new and improved resin systems which can lead to a decrease in 

the cure time and cost without compromising part quality by introducing defects such as 

voids and dry spots that can lead to premature delamination [27].  

 

Aerospace-quality composites have attractive strength-to-weight ratios, but the associated 

cost of $200 to $700/lb is unacceptable for composite wind turbine blades.  Thus, to be a 

cost-effective energy source, the materials used in the blades need to be in the $5 to $7/lb 

cost range.  Therefore, research into novel applications of current off-the-shelf materials for 

the manufacture of blades and into the development of new cost-effective materials for 

manufacturing should be explored [28]. 
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Blade lengths are projected to reach up to 90 meters within the next ten years.  Such blades 

will present manufacturing, shipping and installation challenges.  The shipping of 90-m 

blades can be accommodated by ship from a manufacturing facility located at a seaport to an 

off-shore site or to another seaport location.  Shipping to a land site can be accommodated by 

trucks carrying subassemblies that are then assembled on site [29].  Thus, concepts for the 

manufacturability of such blades as 90-m long sections or shorter sections need to be 

explored to reduce operations costs that will help decrease the overall cost of wind energy.  

 

With an expectation of growth in the U.S. to 170,000 turbines by 2030 [30], a conservative 

estimate (i.e., 20 year lifetime) reveals that there will be a need to dispose of roughly 34,000 

blades/year and approximately five times as many globally.  At the end of the turbine blade’s 

life, there is currently no economically feasible and environmentally benign means to recycle 

the thermoset composite blades.  The current practice entails either disposing of them in a 

landfill, cutting/grinding them up into course pulp (as filler in asphalt or concrete for 

construction), or pyrolizing the pulp to extract heat (burning them) for generation of 

electricity.  Owners/operators of turbine farms understand the issue and seek better 

alternatives.  Clearly, the recyclability and sustainability of wind turbine blade manufacturing 

has not been sufficiently addressed by the wind industry or the scientific community. 
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6. Offshore Wind 
 

Panel Members:  

Phil Dougherty (Chair, SMI Inc./Helios Strategies) 

Rahul Yarala (Wind Technology Testing Center) 

Jim Lyons (Novus Energy Partners) 

Steve Connors (Massachusetts Institute of Technology) 

Andrew Goupee (University of Maine) 

Tom Ashwill (Sandia National Laboratories)  

 

Motivation 

Offshore wind offers great promise in the United States, particularly on the Eastern seaboard 

and in the Great Lakes [31-34].  Substantial offshore wind resources, relatively high priced 

electricity, proximity to major load centers and the ability to scale up systems all contribute 

to offshore wind’s potential in these regions.  Furthermore, the Eastern seaboard and Great 

Lakes are situated to avoid land-use disputes related to view-shed impacts from modern 

turbines approaching 100 meters [35].   

 

However, successfully developing offshore wind resources requires major research efforts to 

design, develop, and deploy wind generation systems and supporting infrastructure that can 

operate and survive in the harsh maritime environment.  Most technology experts agree that 

simply taking current onshore wind generators and adapting them for the offshore arena will 

not work.  In addition, the panel agreed that new generation technology is needed to ensure 

system reliability and the ability to perform O&M services in a cost-effective and safe 

manner. 

 

State of the Art 

Most current offshore wind turbines are located in relatively shallow water with simpler 

support systems [36]. Several different approaches are being examined for deep-water 

applications [37]: (1) the tension leg platform (TLP), (2) the semi-submersible structure 

(Semi-Sub), and (3) the Spar Buoy design (Spar). To date, only two wind turbines have 

operated in deep-water, offshore conditions [38, 39]; one is a large-scale prototype, and the 

other a full-scale system that is generating power.  

 

The panel discussion focused on current multi-megawatt generation systems used for both 

on-land and offshore applications.  The panel recognized that offshore systems will be larger 

than today’s utility scale generators, perhaps in the 5-10+ megawatt range [33, 40].  This 

offers opportunities and challenges in terms of project development, finance, operations and 

maintenance [33].  One key issue is whether to focus on near-shore project development and 

demonstration versus further offshore projects to eliminate view-shed issues and capture the 

greater wind resource at that distance.    

 

The panelists also agreed that, while larger is better for offshore wind systems, new 

generators will be required, including direct drive and permanent magnet generators [41].  In 

addition, wind turbine blades will need to be lighter and stronger, thereby requiring new 

materials and manufacturing processes [33].   
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The discussion also touched on the need to develop supporting infrastructure such as 

shipyards, support vessels, seaborne transmission system and intellectual capital required to 

support the industry [42, 43]. 

 

Research Gaps and Future Directions 

 

Technical challenges facing offshore wind result from large-scale rotors, strongly coupled 

multi-physics and the marine environment.  Specifically research into new materials and 

blade construction techniques, novel control strategies for mitigating aero-elastic effects such 

as flutter, lighter weight towers, improved corrosion resistance, ability to withstand offshore 

storms, and offshore wind assessment. 

 

The panel agreed that the DOE’s Offshore Wind Strategic Plan that calls for a balanced 

research, development, demonstration and deployment approach is a good start.  As currently 

proposed, it is a multi-year, $50 million program.  However, the impending budget battles 

may affect the future of the program’s funding.  

 

Given the future budget uncertainties, the panel felt it very important to ensure that at least 

one demonstration project is completed in the 2013-2015 time frame, likely in shallow water, 

to generate baseline research results on impacts, costs, and benefits.  The panel also found 

that policy makers, regulators, utilities and customers need to work together to determine 

who pays for transmission, as well as the likely higher cost of energy from offshore wind. 

 

Finally, the panel recommended that stakeholders take regional approaches to offshore wind 

activities to secure proper scale and support of development efforts.  Such efforts should 

involve collaboration among government, academia, industry and stakeholders.  Joint efforts 

from these various groups would go far to ensure the technical, regulatory, intellectual and 

innovation framework is in place to support the commercialization of a successful U.S. 

offshore wind industry. 
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7. Work Force and Economic Development  
 

Panel Members:  

David Turcotte (Chair, UMass Lowell)  

Philip Jordan (Green LMI Inc.)  

Tony Rogers (Clean Energy Americas) 

Richard E. Williams, P.E. (Shell Wind Energy Inc.) 

Paul Williamson (Maine Wind Industry Initiative) 

 

Motivation 

Wind energy is more than the technology and innovations that improves efficiencies and 

performance. A world-class workforce and economic development policies that support wind 

energy expansion are also crucial to industry growth [44]. Consequently, the panel session 

was organized to examine jobs trends, relevant issues, and hear from leaders who are 

grappling with efforts to create robust growth within the industry and a workforce needed to 

sustain it. In addition, this panel offered a venue for information sharing and discussions 

about current challenges and to ponder strategies and tactics to support future growth. 

 

Current Challenges 
A key gap identified was the need to develop more effective strategies to help employers find 

qualified workers [45].  In addition, the need to improve pathways for inexperienced 

workers, particularly unemployed individuals to fill positions in wind industry was 

highlighted at this session.  Accordingly, innovative curricula and courses to accelerate skills 

development and professional education are needed to facilitate career pathways. A 

comprehensive supply chain assessment is needed to facilitate the expansion of offshore 

wind and maximize regional economic development opportunities. 

 

 
Figure 7-1. Wind Turbine Assembly/Installation 

 

Research Gaps and Future Directions 

Government, education and workforce development stakeholders are recognizing the 

importance of engaging employers in developing programs and curricula to effectively meet 

future employment skills needs. Because the wind industry is having difficulty finding 

experienced workers, policy-makers are providing more funding to support internships and 

other on-the-job training opportunities [46].  In addition, communities are making more 
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investments in workforce development that maximize local expertise and builds on 

transferable knowledge from other industries. Efforts to build more regional collaborations 

among government, educational and workforce development stakeholders and industry will 

help sustain long-term growth within wind energy [47]. 

 

A key issue to address long-term costs is the need to increase certainty for wind energy 

investors and developers. This includes policy certainty at both the local and national level 

[48]. Developers and investors must feel confident that local permitting and sitting will be 

expedited so approvals will happen in a timely manner. On the state and national level, 

consistent incentives and policies to encourage demand for wind energy and facilitate 

development and generation will lead to long-term cost reductions [49]. Raising public 

awareness to both the economic, environmental and social benefits to society of wind energy 

will help drive demand and reduce wind energy costs. 
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