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A STEP-BY-STEP GUIDE TO BUILDING A SMALL WIND POWER SYSTEM FROM THE
GROUND UPWritten by renewable energy experts, this hands-on resource provides the
technical information and easy-to-follow instructions you need to harness the wind and generate
clean, safe, and reliable energy for on-site use.Build Your Own Small Wind Power System shows
you how to install a grid-connected or off-grid residential-scale setup. Get tips for evaluating your
site for wind power potential, obtaining permits, financing your project, selecting components,
and assembling and maintaining your system. Pictures, diagrams, charts, and graphs illustrate
each step along the way. You'll also find out how you can help promote wind-friendly public
policies locally. Save money and reduce your carbon footprint with help from this practical
guide.COVERAGE INCLUDES:Challenges and impacts of small wind energyElectricity, energy,
and wind scienceDetermining if wind power is right for youSite assessmentFinancing small wind
powerPermits and zoningWind turbine fundamentalsChoosing the right wind turbine for the
jobBalance of system: batteries, inverters, and controllersInstallation, maintenance, and
troubleshootingFuture developments in wind power

For those intrigued by wind power,Wind Power Basics is a top pick.- the Midwest Book
ReviewWind Power Basics crams all the pertinent information about siting and assessments,
turbines, towers, hybrid systems, wind resources, energy storage, maintenance, and zoning into
a convenient package that makes the information accessible to those on a budget, or to anyone
just curious about all the fuss over wind energy in general.- Back Home MagazineFor those
intrigued by wind power,Wind Power Basics is a top pick.- the Midwest Book ReviewWind Power
Basics crams all the pertinent information about siting and assessments, turbines, towers, hybrid
systems, wind resources, energy storage, maintenance, and zoning into a convenient package
that makes the information accessible to those on a budget, or to anyone just curious about all
the fuss over wind energy in general.- Back Home MagazineAbout the AuthorDan Chiras is an
internationally acclaimed author who has published over 24 books, including The Homeowner's
Guide to Renewable Energy. He is a certified wind site assessor and has installed several
residential wind systems. Dan lives in a passive solar home in Evergreen, Colorado.
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Build Your Own Small Wind Power SystemAbout the AuthorsKevin Shea (Calverton, New York)
founded and operates RE Power, Inc., a greenroots small-scale biodiesel manufacturing plant.
He also designed, built, and preserves a not-yet-recognized national landmark appropriately
called the Long Island Green Dome. It is the nation’s largest and first LEED-qualified, Energy
Star residential geodesic dome home made of renewable and reused material, and equipped
with a solar array, a wind turbine, and an ad hoc geothermal system. Mr. Shea is also designing
and building the world’s first “smart” wildlife reserve in the dry tropical forests of Ostional,
Nicaragua, integrating old and new technology (including a wind turbine) for a unique
experience that will allow people to have fun while saving the world. He is also crowd-sourcing
alternate reality (pervasive) games for a new world myth. For more on all this and other
information about Mr. Shea, visit .Brian Clark Howard (Washington, DC) is an environmental
journalist with a decade of experience in websites, magazines, books, and other media. He
serves as a web editor at National Geographic.com, and before that worked for
TheDailyGreen.com, part of Hearst Digital Media. Mr. Howard was previously managing editor of
E/The Environmental Magazine, the oldest, largest independent environmental magazine in the
United States. He has written for TheAtlantic.com, MailOnline.com, Plenty, The Green Guide,
Miller-McCune Magazine, Popular Mechanics online, Men’s Health, Mother Nature Network,
Oceana, AlterNet, Connecticut Magazine, and elsewhere.Mr. Howard co-authored two books for
McGraw-Hill in 2010: Green Lighting and Geothermal HVAC. He also wrote the chapter on
saving energy for the 2009 book Whole Green Catalog and the chapter on green power and
green lighting for the 2005 book Green Living, which he also co-edited. Mr. Howard has
bachelor’s degrees in biology and geology from Indiana University and a master’s degree in
journalism from Columbia University. He was a finalist for the Reuters/IUCN Environmental
Media Awards and appears on numerous radio and TV programs.Build Your Own Small Wind
Power SystemKevin SheaBrian Clark HowardCopyright © 2012 by The McGraw-Hill
Companies, Inc. All rights reserved. Except as permitted under the United States Copyright Act
of 1976, no part of this publication may be reproduced or distributed in any form or by any
means, or stored in a database or retrieval system, without the prior written permission of the
publisher.All trademarks are trademarks of their respective owners. Rather than put a trademark
symbol after every occurrence of a trademarked name, we use names in an editorial fashion
only, and to the benefit of the trademark owner, with no intention of infringement of the
trademark. Where such designations appear in this book, they have been printed with initial
caps.McGraw-Hill eBooks are available at special quantity discounts to use as premiums and
sales promotions, or for use in corporate training programs. To contact a representative please e-
mail us at bulksales@mcgraw-hill.com.Information contained in this work has been obtained by
The McGraw-Hill Companies, Inc. (“McGraw-Hill”) from sources believed to be reliable.
However, neither McGraw-Hill nor its authors guarantee the accuracy or completeness of any



information published herein, and neither McGraw-Hill nor its authors shall be responsible for
any errors, omissions, or damages arising out of use of this information. This work is published
with the understanding that McGraw-Hill and its authors are supplying information but are not
attempting to render engineering or other professional services. If such services are required,
the assistance of an appropriate professional should be sought.TERMS OF USEThis is a
copyrighted work and The McGraw-Hill Companies, Inc. (“McGraw-Hill”) and its licensors
reserve all rights in and to the work. Use of this work is subject to these terms. Except as
permitted under the Copyright Act of 1976 and the right to store and retrieve one copy of the
work, you may not decompile, disassemble, reverse engineer, reproduce, modify, create
derivative works based upon, transmit, distribute, disseminate, sell, publish or sublicense the
work or any part of it without McGraw-Hill’s prior consent. You may use the work for your own
noncommercial and personal use; any other use of the work is strictly prohibited. Your right to
use the work may be terminated if you fail to comply with these terms.THE WORK IS
PROVIDED “AS IS.” McGRAW-HILL AND ITS LICENSORS MAKE NO GUARANTEES OR
WARRANTIES AS TO THE ACCURACY, ADEQUACY OR COMPLETENESS OF OR RESULTS
TO BE OBTAINED FROM USING THE WORK, INCLUDING ANY INFORMATION THAT CAN
BE ACCESSED THROUGH THE WORK VIA HYPERLINK OR OTHERWISE, AND EXPRESSLY
DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. McGraw-Hill and its licensors do not warrant or guarantee that the functions
contained in the work will meet your requirements or that its operation will be uninterrupted or
error free. Neither McGraw-Hill nor its licensors shall be liable to you or anyone else for any
inaccuracy, error or omission, regardless of cause, in the work or for any damages resulting
there from. McGraw-Hill has no responsibility for the content of any information accessed
through the work. Under no circumstances shall McGraw-Hill and/or its licensors be liable for
any indirect, incidental, special, punitive, consequential or similar damages that result from the
use of or inability to use the work, even if any of them has been advised of the possibility of such
damages. This limitation of liability shall apply to any claim or cause whatsoever whether such
claim or cause arises in contract, tort or otherwise.This book is dedicated to everyone who is
working hardto make small wind energy part of the solutionfor a cleaner planet, for today and
future generations.ContentsPrefaceAcknowledgmentsIntroduction1 First Wind: Introduction to
Small Wind PowerA Brief History of Wind EnergyA Brief History of Commercial-Scale Wind
EnergyRecent Growth of the Global Wind MarketWind Energy System
ComponentsTurbineTowerTransmission WiresBalance of System (BOS)Direct Drivers for Wind
EnergyEconomic Benefits of Small Wind PowerFree FuelReturn on Investment (ROI)Financial
Hedge Against Rising Energy PricesAccess to Financial Incentives for Developers and
ConsumersBecoming Competitive with Conventional TechnologiesJob Creation and Regional
Economic DevelopmentValues and Small WindEnvironmental BenefitsIndependenceImage
EnhancementConsumer ChoiceSelf-RelianceDo-It-YourselfHigh VisibilityThe Joy and



Satisfaction of ItPracticalityDiversity and Reliability of Electricity SupplyPolitical SecurityNatural
Synergism with Solar TechnologyDiversity of Applications, Including Remote and Off-
GridResiliencySummary2 Second Wind: Challenges and Impacts of Small Wind EnergyEnergy
Storage and TransmissionEnvironmental ImpactsNoisePerception and AnnoyanceFlicker
EffectVisual InfluenceProperty ValueElectromagnetic TransmissionsRadarIce
ThrowingEcological Impacts of Small Wind TurbinesEmbodied EnergySite PreparationPotential
Impacts on BirdsImpacts on BatsSummary3 Electricity, Energy, and Wind ScienceBasics of
ElectricityElectrical Charge (Voltage)Current (Amperes)Ampere-Hours (Amp-Hours)Resistance
(Ohms)All Together Now: Ohm’s LawPower (Watts)Energy (Watt-Hours)Wind Energy
PrinciplesUnderstanding Wind Speed TerminologyThe Basic Wind Energy FormulaAir Density
(D)Super Power vs. Super Energy: Annual Energy Output (AEO)Powering Down: Losing 40
Percent of the BetzSummary4 Personal Assessment: Is Wind Power Right for You?Nothing
Personal: Your MotivationsDetermining Your Relationship to the GridHow Energy-Efficient Is
Your Home or Business?Calculating Average Annual ConsumptionAuditing Your Energy
ConsumptionBoosting Your Building’s Energy EfficiencyAdjust That ThermostatUse Cold
WaterUse Electricity When the Rate Is LowerPlug the LeaksInstall Ceiling FansInstall Compact
Fluorescent Light (CFL) Bulbs (or LEDs)Install a Tankless Water HeaterBoost InsulationInstall
Storm WindowsGet an Energy-Saving RefrigeratorAdditional Energy SaversGive Your HVAC
Equipment an Annual Tune-UpChange Filters RegularlyPut Up Window PlasticDo it Now, While
Incentives LastSummary5 Site Assessment: Will Wind Power Work at Your Location?Get
PreparedHow to Save Time on This ChapterSite Location GuidelinesBasic Principles of Wind
Resource EvaluationKnow Your (Wind) ClassMaps Are Not GospelWind ShearWays of the
Wind: Assessing Average Annual Wind SpeedNot for Your Eyes OnlyBeaufort Wind Force
ScaleGriggs-Putnam Index of DeformityData-Driven Pyramid of Wind AssessmentGlobal Wind
MapsRegional Wind MapsClimatic and Meteorological DataWind Energy RosesProfessional
Wind Analysis ServicesAnemometersBringing It All TogetherTower Types and Site EvaluationTilt-
Up TowersFixed Guyed TowersFreestanding TowersConsider MaintenanceSiting for Roof-Mount
Micro-TurbinesSocial Friction FactorSummary6 How to Finance Small Wind PowerCost
Breakdowns for a Small Wind SystemElectricity Costs Last a LifetimeWhat Is It Worth to You?
Factors That Affect Final CostAverage Wind SpeedCost of Electricity OffsetGovernment/Utility
Incentives and Net-Metering PoliciesRising Cost of Real Prices of ElectricityApplicationCost of
EquipmentMonitoring and MaintenanceInstallation CostInsuranceSource of MoneyPermitting
CostsZoning JurisdictionEnergy Usage TaxRaw MaterialsFinancial IncentivesCapital
SubsidiesTax IncentivesLow-Interest LoansDoes Small Wind Pay?Does a Small Wind System
Have to Pay for Itself?Initial CostThe Concepts of Payback and ROIResidential Economics:
Homer HankFarm and Business Economics: Energy DemandInsurance: Protecting Your
InvestmentProperty InsuranceLiability InsuranceCompanies Offering Insurance for Renewable
EnergyWarrantiesIn-House ManagementThird-Party WarrantiesFinancial Resource
ChecklistHandy Cost CalculatorsSummary7 Navigating Permits and ZoningGetting Started on



PermitsStep 1: Contact Your MunicipalityStep 2: Read the CodeStep 3: Complete
ApplicationsStep 4: The HearingUtility ApprovalStep 5: Engineering Verifications and
InspectionsBrief ChecklistSummary8 Wind Turbines DemystifiedDrag vs. Lift TurbinesAnatomy
of a Wind TurbineRotorAlternator (Generator)Gearbox (Optional)TailYaw SystemSlip
RingsTowerVertical Axis Wind TurbinesA Typical VAWT PitchBrief History of VAWTsPurported
Benefits (and Disadvantages) of VAWTsConvenienceEnergy Output and Efficiency of
VAWTSReliability and FatigueWind Speed, Direction, and TurbulenceCostSound, Vibrations,
and FlickerEffects on Birds and BatsAestheticsWePOWER Shows MomentumQuietrevolution’s
High-Tech VAWTsFrom Jellyfish to Helixes: Alternative VAWTsVAWT vs. HAWT: The Final
ConclusionStandards and CertificationsIndependent CertificationSummary9 How to Choose the
Right Wind Turbine for the JobImportant Questions to Ask When Shopping For a Small Wind
TurbineWhat to Look For When Buying a Wind TurbineSwept Area (Rotor
Diameter)DurabilityPredicted Annual Energy Output (AEO)CostSpeed (RPM and
TSR)Shutdown MechanismSoundTime to Select Your Wind TurbineThe VariablesSummary10
Balance of System: Batteries, Inverters, Controllers, and MoreInvertersGrid-Tied InvertersOff-
Grid InvertersGrid-Tied with Battery BackupBatteriesTypes of BatteriesBasic Battery
ChemistryBattery Ratings: Amp-HoursCost of BatteriesEnergy Loss from Internal
ResistanceBattery LongevitySizing Your Battery BankOrganization of Battery BanksCharge
ControllersWill Solar Charge Controllers Work for Wind Systems?AC and DC ControllersThe
Effects of Temperature ChangesProtecting Your Batteries: Proper Charging and
EqualizationBuilding a Charge Controller from ScratchHow to Connect or Unhook a
ControllerVoltage ClampDisconnectsBreaker PanelsThe WireGroundingSurge ArrestorsUtility
Interconnection EquipmentSystem MetersBackup GeneratorSummary11 Installation,
Maintenance, and TroubleshootingInstalling a TowerSafety FirstInstalling a Small Wind
SystemThe Foundation and AnchorsLifting the Tower (and Turbine)Safe ClimbingMaking the
ConnectionsMaintenanceTower and Turbine Maintenance
ChecklistTroubleshootingTroubleshooting for a Small Wind SystemSummary12 Future
Developments in Wind PowerArchitectural Wind: Can Buildings Improve Wind Conditions?
Building Integrated Wind TurbinesBiomimicry: Wind Systems Inspired by AnimalsLet’s Go Fly a
Wind TurbineUltra-Micro Wind TurbinesThe Hip HYminiTiny Piezoelectric Wind TurbinesThe
WindbeltTraffic TurbinesAlternative Turbine DesignsRidgeBladeThe Honeywell/WindTronics
“Blade Tip Power System” TurbineOptimizing Existing DesignsDucted RotorsMultirotor
TurbinesCounter-Rotating Dual TurbinesTelescopic BladesLaser-Guided TurbinesAdvanced
Active ControlsSummaryGlossaryElectrical TermsWind Energy–Related TermsConversions,
Abbreviations, and AcronymsNotesIndexPrefaceAs a homeowner with an interest in saving
money with less conventional means, I am proud to play a role in the early adoption of
renewable energy, and to share my experiences with others.I planned on installing my first wind
turbine on my property after the challenging experiences of building my home, which I call the
Long Island Green Dome. It is a large geodesic dome located in Calverton, New York, and it



required unique prep work. This involved erecting numerous 20- × 10-foot canopy tents and
securing them in the ground with posts. Well, the ground posts didn’t hold well to the wind. When
we returned one day, we found two tents missing. They took flight and tore apart. One imbedded
itself on the dome frame, and the other was in pieces, threatening to go over the angry
neighbor’s property.Kevin Shea’s unique home in Calverton, New York, which he dubbed the
Long Island Green Dome. One of the largest residential wood domes in the United States, it is
powered by solar panels and a small wind turbine. Kevin Shea.After that, we tied the canopy to
heavy railroad ties. But some of the workers were afraid to go on the top of the frame during
windy days for fear of blowing off. Debris from the site was flying over to the neighbors’
properties, making for more angry neighbors. Recently applied but not secured sheathing was
constantly blown off the frame. Installing storm tarps on the structure required many hands and
ropes, and I’ll never forget the day I was lifted off the ground while holding the edge of a tarp that
rapidly filled with the wind. I remember when I first had the doors on, the wind came with such
force that it blew one of the heavy, 4 × 8 metal and glass doors out, breaking the control arm
right off. It was that year that I began to plan to grab that energy for my own.On windy and sunny
days, Kevin’s home produces an average of 8 kWh (kilowatt-hours). Since he gets paid 9 to 11
cents per kWh from his utility, he makes about $5.76 every eight hours. Kevin Shea.I didn’t have
a lot of money, and didn’t want to spend a lot of money. So, I spent time looking for something
that was powerful enough, yet easy enough for a layman like me. It was the Skystream 3.7 by
Southwest Windpower. I liked the idea that it had the inverter in the machine, that it looked sleek,
didn’t have guy wires that would take up space in my yard, and could be a bit hidden from the
angry neighbors. I applied for my permit, and found out there was no code except an old rule
stating that any structure must not exceed 35 feet. I said, “No problem,” because the tower is
only 33 feet.The town official said, “Oh, no. You have to measure from the average grade of your
property to the top of the blade as it is facing up.” That was disappointing. I knew the six-foot
blades would throw it over the limit. Skystream offered that size because it met many local code
requirements and could still produce energy (although as we’ll soon explain, higher towers are
almost always much better for energy production, and are ideally in the 100-to 200-foot
range).Building the dome home was challenging, in part because of the property’s high winds. It
was this blustery experience that first gave Kevin the idea to explore small wind power—
although it’s also true that gusty days can be misleading at some sites. Kevin Shea.So, initially,
the only option was to apply for a variance, which meant opening up the decision of building the
turbine with my angry neighbors. Although that’s a process we now recommend for a number of
reasons, at the time, I decided instead on installing it exactly to the letter of the code. So, I dug
the foundation deeper than necessary, bringing it lower than the average grade. When the town
came to inspect it, the inspector would see that my tower was installed in a small “crater” garden,
no taller than 35 feet from the average grade of my property. I didn’t know exactly what
performance loss I would receive from this drop, but I was still ready to call victory.The geodesic
dome takes shape. Kevin did much of the work himself, although he recruited friends and hired



some assistance. A lot of folks do the same for small wind projects. Kevin Shea.Kevin originally
called his house “Shea Stadium,” after the New York Mets’ arena. But after the pro baseball team
built Citi Field, Kevin renamed his home the Long Island Green Dome. Kevin Shea.People drop
by and tell me that I am doing a good thing. That makes me feel great. And my power authority
gives me a check (I combined wind and solar to exceed my needs) as per our net-metering
agreement (more on this later). I am as close to being my own power plant as one can be on
Long Island.People frequently ask me a question that I didn’t readily have a quick answer to …
until now: “Hey, Kevin, it’s windy here in ________ (fill in the blank). So why can’t we install some
‘windmill’ right on __________ (fill in the blank) to get some free electricity?”That persistent
question, and knowing the limited knowledge most people have of wind power, led me to
propose this book on local, small-scale wind power. Fortunately, the answer is that we can, and
should! And here is how!Kevin SheaAcknowledgmentsKevin Shea: Thank you to my coauthor
Brian Clark Howard, who has offered me help to make sure this book is seamless and more
digestible. His photos, interviews, and case studies bring this book alive. In addition, he was my
Jiminy Cricket to the Pinocchio in me, a wooden author hoping to be a real author. His e-mail
comments on my work as “awesome” were at times comforting, and other times (when I felt the
chapter was weak) nerve-wracking, but he was also succinct and direct with the constructive
criticism. I would also like to thank Seth Leitman for having enough confidence in me to bring me
on board to this worthy project. It is as if he gave me a desk with my name engraved on it and an
office window, turned my chair to face the laptop, and said, “Start writing! We trust it will be
great.” Special thanks to Judy Bass and the McGraw-Hill team for their insight to see value in this
book (and e-book), and providing us the support to get it done.I would like to thank the many
seasoned innovators that brought the wind turbine to us. Without it, there would be a large hole
in the world. I couldn’t imagine a world where there is renewable energy from the sun, water,
earth, but not from the wind. And also, I would like to thank those who took that call to adventure
and returned to not only show us a turbine, but taught us the right way to do it. Mick Sagrillo, Ian
Woofenden, Hugh Piggott, Paul Gipe, and the Southwest Windpower team (Ross Taylor,
Therese, Russell Dixon Thayer, etc.) provided me additional training on wind power technology.
In addition, I give a single standing ovation to all of the wind advocacy organizations, such as
American Wind Energy Association (AWEA), which stand taller than a turbine tower and provide
a clearinghouse of time-tested info on installation, performance, and safety.I would like to take
the time to personally thank Carl Vogel, author and friend extraordinaire, who always moves me
with his acts of kindness, humble attitude, and keen intellect. He somehow convinced Seth that I
can offer you, the reader, something worthy, encouraged me, and even consoled me when I was
venting. I would also like to thank the young energy brat pack, President Jamie Minnick and
volunteers of Eastern Energy Systems, a clean energy company whose team welcomed me in
as the unofficial mayor of the company (since my position at the up-and-coming small company
is still undefined). I was permitted to be a sponge as I learned on the job about assessing,
installing, and selling wind turbines. Also, admiration and thanks to my lovely Luna (translates to



moon in Spanish), Karla Cruz, who permitted me all unreasonable hours to work on this book,
breaking sometimes only for a kiss, a hug, a loving look, and a large mug of cafe con leche. Also
thanks to my mom, Mary Ellen Maggio, for not telling my good brothers that I was writing the
book until it was printed, so they couldn’t rub my face in it.And lastly, but not least, I thank YOU.
You bought this book/e-book. And you are getting as far as this section. Books that sell you
wizards, wands, and wishes-that-could-come-true are usually the big sellers, so your interest in
something that offers renewable power, revenue, and real-world solutions is encouraging to me
—even if you give us mixed reviews in Ebook Library. Now, read the rest.Brian Clark Howard:
Thank you to my coauthor Kevin Shea, who has worked tirelessly on this book over many
months. His hard work and dedication has been inspiring. I would also like to thank Judy Bass
and the McGraw-Hill team for their professionalism and unwavering support. Hearty thanks go to
Patty Wallenburg, who was essential in bringing this project to completion. Thank you to Seth
Leitman, who honored Kevin and me with the invite to work on this book.I would like to thank my
mentors, Doug Moss and Jim Motavalli, who taught me so much about the possibilities of going
green, and life, at E/The Environmental Magazine. I’d also like to thank my brilliant colleagues at
National Geographic, especially David Braun, and at The Daily Green, especially Dan Shapley
and Gloria Dawson, who inspire me every day. Thank you to Remy Chevalier (remyc.com), who
has taken many hours to explain complex topics to me and who has steered me to many
invaluable sources. I’d also like to thank all my friends in the green blogosphere and throughout
the green movement. There are too many names to list here, which perhaps is a testament to
how collaborative, supportive, and creative this space is. Every day I am honored to be a part of
it.I’d also like to thank my family, who taught me to respect and appreciate the natural world and
to strive to leave everything better than how I found it. Thanks to my parents, Allan and Diana,
and my sisters, Amy and Lisa. Thank you also to my wonderful, beautiful girlfriend, Gloria, who
supports and challenges me.IntroductionWelcome to a book about installing a small wind
turbine system. Before we try to entice you with the world of wind through stories, mathematics,
physics, price tags, laws, and the wrenches thrown into your machine that complicate things, let
us say that with this book we hope to give you a good foundation for installing, or having
someone install, a wind turbine. We want you to reach the turbine’s top. This book is for you to
not only understand wind from abstract text and photos, but will get you in the field, exploring,
finding, and harnessing your own wind. Although no book is a substitute for hands-on training,
we hope to get you started on the process.Kevin’s “Ship Bedroom,” one of several themed
spaces inside the Long Island Green Dome. Others include the Paleolithic Bathroom (complete
with cave wall shower), the Atlantis Bathroom, and the Noah’s Ark Bedroom. Kevin Shea.Will
Wind Work for You?So long as you have property with sustainable wind above nine miles per
hour (six meters per second), yes. It may be possible for wind to work for you with a bit lower
average wind speeds, possibly with new technology, but we’ll get to that, and show you how to
understand the risks.This guide is largely for those who own a plot of land, home, farm, or
building and are interested in renewable, home-grown energy, as well as investing in removing



or lowering electrical bills. We also include information for energy professionals, such as
contractors, developers, energy auditors, installers, and other trades people. And for those who
have none of this but want to see it happen in their community, wind power will work for you,
too.We have been acquainting ourselves with a sample of the people who are interested in small
wind turbines; the plant nursery owner on Long Island who has an annual energy bill equal to the
price of a mansion; the farmer and community that would like to earn from wind; the wealthy
couple who drive a “luxury” Toyota Prius, have a soapstone counter, and polished fly-ash
concrete ballroom floor and want to do more (and show it off); the middle-income homeowner
who strives to eliminate his energy bill; the hunters, Harry and Harriet, in their DC-powered
weekend cabin; the people living without electricity or running water in a developing nation. We
hope to address their needs and wants, and we look forward to acquainting ourselves with many
others.Kevin Shea with his Skystream 3.7 by Southwest Windpower. People often notice it from
the road and stop to admire it, or ask if they could get a small wind generator of their own. Kevin
Shea.Periodic inspection and maintenance, as well as occasional repair, of a wind turbine are
essential to the long-term success of a wind energy system. If you are a “put it up and forget
about it” kind of person and can’t afford to hire someone to perform an annual inspection and
maintenance, we recommend installing a photovoltaic (PV) system.Please note that this book
has a strong do it yourself (DIY) component, so you or at least one of your team members
should start procuring or cleaning your tools.Is Wind Energy a Passing Fad?No. While
experimentation of energy from wave power, algae, and even human poop is promising, wind
power is the fastest-growing energy resource in the world. And the amount of energy carried by
the Earth’s winds is much greater than current world energy consumption. The most
comprehensive study of the issue, done in 2005,1 found the potential of wind power on land and
near-shore to be 72 terawatts, equivalent to 54,000 MTOE (million tons of oil equivalent) per
year, or over five times the world’s current energy use in all forms. In the United States, installed
wind capacity now totals 35,603 megawatts—enough to power 10 million homes—and experts
predict it could ultimately supply 20 percent of the nation’s electricity without the need of energy
storage. In the shorter term, the U.S. Department of Energy (DOE) has set a goal of sourcing 5
percent of the country’s electricity needs with wind power by 2025.Wind power is the fastest
growing energy resource in the world. Kevin Shea.In 2010, work began on the world’s largest
wind farm, in the Mojave Desert, which is predicted to serve electrical demand for more than
275,000 homes. Wind power is also gaining ground in many other places, particularly in Europe
(led by Germany, Spain, and Denmark), but also in developing countries, such as Nicaragua and
Costa Rica. Denmark already gets about a quarter of its energy from the wind, and this is
expected to rise in the near future.Are Big Utility-Based Wind Turbines the Best and Only
Solution?Most wind power is now—and will continue to be—generated by large-scale wind
farms composed of a series of interconnected towers, standing over 300 feet tall and weighing
nearly 200 tons each. Large-scale wind is an exciting and emerging clean energy source, but it
is located on the far side of your own electric meter.Many consumers can now readily buy wind



power, but at a cost: the power still has to be delivered to our homes and businesses. In fact,
what usually happens is that people can only buy wind “credits,” which support wind farms but
don’t guarantee that any electrons pumped to you were generated by those turbines. Once a
wind farm is plugged into the grid, the power it produces goes into the general pool, which gets
moved around by operators at blinding speed.There’s currently no way to distinguish wind-
generated grid power from coal-generated power, or from any other source for that matter. Still,
in principle, buying wind credits can result in others recognizing you and your company as
“green,” and it does help support the growing industry. These credits are often also called “green
tags” or “renewable energy certificates” (RECs), and they are an important and growing field, but
they are frankly not the subject of this book.For the foreseeable future at least, most wind energy
will continue to be provided by utility-scale wind farms, which benefit from economies of scale
and ability to access the strongest breezes. But the small wind industry still has a valuable role
to play in a cleaner future. Kevin Shea.Think Locally, Act Locally, Reap Locally, Affect
GloballyInstead, this book focuses on the untapped potential for wind power much closer to
home, literally. Local, home-scale wind power stands between your home and the meter. So right
off the bat, you don’t pay any delivery charge for those electrons, and you don’t result in power
lost via transmission. And because small-scale wind lowers your home’s demand for power from
the grid, it works beautifully with other renewable and conservation efforts.Depending on how
expensive the prevailing grid rate for electricity is in your area, and on whether your state or
national government offers incentives for local wind power, you may discover that you can get
financial support for a wind energy system. You may be very pleasantly surprised how quickly
you see an annual return on your wind investment. This book will walk you through that analysis.
If you happen to be building somewhere off the grid entirely, such as a rural cabin or on an
isolated island, then small-scale wind can readily become a cost-effective part of your energy
solution.To be clear, small wind power turbines are electric generators that use wind to produce
clean, emissions-free power for individual homes, farms, and small businesses. The United
States leads the world in the production of small wind turbines, although Asia and other
countries are rapidly catching up. A small turbine is typically defined as having a rated capacity
of 100 kilowatts or less—enough for providing for ten or fewer average U.S. homes. The turbine
tower should be a minimum of 30 feet taller than nearby trees or buildings (although taller is
usually much better, and the most productive home systems often approach 200 feet in height).
It should be far enough from your neighbors in case an unlikely collapse occurs (follow our
instructions and make sure you work with well-engineered designs, and you shouldn’t go
wrong).Guests enjoy the swings inside the Long Island Green Dome. Renewable energy and
efficiency projects can be a lot of work, but they can also be a lot of fun, and they can be a way
to meet neighbors and like-minded folks. Kevin Shea.The homegrown energy potential is
enormous for local, smaller-scale wind power. The fastest-growing market segment within small-
wind power is among grid-connected, residential-scale systems with a capacity of one to ten
kilowatts (kW). This book focuses on how to install this kind of residential-scale system so you



can watch your meter run backwards, and perhaps get paid by your power authority, when the
wind is blowing.Thoughtful utility companies like wind power, whether industrial or small-scale,
as a cost-effective way to diversify their energy portfolio and avoid the price shocks common
with coal, oil, and natural gas. For those concerned with reducing their greenhouse gas footprint
to mitigate climate disruption, a single residential-scale (less than 10 kW) wind turbine displaces
the carbon dioxide produced by more than 1.5 average cars. (If you are a truck or Nascar driver,
get a 10 kW.)Kevin wired up his wind and solar systems for easy monitoring and maintenance.
For homeowners concerned with rapidly rising utility bills, a home wind power installation can
immediately lower monthly electricity costs. Kevin Shea.For homeowners concerned with rapidly
rising utility bills, a home wind power installation can immediately lower monthly electricity costs.
For the “green jobs” angle, U.S. manufacturers have engineered one-third of small wind turbines
worldwide. (Although there is rising competition from Europe and Asia.) If a farmer in Haiti,
Botswana, or anywhere else wants to invest in small wind power to help them raise their
standard of living, hopefully this book can help.All that being said, we want to stress that
installing and/or operating a small wind turbine is neither easy, cheap, nor without real risks to
life and limbs. We asked Ian Woofenden, author of the excellent guide Wind Power for Dummies
(For Dummies, 2009), for some advice. “Small wind is one of the hardest renewable energy
technologies to implement,” Woofenden told us via phone while he took a break from one of his
many long bike trips.“I probably talk ten times as many people out of it as I talk into it,”
Woofenden added. “It isn’t right for everyone, and most people have unrealistic expectations
about it [we’ll get into that shortly]. Small wind power is not easy or cheap, and the smaller it is
the worse it is.”We don’t want to scare you off, but we want you to be aware of the real risks and
limitations, and we hope this book helps guide you through what should be an enjoyable
process.How This Book Is OrganizedThe major remaining obstacles to a small wind power
revolution are educating consumers and making public policies more wind-friendly. This book
will address both these areas, drawing on examples from around the world. It will thoroughly
explain the fundamentals of the technology, with facts and figures, and demonstrate why it is
such a fast-growing industry. We will walk the reader through the “how to” basics of getting their
own system up and running, including how to evaluate their site for wind power potential (and it’s
not about licking your finger), getting permits (pull hair here), and (gulp) financing it.This book
will take you through the step-by-step procedures to install your own turbine system, from
purchasing options to maintaining the system. For those who can’t build one right now, we also
show the reader how to help promote more wind-friendly public policies, from local permitting
and zoning to working with local utilities. It will serve as a valuable toolbox to help you get things
done and make a difference. The final chapters in this book will analyze the breakthroughs in
wind technology that are just around the corner, as well as provide a list of resources that
readers can plug into to stay abreast of developments.Many green technologies work well
together, especially solar and wind energy. Kevin’s unique home includes both, as well as a
“green roof,” which helps reduce harmful runoff and naturally cools indoor spaces. Kevin



Shea.Assumptions• You are interested in effective wind electric systems.• You want to know if a
wind turbine is feasible for your home, farm, office, or development.• You want to know how to
achieve a “wind-win” scenario with neighbors and your town’s code.• You want to separate myth
from truth about wind and wind turbines.• Your goal is to support or experiment with clean
technology.• You are curious if you can actually install your own wind turbine.• You want to begin
developing the knowledge base or skill set to install a small wind turbine.Feel free to skip
anything you don’t want to read. Each chapter is a stand-alone. And there will be cross-
references among the chapters, so if you encounter a gap in your personal knowledge base, you
will be able to quickly catch up.Our ResponsibilitiesFacilitate the understanding of the core
knowledge you need to manage the entire lifecycle of a small wind power system.Important
WarningWe did our best to be comprehensive, but no book can tell you everything you need to
know about installing a complete wind system. That involves a wide range of technical skills,
including wiring and electrical work, tower engineering, climbing, pouring concrete, hoisting
heavy equipment, and much more. No book is a substitute for hands-on experience and training,
and this is certainly true when it comes to small wind systems. There are numerous hazards in
this industry that can lead to serious injury and even death, and it sometimes happens. Risks
include falls, falling objects, electrocution, and blade strikes, to name a few.If you’re serious
about getting your own wind system, we strongly recommend going with an experienced and
qualified installer, or getting trained beforehand if you are going to do some of the work yourself.
It is possible to build your own wind system with your own two hands, but it is difficult, and you
will need more than this book. You will, at a minimum, need a mentor to show you how to
complete some of the trickier tasks required. This book can’t show you everything you’ll need,
but it is a good place to start.The small wind industry does involve a range of technical skills, as
well as risks. This book will help you understand some of the challenges and hazards, but no
book is a substitute for hands-on training. Courtesy of Rosalie Bay Resort.A small wind system
is a considerable investment and takes some work to maintain, but it can also be very rewarding.
Kevin Shea.Conventions Used in This BookWe would like to share a word about the form of this
book. The beginning of each chapter will have an inspiring or provocative wind quote from a
VIP:I can’t change the direction of the wind, but I can adjust my sails to always reach my
destination.–JIMMY DEANThis is followed by an overview box, which will inform readers what
questions we are going to answer. Here is the model:Overview• What is the science behind wind
energy?• Why is wind the solution for me?• Which systems will work for me?• Is this going to be
expensive?In addition, we sprinkle subject-specific sidebars throughout the book.Hazard
Installing a wind turbine is an inherently risky activity. Some of the potential risks include falls,
being struck by falling objects, electrical shocks or even death. We have tried to place this
symbol near instructions that carry significant risk, to underscore that extra vigilance may be
warranted.Power Up! Some eye-popping information or tidbit that may require consent from your
guardian to read.Tech Stuff A deeper, more technical look at wind science, often involving math
equations, applied logic, and statistics. If you aren’t technically-minded, you may want to skim



over these sections.INTERCONNECTInspiring stories that bring the small-scale wind turbine
community network across the globe to your home. So get out the welcome
mat.ResourcesResources that fully explore and explain this topic so thoroughly that you
shouldn’t just take our word for it.QR CodesIn some cases, we want to provide additional
information that can’t fit into this book, so we provide an encoded URL or other content in a
matrix barcode. Aim a mobile phone with a camera or smartphone with the proper scan software
at the square, called a QR (quick response) code, click, and, voilá, up pops a link to websites of
content, manufacturers, coupons, videos, and maps.Scan me!Kevin built his dream home on
Long Island, and he’s now busy building an innovative wildlife reserve in Nicaragua. What will
you build? Kevin Shea.After You Read the Book, Then What?We plan to support this book on
our own websites, and we will be doing follow-up podcasts, videos, blog posts, and so on on the
topic. Our long-term goal is to build and keep alive a networked audience through social media.
If you have no idea what we are talking about, just know that we are not done with YOU after you
finish reading this book. You will be able to come back to us for more. Now that is a guidebook
with a good return that keeps coming.Now That We Have Your AttentionIf you want to take part
in one of the great undertakings of our time, get involved now.In the process of your daily
agenda, make a difference. After reading this book, you will know many of the core concepts
and terms, advantages and limitations of small wind power, but we need to get your commitment
in the beginning before you get totally enthralled with your project.So here are five easy ways
you can help now:1. If you are acquainted with the legislators who represent you at the local,
regional, and/or national levels, talk to them.Tell them you would like to see the promotion of
safe, effective, and efficient small wind energy systems to reduce the on-site consumption of
utility-supplied electricity and improve our economic and environmental “situation.” And ask
them what they’re doing to• Accelerate the massive amounts of renewable energy that are
needed• Give everyone an equal opportunity to participate in the renewable energy revolution•
Make renewable energy feed-in tariffs available to everyone (see Chapter 6)2. If you live in the
don’t-know-my-legislators category, please submit the statement and questions above to your
legislators’ e-mail at this website:• United States:• Canada:• European Union:• List of National
Parliaments:3. For those who use social media tools (e.g., Facebook, GoogleMe, YouTube,
Flickr), please take action at the Repower America Website (shared by the Alliance for Climate
Protection and the Climate Protection Action Fund) at: repoweramerica.org/take-action.4. To
register your support for electricity feed laws, also known as feed-in tariffs (FITS), and the
renewable energy payments that make them work, go to the website for the North American
Alliance for Renewable Energy at: .5. Become a member of any of the following wind energy
associations listed on this website: .Do not turn the next page until you have completed at least
one act. Note: Your e-mail is not being placed on some third-party mailing list.Did you complete
one of the five items? If so, please continue to read.CHAPTER 1First Wind: Introduction to Small
Wind PowerI can’t change the direction of the wind, but I can adjust my sails to always reach my
destination.–JIMMY DEANOverview• What is wind energy?• Where did wind turbines come



from?• What are the components of a wind energy system?• What are the main drivers for wind
energy?Regardless if this is your first project or your umpteenth project, you are charged up
about harnessing your own wind (Figure 1-1). So let’s breeze through this first chapter.FIGURE
1-1 A 10 kW small wind turbine on lattice tower at Windy Acres Farm in Calverton, New York.
The farm is a popular tourist stopover, and so helps educate people about wind energy. Kevin
Shea.Topics will include a brief overview of wind power history, advances in large-scale wind
worldwide, and how these developments drive up the potential for local, small-scale wind. The
chapter will also give a brief explanation of how the wind turbine system works. Last, we will
outline the significant environmental benefits of wind power, as well as potential impacts,
including addressing common myths and areas for concern.A Brief History of Wind EnergyYou
might already have a good understanding of wind energy, but let us start with the basics.Wind is
simply air in motion caused by uneven heating of the Earth’s surface by the sun. The Earth
absorbs and releases the heat at different rates because it is made of different types of
materials. This produces cold and warm air masses that shift continuously. As warm air rises,
cool air moves in. Wind is caused by differences in pressure. Where these differences develop,
air is accelerated from higher to lower pressure.Wind has been converted into useful forms of
energy for millennia (Figure 1-2). Long ago, wind was used to build or “feed” a fire, spread seed,
and dry cloths. Historians believe wind has been tapped to move sailboats for at least 5,500
years. In the 17th century B.C.E., the powerful Babylonian emperor Hammurabi recorded plans
to use wind power for ambitious irrigation projects. (That’s the same ruler responsible for
Hammurabi’s Code, one of the earliest written systems of law.)FIGURE 1-2 Wind has been used
for millennia to fan fires, spread seed, and dry clothes, as well as for artistic purposes, such as
this re-creation of traditional German wind art in Texas. Brian Clark Howard.It seems that people
understood wind energy as a public good even back then. Over time, and with more innovation,
wind began to be converted into mechanical energy through windmills, which turned grinding
stones for making flour and drove pumps for moving water.Many historians think the first
windmills were invented by the Persians around 500 C.E. (Figure 1-3). These devices were
made out of bundles of reeds and wooden frames, and were mounted on vertical shafts (taking
the shape of what we now call vertical axis wind turbines, or VAWTs). They were housed in brick
or clay walls, with an opening that allowed the wind to enter, and were used to grind grain and
pump water. In the first century C.E., the Greek mathematician and engineer Heron (aka Hero)
of Alexandria invented a wind-powered musical organ. Similarly, by the fourth century, devotees
in Tibet were cleansing their karma via wind-powered prayer wheels. (For good measure, they
also had stream-and candle heat-powered prayer wheels.)FIGURE 1-3 Many historians think the
first windmills were invented by the Persians around 500 C.E. Their devices gradually spread
throughout the Middle East, and were mentioned in early Islamic texts. Kaboldy/Wikimedia
Commons.Many historians say the world’s first truly practical windmills were invented in Sistan—
a region now on the border of Iran and Afghanistan—sometime around the seventh or ninth
centuries c.e. These were also vertical axis models, with rectangular-shaped blades and six to



twelve sails of reeds or cloth. These early windmills were used to grind flour, process sugarcane,
and pump water. Over time, the designs spread throughout the Middle East and Central Asia.
They were also sometimes adapted to pump seawater to make salt.The earliest definitive record
of a windmill in northern Europe is a report from Yorkshire, England, in 1185. This example had a
horizontal axle, predating today’s horizontal axis wind turbines (HAWTs), and it was used for
grinding grain and pumping water. Beer a la wind!Some scholars have theorized that the
horizontal design was adapted after contact with earlier vertical designs, perhaps as a result of
the Crusades, but medieval technology scholar Lynn White, Jr., has argued that the Europeans
independently invented their windmills (Figure 1-4). According to White, it wasn’t so much a leap
of technology as much as an evolution, given that waterwheels were already in use there. Wind-
driven versions offered a number of key benefits, such as the ability to work even when the rivers
are frozen. Plus, there are only so many babbling brooks to go around, especially when the best
ones are already claimed by the nobility.FIGURE 1-4 During the late Medieval and Renaissance
periods, horizontal axis wind turbines sprouted across Europe for pumping water and grinding
grain. Can’t you imagine Don Quixote tilting at these windmills in Spain? Lourdes Cardenal/
Wikimedia Commons.In the 14th century, the people perhaps most associated with windmills
today, the Dutch, began using the machines to pump water out of their dammed watersheds,
expanding their amount of arable farmland, and even permitting them to live below sea level.
Many beautiful historic examples of the windmills remain standing today.American history
scholars believe the first windmill built on U.S. soil may have been erected in Jamestown,
Virginia, in 1621. After that, a number were built across the continent as colonists expanded.
Between 1850 and 1900, an estimated six million small windmills were installed on American
farms to drive irrigation pumps. They were made by such firms as Star, Eclipse, Fairbanks-
Morse, and Aeromotor.In 1887, Professor James Blyth of Anderson’s College (now University
Strathclyde) in Glasgow, Scotland, built the world’s first wind turbine—meaning a device that
harnessed the power of the winds to actually generate electricity. Blyth’s machine was 33 feet
high and had cloth sails, and it powered lights in his vacation cottage. Allegedly, when he offered
to share his excess electricity with the townspeople, they declined, calling it “the work of the
devil.” Blyth would build another wind turbine for a local hospital, but his designs never caught
on. Damn him!In 1888, inventor and engineer Charles F. Brush built a massive experimental
wind turbine in the backyard of his Cleveland, Ohio, mansion (Figure 1-5). Atop a 60-foot, 40-ton
wrought iron tower, Brush’s team placed a 56-foot-diameter horizontal axis turbine with a rotor
composed of 144 blades—which provided a sail surface of 1,800 square feet (an average area
of a U.S. home)—and a tail that was 60 feet long and 20 feet wide.FIGURE 1-5 In 1888, Charles
F. Brush built a 12-kilowatt wind turbine in his Cleveland, Ohio, backyard. Wikimedia
Commons.According to Green Energy Ohio, the 20-foot shaft inside the tower turned pulleys
and belts, rotating this dynamo up to 500 revolutions per minute. It was extremely inefficient, in
part because it was such a solid mass and because it turned slowly. And despite its size, the
turbine could only produce a maximum of 12 kilowatts. It could power your New York home



today, but the wind had to be strong enough to compensate for the steel shield of blades.Brush’s
wind turbine reportedly lasted for 20 years, although it was obsolete within just a few, since
Cleveland soon received grid power, which was more reliable and easier to work with.In the
1890s, Danish scientist Poul la Cour also built wind turbines, and the technology really caught
on in Denmark, which is still a global leader in the field. By 1908, Denmark had at least 72
electricity-producing wind turbines, ranging in output from 5 kW to 25 kW. The largest of these
were mounted on 79-foot towers, with four-bladed, 75-foot-diameter rotors. In 1957, another
Dane, Johannes Juul, reached an important innovation with a 79-foot-diameter horizontal axis
wind turbine at Gedser. This design had three blades and faced upwind, and it established the
most dominant design in the industry.The 1920s, 1930s, and 1940s saw a “golden age” of wind
turbines in America, as millions of units were installed across the country (Figure 1-6). Some
were used on bridges and for other isolated structures, but most were bought for farms and
ranches, where they provided lighting and ran machinery, typically with batteries. Manufacturers
included Jacobs Wind, Wincharger, Miller Airlite, Universal Aeroelectric, Paris-Dunn, Airline, and
Winpower. Most designs generated a few hundred watts to several kilowatts. The most popular
model was a two-bladed, horizontal design from Wincharger, which produced up to 200
watts.FIGURE 1-6 In the early 20th century, millions of small wind turbines were installed around
the world, before widespread rural electrification. Many of these machines still spin today, like
this one in Idaho, and some are still used for remote power and pumping. Brian Clark
Howard.During this period, some turbines were used in Africa and in other developing areas,
and some were even used on Admiral Byrd’s expedition to Antarctica. At the same time, the
Dunlite Corporation sold many small turbines across rural Australia.The rural electrification
programs that started in the 1930s ended this golden age of wind turbine use, since getting grid
power meant that it was no longer convenient or economical to keep the small blades spinning.
As a result, fewer wind turbines were built for several decades. True, some very small turbines
have long been used on boats (Figure 1-7)—in fact, German U-boats even had them in World
War II—but there wasn’t a lot of demand.FIGURE 1-7 Small wind turbines have been used on
boats for a long time, as proven by this 1902 image of the grounded ship Chance off New
Zealand. David De Maus/Wikimedia Commons.However, in the 1970s, rising environmental
consciousness, the Arab oil embargo, and the back-to-the-land movement combined to feed
new demand. At first, many people sought out vintage wind turbines—Jacobs Wind models
were especially prized. Gradually, a small industry developed to recondition and service these
machines, and over time, companies began to design and build new equipment. Some people
also tried making their own wind turbines out of locally available scrap parts, such as hand-cut
wooden blades, used car alternators, and old bicycle chains. These designs can work, as
triumphantly proved by young Malawian tinkerer William Kamkwamba, the subject and coauthor
of the best-selling book The Boy Who Harnessed the Wind (William Morrow, 2009). However,
they are a lot of work, are often noisy, and usually don’t produce much juice.Today, consumers
have considerable choice when it comes to small wind turbines. They can shop for full-service



wind solutions, or order kits and parts online and do the whole thing themselves. The industry is
still relatively immature, especially compared to commercial wind, and many designs are new
and without track records or real-world data to back them up. But that is changing, and new
certification programs are coming online.A Brief History of Commercial-Scale Wind EnergyOn
the utility scale, not much developed during the early decades of the 20th century. In 1931, the
Soviets built the WIME-3D turbine near Yalta. This 100-foot-diameter, three-blade rotor was
mounted on a 100-foot steel lattice tower. It produced up to 100 kW, meaning it would technically
be classified as small wind by most experts today, despite its big size.In 1941, the world’s first
megawatt-scale turbine was built, on the top of Grandpa’s Knob Summit in Castleton, Vermont
(Figure 1-8). The massive, 1.25 megawatt (MW) turbine was connected into the local grid, but it
only lasted for 1,100 hours, since a known structural weakness resulted in failure. The builders,
Palmer Cosslett Putnam and the S. Morgan Smith Company, reportedly couldn’t make
reinforcements due to wartime material shortages. It would be about 40 years before anything
was tried to that scale.FIGURE 1-8 The world’s first megawatt-scale wind turbine was built on
blustery “Grandpa’s Knob” near Rutland, Vermont, in 1941. Rated at 1.25 megawatts, the project
only lasted a brief time, since war shortages prevented repairs. DOE/Wikimedia Commons.In
the 1970s and 1980s, the National Aeronautics and Space Administration (NASA) conducted
extensive research on utility-scale turbines. Efforts were coordinated out of Lewis Research
Center (now John H. Glenn Research Center) in Sandusky, Ohio, not too far from Brush’s
pioneering machine. The wind projects were funded by the National Science Foundation and the
Department of Energy (DOE), with support from a public that was hungry for renewable,
homegrown energy sources.Several designs were tested at sites in Ohio, North Carolina,
Washington state, and elsewhere (Figure 1-9). Major contractors included General Electric,
Boeing, Westinghouse, and United Technologies. The work eventually led to many key
innovations, including steel tube towers, variable-speed generators, composite blade materials,
partial-span pitch control, and structural components. In 1987, the massive Mod-5B turbine was
built in Hawaii, with a rotor of 328 feet and a rated power of 3.2 megawatts. The blades were
segmented so they could be transported more easily.FIGURE 1-9 In the early 1980s, NASA, the
DOE, and Boeing built a 7.5-megawatt cluster of three big wind turbines in Goodnoe Hills,
Washington. The experimental wind farm was supported by the Carter administration and a
public shocked by the Arab oil embargo. NASA/DOE/Wikimedia Commons.Also in the 1980s,
California passed tax rebates for wind power, and this kicked off the world’s first commercial
wind farms, the most famous of which is located in Altamont Pass. Those turbines are small (100
kW) and inefficient compared to today’s commercial operations, but they set the stage for an
exciting new industry, and they still spin today.By the way, have you ever noticed which way wind
turbines spin? Most old-fashioned windmills had their blades rotate counterclockwise, and that’s
how many wind turbines worked, too. However, in the 1970s, the Danes started making all their
designs work clockwise, and soon it caught on as an industry standard.Vertical axis turbines
haven’t seen as much development over the years, although NASA has tested them, and there



has been a recent resurgence in them, despite some controversies (Figure 1-10). The Darrieus
wind turbine, a key vertical style, was patented in 1931 by French aeronautical engineer
Georges Jean Marie Darrieus. (More on VAWTs in Chapter 8.)FIGURE 1-10 A micro-VAWT
mounted above solar panels on a light pole in a Brooklyn parking lot. VAWTs have enjoyed a
resurgence recently, though they remain controversial. Brian Clark Howard.Today, wind energy is
primarily extracted to generate electricity, although some windmills are still used to pump water,
primarily on remote ranches. Although small-scale wind is now overshadowed by commercial
projects in terms of investment, political support, and public awareness, the small wind industry
continues to show strong growth and considerable promise. Small wind turbines don’t make
sense for everyone or for all locations, but they definitely have a role to play in a cleaner future
and in smart energy economics.It’s worth remembering that wind is a renewable energy source,
because the wind will blow as long as the sun shines. There is no controversial belief regarding
some “peak wind” theory, as there is with fossil fuels. Wind will be here for at least 20 millennia
more, and we hope that human beings like you will be innovative enough to reap the
benefits.Recent Growth of the Global Wind MarketYou are standing on the highest peak in the
American Northeast, the 6,288-foot Mount Washington in New Hampshire. It’s a forbidding
landscape of wind-swept rock, home to some of the planet’s fiercest winds. All of a sudden, you
are blown over by a terrific gust. You are swooped into the air, out of control, and at the mercy of
winds with the amazing speed of 231 mph (103.3 m/s), the fastest ever recorded with an
anemometer (outside of a tropical cyclone).1 While you are up in the air, let’s ride the trade
winds across the globe to see what advances are being made in the wind industry
worldwide.Figure 1-11 shows a graph of world-installed wind power capacity for 1996 through
2008. Take this chart with you, because it can give you a glimpse of small wind turbine growth to
expect on your journey.FIGURE 1-11 Global installed wind power capacity for 1996 through
2008, moving steadily up! Global Wind Energy Council/Thomas Splettstoesser/Wikimedia
Commons.Circling the United States, the wind rushes through numerous large-scale onshore
(i.e., on land) wind farms. You are blown past the Altamont Pass Wind Farm in California, a bold
step in the infancy of the market (Figure 1-12). The 5,400-turbine collection of residential-size
turbines initially installed in the early 1980s provided lessons for future development. It has long
been cited by conservationists as a primary reason why wind turbines can sometimes do more
harm than good, as it ended up killing thousands of birds, including eagles and other raptors
(more on this later this chapter). Note that 80 megawatts of turbines are to be upgraded by the
end of 2011 to remedy this problem.FIGURE 1-12 California’s sprawling Altamont Pass is home
to one of the world’s most famous wind farms, which was started in the early 1980s. Shown are
Enertech models that are considered vintage today. Xah lee/Wikimedia Commons.On the other
side of the coast, a massive offshore wind farm network is being planned from Maine to North
Carolina. In between are 100,000 small wind turbines now operating throughout the country,
providing about 100 megawatts of generating capacity. This includes boats, homes, farms, and
businesses with spinning flags of wind power.Swoop up to Canada, home to more than half of



the small wind manufacturers worldwide, with models in the 30-50 kW range and to three-
fourths of manufacturers with models in the 50-100 kW range. Small and utility-size wind
turbines power over 1 million Canadian homes, with estimated wind energy potential for 17
million homes.2 Despite its recent economic troubles and extended cold temperatures and
harsh weather, Canada’s small wind industry has increased by 55 percent over the past two
years, according to a new market study conducted for the Canadian Wind Energy Association
(CanWEA).According to CanWEA’s manager for small wind policy, Emilie Moorhouse, the
country has an estimated 12 MW of installed small wind capacity. Almost 90 percent of that is
due to systems smaller than 1 kW. A large percentage are off-grid, in very isolated and far
northern areas.3Taking the trade winds, we pass over sparsely populated areas of Greenland,
the world’s largest island, with harsh climatic conditions and little infrastructure due to cost
constraints. Wave a salute to the task forces looking for ways to harvest one of the world’s best
onshore wind resources, due to its high average wind speed of 15 mph (7m/s).At the gateway of
Europe, you swoosh through history. You might see remnants of windmills that once dominated
the landscape of Holland, also home of the Zeeland small wind turbine test site (Figure 1-13).
Also, tip your cap to Denmark up north, which has long been home to pioneers of wind turbine
development. Then there is Germany, Spain, and numerous other countries in the European
Union that have seen small wind turbines planted like seeds in a field after the government
agreed to pay feed-in tariffs for clean electricity wherever the site permits (see Chapter 6 for
more on financing).FIGURE 1-13 The Zeeland small wind turbine test site in Holland, where
researchers evaluate different designs. Jeroen Haringman/.In the United Kingdom, which
recently added a feed-in tariff for small wind, the growing trend is small, distributed, grid-
connected projects (Figure 1-14). The United Kingdom has historically been the second-largest
market after the United States, representing 20 to 25 percent of global demand.4 The United
Kingdom added an estimated 10,000 small wind turbines since 2005, for a total of over 15,000.5
Installed capacity now exceeds 20 MW.6 There is rising interest in many other countries in the
European Union, particularly Italy, where small turbines are seen as offering “made in Italy”
potential.7FIGURE 1-14 The United Kingdom recently added a feed-in tariff for small wind,
which is helping spur the industry. Pictured is an Ampair 6000 wind turbines in Berkshire.
Ampair.At closer look, you can see a unique turbine application that is just beginning to enter the
market around the world, in urban regions. Soaring from the forest of skyscrapers, flats, and
municipal parks like Peter Pan on his search for Wendy, you can feel the sudden drop in wind
energy as it wraps through the concrete maze. This environment is not generally conducive to
effective use of large or even small wind turbines. However, micro-turbines, dubbed urban wind
turbines (UWT), are in development (Figure 1-15). If new field-test certification standards arrive
for UWTs, it may bring a breath of fresh air.FIGURE 1-15 Placing wind turbines on rooftops and
in urban areas is unlikely to produce much energy, unless the winds are very strong. Pictured is
an experimental Honeywell wind turbine on the roof of the Solarium, a green-themed apartment
building in Queens, New York. Brian Clark Howard.Currently, it is wise to be skeptical of those



who say any turbines can be placed on rooftops, in urban areas, or in places with a lot of
turbulence. Such obstacles take much of the power out of the wind, and wind speed is a crucial
factor in the amount of energy that can be produced, as we’ll soon explain. However, most
experts think there is potential in this area, if the right factors align and the right technology
comes along, for the right price.Pushing forward, the wind currents accelerate as you approach
the western coast of India. The estimated potential for wind-energy production in India is 40,000
MW at 100 feet above ground level. In rural India, small and micro-turbines are lighting up
homes of remote villages and powering hundreds of telecommunications towers.8We will
conclude your world tour with one of the biggest growth markets: China, which reportedly added
about 50,000 small turbines in 2009, for a total of some 400,000 in place by the end of that
year.9 There may be as many as 100,000 small wind turbines in use by nomadic herdsmen in
northwestern China. These small turbines—so compact they can be carted on horseback from
one encampment to another—are among the few sources of power available on the Asian Great
Plains.10“For a young married couple in inner Mongolia, their most revered gift is a wind turbine,”
Trudy Forsyth told us via phone from the National Renewable Energy Laboratory (NREL)’s
National Wind Technology Center in Colorado. Forsyth is a senior project leader who specializes
in testing and certification of small wind turbines, and serves as NREL’s liaison to the American
Wind Energy Association (AWEA). “They can take it with them, where they can set it up, and get
some lights and TV,” said Forsyth. “Wind turbines are more rugged than solar panels, and it’s
windy there.”Even today, three-fourths of all small wind turbines built are destined for standalone
power systems at remote sites, far from the nearest village. Others serve mountaintop
telecommunications sites where utility power could seldom be justified.Although there are other
countries to visit, there is only so much space in this book. But take a look at the interactive map
from the Global Wind Energy Council on to get a bigger picture.We hope you get the idea that
there is huge and growing global demand for emissions-free wind power, which can be installed
quickly, in many places in the world. Over the past ten years, global wind power capacity has
continued to grow at an average cumulative rate of over 30 percent11 (Figures 1-16 and 1-17).
Although commercial-scale projects have led the way, the small wind industry has seen strong
growth as well, despite the global recession. In general, small wind is still a niche energy player,
and it does have some of the limitations of being an immature market, such as difficulty in finding
replacement parts and access to skilled labor.12FIGURE 1-16 Commercial wind technology has
advanced rapidly over the past few decades; the industry is much more mature than the small
wind power sector. Wind Powering America/NREL.FIGURE 1-17 As the cost of producing
energy with large wind turbines has dropped dramatically, production has skyrocketed. Wind
Powering America/NREL.Still, improving technology has given rise to a more cost-effective small
wind turbine over the last 15 years, moving closer to the cost of conventional energy sources.
For years, small wind turbines have been used to generate power to charge batteries. Technical
developments have increased the power rating, efficiency, and reliability of these turbines.
Current wind turbines can also now be used either on or off the grid to power homes and



businesses. In fact, the fastest-growing segment of the small wind turbine market is that of
residential-scale, grid-connected units, between 1 and 10 kW.Due to advanced technology, wind
turbine blades have become lighter, yet more durable and efficient in extracting wind energy.
Similarly, the rotor speeds have been slowed down to decrease noise, and vibration isolators
have been introduced, particularly for roof-mount models. Self-protecting technologies like the
ones developed by WindTide in Ireland help the wind turbine protect itself in case of high wind
speeds, including with active pitch controls (explained in Chapter 8) that maximize energy
capture at high speeds without permitting the turbine rotor to get the brunt of the heavy
gusts.Some small wind turbines are also available with wireless connectivity, enabling owners to
control the system from a distant location, while others come with nifty electronic data displays.
Such technological advances have made these wind turbines more like an appliance, enabling it
to be part of the household dinner conversation, and a desirable gift on the wedding
registry.13Want to fly there for a closer look now…. Scan the
locations.ResourcesINTERCONNECT“The Boy Who Harnessed the Wind” Shows the
Importance of ScaleA small, landlocked country in southern Africa, Malawi is among the world’s
poorest, and only about 2 percent of its people have electricity. But one young Malawian tinkerer
has proven to the world that anyone can improve their lot in life through the power of the
wind.William Kamkwamba’s story has become internationally known, thanks to a TED
fellowship, a bestselling book (The Boy Who Harnessed the Wind) and a globetrotting schedule
of speaking and TV engagements (Figure 1-18). As Kamkwamba explains in his inspiring,
gripping memoir, he was first exposed to the concept of wind energy in 2002 when he was 14
years old, while looking through a textbook at his rural town’s tiny library. With Malawi suffering
through a heartbreaking famine, Kamkwamba’s farmer parents couldn’t afford his school fees,
and there was only so much work he could do in the parched earth, with no way to irrigate or
afford fertilizers.FIGURE 1-18 William Kamkwamba of Malawi inspired millions by building a
wind turbine out of junk.Impressed by the graceful, intrinsically simple shape of a wind turbine,
Kamkwamba wondered if he could build one to pump water and bring lights to his house so he
could study when the sun went down. He spent months pouring through tattered engineering
texts and scavenging through junkyards and scrap heaps. He even took a part-time job to earn
the few dollars he needed to purchase a bicycle dynamo.While Kamkwamba endured harsh
torment by his peers and confused stares from adults, he pressed on. Near his family’s modest
home, he raised a 16-foot tower from blue-gum poles he cut himself. At the top of the tower, he
and a friend cobbled together a 12-watt wind generator out of used bicycle parts, plastic pipes,
tractor fans, and wood. In one of the book’s most dramatic moments, Kamkwamba amazed a
crowd of his critics when he first wired a light bulb to his spinning machine … and it glowed
dimly.Soon, Kamkwamba was powering several lights and a radio in his home, and he charged
cell phones of grateful passersby for free. He added car batteries for some energy storage, and
he improvised a simple overcurrent protection feature (from a nail and speaker magnets) and a
600-watt inverter to convert the machine’s wild alternating current (AC). The blades turned a



pulley, which turned an old bicycle wheel, which powered the dynamo. According to his blog,
Kamkwamba and friends recently added better deep cycle batteries, and they hope to add solar
panels.Early on, the young boy’s impressive contraption attracted attention from the national
authorities and the news media, and before long, he was offered a scholarship to a prestigious
school in South Africa (Kamkwamba has since been accepted to Dartmouth University in the
United States).Kamkwamba also built several more wind generators, including some that pump
water for irrigation and one that serves a local school in his native Kasungu District. The largest
of his machines stands at 37 feet.Kamkwamba is exceedingly humble, and he is already hard at
work helping others in his community. His Moving Windmills Project has partnered with the U.S.-
based nonprofit to rebuild his old school, which is in serious disrepair. Kamkwamba also hopes
to empower others in the developing world to generate their own energy.It’s easy to see why
William Kamkwamba’s story resonates around the world. It’s a touching example of how a bright,
determined individual can lift himself out of poverty through hard work. It’s also a good reminder
that, to be a success, a wind turbine doesn’t have to be big or made from shiny, expensive
parts.Although a 12-watt turbine isn’t going to make much of a dent in the typical American
home’s energy budget (the annual average is 10,000 kilowatt-hours), that says more about our
consumption patterns than it does about the limits of do-it-yourself (DIY) projects. For a family
like the Kamkwambas, having the ability to read at night, pump well water, or charge a cell
phone without walking into town and paying a fee is a significant improvement in quality of life.
Sometimes, we have to rethink our notion of scale and remember that what doesn’t work in one
situation may be just the thing for another.Wind Energy System ComponentsHere’s a gentle
breeze through a complete wind energy system.TurbineA wind generator, or turbine, has two
functions:• Collect the wind (blades)• Convert wind energy into mechanical then electrical
energy (generator)Turbines may come in different shapes and sizes, but in general, the blades
and the hub, the center part that turns the shaft, combine to make up what is called the rotor—
what we see spin (Figure 1-19). The spinning of the shaft (or stator in some cases) results in
generating an electrical charge within the alternator. To maximize the energy harvested, a
turbine needs a device that keeps it facing the wind, either mechanical—as in a tail—or
electronic—such as the electronic orientation yaw drive.FIGURE 1-19 Assembling a wind
energy system is a challenging task that requires teamwork. Scotsman Hugh Piggott leads
workshops on both sides of the pond that have taught thousands of people to do it themselves.
Hugh Piggott.Power Up! Blade size and robustness of the alternator, rotor, and tail to weather
through years of high-velocity winds will be one of your major factors in deciding which turbine to
purchase. The next factor will be the generator’s conversion efficiency from wind’s kinetic energy
to electricity, and the durability of the generator’s components to long-term exposure to air
turbulence and high revolutions per minute (rpms) (see Chapter 8).TowerThe tower puts the
turbine up in the location of the “fuel”—the smooth, strong winds that provide the best energy.
Wind turbines should be sited at least 30 feet higher than anything within 250 feet (76 m).Three
common types of towers are tilt-up, fixed-guyed (the ones with the supporting wires), and



freestanding, or the one where the structure is wider at the base than it is at the top and has a
significant foundation. Towers must be specifically engineered for the lateral thrust and weight of
the turbine, and should be adequately grounded to protect your equipment against lightning
damage.Transmission WiresTransmission wires are usually made of copper or aluminum, and
they deliver the electricity from the turbine to your conversion assembly (see “Balance of
System”) and ultimately to your home and the utility grid. Proper sizing of wire to handle the load,
grounding patterns, trenching, and safety measures are discussed in detail during
installation.Balance of System (BOS)In addition to the primary hardware of turbine, tower, and
wires, you’ll need other parts to make your investment work. These other components are often
collectively referred to as the “balance of system.”Charge ControllerIn a battery-based system,
this smart little box keeps your batteries properly fed and safe for the long term. As the name
suggests, a controller governs the charge produced by the wind turbine. It blocks reverse current
and prevents battery overcharge. That’s important, because overcharged batteries need more
maintenance and wear out quickly.Nearly all installations require a controller to divert excess
electricity if too much is being produced at once, due to high winds. Many controllers also
provide intelligent charge regulation, array output optimization, automatic battery equalization,
and even built-in datalogging. Chapter 10 on BOS will cover selection and installation of charge
controllers.Battery Bank (Storage)If your system is off-grid, you’ll need a battery bank—a group
of batteries wired together—to store energy so you can have electricity when it’s not windy. A
wind turbine can also be hooked up to both batteries and the grid. Produce excess energy that
your batteries can’t hold, and you can feed it into the grid, hopefully for a credit. When
insufficient electricity is generated or the batteries are drained, electricity drawn from the grid
can make up the shortfall. Yet battery banks can provide emergency backup during
blackouts.Only deep-cycle batteries are recommended for wind-electric systems, although
William Kamkwamba built his first small turbine in Africa with regular off-the-shelf batteries, and
he still had a little juice for a few lights. For wind systems, lead-acid batteries are the most
common battery type chosen due to their low cost and wide availability. Sure, lithium-ion
batteries would work great, but they aren’t cheap.System MeterSystem meters can measure and
display several different aspects of your wind system, including how much power you are
producing at the moment, the charge status of your batteries, and how much electricity your
home is using. Many of today’s inverters have remote access via personal computer and mobile
devices. “Hold on, let me check my status on my smart phone.”Dump Load (aka Diversion Load,
Load Resistor)A load—some device(s) drawing energy—must be kept on a turbine at all times
to prevent it from spinning too fast and overheating internal parts or getting damaged. That load
could be the grid or a battery bank. However, if the batteries are fully charged, they can’t accept
more juice without damage. In that case, the controller diverts excess electricity to a dump load,
which is usually an air or water heating element that “burns off” energy as heat. If you can put the
heat to good use, even better!(Technically, some controllers do not require dump loads if they
operate using pulse width modulation shunt techniques to prevent the battery bank from



overcharging).Disconnects and Overcurrent ProtectionYou’ll need to have a direct current (DC)
disconnect one-switch breaker between the batteries and inverter (see the next paragraph) to
allow for easy maintenance and to protect the wiring against electrical fires. In many countries,
an additional AC disconnect must be located outside the house and near the panel. It typically is
a large, one-switch breaker mounted in a metal enclosure. It can provide an extra defense to
protect line workers against electrocution from your electricity during a utility grid
repair.InverterAn inverter converts direct current (DC) to alternating current (AC), which is used
by appliances, lights, gadgets, and other devices in most households and facilities. There are
two basic types of inverters:• Battery-based inverters These inverters require large deep-cycle
batteries to operate.• Batteryless, or grid-tied, inverters These inverters are connected to the
electrical grid and provide no backup. When the utility grid is down, you can’t make any
electricity, because it shuts down the turbine. This is a safety precaution to prevent the
accidental electrocution of electric line workers during grid repair in case of an outage.Back-up
GeneratorSizing a system to cover a worst-case scenario, like no wind for weeks, can result in a
very large, very expensive, and inefficient battery bank. Therefore, a backup, fuel-powered
generator may be necessary, and in fact is almost always necessary in off-the-grid
settings.Petroleum-and diesel-fueled generators produce AC electricity, though a battery
charger (either stand-alone or incorporated into an inverter) can convert that to DC energy,
which is stored in batteries or can be hooked directly up to the …AC Breaker PanelThe AC
breaker box is the point at which a building’s electrical wiring meets with the power authority. It
contains a number of (hopefully labeled) circuit breakers that route electricity to the various
rooms throughout a structure. These breakers allow electricity to be disconnected for servicing,
and also protect the building’s wiring against electrical fires.In addition, for their use, utilities
usually require an AC disconnect (mentioned earlier) between the inverter and the grid. These
are usually located near the utility kWH meter.Kilowatt-Hour MeterA bidirectional kilowatt-hour
meter (kWH meter) simultaneously tracks how much electricity is being used (measured in
kilowatt-hours, kWH) and how much is being generated. It measures power coming from the grid
and going to the grid.Utility Interconnection EquipmentAlong with the meter, transformers and
any relay switches are commonly provided by the power utility after a net-metering agreement
has been signed to ensure that the proper voltage and frequency are provided once the inverter
is connected to the grid.With new technology, you might find that many of the components listed
are integrated into various other components. For example, it is common to see an inverter that
includes charge controller, monitoring, AC/DC disconnects, and even dump load capability. This
makes your shopping quicker and reduces compatibility problems and complications that can
arise with separate components. Some products, like Southwest Windpower’s Skystream 3.7
and 600, have integrated nearly all the components within the nacelle, complete with wireless
communication to your computer.Table 1-1 shows a summary of the three common wind system
configurations. The grayed areas are components that are found in all systems. We are aware
that some of you might want to design a 24-volt system to power your boat, cabin, or one or



more direct current appliances, like a DC submersible water pump (we explain electricity in more
detail in Chapter 3); however, even the strictest of wind power users will eventually want to use a
power tool or appliance that requires AC power. When you are at a point of purchase, print and
fill out this form. Note: Any point void of a check box is an indication that the item is not required.
The fuel generator is considered an optional item if you are grid-tied, though you may want to
consider it in a region with frequent blackouts. In Nicaragua, there could readily be two days
without electricity in a given week, and overdraining your batteries shortens their life.TABLE 1-1
Core Options for a Small Wind SystemDirect Drivers for Wind EnergyLet’s start putting wind into
your sails, whether you have already committed to building a turbine or are just browsing. Let’s
review why the rest of the world thinks small wind energy makes sense.In fact, the growth of the
wind market is being driven by a number of factors, including economic incentives, practicality,
values, care for the environment, and the impressive improvements in the technology itself.To
Hugh Piggott, a Scot who has trained thousands of people around the world to make their own
small wind turbines through his company Scoraig Wind Electric, and who writes and speaks
extensively on the topic, the industry is about what he calls “human scale.” In an interview,
Piggott told us he thinks small wind “works on a personal level.”He said, “It makes people feel
that they’re part of the energy generation process, and it gives them a sense of how much
energy they use and what it takes to make. We live increasingly disassociated from the stuff we
use, but more localized production of food and energy is a healthy thing.”Piggott told us he
doesn’t think small wind is likely to make a big impact on energy trends any time soon. And
although not everyone agrees with that assessment, recent history would certainly suggest that
he’s right, or at the very least that the industry would have to ramp up vastly more than they are
currently to really make a dent in fossil fuel use.“Compared to offshore wind farms, small wind is
incredibly inefficient,” Piggott rightly points out, but that doesn’t mean he sees no value for his
work. To him, small wind turbines have a lot of utility, as long as they are smartly sited and
installed so they can generate a meaningful amount of electricity. “If you just want to see
something spin, buy a whirlygig. They’re a lot cheaper,” Piggott quipped.“People generally have
huge misconceptions about wind energy, and a lot of the time they get deflated,” Piggott added.
“Most people assume that they can put something on their roof that will generate most of their
electricity in an urban environment. That’s really, really a long way from the truth,” he said.Author
Ian Woofenden told us, “We need to be real about the wind resource, about the fact that energy
efficiency is often a better buy, about load analysis, and about what machines can actually
do.”We hope to do just that in this book, and to help you see the situations when small wind does
make sense, on a number of levels, including economics. We created this brief list to help you
understand some of these factors. Feel free to place a check mark on anything that piqued your
interest. In fact, you can send it in to your local wind energy association.14Economic Benefits of
Small Wind PowerWhat can wind turbines provide? This list may surprise you.Free FuelWind is
a by-product of solar insolation of the Earth, and is modified and enhanced by terrestrial
topography, large bodies of water, and ecological and anthropomorphic activity.15 But there is



no exchange of common currency for the production and transportation of wind.Return on
Investment (ROI)ROI is a tricky concept, and it’s something most human beings are bad at
calculating in their daily lives. Is it better to drive a half-hour out of the way to avoid a $2 toll? Is it
worth it to study one more hour for the big test? Is grad school a good decision? Unless you are
an investment banker, chances are good that you don’t spend a lot of time estimating your return
on investment for very many decisions. Yet most of us opt to consider the question when it
comes to renewable energy projects.The good news is that, with proper understanding and
design of a wind power system, including site assessment, personal needs assessment, a
reliable product, and government incentives, owners of that system should be able to reap
financial benefits that exceed current investment rates over the long term (e.g., certificates of
deposit and bonds).16 Granted, it’s vital that all those factors we just mentioned are in place.
Areas with stronger incentive structures and higher electric rates clearly get an advantage when
it comes to ROI, and you’ve got to have a system that is high quality and able to access a good
wind resource. Small wind installer and expert Mick Sagrillo recently calculated the ROI on a
high-profile small wind project to be more than 4,000 years, largely because the owners grossly
overestimated the strength of the breezes on top of their building.“Many projects are being
installed as a greenwash thing: they’re not producing any useful energy, and they cost money
that could have been spent on insulation and other more effective measures,” Piggott told
us.Something else to think about is maintenance costs. If you can get a service plan, or at least
know that your installer can back you up for regular checkups and repairs, that can make a big
difference in ROI. As Piggott told us, “Your machine may generate a few hundred dollars a year,
and half of that could be blown on a service call if the only technicians available are far
away.”When asked when he thought small wind did have a reasonable ROI, Piggott told us
“when you live in a pretty windy place.” He also pointed out that it tends to work really well off the
grid, when costs of extending the lines would be prohibitively expensive, or in developing
countries, where the only power available is through car batteries that have to be charged at
stations, for a fee, then bicycled in. “A lot more people are trying to develop local skill base and
manufacturing capabilities, in the developing and developed world, so costs should come down,”
Piggott explained.When asked to estimate a payback period on a “typical” small wind energy
system, Woofenden responded, accurately, that there is no such thing as a typical wind
generator. But when pressed, he said, “Depends on the resource, utility rate, incentives,
reliability, but I would say between 10 and 20 years is a reasonable range.”Woofenden, who
maintains several wind turbines for his off-the-grid home on an island off Washington state, also
has a grassroots passion for the technology (Figure 1-20). “Most things we buy have no return at
all, because almost everything has a negative return,” Woofenden told us. “I think the payback
return question is sort of out of line. I tell potential buyers who ask me about it to cite one thing
they bought that they thought about ROI. We subject renewables to that question but not our
other choices.”FIGURE 1-20 Workshop participants build their own small wind energy system
from scratch, thanks to the tutelage of Dan Fink. That’s a lot of work, but it can be tremendously



rewarding. Dan Fink.At the other end of the spectrum, wind author Paul Gipe told us that ROI is a
critical factor, and that small wind won’t really take off until it gets more favorable. In Gipe’s view,
robust feed-in tariffs are the best way to get there. In any case, we’ll get into the money behind
the decision in Chapter 6.Financial Hedge Against Rising Energy PricesAs soon as a grid-tied
wind generator (with net metering) is switched on and producing energy for the grid, your cost
per kilowatt-hour has been immediately reduced, and the benefits increase as price volatility or
inflation raises consumer electric rates. This is worth keeping in mind, because energy prices for
many people have been rising sharply over the past few decades, far outpacing inflation. There
are a number of reasons for this, including demand outpacing supply, increasing restrictions on
new energy projects like transmission lines and power plants, and geopolitical instability. Most
experts expect energy rates to continue to climb. Meanwhile, the cost of wind will always be
free.Further, since every kilowatt-hour of electricity produced by wind helps reduce demand for
fossil fuels, it can actually help keep costs of those legacy fuels down.Access to Financial
Incentives for Developers and ConsumersIt’s no secret that the global small wind energy market,
like all renewable markets today, is largely driven by government support policies and
regulations. (A lesser-known truth is that conventional energy businesses also receive massive
tax benefits and incentives, and part of the reason why energy is so “cheap” is because it is
already subsidized.) In the United States, the wind market is supported by federal tax credits
and several state-level renewable portfolio standards (RPS), which mandate that a certain
amount of energy be provided with renewables.In December 2008, the European Union (EU)
agreed to a new Renewable Energy Directive for a binding 20 percent renewable energy target
by 2020. Germany and Spain have had feed-in tariff schemes for several years, and the United
Kingdom recently added one for small wind. In the Asia Pacific, government support is also
driving wind energy growth. China’s wind-installed capacity has doubled every year since 2006.
The Renewable Energy Law, along with other policy measures, is driving the Chinese market
even further. In addition, many states in India also have feed-in tariff schemes and RPS in
place.17Becoming Competitive with Conventional TechnologiesWith today’s rising coal and gas
prices, and the chance of increased environmental regulations on those dirty industries, new
wind farms already compete favorably when it comes to economics. With small-scale projects in
remote sites or on boats, or for pumping irrigation systems, a wind turbine can be more
affordable then connecting to the grid or installing a back-up generator system.Job Creation and
Regional Economic DevelopmentNew wind energy will bring significant economic benefits to the
participating states, and not just construction and maintenance jobs. Over time, wind component
manufacturing should follow expansion. Wind can make a positive impact in terms of
employment and revitalization of rural and declining areas.In fact, CanWEA’s Emilie Moorhouse
told us that one of the motivations behind Nova Scotia’s recently passed small wind feed-in tariff
was to support the major small wind manufacturer in the province, Seaforth Energy. “They’ll have
this double benefit, of environmental and social benefits, plus jobs,” Moorhouse told us via
phone from her office in Montreal.More Americans already work in the wind industry (85,000)



than the coal industry (81,000), according to 2009 data from the American Wind Energy
Association and the U.S. Department of Energy. Expect the gap to widen in the coming
years.Values and Small WindSmall wind power also has a number of important benefits that
aren’t strictly financial, or that aren’t easy to put a price tag on, at least not with current methods
of accounting (Figure 1-21). Let’s look closer.FIGURE 1-21 Small wind turbine designer,
installer, and trainer Hugh Piggott told us he thinks his machines “work on a human scale” to
teach people about energy use and production. Hugh Piggott.Environmental BenefitsSpeaking
of environmental benefits, wind power, of course, is based on capturing the energy from natural
forces, so it has few of the polluting effects associated with “conventional” fuels. Wind energy
contributes to the reduction of emissions of various harmful air pollutants (carbon dioxide,
nitrogen oxide, sulfur dioxide), and has already played a role in improving regional air quality.
Wind power supports efforts to meet emission caps in a cost-effective manner.18, 19_In
addition, wind energy uses virtually no water, which, in an increasingly water-stressed world, is a
major environmental consideration.IndependenceFor many people, it is about energy
independence from their power authority. Businesses that pay additional fees for electric
demand in excess of their allotment plan, or others who usually couldn’t see options other than
accepting the rapid inflation of electrical costs every year, are now considering making their own
mini-power plant. For some, it is about “stickin’ it to the man,” by turning the tables on the power
authority, and compelling them to pay for the surplus energy produced from small wind turbines
through a net-metering or feed-in tariff agreement.Image EnhancementProject directors of
everything from department stores to manufacturing plants, nurseries, colleges, office parks,
hospitals, hotels, municipalities, and much more understand the intrinsic value of appearing
“green” to the ever-alert consumer. Wal-Mart and Home Depot, for example, have added very
small wind turbines to light poles in selected parking lots. Such projects aren’t always the best
idea when it comes to the actual wind resource available, but under the right conditions, they
might be a wind-win (Figure 1-22).FIGURE 1-22 Small wind turbines, like solar panels, can be
powerful symbols of environmental commitment. Pictured are AeroVironment AVX turbines on
the roof of a new office building at Brooklyn Navy Yard. Brian Clark Howard.In Queens, New
York, Rick Rosa, the sales manager of the new Solarium “green” apartment building, told us that
response has been “phenomenal” to the building’s rooftop WindTronics wind turbine. “It has
been a guiding light for the neighborhood,” Rosa told us. “It’s a symbol of us being a green
building. It brings people over here, and makes them ask about what we did,” he added.In the
case of the Solarium, the turbine is no window dressing, since the building is the first green-
certified complex in the borough. That was achieved through energy and water efficiency, use of
recycled materials, recycling of debris, and other factors. According to Rosa, the turbine helps
makes the facility’s common charges low.Interestingly, Rosa told us that the main question
people ask about the rooftop turbine is “how much power does it generate?”, suggesting that
consumers do care that green changes aren’t just cosmetic, and that they make a real impact.
(The turbine choice and location in this case are not without controversy, as we’ll soon



show.)Consumer ChoiceOver the last few years, small wind turbine technology has improved in
quality and versatility. What was once a strictly marine or rural, off-grid solution has evolved to
allow renewable energy to enter a wider consumer market. More options are available, including
roof-mount turbines, more aesthetic shapes, noise and vibration reduction improvements,
integrated sensors, and turbines sized to the customer’s needs, from 150 watts up to 100 kW. As
we’ll show you, many of these newer designs are largely untested, and some are controversial,
and it still holds that rooftops are rarely good places for turbines. But in general, choice is a good
thing, and we’ll walk you through the pros and cons of each major offering in Chapter 8.Self-
RelianceWind power technology has evolved and has become more standardized, reducing the
learning curve and the risks of investment. This has opened the doors to that significant group
who are insistent on relying on their own judgment, knowledge, and abilities in order to survive
economic downturns with local resources and not a lot of additional help. Tightening up the
bootstraps, they move forward, confident that wind energy is a feasible means to survive,
sometimes with most of the energy and material for survival being provided locally. This is
certainly not an easy pursuit, but it can be immensely rewarding.Do-It-YourselfAlthough we don’t
suggest you try to build your own wind system from scratch without at least some hands-on
training or apprenticing, people have successfully done it, and there are bestselling books and
websites to prove their feats. There are a number of plans and kits available, as well as
instruction books and classes.More premade small wind systems are designed to be relatively
easy to install, but they are still definitely harder than putting together IKEA furniture, and most
manufacturers strongly recommend professional guidance. Still, with more certified systems,
integration of components, time-tested procedures, and equipment configurations, the
guesswork is being reduced.High VisibilityIn history, success has often been celebrated by
building prominent structures. When religion was dominant, many towns erected enormous
pyramids, temples, and cathedrals. Then, government capitol buildings started to tower over the
dwellings of the citizens. Finally, financial services companies came to be housed in glass spires
that reached for the sky, seemingly defining the character of Western society. Well, wind turbines
placed up on a high pedestal can communicate values for one’s business, farm, or community
that could supersede any provocative poster or flowery talk.The Joy and Satisfaction of ItWhen it
comes down to it, many of the folks we’ve talked to who own small wind generators, or who work
in the industry, admit to being in love with watching those blades turn, almost as much as they
like seeing their electric meters run backwards. As Hugh Piggott pointed out to us, just wanting
to see something turn isn’t reason enough to invest in a wind system—there are much cheaper
pinwheels for that. But there is definitely something to the direct experience of making your own
power based on the breezes. It’s worth remembering that as much as we like to think of
ourselves as rational beings, we make very few decisions based solely on number crunching. If
we did, we’d all be driving stripped-down Honda Civics, wearing Dockers, and waiting until
movies are released on basic cable.To one of us, our connection to the wind runs even a bit
deeper. Kevin still finds great joy in storms, even the ones hinting that the end of the world is



near. He recalls the days of fighting the wind-driven rain to place a roof on his home. He
remembers the wind chill that froze the marrow in his bones. Well, even four years later he still
smells sweet revenge and wears an evilish grin while watching his spinning turbine as the
neighbors’ homes shudder with the gusts and the arcing trees.PracticalityThere are a number of
related practical reasons to consider wind power.Diversity and Reliability of Electricity SupplySo
long as we have sunshine, land, and water, wind is highly reliable (although highly intermittent).
That is, with enough well-designed systems, the output at any given time should only vary
gradually due to varying wind speeds or storms. True, storms can require temporary powering
down to protect equipment; however, with weather forecasting, that can be coordinated with
complementary energy sources to ensure uninterrupted service. Currently, some utilities tend to
malign wind power as “unreliable,” but that seems to be changing as the industry matures,
technology improves, and we continue to diversify sources.Taking a step back, many analysts
sensibly point out that it would behoove us as a society to diversify our energy sources.
Currently, we are highly dependent on fossil fuels, as well as nuclear power plants that are aging
and that are politically very difficult to replace in many countries. The more we can ramp up a
diverse set of renewables, the better off we’ll be to weather periods of uncertainty. That includes
large and small wind, as well as solar electric and thermal technologies, geothermal, wave and
tidal power, biomass, trash-to-energy, and other strategies.Political SecurityDespite a recent blip
in the trend as a result of recession, global demand for energy has been increasing sharply.
Significant investment in new power generation capacity, grid infrastructure, and geopolitical
strategy is going to be required to continue to provide current standards of living in the
developed world and to improve the lives of those in the developing world. Yet, supplies of fossil
fuels are finite, and petroleum prices are volatile.In contrast, wind is a massive indigenous power
source, available virtually everywhere in the world. As mentioned earlier, wind energy can
mitigate petroleum price volatility, reducing the friction among nation-states over scarcity. For
example, wind generator installations currently being deployed on military bases are not only
being seen as practical, but as one way we can contribute to reducing dependency on foreign
oil.Natural Synergism with Solar TechnologyWind power is directly related to the power of the
sun, but the winds continue their ferocity even when the sun’s rays are on the other side of the
globe. Wind energy is thus an excellent complement to solar power when the sun has set or
during a storm (Figure 1-23). In addition, the two emerging forms of renewable energy have a
complementary relationship over the course of a year. In most temperate zones, the amount of
energy that can be harvested by solar panels is less in the cooler months, when the sun is lower
in the sky. In contrast, the winds tend to blow the strongest in late fall to early spring.20FIGURE
1-23 Wind and solar power often work well together, as at this home site in Colorado.Warren
Gretz/DOE/NREL.Diversity of Applications, Including Remote and Off-GridSmall wind turbines,
alone or as part of a hybrid system, can power homes, businesses, farms, ranches, mines,
logging camps, boats, and many other things. Wind energy often works very well for remote
applications, such as water pumping, ice making, and telecommunications sites. Community



small wind projects have been launched for schools, tribes, municipal utilities, and rural electric
cooperatives.CanWEA’s Emilie Moorhouse told us that Canada has been working to develop
incentives for hybrid wind-diesel projects for the northern reaches of the country, where some
300 communities live totally remote from the grid. Currently, a five-year grant program is
targeting 20 northern communities and six mines. “These communities are dependent on diesel,
which is dirty and expensive,” Moorhouse told us. “In a sense, wind is the only renewable
technology that’s applicable to the far north. Solar: there’s no sun up there in winter. Hydro: the
rivers are frozen in winter. There is no biomass,” she explained.Moorhouse said wind-diesel
projects have already proven themselves in at least 14 communities in Alaska, and she said
Canadians are working to build the skilled workforce to deploy and support these hybrid
systems. “In the north, there is icing and maintenance issues, so it’s better to have several
turbines rather than just one big one,” Moorhouse added.ResiliencyIn the case of commercial
wind farms, power is generated by large numbers of generators, so individual failure of one
machine does not have large impacts on the total production. This feature of wind has been
referred to as resiliency. Even at the home scale, hybrid renewable energy systems permit one
form to compensate for the other system when either the wind is calm or the skies are dark.In a
larger sense, adding more wind turbines is part of a smart strategy of diversifying.SummaryAs
we have shown, wind energy has a long and colorful history, stretching back hundreds of years.
For millennia, people have felt the breeze on their cheeks, watched leaves blow across the path,
and asked if that mighty power could be harvested for our benefit. The good news is that it can,
and you can choose to be a part of it. In fact, the small wind industry has shown impressive
growth in recent years, despite the global recession (Figure 1-24).FIGURE 1-24A The small
wind turbine industry has shown strong growth over the last decade. AWEAFIGURES 1-24B,
1-24C The small wind turbine industry has shown strong growth over the last decade. AWEA.A
small wind system is not cheap or easy to install and maintain. If you are the kind of person who
likes to buy the latest shiny new toy, only to leave it in a closet and forget about it a few weeks
later, wind power probably isn’t for you. A wind system requires upkeep, as well as a
considerable initial investment.However, wind turbines can also provide many benefits, such as
clean power, insulation from rising fuel prices, and considerable satisfaction. To those with a
good wind resource, amendable zoning, and a little patience, a wind system can be a smart
investment.CHAPTER 2Second Wind: Challenges and Impacts of Small Wind EnergyMost
people never run far enough on their first wind to find out they’ve got a second.–WILLIAM
JAMESOverview• What are the main drawbacks to small wind power?• What are the real
impacts of noise and appearance?• Can small wind turbines disrupt radar or cell phones or
throw ice?• Can small wind turbines be harmful to birds and bats?Not to deflate the helium out of
your Magenn wind turbine balloon (see Chapter 12 on new and future technology), but no
energy source is perfect, even if some enthusiasts can’t see beyond their own nacelles.Even if
you are a small wind advocate, you may want to read about these common myths and shortfalls.
For one thing, opponents to your wind turbine might appear at your zone appeal or during



construction, with a hair-raising study about wind turbines that you might not be prepared to
process.Without advocates like you to clear the air, local ordinances could require an endless
list of study reports and certifications, similar to what is required for utility turbines. To give you
an idea, here is what is currently required for utility-sized turbines, although thankfully not for
small turbines … yet:• Soil survey of the entire area• Tower engineering• Tower foundation
engineering• Structural certification for the tower• Bird, bat, and noise studies• Ice “throw”
engineering and calculations• Blade throw calculations• Telecommunication interference
testing• Environmental impact• Study average wind speed monitoring power• Output reporting
and economic viability analysis• Agricultural impact statement• Architectural projections of what
the turbine will look like on the property• Documentation of nearby sensitive environmental
areas• Wind access agreements with neighbors• An abandonment plan• Determination of the
area affected by shadow flicker• Stray voltage testing• HAZMAT (hazardous material) reports•
Well testing• Electrical wiring insulation testing• Site reclamation plan• BondingObviously, every
neighborhood is not so restrictive. There are many areas in the world where wind turbines are as
welcome as a hot apple pie at the windowsill. However, some of these requirements came about
due to previous experiences with older wind or related technology. Most of the reported
negatives of wind energy relate primarily to industrial-scale turbines, and historically, many
experts and researchers have essentially ignored small wind (Figure 2-1), assuming that it lacks
a significant size or quantity to even warrant research. Still, some work has been done, and
many questions continue to be raised, sometimes by zoning boards and others with decision-
making powers. At the very least, we think it’s important to give some of these issues a thought
when you envision your dream system so it can be as truly sustainable as it can be and meet all
your expectations.FIGURE 2-1 How’s that for a breath of fresh air? Whisper 0.9 kW small wind
turbine in Spanish Fork, Utah. Windward Engineering/DOE/NREL.We cover these challenges in
detail, but also include a concise chart that you can rip out of your own personal book (not from
the library book!), or better yet scan and bring wherever you go. If that isn’t good enough, we
provide some footnotes and web links. Remember, information is power.Energy Storage and
TransmissionI want it, and I want it now!If you want reliable electricity, wind will always be here,
and you can count on it long after you pass. That makes it a reliable energy resource. Yet, wind
does not blow 24/7/365 in most locations. If it did, we would certainly like to see the people who
live there and their culture. They would probably be applying ChapStick to their faces and using
some clever transport utilizing the prevailing winds, not unlike sailing ships. And they might all
commute to work in a similar direction. For the rest of us, wind currents are typically strongest in
the late fall, winter, and early spring, but generally calmer during the summer, unless you are in a
monsoon or hurricane zone. And even during the day, wind speeds vary based on your location
and terrain.So, this reliable, renewable energy has an Achilles heel. Unlike Odysseus, you can’t
just open up a woven bag to release the wind force. One of the biggest advantages of coal-
burning power facilities is dispatchability. Dispatchability, or maneuverability, is the ability of a
given power source to increase and/or decrease output quickly on demand. Maneuverability is



one of several ways grid operators match output (supply) to system demand. Need more
energy? Insert more coal. Need less energy? Burn less coal. Unlike conventional fuels, we
cannot slow down or speed up the wind. And shutting down a wind turbine is not the answer.
Disengaging the rotor from existing wind force is technically not the same as controlling dispatch
—it is more like letting the fuel line leak.The increasing role of the wind’s variable renewable
sources has prompted concerns about grid reliability and raised the question of how much wind
can be placed into the grid before vast energy storage is needed. The question becomes an
economic issue. Currently, the grid can accommodate a substantial increase without energy
storage, so long as we share the resources and loads over larger areas, perhaps over
continents. Beyond this level, the impacts and costs are less clear, but currently, storing
electricity is more expensive than dispatching when needed.For the most part, practical options
of storing energy at a time when demand is low are still in the exploratory phase. They consist of
a number of strategies, including batteries, pumping water, conversion to heat, and other
ideas.Batteries are certainly one possibility (Figure 2-2), but they require maintenance, and they
are currently way too expensive to use on the scale of the grid. Some analysts have predicted
that electric and plug-in hybrid cars may soon be able to leverage their on-board batteries for
energy storage. The idea, often called vehicle-to-grid (V2G), is that much of the excess energy
that is generated by wind turbines at night, when the winds are blowing but people are asleep
and not using energy, would be “stored” in the batteries of cars that are undergoing charging.
Then, during the day, for those people who aren’t using their cars—because they’re at work, say,
or home sick—they could sell back power to the grid at a time when demand is high, the wind
isn’t blowing as hard, and electric rates are higher. The concept of wind-powered cars also
means that clean power would be directly offsetting use of foreign oil, which is something that
has broad political appeal.FIGURE 2-2 Batteries can be used to store renewable energy, but
they are expensive, require maintenance, and are not completely efficient. These batteries in
Mexico got corroded since they sit in an equipment room that hits 122 degrees Fahrenheit.
Charles Newcomber/DOE/NREL.The catch is that we are, at best, several years away from
V2G, in part because our grid isn’t yet “smart” enough to have that fine a level of two-way control.
Only a relative handful of smart meters have thus far been installed, and they aren’t cheap.
Further, there are very few electric and plug-in hybrid cars on the road, although that is expected
to change over the next few years.Finally, current battery technology isn’t quite up to the task. At
a recent media event, Andrew Tang, who heads up smart grid development for the utility Pacific
Gas & Electric, said that he doesn’t think it will be worth it for consumers to “rent out” their
batteries for some time. That’s because each time power is put in and then taken out of a battery,
that cycle decreases its lifespan, and that’s a significant concern when car battery packs cost
several thousand dollars. According to Tang, the pennies that a V2G participant would be
credited from a utility wouldn’t cover the wear and tear on their battery—at least until batteries
improve and electricity rates go up.Another grid energy storage method that is being researched
is to use off-peak or renewable-generated electricity to compress air, which could then be stored



in an old mine or some other kind of geological feature. Then, when electricity demand is high,
the compressed air can be heated and expanded to generate electricity. Similarly, some power
plants use their excess energy at night to pump water uphill. Then, when they need extra juice
during the day, they release the water, and convert the energy into electricity via water turbines,
just like in the Hoover Dam.In a more complicated process, utilities could make hydrogen at
night with their excess energy, then run that through a fuel cell during the day to provide extra
power, or use it to run fuel-cell cars (Figure 2-3). It would be a clean process, especially if the
initial energy were generated by the wind. Fuel cells are currently too expensive to work on such
a scale, but may be coming.FIGURE 2-3 This Honda prototype car runs on hydrogen, thanks to
an onboard fuel cell. If the hydrogen is produced by electricity generated by a wind turbine, that
makes for a completely clean loop. Brian Clark Howard.Another option is to convert the surplus
electricity to public or residential heating services. The Bonneville Power Administration (BPA)
has recruited homeowners in Washington to install special devices on their water heaters that
communicate with the electrical grid. They tell the heaters to turn on or off, based on grid
conditions and the amount of renewable energy that’s available.The benefit of your grid-tied
small wind turbine is that energy storage is much less of a problem, because small generators
are distributed, meaning they produce power right where it is being used. However, if your
system is off the grid, then you currently have few options to store wind energy for later use:
namely, batteries, and trust us, you aren’t likely to be able to afford, or want, that many of them.
In a few years, you may be able to invest in a home fuel cell. (They’re selling pretty well in Japan
now, thanks to big government subsidies.) Ideally, you will be able to find some uses for any
extra power you generate, such as running an electric saw, power washer, or floor cleaner. So,
we guess you should have your wind dictate when you should get off the couch.If your system is
tied into it, then the grid can effectively act as your storage bank. In most places, where there is
some type of net metering agreement, you’ll get credited for energy you put into the grid, and
that’s likely the best deal you’ll find. Even if there is a massive ramping up in the number of wind
turbines, the grid should be well equipped to handle it, since it will be so distributed.Finally, one
more potential problem with new utility wind farms is that they often require new expensive
transmission lines to pump the power they produce into the grid. Installing high-voltage lines is a
major undertaking that disrupts the environment and makes for angry neighbors. However, with
small wind, everything is at a much smaller scale.Build Your Own Small Wind Power
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Abbreviations, and AcronymsNotesIndexPrefaceAs a homeowner with an interest in saving
money with less conventional means, I am proud to play a role in the early adoption of
renewable energy, and to share my experiences with others.I planned on installing my first wind
turbine on my property after the challenging experiences of building my home, which I call the
Long Island Green Dome. It is a large geodesic dome located in Calverton, New York, and it
required unique prep work. This involved erecting numerous 20- × 10-foot canopy tents and
securing them in the ground with posts. Well, the ground posts didn’t hold well to the wind. When
we returned one day, we found two tents missing. They took flight and tore apart. One imbedded
itself on the dome frame, and the other was in pieces, threatening to go over the angry
neighbor’s property.Kevin Shea’s unique home in Calverton, New York, which he dubbed the
Long Island Green Dome. One of the largest residential wood domes in the United States, it is
powered by solar panels and a small wind turbine. Kevin Shea.After that, we tied the canopy to
heavy railroad ties. But some of the workers were afraid to go on the top of the frame during
windy days for fear of blowing off. Debris from the site was flying over to the neighbors’
properties, making for more angry neighbors. Recently applied but not secured sheathing was
constantly blown off the frame. Installing storm tarps on the structure required many hands and
ropes, and I’ll never forget the day I was lifted off the ground while holding the edge of a tarp that
rapidly filled with the wind. I remember when I first had the doors on, the wind came with such
force that it blew one of the heavy, 4 × 8 metal and glass doors out, breaking the control arm
right off. It was that year that I began to plan to grab that energy for my own.On windy and sunny



days, Kevin’s home produces an average of 8 kWh (kilowatt-hours). Since he gets paid 9 to 11
cents per kWh from his utility, he makes about $5.76 every eight hours. Kevin Shea.I didn’t have
a lot of money, and didn’t want to spend a lot of money. So, I spent time looking for something
that was powerful enough, yet easy enough for a layman like me. It was the Skystream 3.7 by
Southwest Windpower. I liked the idea that it had the inverter in the machine, that it looked sleek,
didn’t have guy wires that would take up space in my yard, and could be a bit hidden from the
angry neighbors. I applied for my permit, and found out there was no code except an old rule
stating that any structure must not exceed 35 feet. I said, “No problem,” because the tower is
only 33 feet.The town official said, “Oh, no. You have to measure from the average grade of your
property to the top of the blade as it is facing up.” That was disappointing. I knew the six-foot
blades would throw it over the limit. Skystream offered that size because it met many local code
requirements and could still produce energy (although as we’ll soon explain, higher towers are
almost always much better for energy production, and are ideally in the 100-to 200-foot
range).Building the dome home was challenging, in part because of the property’s high winds. It
was this blustery experience that first gave Kevin the idea to explore small wind power—
although it’s also true that gusty days can be misleading at some sites. Kevin Shea.So, initially,
the only option was to apply for a variance, which meant opening up the decision of building the
turbine with my angry neighbors. Although that’s a process we now recommend for a number of
reasons, at the time, I decided instead on installing it exactly to the letter of the code. So, I dug
the foundation deeper than necessary, bringing it lower than the average grade. When the town
came to inspect it, the inspector would see that my tower was installed in a small “crater” garden,
no taller than 35 feet from the average grade of my property. I didn’t know exactly what
performance loss I would receive from this drop, but I was still ready to call victory.The geodesic
dome takes shape. Kevin did much of the work himself, although he recruited friends and hired
some assistance. A lot of folks do the same for small wind projects. Kevin Shea.Kevin originally
called his house “Shea Stadium,” after the New York Mets’ arena. But after the pro baseball team
built Citi Field, Kevin renamed his home the Long Island Green Dome. Kevin Shea.People drop
by and tell me that I am doing a good thing. That makes me feel great. And my power authority
gives me a check (I combined wind and solar to exceed my needs) as per our net-metering
agreement (more on this later). I am as close to being my own power plant as one can be on
Long Island.People frequently ask me a question that I didn’t readily have a quick answer to …
until now: “Hey, Kevin, it’s windy here in ________ (fill in the blank). So why can’t we install some
‘windmill’ right on __________ (fill in the blank) to get some free electricity?”That persistent
question, and knowing the limited knowledge most people have of wind power, led me to
propose this book on local, small-scale wind power. Fortunately, the answer is that we can, and
should! And here is how!Kevin SheaPrefaceAs a homeowner with an interest in saving money
with less conventional means, I am proud to play a role in the early adoption of renewable
energy, and to share my experiences with others.I planned on installing my first wind turbine on
my property after the challenging experiences of building my home, which I call the Long Island
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propose this book on local, small-scale wind power. Fortunately, the answer is that we can, and
should! And here is how!Kevin SheaAcknowledgmentsKevin Shea: Thank you to my coauthor
Brian Clark Howard, who has offered me help to make sure this book is seamless and more
digestible. His photos, interviews, and case studies bring this book alive. In addition, he was my
Jiminy Cricket to the Pinocchio in me, a wooden author hoping to be a real author. His e-mail
comments on my work as “awesome” were at times comforting, and other times (when I felt the
chapter was weak) nerve-wracking, but he was also succinct and direct with the constructive
criticism. I would also like to thank Seth Leitman for having enough confidence in me to bring me
on board to this worthy project. It is as if he gave me a desk with my name engraved on it and an
office window, turned my chair to face the laptop, and said, “Start writing! We trust it will be
great.” Special thanks to Judy Bass and the McGraw-Hill team for their insight to see value in this
book (and e-book), and providing us the support to get it done.I would like to thank the many
seasoned innovators that brought the wind turbine to us. Without it, there would be a large hole
in the world. I couldn’t imagine a world where there is renewable energy from the sun, water,
earth, but not from the wind. And also, I would like to thank those who took that call to adventure
and returned to not only show us a turbine, but taught us the right way to do it. Mick Sagrillo, Ian
Woofenden, Hugh Piggott, Paul Gipe, and the Southwest Windpower team (Ross Taylor,
Therese, Russell Dixon Thayer, etc.) provided me additional training on wind power technology.
In addition, I give a single standing ovation to all of the wind advocacy organizations, such as
American Wind Energy Association (AWEA), which stand taller than a turbine tower and provide
a clearinghouse of time-tested info on installation, performance, and safety.I would like to take
the time to personally thank Carl Vogel, author and friend extraordinaire, who always moves me
with his acts of kindness, humble attitude, and keen intellect. He somehow convinced Seth that I
can offer you, the reader, something worthy, encouraged me, and even consoled me when I was
venting. I would also like to thank the young energy brat pack, President Jamie Minnick and
volunteers of Eastern Energy Systems, a clean energy company whose team welcomed me in
as the unofficial mayor of the company (since my position at the up-and-coming small company
is still undefined). I was permitted to be a sponge as I learned on the job about assessing,



installing, and selling wind turbines. Also, admiration and thanks to my lovely Luna (translates to
moon in Spanish), Karla Cruz, who permitted me all unreasonable hours to work on this book,
breaking sometimes only for a kiss, a hug, a loving look, and a large mug of cafe con leche. Also
thanks to my mom, Mary Ellen Maggio, for not telling my good brothers that I was writing the
book until it was printed, so they couldn’t rub my face in it.And lastly, but not least, I thank YOU.
You bought this book/e-book. And you are getting as far as this section. Books that sell you
wizards, wands, and wishes-that-could-come-true are usually the big sellers, so your interest in
something that offers renewable power, revenue, and real-world solutions is encouraging to me
—even if you give us mixed reviews in Ebook Library. Now, read the rest.Brian Clark Howard:
Thank you to my coauthor Kevin Shea, who has worked tirelessly on this book over many
months. His hard work and dedication has been inspiring. I would also like to thank Judy Bass
and the McGraw-Hill team for their professionalism and unwavering support. Hearty thanks go to
Patty Wallenburg, who was essential in bringing this project to completion. Thank you to Seth
Leitman, who honored Kevin and me with the invite to work on this book.I would like to thank my
mentors, Doug Moss and Jim Motavalli, who taught me so much about the possibilities of going
green, and life, at E/The Environmental Magazine. I’d also like to thank my brilliant colleagues at
National Geographic, especially David Braun, and at The Daily Green, especially Dan Shapley
and Gloria Dawson, who inspire me every day. Thank you to Remy Chevalier (remyc.com), who
has taken many hours to explain complex topics to me and who has steered me to many
invaluable sources. I’d also like to thank all my friends in the green blogosphere and throughout
the green movement. There are too many names to list here, which perhaps is a testament to
how collaborative, supportive, and creative this space is. Every day I am honored to be a part of
it.I’d also like to thank my family, who taught me to respect and appreciate the natural world and
to strive to leave everything better than how I found it. Thanks to my parents, Allan and Diana,
and my sisters, Amy and Lisa. Thank you also to my wonderful, beautiful girlfriend, Gloria, who
supports and challenges me.AcknowledgmentsKevin Shea: Thank you to my coauthor Brian
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Cricket to the Pinocchio in me, a wooden author hoping to be a real author. His e-mail comments
on my work as “awesome” were at times comforting, and other times (when I felt the chapter was
weak) nerve-wracking, but he was also succinct and direct with the constructive criticism. I
would also like to thank Seth Leitman for having enough confidence in me to bring me on board
to this worthy project. It is as if he gave me a desk with my name engraved on it and an office
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seasoned innovators that brought the wind turbine to us. Without it, there would be a large hole
in the world. I couldn’t imagine a world where there is renewable energy from the sun, water,
earth, but not from the wind. And also, I would like to thank those who took that call to adventure



and returned to not only show us a turbine, but taught us the right way to do it. Mick Sagrillo, Ian
Woofenden, Hugh Piggott, Paul Gipe, and the Southwest Windpower team (Ross Taylor,
Therese, Russell Dixon Thayer, etc.) provided me additional training on wind power technology.
In addition, I give a single standing ovation to all of the wind advocacy organizations, such as
American Wind Energy Association (AWEA), which stand taller than a turbine tower and provide
a clearinghouse of time-tested info on installation, performance, and safety.I would like to take
the time to personally thank Carl Vogel, author and friend extraordinaire, who always moves me
with his acts of kindness, humble attitude, and keen intellect. He somehow convinced Seth that I
can offer you, the reader, something worthy, encouraged me, and even consoled me when I was
venting. I would also like to thank the young energy brat pack, President Jamie Minnick and
volunteers of Eastern Energy Systems, a clean energy company whose team welcomed me in
as the unofficial mayor of the company (since my position at the up-and-coming small company
is still undefined). I was permitted to be a sponge as I learned on the job about assessing,
installing, and selling wind turbines. Also, admiration and thanks to my lovely Luna (translates to
moon in Spanish), Karla Cruz, who permitted me all unreasonable hours to work on this book,
breaking sometimes only for a kiss, a hug, a loving look, and a large mug of cafe con leche. Also
thanks to my mom, Mary Ellen Maggio, for not telling my good brothers that I was writing the
book until it was printed, so they couldn’t rub my face in it.And lastly, but not least, I thank YOU.
You bought this book/e-book. And you are getting as far as this section. Books that sell you
wizards, wands, and wishes-that-could-come-true are usually the big sellers, so your interest in
something that offers renewable power, revenue, and real-world solutions is encouraging to me
—even if you give us mixed reviews in Ebook Library. Now, read the rest.Brian Clark Howard:
Thank you to my coauthor Kevin Shea, who has worked tirelessly on this book over many
months. His hard work and dedication has been inspiring. I would also like to thank Judy Bass
and the McGraw-Hill team for their professionalism and unwavering support. Hearty thanks go to
Patty Wallenburg, who was essential in bringing this project to completion. Thank you to Seth
Leitman, who honored Kevin and me with the invite to work on this book.I would like to thank my
mentors, Doug Moss and Jim Motavalli, who taught me so much about the possibilities of going
green, and life, at E/The Environmental Magazine. I’d also like to thank my brilliant colleagues at
National Geographic, especially David Braun, and at The Daily Green, especially Dan Shapley
and Gloria Dawson, who inspire me every day. Thank you to Remy Chevalier (remyc.com), who
has taken many hours to explain complex topics to me and who has steered me to many
invaluable sources. I’d also like to thank all my friends in the green blogosphere and throughout
the green movement. There are too many names to list here, which perhaps is a testament to
how collaborative, supportive, and creative this space is. Every day I am honored to be a part of
it.I’d also like to thank my family, who taught me to respect and appreciate the natural world and
to strive to leave everything better than how I found it. Thanks to my parents, Allan and Diana,
and my sisters, Amy and Lisa. Thank you also to my wonderful, beautiful girlfriend, Gloria, who
supports and challenges me.IntroductionWelcome to a book about installing a small wind



turbine system. Before we try to entice you with the world of wind through stories, mathematics,
physics, price tags, laws, and the wrenches thrown into your machine that complicate things, let
us say that with this book we hope to give you a good foundation for installing, or having
someone install, a wind turbine. We want you to reach the turbine’s top. This book is for you to
not only understand wind from abstract text and photos, but will get you in the field, exploring,
finding, and harnessing your own wind. Although no book is a substitute for hands-on training,
we hope to get you started on the process.Kevin’s “Ship Bedroom,” one of several themed
spaces inside the Long Island Green Dome. Others include the Paleolithic Bathroom (complete
with cave wall shower), the Atlantis Bathroom, and the Noah’s Ark Bedroom. Kevin Shea.Will
Wind Work for You?So long as you have property with sustainable wind above nine miles per
hour (six meters per second), yes. It may be possible for wind to work for you with a bit lower
average wind speeds, possibly with new technology, but we’ll get to that, and show you how to
understand the risks.This guide is largely for those who own a plot of land, home, farm, or
building and are interested in renewable, home-grown energy, as well as investing in removing
or lowering electrical bills. We also include information for energy professionals, such as
contractors, developers, energy auditors, installers, and other trades people. And for those who
have none of this but want to see it happen in their community, wind power will work for you,
too.We have been acquainting ourselves with a sample of the people who are interested in small
wind turbines; the plant nursery owner on Long Island who has an annual energy bill equal to the
price of a mansion; the farmer and community that would like to earn from wind; the wealthy
couple who drive a “luxury” Toyota Prius, have a soapstone counter, and polished fly-ash
concrete ballroom floor and want to do more (and show it off); the middle-income homeowner
who strives to eliminate his energy bill; the hunters, Harry and Harriet, in their DC-powered
weekend cabin; the people living without electricity or running water in a developing nation. We
hope to address their needs and wants, and we look forward to acquainting ourselves with many
others.Kevin Shea with his Skystream 3.7 by Southwest Windpower. People often notice it from
the road and stop to admire it, or ask if they could get a small wind generator of their own. Kevin
Shea.Periodic inspection and maintenance, as well as occasional repair, of a wind turbine are
essential to the long-term success of a wind energy system. If you are a “put it up and forget
about it” kind of person and can’t afford to hire someone to perform an annual inspection and
maintenance, we recommend installing a photovoltaic (PV) system.Please note that this book
has a strong do it yourself (DIY) component, so you or at least one of your team members
should start procuring or cleaning your tools.Is Wind Energy a Passing Fad?No. While
experimentation of energy from wave power, algae, and even human poop is promising, wind
power is the fastest-growing energy resource in the world. And the amount of energy carried by
the Earth’s winds is much greater than current world energy consumption. The most
comprehensive study of the issue, done in 2005,1 found the potential of wind power on land and
near-shore to be 72 terawatts, equivalent to 54,000 MTOE (million tons of oil equivalent) per
year, or over five times the world’s current energy use in all forms. In the United States, installed



wind capacity now totals 35,603 megawatts—enough to power 10 million homes—and experts
predict it could ultimately supply 20 percent of the nation’s electricity without the need of energy
storage. In the shorter term, the U.S. Department of Energy (DOE) has set a goal of sourcing 5
percent of the country’s electricity needs with wind power by 2025.Wind power is the fastest
growing energy resource in the world. Kevin Shea.In 2010, work began on the world’s largest
wind farm, in the Mojave Desert, which is predicted to serve electrical demand for more than
275,000 homes. Wind power is also gaining ground in many other places, particularly in Europe
(led by Germany, Spain, and Denmark), but also in developing countries, such as Nicaragua and
Costa Rica. Denmark already gets about a quarter of its energy from the wind, and this is
expected to rise in the near future.Are Big Utility-Based Wind Turbines the Best and Only
Solution?Most wind power is now—and will continue to be—generated by large-scale wind
farms composed of a series of interconnected towers, standing over 300 feet tall and weighing
nearly 200 tons each. Large-scale wind is an exciting and emerging clean energy source, but it
is located on the far side of your own electric meter.Many consumers can now readily buy wind
power, but at a cost: the power still has to be delivered to our homes and businesses. In fact,
what usually happens is that people can only buy wind “credits,” which support wind farms but
don’t guarantee that any electrons pumped to you were generated by those turbines. Once a
wind farm is plugged into the grid, the power it produces goes into the general pool, which gets
moved around by operators at blinding speed.There’s currently no way to distinguish wind-
generated grid power from coal-generated power, or from any other source for that matter. Still,
in principle, buying wind credits can result in others recognizing you and your company as
“green,” and it does help support the growing industry. These credits are often also called “green
tags” or “renewable energy certificates” (RECs), and they are an important and growing field, but
they are frankly not the subject of this book.For the foreseeable future at least, most wind energy
will continue to be provided by utility-scale wind farms, which benefit from economies of scale
and ability to access the strongest breezes. But the small wind industry still has a valuable role
to play in a cleaner future. Kevin Shea.Think Locally, Act Locally, Reap Locally, Affect
GloballyInstead, this book focuses on the untapped potential for wind power much closer to
home, literally. Local, home-scale wind power stands between your home and the meter. So right
off the bat, you don’t pay any delivery charge for those electrons, and you don’t result in power
lost via transmission. And because small-scale wind lowers your home’s demand for power from
the grid, it works beautifully with other renewable and conservation efforts.Depending on how
expensive the prevailing grid rate for electricity is in your area, and on whether your state or
national government offers incentives for local wind power, you may discover that you can get
financial support for a wind energy system. You may be very pleasantly surprised how quickly
you see an annual return on your wind investment. This book will walk you through that analysis.
If you happen to be building somewhere off the grid entirely, such as a rural cabin or on an
isolated island, then small-scale wind can readily become a cost-effective part of your energy
solution.To be clear, small wind power turbines are electric generators that use wind to produce



clean, emissions-free power for individual homes, farms, and small businesses. The United
States leads the world in the production of small wind turbines, although Asia and other
countries are rapidly catching up. A small turbine is typically defined as having a rated capacity
of 100 kilowatts or less—enough for providing for ten or fewer average U.S. homes. The turbine
tower should be a minimum of 30 feet taller than nearby trees or buildings (although taller is
usually much better, and the most productive home systems often approach 200 feet in height).
It should be far enough from your neighbors in case an unlikely collapse occurs (follow our
instructions and make sure you work with well-engineered designs, and you shouldn’t go
wrong).Guests enjoy the swings inside the Long Island Green Dome. Renewable energy and
efficiency projects can be a lot of work, but they can also be a lot of fun, and they can be a way
to meet neighbors and like-minded folks. Kevin Shea.The homegrown energy potential is
enormous for local, smaller-scale wind power. The fastest-growing market segment within small-
wind power is among grid-connected, residential-scale systems with a capacity of one to ten
kilowatts (kW). This book focuses on how to install this kind of residential-scale system so you
can watch your meter run backwards, and perhaps get paid by your power authority, when the
wind is blowing.Thoughtful utility companies like wind power, whether industrial or small-scale,
as a cost-effective way to diversify their energy portfolio and avoid the price shocks common
with coal, oil, and natural gas. For those concerned with reducing their greenhouse gas footprint
to mitigate climate disruption, a single residential-scale (less than 10 kW) wind turbine displaces
the carbon dioxide produced by more than 1.5 average cars. (If you are a truck or Nascar driver,
get a 10 kW.)Kevin wired up his wind and solar systems for easy monitoring and maintenance.
For homeowners concerned with rapidly rising utility bills, a home wind power installation can
immediately lower monthly electricity costs. Kevin Shea.For homeowners concerned with rapidly
rising utility bills, a home wind power installation can immediately lower monthly electricity costs.
For the “green jobs” angle, U.S. manufacturers have engineered one-third of small wind turbines
worldwide. (Although there is rising competition from Europe and Asia.) If a farmer in Haiti,
Botswana, or anywhere else wants to invest in small wind power to help them raise their
standard of living, hopefully this book can help.All that being said, we want to stress that
installing and/or operating a small wind turbine is neither easy, cheap, nor without real risks to
life and limbs. We asked Ian Woofenden, author of the excellent guide Wind Power for Dummies
(For Dummies, 2009), for some advice. “Small wind is one of the hardest renewable energy
technologies to implement,” Woofenden told us via phone while he took a break from one of his
many long bike trips.“I probably talk ten times as many people out of it as I talk into it,”
Woofenden added. “It isn’t right for everyone, and most people have unrealistic expectations
about it [we’ll get into that shortly]. Small wind power is not easy or cheap, and the smaller it is
the worse it is.”We don’t want to scare you off, but we want you to be aware of the real risks and
limitations, and we hope this book helps guide you through what should be an enjoyable
process.How This Book Is OrganizedThe major remaining obstacles to a small wind power
revolution are educating consumers and making public policies more wind-friendly. This book



will address both these areas, drawing on examples from around the world. It will thoroughly
explain the fundamentals of the technology, with facts and figures, and demonstrate why it is
such a fast-growing industry. We will walk the reader through the “how to” basics of getting their
own system up and running, including how to evaluate their site for wind power potential (and it’s
not about licking your finger), getting permits (pull hair here), and (gulp) financing it.This book
will take you through the step-by-step procedures to install your own turbine system, from
purchasing options to maintaining the system. For those who can’t build one right now, we also
show the reader how to help promote more wind-friendly public policies, from local permitting
and zoning to working with local utilities. It will serve as a valuable toolbox to help you get things
done and make a difference. The final chapters in this book will analyze the breakthroughs in
wind technology that are just around the corner, as well as provide a list of resources that
readers can plug into to stay abreast of developments.Many green technologies work well
together, especially solar and wind energy. Kevin’s unique home includes both, as well as a
“green roof,” which helps reduce harmful runoff and naturally cools indoor spaces. Kevin
Shea.Assumptions• You are interested in effective wind electric systems.• You want to know if a
wind turbine is feasible for your home, farm, office, or development.• You want to know how to
achieve a “wind-win” scenario with neighbors and your town’s code.• You want to separate myth
from truth about wind and wind turbines.• Your goal is to support or experiment with clean
technology.• You are curious if you can actually install your own wind turbine.• You want to begin
developing the knowledge base or skill set to install a small wind turbine.Feel free to skip
anything you don’t want to read. Each chapter is a stand-alone. And there will be cross-
references among the chapters, so if you encounter a gap in your personal knowledge base, you
will be able to quickly catch up.Our ResponsibilitiesFacilitate the understanding of the core
knowledge you need to manage the entire lifecycle of a small wind power system.Important
WarningWe did our best to be comprehensive, but no book can tell you everything you need to
know about installing a complete wind system. That involves a wide range of technical skills,
including wiring and electrical work, tower engineering, climbing, pouring concrete, hoisting
heavy equipment, and much more. No book is a substitute for hands-on experience and training,
and this is certainly true when it comes to small wind systems. There are numerous hazards in
this industry that can lead to serious injury and even death, and it sometimes happens. Risks
include falls, falling objects, electrocution, and blade strikes, to name a few.If you’re serious
about getting your own wind system, we strongly recommend going with an experienced and
qualified installer, or getting trained beforehand if you are going to do some of the work yourself.
It is possible to build your own wind system with your own two hands, but it is difficult, and you
will need more than this book. You will, at a minimum, need a mentor to show you how to
complete some of the trickier tasks required. This book can’t show you everything you’ll need,
but it is a good place to start.The small wind industry does involve a range of technical skills, as
well as risks. This book will help you understand some of the challenges and hazards, but no
book is a substitute for hands-on training. Courtesy of Rosalie Bay Resort.A small wind system



is a considerable investment and takes some work to maintain, but it can also be very rewarding.
Kevin Shea.Conventions Used in This BookWe would like to share a word about the form of this
book. The beginning of each chapter will have an inspiring or provocative wind quote from a
VIP:I can’t change the direction of the wind, but I can adjust my sails to always reach my
destination.–JIMMY DEANThis is followed by an overview box, which will inform readers what
questions we are going to answer. Here is the model:Overview• What is the science behind wind
energy?• Why is wind the solution for me?• Which systems will work for me?• Is this going to be
expensive?In addition, we sprinkle subject-specific sidebars throughout the book.Hazard
Installing a wind turbine is an inherently risky activity. Some of the potential risks include falls,
being struck by falling objects, electrical shocks or even death. We have tried to place this
symbol near instructions that carry significant risk, to underscore that extra vigilance may be
warranted.Power Up! Some eye-popping information or tidbit that may require consent from your
guardian to read.Tech Stuff A deeper, more technical look at wind science, often involving math
equations, applied logic, and statistics. If you aren’t technically-minded, you may want to skim
over these sections.INTERCONNECTInspiring stories that bring the small-scale wind turbine
community network across the globe to your home. So get out the welcome
mat.ResourcesResources that fully explore and explain this topic so thoroughly that you
shouldn’t just take our word for it.QR CodesIn some cases, we want to provide additional
information that can’t fit into this book, so we provide an encoded URL or other content in a
matrix barcode. Aim a mobile phone with a camera or smartphone with the proper scan software
at the square, called a QR (quick response) code, click, and, voilá, up pops a link to websites of
content, manufacturers, coupons, videos, and maps.Scan me!Kevin built his dream home on
Long Island, and he’s now busy building an innovative wildlife reserve in Nicaragua. What will
you build? Kevin Shea.After You Read the Book, Then What?We plan to support this book on
our own websites, and we will be doing follow-up podcasts, videos, blog posts, and so on on the
topic. Our long-term goal is to build and keep alive a networked audience through social media.
If you have no idea what we are talking about, just know that we are not done with YOU after you
finish reading this book. You will be able to come back to us for more. Now that is a guidebook
with a good return that keeps coming.Now That We Have Your AttentionIf you want to take part
in one of the great undertakings of our time, get involved now.In the process of your daily
agenda, make a difference. After reading this book, you will know many of the core concepts
and terms, advantages and limitations of small wind power, but we need to get your commitment
in the beginning before you get totally enthralled with your project.So here are five easy ways
you can help now:1. If you are acquainted with the legislators who represent you at the local,
regional, and/or national levels, talk to them.Tell them you would like to see the promotion of
safe, effective, and efficient small wind energy systems to reduce the on-site consumption of
utility-supplied electricity and improve our economic and environmental “situation.” And ask
them what they’re doing to• Accelerate the massive amounts of renewable energy that are
needed• Give everyone an equal opportunity to participate in the renewable energy revolution•



Make renewable energy feed-in tariffs available to everyone (see Chapter 6)2. If you live in the
don’t-know-my-legislators category, please submit the statement and questions above to your
legislators’ e-mail at this website:• United States:• Canada:• European Union:• List of National
Parliaments:3. For those who use social media tools (e.g., Facebook, GoogleMe, YouTube,
Flickr), please take action at the Repower America Website (shared by the Alliance for Climate
Protection and the Climate Protection Action Fund) at: repoweramerica.org/take-action.4. To
register your support for electricity feed laws, also known as feed-in tariffs (FITS), and the
renewable energy payments that make them work, go to the website for the North American
Alliance for Renewable Energy at: .5. Become a member of any of the following wind energy
associations listed on this website: .Do not turn the next page until you have completed at least
one act. Note: Your e-mail is not being placed on some third-party mailing list.Did you complete
one of the five items? If so, please continue to read.IntroductionWelcome to a book about
installing a small wind turbine system. Before we try to entice you with the world of wind through
stories, mathematics, physics, price tags, laws, and the wrenches thrown into your machine that
complicate things, let us say that with this book we hope to give you a good foundation for
installing, or having someone install, a wind turbine. We want you to reach the turbine’s top. This
book is for you to not only understand wind from abstract text and photos, but will get you in the
field, exploring, finding, and harnessing your own wind. Although no book is a substitute for
hands-on training, we hope to get you started on the process.Kevin’s “Ship Bedroom,” one of
several themed spaces inside the Long Island Green Dome. Others include the Paleolithic
Bathroom (complete with cave wall shower), the Atlantis Bathroom, and the Noah’s Ark
Bedroom. Kevin Shea.Will Wind Work for You?So long as you have property with sustainable
wind above nine miles per hour (six meters per second), yes. It may be possible for wind to work
for you with a bit lower average wind speeds, possibly with new technology, but we’ll get to that,
and show you how to understand the risks.This guide is largely for those who own a plot of land,
home, farm, or building and are interested in renewable, home-grown energy, as well as
investing in removing or lowering electrical bills. We also include information for energy
professionals, such as contractors, developers, energy auditors, installers, and other trades
people. And for those who have none of this but want to see it happen in their community, wind
power will work for you, too.We have been acquainting ourselves with a sample of the people
who are interested in small wind turbines; the plant nursery owner on Long Island who has an
annual energy bill equal to the price of a mansion; the farmer and community that would like to
earn from wind; the wealthy couple who drive a “luxury” Toyota Prius, have a soapstone counter,
and polished fly-ash concrete ballroom floor and want to do more (and show it off); the middle-
income homeowner who strives to eliminate his energy bill; the hunters, Harry and Harriet, in
their DC-powered weekend cabin; the people living without electricity or running water in a
developing nation. We hope to address their needs and wants, and we look forward to
acquainting ourselves with many others.Kevin Shea with his Skystream 3.7 by Southwest
Windpower. People often notice it from the road and stop to admire it, or ask if they could get a



small wind generator of their own. Kevin Shea.Periodic inspection and maintenance, as well as
occasional repair, of a wind turbine are essential to the long-term success of a wind energy
system. If you are a “put it up and forget about it” kind of person and can’t afford to hire someone
to perform an annual inspection and maintenance, we recommend installing a photovoltaic (PV)
system.Please note that this book has a strong do it yourself (DIY) component, so you or at least
one of your team members should start procuring or cleaning your tools.Is Wind Energy a
Passing Fad?No. While experimentation of energy from wave power, algae, and even human
poop is promising, wind power is the fastest-growing energy resource in the world. And the
amount of energy carried by the Earth’s winds is much greater than current world energy
consumption. The most comprehensive study of the issue, done in 2005,1 found the potential of
wind power on land and near-shore to be 72 terawatts, equivalent to 54,000 MTOE (million tons
of oil equivalent) per year, or over five times the world’s current energy use in all forms. In the
United States, installed wind capacity now totals 35,603 megawatts—enough to power 10
million homes—and experts predict it could ultimately supply 20 percent of the nation’s
electricity without the need of energy storage. In the shorter term, the U.S. Department of Energy
(DOE) has set a goal of sourcing 5 percent of the country’s electricity needs with wind power by
2025.Wind power is the fastest growing energy resource in the world. Kevin Shea.In 2010, work
began on the world’s largest wind farm, in the Mojave Desert, which is predicted to serve
electrical demand for more than 275,000 homes. Wind power is also gaining ground in many
other places, particularly in Europe (led by Germany, Spain, and Denmark), but also in
developing countries, such as Nicaragua and Costa Rica. Denmark already gets about a quarter
of its energy from the wind, and this is expected to rise in the near future.Are Big Utility-Based
Wind Turbines the Best and Only Solution?Most wind power is now—and will continue to be—
generated by large-scale wind farms composed of a series of interconnected towers, standing
over 300 feet tall and weighing nearly 200 tons each. Large-scale wind is an exciting and
emerging clean energy source, but it is located on the far side of your own electric meter.Many
consumers can now readily buy wind power, but at a cost: the power still has to be delivered to
our homes and businesses. In fact, what usually happens is that people can only buy wind
“credits,” which support wind farms but don’t guarantee that any electrons pumped to you were
generated by those turbines. Once a wind farm is plugged into the grid, the power it produces
goes into the general pool, which gets moved around by operators at blinding speed.There’s
currently no way to distinguish wind-generated grid power from coal-generated power, or from
any other source for that matter. Still, in principle, buying wind credits can result in others
recognizing you and your company as “green,” and it does help support the growing industry.
These credits are often also called “green tags” or “renewable energy certificates” (RECs), and
they are an important and growing field, but they are frankly not the subject of this book.For the
foreseeable future at least, most wind energy will continue to be provided by utility-scale wind
farms, which benefit from economies of scale and ability to access the strongest breezes. But
the small wind industry still has a valuable role to play in a cleaner future. Kevin Shea.Think



Locally, Act Locally, Reap Locally, Affect GloballyInstead, this book focuses on the untapped
potential for wind power much closer to home, literally. Local, home-scale wind power stands
between your home and the meter. So right off the bat, you don’t pay any delivery charge for
those electrons, and you don’t result in power lost via transmission. And because small-scale
wind lowers your home’s demand for power from the grid, it works beautifully with other
renewable and conservation efforts.Depending on how expensive the prevailing grid rate for
electricity is in your area, and on whether your state or national government offers incentives for
local wind power, you may discover that you can get financial support for a wind energy system.
You may be very pleasantly surprised how quickly you see an annual return on your wind
investment. This book will walk you through that analysis. If you happen to be building
somewhere off the grid entirely, such as a rural cabin or on an isolated island, then small-scale
wind can readily become a cost-effective part of your energy solution.To be clear, small wind
power turbines are electric generators that use wind to produce clean, emissions-free power for
individual homes, farms, and small businesses. The United States leads the world in the
production of small wind turbines, although Asia and other countries are rapidly catching up. A
small turbine is typically defined as having a rated capacity of 100 kilowatts or less—enough for
providing for ten or fewer average U.S. homes. The turbine tower should be a minimum of 30 feet
taller than nearby trees or buildings (although taller is usually much better, and the most
productive home systems often approach 200 feet in height). It should be far enough from your
neighbors in case an unlikely collapse occurs (follow our instructions and make sure you work
with well-engineered designs, and you shouldn’t go wrong).Guests enjoy the swings inside the
Long Island Green Dome. Renewable energy and efficiency projects can be a lot of work, but
they can also be a lot of fun, and they can be a way to meet neighbors and like-minded folks.
Kevin Shea.The homegrown energy potential is enormous for local, smaller-scale wind power.
The fastest-growing market segment within small-wind power is among grid-connected,
residential-scale systems with a capacity of one to ten kilowatts (kW). This book focuses on how
to install this kind of residential-scale system so you can watch your meter run backwards, and
perhaps get paid by your power authority, when the wind is blowing.Thoughtful utility companies
like wind power, whether industrial or small-scale, as a cost-effective way to diversify their
energy portfolio and avoid the price shocks common with coal, oil, and natural gas. For those
concerned with reducing their greenhouse gas footprint to mitigate climate disruption, a single
residential-scale (less than 10 kW) wind turbine displaces the carbon dioxide produced by more
than 1.5 average cars. (If you are a truck or Nascar driver, get a 10 kW.)Kevin wired up his wind
and solar systems for easy monitoring and maintenance. For homeowners concerned with
rapidly rising utility bills, a home wind power installation can immediately lower monthly
electricity costs. Kevin Shea.For homeowners concerned with rapidly rising utility bills, a home
wind power installation can immediately lower monthly electricity costs. For the “green jobs”
angle, U.S. manufacturers have engineered one-third of small wind turbines worldwide.
(Although there is rising competition from Europe and Asia.) If a farmer in Haiti, Botswana, or



anywhere else wants to invest in small wind power to help them raise their standard of living,
hopefully this book can help.All that being said, we want to stress that installing and/or operating
a small wind turbine is neither easy, cheap, nor without real risks to life and limbs. We asked Ian
Woofenden, author of the excellent guide Wind Power for Dummies (For Dummies, 2009), for
some advice. “Small wind is one of the hardest renewable energy technologies to implement,”
Woofenden told us via phone while he took a break from one of his many long bike trips.“I
probably talk ten times as many people out of it as I talk into it,” Woofenden added. “It isn’t right
for everyone, and most people have unrealistic expectations about it [we’ll get into that shortly].
Small wind power is not easy or cheap, and the smaller it is the worse it is.”We don’t want to
scare you off, but we want you to be aware of the real risks and limitations, and we hope this
book helps guide you through what should be an enjoyable process.How This Book Is
OrganizedThe major remaining obstacles to a small wind power revolution are educating
consumers and making public policies more wind-friendly. This book will address both these
areas, drawing on examples from around the world. It will thoroughly explain the fundamentals of
the technology, with facts and figures, and demonstrate why it is such a fast-growing industry.
We will walk the reader through the “how to” basics of getting their own system up and running,
including how to evaluate their site for wind power potential (and it’s not about licking your
finger), getting permits (pull hair here), and (gulp) financing it.This book will take you through the
step-by-step procedures to install your own turbine system, from purchasing options to
maintaining the system. For those who can’t build one right now, we also show the reader how to
help promote more wind-friendly public policies, from local permitting and zoning to working with
local utilities. It will serve as a valuable toolbox to help you get things done and make a
difference. The final chapters in this book will analyze the breakthroughs in wind technology that
are just around the corner, as well as provide a list of resources that readers can plug into to stay
abreast of developments.Many green technologies work well together, especially solar and wind
energy. Kevin’s unique home includes both, as well as a “green roof,” which helps reduce harmful
runoff and naturally cools indoor spaces. Kevin Shea.Assumptions• You are interested in
effective wind electric systems.• You want to know if a wind turbine is feasible for your home,
farm, office, or development.• You want to know how to achieve a “wind-win” scenario with
neighbors and your town’s code.• You want to separate myth from truth about wind and wind
turbines.• Your goal is to support or experiment with clean technology.• You are curious if you
can actually install your own wind turbine.• You want to begin developing the knowledge base or
skill set to install a small wind turbine.Feel free to skip anything you don’t want to read. Each
chapter is a stand-alone. And there will be cross-references among the chapters, so if you
encounter a gap in your personal knowledge base, you will be able to quickly catch up.Our
ResponsibilitiesFacilitate the understanding of the core knowledge you need to manage the
entire lifecycle of a small wind power system.Important WarningWe did our best to be
comprehensive, but no book can tell you everything you need to know about installing a
complete wind system. That involves a wide range of technical skills, including wiring and



electrical work, tower engineering, climbing, pouring concrete, hoisting heavy equipment, and
much more. No book is a substitute for hands-on experience and training, and this is certainly
true when it comes to small wind systems. There are numerous hazards in this industry that can
lead to serious injury and even death, and it sometimes happens. Risks include falls, falling
objects, electrocution, and blade strikes, to name a few.If you’re serious about getting your own
wind system, we strongly recommend going with an experienced and qualified installer, or
getting trained beforehand if you are going to do some of the work yourself. It is possible to build
your own wind system with your own two hands, but it is difficult, and you will need more than
this book. You will, at a minimum, need a mentor to show you how to complete some of the
trickier tasks required. This book can’t show you everything you’ll need, but it is a good place to
start.The small wind industry does involve a range of technical skills, as well as risks. This book
will help you understand some of the challenges and hazards, but no book is a substitute for
hands-on training. Courtesy of Rosalie Bay Resort.A small wind system is a considerable
investment and takes some work to maintain, but it can also be very rewarding. Kevin
Shea.Conventions Used in This BookWe would like to share a word about the form of this book.
The beginning of each chapter will have an inspiring or provocative wind quote from a VIP:I can’t
change the direction of the wind, but I can adjust my sails to always reach my destination.–
JIMMY DEANThis is followed by an overview box, which will inform readers what questions we
are going to answer. Here is the model:Overview• What is the science behind wind energy?•
Why is wind the solution for me?• Which systems will work for me?• Is this going to be
expensive?Overview• What is the science behind wind energy?• Why is wind the solution for
me?• Which systems will work for me?• Is this going to be expensive?In addition, we sprinkle
subject-specific sidebars throughout the book.Hazard Installing a wind turbine is an inherently
risky activity. Some of the potential risks include falls, being struck by falling objects, electrical
shocks or even death. We have tried to place this symbol near instructions that carry significant
risk, to underscore that extra vigilance may be warranted.Power Up! Some eye-popping
information or tidbit that may require consent from your guardian to read.Tech Stuff A deeper,
more technical look at wind science, often involving math equations, applied logic, and statistics.
If you aren’t technically-minded, you may want to skim over these
sections.INTERCONNECTInspiring stories that bring the small-scale wind turbine community
network across the globe to your home. So get out the welcome mat.ResourcesResources that
fully explore and explain this topic so thoroughly that you shouldn’t just take our word for it.QR
CodesIn some cases, we want to provide additional information that can’t fit into this book, so
we provide an encoded URL or other content in a matrix barcode. Aim a mobile phone with a
camera or smartphone with the proper scan software at the square, called a QR (quick
response) code, click, and, voilá, up pops a link to websites of content, manufacturers, coupons,
videos, and maps.Scan me!Kevin built his dream home on Long Island, and he’s now busy
building an innovative wildlife reserve in Nicaragua. What will you build? Kevin Shea.After You
Read the Book, Then What?We plan to support this book on our own websites, and we will be



doing follow-up podcasts, videos, blog posts, and so on on the topic. Our long-term goal is to
build and keep alive a networked audience through social media. If you have no idea what we
are talking about, just know that we are not done with YOU after you finish reading this book. You
will be able to come back to us for more. Now that is a guidebook with a good return that keeps
coming.Now That We Have Your AttentionIf you want to take part in one of the great
undertakings of our time, get involved now.In the process of your daily agenda, make a
difference. After reading this book, you will know many of the core concepts and terms,
advantages and limitations of small wind power, but we need to get your commitment in the
beginning before you get totally enthralled with your project.So here are five easy ways you can
help now:1. If you are acquainted with the legislators who represent you at the local, regional,
and/or national levels, talk to them.Tell them you would like to see the promotion of safe,
effective, and efficient small wind energy systems to reduce the on-site consumption of utility-
supplied electricity and improve our economic and environmental “situation.” And ask them what
they’re doing to• Accelerate the massive amounts of renewable energy that are needed• Give
everyone an equal opportunity to participate in the renewable energy revolution• Make
renewable energy feed-in tariffs available to everyone (see Chapter 6)2. If you live in the don’t-
know-my-legislators category, please submit the statement and questions above to your
legislators’ e-mail at this website:• United States: • Canada: • European Union: • List of National
Parliaments: 3. For those who use social media tools (e.g., Facebook, GoogleMe, YouTube,
Flickr), please take action at the Repower America Website (shared by the Alliance for Climate
Protection and the Climate Protection Action Fund) at: repoweramerica.org/take-action.4. To
register your support for electricity feed laws, also known as feed-in tariffs (FITS), and the
renewable energy payments that make them work, go to the website for the North American
Alliance for Renewable Energy at: .5. Become a member of any of the following wind energy
associations listed on this website: .Do not turn the next page until you have completed at least
one act. Note: Your e-mail is not being placed on some third-party mailing list.Did you complete
one of the five items? If so, please continue to read.CHAPTER 1First Wind: Introduction to Small
Wind PowerI can’t change the direction of the wind, but I can adjust my sails to always reach my
destination.–JIMMY DEANOverview• What is wind energy?• Where did wind turbines come
from?• What are the components of a wind energy system?• What are the main drivers for wind
energy?Regardless if this is your first project or your umpteenth project, you are charged up
about harnessing your own wind (Figure 1-1). So let’s breeze through this first chapter.FIGURE
1-1 A 10 kW small wind turbine on lattice tower at Windy Acres Farm in Calverton, New York.
The farm is a popular tourist stopover, and so helps educate people about wind energy. Kevin
Shea.Topics will include a brief overview of wind power history, advances in large-scale wind
worldwide, and how these developments drive up the potential for local, small-scale wind. The
chapter will also give a brief explanation of how the wind turbine system works. Last, we will
outline the significant environmental benefits of wind power, as well as potential impacts,
including addressing common myths and areas for concern.A Brief History of Wind EnergyYou



might already have a good understanding of wind energy, but let us start with the basics.Wind is
simply air in motion caused by uneven heating of the Earth’s surface by the sun. The Earth
absorbs and releases the heat at different rates because it is made of different types of
materials. This produces cold and warm air masses that shift continuously. As warm air rises,
cool air moves in. Wind is caused by differences in pressure. Where these differences develop,
air is accelerated from higher to lower pressure.Wind has been converted into useful forms of
energy for millennia (Figure 1-2). Long ago, wind was used to build or “feed” a fire, spread seed,
and dry cloths. Historians believe wind has been tapped to move sailboats for at least 5,500
years. In the 17th century B.C.E., the powerful Babylonian emperor Hammurabi recorded plans
to use wind power for ambitious irrigation projects. (That’s the same ruler responsible for
Hammurabi’s Code, one of the earliest written systems of law.)FIGURE 1-2 Wind has been used
for millennia to fan fires, spread seed, and dry clothes, as well as for artistic purposes, such as
this re-creation of traditional German wind art in Texas. Brian Clark Howard.It seems that people
understood wind energy as a public good even back then. Over time, and with more innovation,
wind began to be converted into mechanical energy through windmills, which turned grinding
stones for making flour and drove pumps for moving water.Many historians think the first
windmills were invented by the Persians around 500 C.E. (Figure 1-3). These devices were
made out of bundles of reeds and wooden frames, and were mounted on vertical shafts (taking
the shape of what we now call vertical axis wind turbines, or VAWTs). They were housed in brick
or clay walls, with an opening that allowed the wind to enter, and were used to grind grain and
pump water. In the first century C.E., the Greek mathematician and engineer Heron (aka Hero)
of Alexandria invented a wind-powered musical organ. Similarly, by the fourth century, devotees
in Tibet were cleansing their karma via wind-powered prayer wheels. (For good measure, they
also had stream-and candle heat-powered prayer wheels.)FIGURE 1-3 Many historians think the
first windmills were invented by the Persians around 500 C.E. Their devices gradually spread
throughout the Middle East, and were mentioned in early Islamic texts. Kaboldy/Wikimedia
Commons.Many historians say the world’s first truly practical windmills were invented in Sistan—
a region now on the border of Iran and Afghanistan—sometime around the seventh or ninth
centuries c.e. These were also vertical axis models, with rectangular-shaped blades and six to
twelve sails of reeds or cloth. These early windmills were used to grind flour, process sugarcane,
and pump water. Over time, the designs spread throughout the Middle East and Central Asia.
They were also sometimes adapted to pump seawater to make salt.The earliest definitive record
of a windmill in northern Europe is a report from Yorkshire, England, in 1185. This example had a
horizontal axle, predating today’s horizontal axis wind turbines (HAWTs), and it was used for
grinding grain and pumping water. Beer a la wind!Some scholars have theorized that the
horizontal design was adapted after contact with earlier vertical designs, perhaps as a result of
the Crusades, but medieval technology scholar Lynn White, Jr., has argued that the Europeans
independently invented their windmills (Figure 1-4). According to White, it wasn’t so much a leap
of technology as much as an evolution, given that waterwheels were already in use there. Wind-



driven versions offered a number of key benefits, such as the ability to work even when the rivers
are frozen. Plus, there are only so many babbling brooks to go around, especially when the best
ones are already claimed by the nobility.FIGURE 1-4 During the late Medieval and Renaissance
periods, horizontal axis wind turbines sprouted across Europe for pumping water and grinding
grain. Can’t you imagine Don Quixote tilting at these windmills in Spain? Lourdes Cardenal/
Wikimedia Commons.In the 14th century, the people perhaps most associated with windmills
today, the Dutch, began using the machines to pump water out of their dammed watersheds,
expanding their amount of arable farmland, and even permitting them to live below sea level.
Many beautiful historic examples of the windmills remain standing today.American history
scholars believe the first windmill built on U.S. soil may have been erected in Jamestown,
Virginia, in 1621. After that, a number were built across the continent as colonists expanded.
Between 1850 and 1900, an estimated six million small windmills were installed on American
farms to drive irrigation pumps. They were made by such firms as Star, Eclipse, Fairbanks-
Morse, and Aeromotor.In 1887, Professor James Blyth of Anderson’s College (now University
Strathclyde) in Glasgow, Scotland, built the world’s first wind turbine—meaning a device that
harnessed the power of the winds to actually generate electricity. Blyth’s machine was 33 feet
high and had cloth sails, and it powered lights in his vacation cottage. Allegedly, when he offered
to share his excess electricity with the townspeople, they declined, calling it “the work of the
devil.” Blyth would build another wind turbine for a local hospital, but his designs never caught
on. Damn him!In 1888, inventor and engineer Charles F. Brush built a massive experimental
wind turbine in the backyard of his Cleveland, Ohio, mansion (Figure 1-5). Atop a 60-foot, 40-ton
wrought iron tower, Brush’s team placed a 56-foot-diameter horizontal axis turbine with a rotor
composed of 144 blades—which provided a sail surface of 1,800 square feet (an average area
of a U.S. home)—and a tail that was 60 feet long and 20 feet wide.FIGURE 1-5 In 1888, Charles
F. Brush built a 12-kilowatt wind turbine in his Cleveland, Ohio, backyard. Wikimedia
Commons.According to Green Energy Ohio, the 20-foot shaft inside the tower turned pulleys
and belts, rotating this dynamo up to 500 revolutions per minute. It was extremely inefficient, in
part because it was such a solid mass and because it turned slowly. And despite its size, the
turbine could only produce a maximum of 12 kilowatts. It could power your New York home
today, but the wind had to be strong enough to compensate for the steel shield of blades.Brush’s
wind turbine reportedly lasted for 20 years, although it was obsolete within just a few, since
Cleveland soon received grid power, which was more reliable and easier to work with.In the
1890s, Danish scientist Poul la Cour also built wind turbines, and the technology really caught
on in Denmark, which is still a global leader in the field. By 1908, Denmark had at least 72
electricity-producing wind turbines, ranging in output from 5 kW to 25 kW. The largest of these
were mounted on 79-foot towers, with four-bladed, 75-foot-diameter rotors. In 1957, another
Dane, Johannes Juul, reached an important innovation with a 79-foot-diameter horizontal axis
wind turbine at Gedser. This design had three blades and faced upwind, and it established the
most dominant design in the industry.The 1920s, 1930s, and 1940s saw a “golden age” of wind



turbines in America, as millions of units were installed across the country (Figure 1-6). Some
were used on bridges and for other isolated structures, but most were bought for farms and
ranches, where they provided lighting and ran machinery, typically with batteries. Manufacturers
included Jacobs Wind, Wincharger, Miller Airlite, Universal Aeroelectric, Paris-Dunn, Airline, and
Winpower. Most designs generated a few hundred watts to several kilowatts. The most popular
model was a two-bladed, horizontal design from Wincharger, which produced up to 200
watts.FIGURE 1-6 In the early 20th century, millions of small wind turbines were installed around
the world, before widespread rural electrification. Many of these machines still spin today, like
this one in Idaho, and some are still used for remote power and pumping. Brian Clark
Howard.During this period, some turbines were used in Africa and in other developing areas,
and some were even used on Admiral Byrd’s expedition to Antarctica. At the same time, the
Dunlite Corporation sold many small turbines across rural Australia.The rural electrification
programs that started in the 1930s ended this golden age of wind turbine use, since getting grid
power meant that it was no longer convenient or economical to keep the small blades spinning.
As a result, fewer wind turbines were built for several decades. True, some very small turbines
have long been used on boats (Figure 1-7)—in fact, German U-boats even had them in World
War II—but there wasn’t a lot of demand.FIGURE 1-7 Small wind turbines have been used on
boats for a long time, as proven by this 1902 image of the grounded ship Chance off New
Zealand. David De Maus/Wikimedia Commons.However, in the 1970s, rising environmental
consciousness, the Arab oil embargo, and the back-to-the-land movement combined to feed
new demand. At first, many people sought out vintage wind turbines—Jacobs Wind models
were especially prized. Gradually, a small industry developed to recondition and service these
machines, and over time, companies began to design and build new equipment. Some people
also tried making their own wind turbines out of locally available scrap parts, such as hand-cut
wooden blades, used car alternators, and old bicycle chains. These designs can work, as
triumphantly proved by young Malawian tinkerer William Kamkwamba, the subject and coauthor
of the best-selling book The Boy Who Harnessed the Wind (William Morrow, 2009). However,
they are a lot of work, are often noisy, and usually don’t produce much juice.Today, consumers
have considerable choice when it comes to small wind turbines. They can shop for full-service
wind solutions, or order kits and parts online and do the whole thing themselves. The industry is
still relatively immature, especially compared to commercial wind, and many designs are new
and without track records or real-world data to back them up. But that is changing, and new
certification programs are coming online.A Brief History of Commercial-Scale Wind EnergyOn
the utility scale, not much developed during the early decades of the 20th century. In 1931, the
Soviets built the WIME-3D turbine near Yalta. This 100-foot-diameter, three-blade rotor was
mounted on a 100-foot steel lattice tower. It produced up to 100 kW, meaning it would technically
be classified as small wind by most experts today, despite its big size.In 1941, the world’s first
megawatt-scale turbine was built, on the top of Grandpa’s Knob Summit in Castleton, Vermont
(Figure 1-8). The massive, 1.25 megawatt (MW) turbine was connected into the local grid, but it



only lasted for 1,100 hours, since a known structural weakness resulted in failure. The builders,
Palmer Cosslett Putnam and the S. Morgan Smith Company, reportedly couldn’t make
reinforcements due to wartime material shortages. It would be about 40 years before anything
was tried to that scale.FIGURE 1-8 The world’s first megawatt-scale wind turbine was built on
blustery “Grandpa’s Knob” near Rutland, Vermont, in 1941. Rated at 1.25 megawatts, the project
only lasted a brief time, since war shortages prevented repairs. DOE/Wikimedia Commons.In
the 1970s and 1980s, the National Aeronautics and Space Administration (NASA) conducted
extensive research on utility-scale turbines. Efforts were coordinated out of Lewis Research
Center (now John H. Glenn Research Center) in Sandusky, Ohio, not too far from Brush’s
pioneering machine. The wind projects were funded by the National Science Foundation and the
Department of Energy (DOE), with support from a public that was hungry for renewable,
homegrown energy sources.Several designs were tested at sites in Ohio, North Carolina,
Washington state, and elsewhere (Figure 1-9). Major contractors included General Electric,
Boeing, Westinghouse, and United Technologies. The work eventually led to many key
innovations, including steel tube towers, variable-speed generators, composite blade materials,
partial-span pitch control, and structural components. In 1987, the massive Mod-5B turbine was
built in Hawaii, with a rotor of 328 feet and a rated power of 3.2 megawatts. The blades were
segmented so they could be transported more easily.FIGURE 1-9 In the early 1980s, NASA, the
DOE, and Boeing built a 7.5-megawatt cluster of three big wind turbines in Goodnoe Hills,
Washington. The experimental wind farm was supported by the Carter administration and a
public shocked by the Arab oil embargo. NASA/DOE/Wikimedia Commons.Also in the 1980s,
California passed tax rebates for wind power, and this kicked off the world’s first commercial
wind farms, the most famous of which is located in Altamont Pass. Those turbines are small (100
kW) and inefficient compared to today’s commercial operations, but they set the stage for an
exciting new industry, and they still spin today.By the way, have you ever noticed which way wind
turbines spin? Most old-fashioned windmills had their blades rotate counterclockwise, and that’s
how many wind turbines worked, too. However, in the 1970s, the Danes started making all their
designs work clockwise, and soon it caught on as an industry standard.Vertical axis turbines
haven’t seen as much development over the years, although NASA has tested them, and there
has been a recent resurgence in them, despite some controversies (Figure 1-10). The Darrieus
wind turbine, a key vertical style, was patented in 1931 by French aeronautical engineer
Georges Jean Marie Darrieus. (More on VAWTs in Chapter 8.)FIGURE 1-10 A micro-VAWT
mounted above solar panels on a light pole in a Brooklyn parking lot. VAWTs have enjoyed a
resurgence recently, though they remain controversial. Brian Clark Howard.Today, wind energy is
primarily extracted to generate electricity, although some windmills are still used to pump water,
primarily on remote ranches. Although small-scale wind is now overshadowed by commercial
projects in terms of investment, political support, and public awareness, the small wind industry
continues to show strong growth and considerable promise. Small wind turbines don’t make
sense for everyone or for all locations, but they definitely have a role to play in a cleaner future



and in smart energy economics.It’s worth remembering that wind is a renewable energy source,
because the wind will blow as long as the sun shines. There is no controversial belief regarding
some “peak wind” theory, as there is with fossil fuels. Wind will be here for at least 20 millennia
more, and we hope that human beings like you will be innovative enough to reap the
benefits.Recent Growth of the Global Wind MarketYou are standing on the highest peak in the
American Northeast, the 6,288-foot Mount Washington in New Hampshire. It’s a forbidding
landscape of wind-swept rock, home to some of the planet’s fiercest winds. All of a sudden, you
are blown over by a terrific gust. You are swooped into the air, out of control, and at the mercy of
winds with the amazing speed of 231 mph (103.3 m/s), the fastest ever recorded with an
anemometer (outside of a tropical cyclone).1 While you are up in the air, let’s ride the trade
winds across the globe to see what advances are being made in the wind industry
worldwide.Figure 1-11 shows a graph of world-installed wind power capacity for 1996 through
2008. Take this chart with you, because it can give you a glimpse of small wind turbine growth to
expect on your journey.FIGURE 1-11 Global installed wind power capacity for 1996 through
2008, moving steadily up! Global Wind Energy Council/Thomas Splettstoesser/Wikimedia
Commons.Circling the United States, the wind rushes through numerous large-scale onshore
(i.e., on land) wind farms. You are blown past the Altamont Pass Wind Farm in California, a bold
step in the infancy of the market (Figure 1-12). The 5,400-turbine collection of residential-size
turbines initially installed in the early 1980s provided lessons for future development. It has long
been cited by conservationists as a primary reason why wind turbines can sometimes do more
harm than good, as it ended up killing thousands of birds, including eagles and other raptors
(more on this later this chapter). Note that 80 megawatts of turbines are to be upgraded by the
end of 2011 to remedy this problem.FIGURE 1-12 California’s sprawling Altamont Pass is home
to one of the world’s most famous wind farms, which was started in the early 1980s. Shown are
Enertech models that are considered vintage today. Xah lee/Wikimedia Commons.On the other
side of the coast, a massive offshore wind farm network is being planned from Maine to North
Carolina. In between are 100,000 small wind turbines now operating throughout the country,
providing about 100 megawatts of generating capacity. This includes boats, homes, farms, and
businesses with spinning flags of wind power.Swoop up to Canada, home to more than half of
the small wind manufacturers worldwide, with models in the 30-50 kW range and to three-
fourths of manufacturers with models in the 50-100 kW range. Small and utility-size wind
turbines power over 1 million Canadian homes, with estimated wind energy potential for 17
million homes.2 Despite its recent economic troubles and extended cold temperatures and
harsh weather, Canada’s small wind industry has increased by 55 percent over the past two
years, according to a new market study conducted for the Canadian Wind Energy Association
(CanWEA).According to CanWEA’s manager for small wind policy, Emilie Moorhouse, the
country has an estimated 12 MW of installed small wind capacity. Almost 90 percent of that is
due to systems smaller than 1 kW. A large percentage are off-grid, in very isolated and far
northern areas.3Taking the trade winds, we pass over sparsely populated areas of Greenland,



the world’s largest island, with harsh climatic conditions and little infrastructure due to cost
constraints. Wave a salute to the task forces looking for ways to harvest one of the world’s best
onshore wind resources, due to its high average wind speed of 15 mph (7m/s).At the gateway of
Europe, you swoosh through history. You might see remnants of windmills that once dominated
the landscape of Holland, also home of the Zeeland small wind turbine test site (Figure 1-13).
Also, tip your cap to Denmark up north, which has long been home to pioneers of wind turbine
development. Then there is Germany, Spain, and numerous other countries in the European
Union that have seen small wind turbines planted like seeds in a field after the government
agreed to pay feed-in tariffs for clean electricity wherever the site permits (see Chapter 6 for
more on financing).FIGURE 1-13 The Zeeland small wind turbine test site in Holland, where
researchers evaluate different designs. Jeroen Haringman/.In the United Kingdom, which
recently added a feed-in tariff for small wind, the growing trend is small, distributed, grid-
connected projects (Figure 1-14). The United Kingdom has historically been the second-largest
market after the United States, representing 20 to 25 percent of global demand.4 The United
Kingdom added an estimated 10,000 small wind turbines since 2005, for a total of over 15,000.5
Installed capacity now exceeds 20 MW.6 There is rising interest in many other countries in the
European Union, particularly Italy, where small turbines are seen as offering “made in Italy”
potential.7FIGURE 1-14 The United Kingdom recently added a feed-in tariff for small wind,
which is helping spur the industry. Pictured is an Ampair 6000 wind turbines in Berkshire.
Ampair.At closer look, you can see a unique turbine application that is just beginning to enter the
market around the world, in urban regions. Soaring from the forest of skyscrapers, flats, and
municipal parks like Peter Pan on his search for Wendy, you can feel the sudden drop in wind
energy as it wraps through the concrete maze. This environment is not generally conducive to
effective use of large or even small wind turbines. However, micro-turbines, dubbed urban wind
turbines (UWT), are in development (Figure 1-15). If new field-test certification standards arrive
for UWTs, it may bring a breath of fresh air.FIGURE 1-15 Placing wind turbines on rooftops and
in urban areas is unlikely to produce much energy, unless the winds are very strong. Pictured is
an experimental Honeywell wind turbine on the roof of the Solarium, a green-themed apartment
building in Queens, New York. Brian Clark Howard.Currently, it is wise to be skeptical of those
who say any turbines can be placed on rooftops, in urban areas, or in places with a lot of
turbulence. Such obstacles take much of the power out of the wind, and wind speed is a crucial
factor in the amount of energy that can be produced, as we’ll soon explain. However, most
experts think there is potential in this area, if the right factors align and the right technology
comes along, for the right price.Pushing forward, the wind currents accelerate as you approach
the western coast of India. The estimated potential for wind-energy production in India is 40,000
MW at 100 feet above ground level. In rural India, small and micro-turbines are lighting up
homes of remote villages and powering hundreds of telecommunications towers.8We will
conclude your world tour with one of the biggest growth markets: China, which reportedly added
about 50,000 small turbines in 2009, for a total of some 400,000 in place by the end of that



year.9 There may be as many as 100,000 small wind turbines in use by nomadic herdsmen in
northwestern China. These small turbines—so compact they can be carted on horseback from
one encampment to another—are among the few sources of power available on the Asian Great
Plains.10“For a young married couple in inner Mongolia, their most revered gift is a wind turbine,”
Trudy Forsyth told us via phone from the National Renewable Energy Laboratory (NREL)’s
National Wind Technology Center in Colorado. Forsyth is a senior project leader who specializes
in testing and certification of small wind turbines, and serves as NREL’s liaison to the American
Wind Energy Association (AWEA). “They can take it with them, where they can set it up, and get
some lights and TV,” said Forsyth. “Wind turbines are more rugged than solar panels, and it’s
windy there.”Even today, three-fourths of all small wind turbines built are destined for standalone
power systems at remote sites, far from the nearest village. Others serve mountaintop
telecommunications sites where utility power could seldom be justified.Although there are other
countries to visit, there is only so much space in this book. But take a look at the interactive map
from the Global Wind Energy Council on to get a bigger picture.We hope you get the idea that
there is huge and growing global demand for emissions-free wind power, which can be installed
quickly, in many places in the world. Over the past ten years, global wind power capacity has
continued to grow at an average cumulative rate of over 30 percent11 (Figures 1-16 and 1-17).
Although commercial-scale projects have led the way, the small wind industry has seen strong
growth as well, despite the global recession. In general, small wind is still a niche energy player,
and it does have some of the limitations of being an immature market, such as difficulty in finding
replacement parts and access to skilled labor.12FIGURE 1-16 Commercial wind technology has
advanced rapidly over the past few decades; the industry is much more mature than the small
wind power sector. Wind Powering America/NREL.FIGURE 1-17 As the cost of producing
energy with large wind turbines has dropped dramatically, production has skyrocketed. Wind
Powering America/NREL.Still, improving technology has given rise to a more cost-effective small
wind turbine over the last 15 years, moving closer to the cost of conventional energy sources.
For years, small wind turbines have been used to generate power to charge batteries. Technical
developments have increased the power rating, efficiency, and reliability of these turbines.
Current wind turbines can also now be used either on or off the grid to power homes and
businesses. In fact, the fastest-growing segment of the small wind turbine market is that of
residential-scale, grid-connected units, between 1 and 10 kW.Due to advanced technology, wind
turbine blades have become lighter, yet more durable and efficient in extracting wind energy.
Similarly, the rotor speeds have been slowed down to decrease noise, and vibration isolators
have been introduced, particularly for roof-mount models. Self-protecting technologies like the
ones developed by WindTide in Ireland help the wind turbine protect itself in case of high wind
speeds, including with active pitch controls (explained in Chapter 8) that maximize energy
capture at high speeds without permitting the turbine rotor to get the brunt of the heavy
gusts.Some small wind turbines are also available with wireless connectivity, enabling owners to
control the system from a distant location, while others come with nifty electronic data displays.



Such technological advances have made these wind turbines more like an appliance, enabling it
to be part of the household dinner conversation, and a desirable gift on the wedding
registry.13Want to fly there for a closer look now…. Scan the
locations.ResourcesINTERCONNECT“The Boy Who Harnessed the Wind” Shows the
Importance of ScaleA small, landlocked country in southern Africa, Malawi is among the world’s
poorest, and only about 2 percent of its people have electricity. But one young Malawian tinkerer
has proven to the world that anyone can improve their lot in life through the power of the
wind.William Kamkwamba’s story has become internationally known, thanks to a TED
fellowship, a bestselling book (The Boy Who Harnessed the Wind) and a globetrotting schedule
of speaking and TV engagements (Figure 1-18). As Kamkwamba explains in his inspiring,
gripping memoir, he was first exposed to the concept of wind energy in 2002 when he was 14
years old, while looking through a textbook at his rural town’s tiny library. With Malawi suffering
through a heartbreaking famine, Kamkwamba’s farmer parents couldn’t afford his school fees,
and there was only so much work he could do in the parched earth, with no way to irrigate or
afford fertilizers.FIGURE 1-18 William Kamkwamba of Malawi inspired millions by building a
wind turbine out of junk.Impressed by the graceful, intrinsically simple shape of a wind turbine,
Kamkwamba wondered if he could build one to pump water and bring lights to his house so he
could study when the sun went down. He spent months pouring through tattered engineering
texts and scavenging through junkyards and scrap heaps. He even took a part-time job to earn
the few dollars he needed to purchase a bicycle dynamo.While Kamkwamba endured harsh
torment by his peers and confused stares from adults, he pressed on. Near his family’s modest
home, he raised a 16-foot tower from blue-gum poles he cut himself. At the top of the tower, he
and a friend cobbled together a 12-watt wind generator out of used bicycle parts, plastic pipes,
tractor fans, and wood. In one of the book’s most dramatic moments, Kamkwamba amazed a
crowd of his critics when he first wired a light bulb to his spinning machine … and it glowed
dimly.Soon, Kamkwamba was powering several lights and a radio in his home, and he charged
cell phones of grateful passersby for free. He added car batteries for some energy storage, and
he improvised a simple overcurrent protection feature (from a nail and speaker magnets) and a
600-watt inverter to convert the machine’s wild alternating current (AC). The blades turned a
pulley, which turned an old bicycle wheel, which powered the dynamo. According to his blog,
Kamkwamba and friends recently added better deep cycle batteries, and they hope to add solar
panels.Early on, the young boy’s impressive contraption attracted attention from the national
authorities and the news media, and before long, he was offered a scholarship to a prestigious
school in South Africa (Kamkwamba has since been accepted to Dartmouth University in the
United States).Kamkwamba also built several more wind generators, including some that pump
water for irrigation and one that serves a local school in his native Kasungu District. The largest
of his machines stands at 37 feet.Kamkwamba is exceedingly humble, and he is already hard at
work helping others in his community. His Moving Windmills Project has partnered with the U.S.-
based nonprofit to rebuild his old school, which is in serious disrepair. Kamkwamba also hopes



to empower others in the developing world to generate their own energy.It’s easy to see why
William Kamkwamba’s story resonates around the world. It’s a touching example of how a bright,
determined individual can lift himself out of poverty through hard work. It’s also a good reminder
that, to be a success, a wind turbine doesn’t have to be big or made from shiny, expensive
parts.Although a 12-watt turbine isn’t going to make much of a dent in the typical American
home’s energy budget (the annual average is 10,000 kilowatt-hours), that says more about our
consumption patterns than it does about the limits of do-it-yourself (DIY) projects. For a family
like the Kamkwambas, having the ability to read at night, pump well water, or charge a cell
phone without walking into town and paying a fee is a significant improvement in quality of life.
Sometimes, we have to rethink our notion of scale and remember that what doesn’t work in one
situation may be just the thing for another.Wind Energy System ComponentsHere’s a gentle
breeze through a complete wind energy system.TurbineA wind generator, or turbine, has two
functions:• Collect the wind (blades)• Convert wind energy into mechanical then electrical
energy (generator)Turbines may come in different shapes and sizes, but in general, the blades
and the hub, the center part that turns the shaft, combine to make up what is called the rotor—
what we see spin (Figure 1-19). The spinning of the shaft (or stator in some cases) results in
generating an electrical charge within the alternator. To maximize the energy harvested, a
turbine needs a device that keeps it facing the wind, either mechanical—as in a tail—or
electronic—such as the electronic orientation yaw drive.FIGURE 1-19 Assembling a wind
energy system is a challenging task that requires teamwork. Scotsman Hugh Piggott leads
workshops on both sides of the pond that have taught thousands of people to do it themselves.
Hugh Piggott.Power Up! Blade size and robustness of the alternator, rotor, and tail to weather
through years of high-velocity winds will be one of your major factors in deciding which turbine to
purchase. The next factor will be the generator’s conversion efficiency from wind’s kinetic energy
to electricity, and the durability of the generator’s components to long-term exposure to air
turbulence and high revolutions per minute (rpms) (see Chapter 8).TowerThe tower puts the
turbine up in the location of the “fuel”—the smooth, strong winds that provide the best energy.
Wind turbines should be sited at least 30 feet higher than anything within 250 feet (76 m).Three
common types of towers are tilt-up, fixed-guyed (the ones with the supporting wires), and
freestanding, or the one where the structure is wider at the base than it is at the top and has a
significant foundation. Towers must be specifically engineered for the lateral thrust and weight of
the turbine, and should be adequately grounded to protect your equipment against lightning
damage.Transmission WiresTransmission wires are usually made of copper or aluminum, and
they deliver the electricity from the turbine to your conversion assembly (see “Balance of
System”) and ultimately to your home and the utility grid. Proper sizing of wire to handle the load,
grounding patterns, trenching, and safety measures are discussed in detail during
installation.Balance of System (BOS)In addition to the primary hardware of turbine, tower, and
wires, you’ll need other parts to make your investment work. These other components are often
collectively referred to as the “balance of system.”Charge ControllerIn a battery-based system,



this smart little box keeps your batteries properly fed and safe for the long term. As the name
suggests, a controller governs the charge produced by the wind turbine. It blocks reverse current
and prevents battery overcharge. That’s important, because overcharged batteries need more
maintenance and wear out quickly.Nearly all installations require a controller to divert excess
electricity if too much is being produced at once, due to high winds. Many controllers also
provide intelligent charge regulation, array output optimization, automatic battery equalization,
and even built-in datalogging. Chapter 10 on BOS will cover selection and installation of charge
controllers.Battery Bank (Storage)If your system is off-grid, you’ll need a battery bank—a group
of batteries wired together—to store energy so you can have electricity when it’s not windy. A
wind turbine can also be hooked up to both batteries and the grid. Produce excess energy that
your batteries can’t hold, and you can feed it into the grid, hopefully for a credit. When
insufficient electricity is generated or the batteries are drained, electricity drawn from the grid
can make up the shortfall. Yet battery banks can provide emergency backup during
blackouts.Only deep-cycle batteries are recommended for wind-electric systems, although
William Kamkwamba built his first small turbine in Africa with regular off-the-shelf batteries, and
he still had a little juice for a few lights. For wind systems, lead-acid batteries are the most
common battery type chosen due to their low cost and wide availability. Sure, lithium-ion
batteries would work great, but they aren’t cheap.System MeterSystem meters can measure and
display several different aspects of your wind system, including how much power you are
producing at the moment, the charge status of your batteries, and how much electricity your
home is using. Many of today’s inverters have remote access via personal computer and mobile
devices. “Hold on, let me check my status on my smart phone.”Dump Load (aka Diversion Load,
Load Resistor)A load—some device(s) drawing energy—must be kept on a turbine at all times
to prevent it from spinning too fast and overheating internal parts or getting damaged. That load
could be the grid or a battery bank. However, if the batteries are fully charged, they can’t accept
more juice without damage. In that case, the controller diverts excess electricity to a dump load,
which is usually an air or water heating element that “burns off” energy as heat. If you can put the
heat to good use, even better!(Technically, some controllers do not require dump loads if they
operate using pulse width modulation shunt techniques to prevent the battery bank from
overcharging).Disconnects and Overcurrent ProtectionYou’ll need to have a direct current (DC)
disconnect one-switch breaker between the batteries and inverter (see the next paragraph) to
allow for easy maintenance and to protect the wiring against electrical fires. In many countries,
an additional AC disconnect must be located outside the house and near the panel. It typically is
a large, one-switch breaker mounted in a metal enclosure. It can provide an extra defense to
protect line workers against electrocution from your electricity during a utility grid
repair.InverterAn inverter converts direct current (DC) to alternating current (AC), which is used
by appliances, lights, gadgets, and other devices in most households and facilities. There are
two basic types of inverters:• Battery-based inverters These inverters require large deep-cycle
batteries to operate.• Batteryless, or grid-tied, inverters These inverters are connected to the



electrical grid and provide no backup. When the utility grid is down, you can’t make any
electricity, because it shuts down the turbine. This is a safety precaution to prevent the
accidental electrocution of electric line workers during grid repair in case of an outage.Back-up
GeneratorSizing a system to cover a worst-case scenario, like no wind for weeks, can result in a
very large, very expensive, and inefficient battery bank. Therefore, a backup, fuel-powered
generator may be necessary, and in fact is almost always necessary in off-the-grid
settings.Petroleum-and diesel-fueled generators produce AC electricity, though a battery
charger (either stand-alone or incorporated into an inverter) can convert that to DC energy,
which is stored in batteries or can be hooked directly up to the …AC Breaker PanelThe AC
breaker box is the point at which a building’s electrical wiring meets with the power authority. It
contains a number of (hopefully labeled) circuit breakers that route electricity to the various
rooms throughout a structure. These breakers allow electricity to be disconnected for servicing,
and also protect the building’s wiring against electrical fires.In addition, for their use, utilities
usually require an AC disconnect (mentioned earlier) between the inverter and the grid. These
are usually located near the utility kWH meter.Kilowatt-Hour MeterA bidirectional kilowatt-hour
meter (kWH meter) simultaneously tracks how much electricity is being used (measured in
kilowatt-hours, kWH) and how much is being generated. It measures power coming from the grid
and going to the grid.Utility Interconnection EquipmentAlong with the meter, transformers and
any relay switches are commonly provided by the power utility after a net-metering agreement
has been signed to ensure that the proper voltage and frequency are provided once the inverter
is connected to the grid.With new technology, you might find that many of the components listed
are integrated into various other components. For example, it is common to see an inverter that
includes charge controller, monitoring, AC/DC disconnects, and even dump load capability. This
makes your shopping quicker and reduces compatibility problems and complications that can
arise with separate components. Some products, like Southwest Windpower’s Skystream 3.7
and 600, have integrated nearly all the components within the nacelle, complete with wireless
communication to your computer.Table 1-1 shows a summary of the three common wind system
configurations. The grayed areas are components that are found in all systems. We are aware
that some of you might want to design a 24-volt system to power your boat, cabin, or one or
more direct current appliances, like a DC submersible water pump (we explain electricity in more
detail in Chapter 3); however, even the strictest of wind power users will eventually want to use a
power tool or appliance that requires AC power. When you are at a point of purchase, print and
fill out this form. Note: Any point void of a check box is an indication that the item is not required.
The fuel generator is considered an optional item if you are grid-tied, though you may want to
consider it in a region with frequent blackouts. In Nicaragua, there could readily be two days
without electricity in a given week, and overdraining your batteries shortens their life.TABLE 1-1
Core Options for a Small Wind SystemDirect Drivers for Wind EnergyLet’s start putting wind into
your sails, whether you have already committed to building a turbine or are just browsing. Let’s
review why the rest of the world thinks small wind energy makes sense.In fact, the growth of the



wind market is being driven by a number of factors, including economic incentives, practicality,
values, care for the environment, and the impressive improvements in the technology itself.To
Hugh Piggott, a Scot who has trained thousands of people around the world to make their own
small wind turbines through his company Scoraig Wind Electric, and who writes and speaks
extensively on the topic, the industry is about what he calls “human scale.” In an interview,
Piggott told us he thinks small wind “works on a personal level.”He said, “It makes people feel
that they’re part of the energy generation process, and it gives them a sense of how much
energy they use and what it takes to make. We live increasingly disassociated from the stuff we
use, but more localized production of food and energy is a healthy thing.”Piggott told us he
doesn’t think small wind is likely to make a big impact on energy trends any time soon. And
although not everyone agrees with that assessment, recent history would certainly suggest that
he’s right, or at the very least that the industry would have to ramp up vastly more than they are
currently to really make a dent in fossil fuel use.“Compared to offshore wind farms, small wind is
incredibly inefficient,” Piggott rightly points out, but that doesn’t mean he sees no value for his
work. To him, small wind turbines have a lot of utility, as long as they are smartly sited and
installed so they can generate a meaningful amount of electricity. “If you just want to see
something spin, buy a whirlygig. They’re a lot cheaper,” Piggott quipped.“People generally have
huge misconceptions about wind energy, and a lot of the time they get deflated,” Piggott added.
“Most people assume that they can put something on their roof that will generate most of their
electricity in an urban environment. That’s really, really a long way from the truth,” he said.Author
Ian Woofenden told us, “We need to be real about the wind resource, about the fact that energy
efficiency is often a better buy, about load analysis, and about what machines can actually
do.”We hope to do just that in this book, and to help you see the situations when small wind does
make sense, on a number of levels, including economics. We created this brief list to help you
understand some of these factors. Feel free to place a check mark on anything that piqued your
interest. In fact, you can send it in to your local wind energy association.14Economic Benefits of
Small Wind PowerWhat can wind turbines provide? This list may surprise you.Free FuelWind is
a by-product of solar insolation of the Earth, and is modified and enhanced by terrestrial
topography, large bodies of water, and ecological and anthropomorphic activity.15 But there is
no exchange of common currency for the production and transportation of wind.Return on
Investment (ROI)ROI is a tricky concept, and it’s something most human beings are bad at
calculating in their daily lives. Is it better to drive a half-hour out of the way to avoid a $2 toll? Is it
worth it to study one more hour for the big test? Is grad school a good decision? Unless you are
an investment banker, chances are good that you don’t spend a lot of time estimating your return
on investment for very many decisions. Yet most of us opt to consider the question when it
comes to renewable energy projects.The good news is that, with proper understanding and
design of a wind power system, including site assessment, personal needs assessment, a
reliable product, and government incentives, owners of that system should be able to reap
financial benefits that exceed current investment rates over the long term (e.g., certificates of



deposit and bonds).16 Granted, it’s vital that all those factors we just mentioned are in place.
Areas with stronger incentive structures and higher electric rates clearly get an advantage when
it comes to ROI, and you’ve got to have a system that is high quality and able to access a good
wind resource. Small wind installer and expert Mick Sagrillo recently calculated the ROI on a
high-profile small wind project to be more than 4,000 years, largely because the owners grossly
overestimated the strength of the breezes on top of their building.“Many projects are being
installed as a greenwash thing: they’re not producing any useful energy, and they cost money
that could have been spent on insulation and other more effective measures,” Piggott told
us.Something else to think about is maintenance costs. If you can get a service plan, or at least
know that your installer can back you up for regular checkups and repairs, that can make a big
difference in ROI. As Piggott told us, “Your machine may generate a few hundred dollars a year,
and half of that could be blown on a service call if the only technicians available are far
away.”When asked when he thought small wind did have a reasonable ROI, Piggott told us
“when you live in a pretty windy place.” He also pointed out that it tends to work really well off the
grid, when costs of extending the lines would be prohibitively expensive, or in developing
countries, where the only power available is through car batteries that have to be charged at
stations, for a fee, then bicycled in. “A lot more people are trying to develop local skill base and
manufacturing capabilities, in the developing and developed world, so costs should come down,”
Piggott explained.When asked to estimate a payback period on a “typical” small wind energy
system, Woofenden responded, accurately, that there is no such thing as a typical wind
generator. But when pressed, he said, “Depends on the resource, utility rate, incentives,
reliability, but I would say between 10 and 20 years is a reasonable range.”Woofenden, who
maintains several wind turbines for his off-the-grid home on an island off Washington state, also
has a grassroots passion for the technology (Figure 1-20). “Most things we buy have no return at
all, because almost everything has a negative return,” Woofenden told us. “I think the payback
return question is sort of out of line. I tell potential buyers who ask me about it to cite one thing
they bought that they thought about ROI. We subject renewables to that question but not our
other choices.”FIGURE 1-20 Workshop participants build their own small wind energy system
from scratch, thanks to the tutelage of Dan Fink. That’s a lot of work, but it can be tremendously
rewarding. Dan Fink.At the other end of the spectrum, wind author Paul Gipe told us that ROI is a
critical factor, and that small wind won’t really take off until it gets more favorable. In Gipe’s view,
robust feed-in tariffs are the best way to get there. In any case, we’ll get into the money behind
the decision in Chapter 6.Financial Hedge Against Rising Energy PricesAs soon as a grid-tied
wind generator (with net metering) is switched on and producing energy for the grid, your cost
per kilowatt-hour has been immediately reduced, and the benefits increase as price volatility or
inflation raises consumer electric rates. This is worth keeping in mind, because energy prices for
many people have been rising sharply over the past few decades, far outpacing inflation. There
are a number of reasons for this, including demand outpacing supply, increasing restrictions on
new energy projects like transmission lines and power plants, and geopolitical instability. Most



experts expect energy rates to continue to climb. Meanwhile, the cost of wind will always be
free.Further, since every kilowatt-hour of electricity produced by wind helps reduce demand for
fossil fuels, it can actually help keep costs of those legacy fuels down.Access to Financial
Incentives for Developers and ConsumersIt’s no secret that the global small wind energy market,
like all renewable markets today, is largely driven by government support policies and
regulations. (A lesser-known truth is that conventional energy businesses also receive massive
tax benefits and incentives, and part of the reason why energy is so “cheap” is because it is
already subsidized.) In the United States, the wind market is supported by federal tax credits
and several state-level renewable portfolio standards (RPS), which mandate that a certain
amount of energy be provided with renewables.In December 2008, the European Union (EU)
agreed to a new Renewable Energy Directive for a binding 20 percent renewable energy target
by 2020. Germany and Spain have had feed-in tariff schemes for several years, and the United
Kingdom recently added one for small wind. In the Asia Pacific, government support is also
driving wind energy growth. China’s wind-installed capacity has doubled every year since 2006.
The Renewable Energy Law, along with other policy measures, is driving the Chinese market
even further. In addition, many states in India also have feed-in tariff schemes and RPS in
place.17Becoming Competitive with Conventional TechnologiesWith today’s rising coal and gas
prices, and the chance of increased environmental regulations on those dirty industries, new
wind farms already compete favorably when it comes to economics. With small-scale projects in
remote sites or on boats, or for pumping irrigation systems, a wind turbine can be more
affordable then connecting to the grid or installing a back-up generator system.Job Creation and
Regional Economic DevelopmentNew wind energy will bring significant economic benefits to the
participating states, and not just construction and maintenance jobs. Over time, wind component
manufacturing should follow expansion. Wind can make a positive impact in terms of
employment and revitalization of rural and declining areas.In fact, CanWEA’s Emilie Moorhouse
told us that one of the motivations behind Nova Scotia’s recently passed small wind feed-in tariff
was to support the major small wind manufacturer in the province, Seaforth Energy. “They’ll have
this double benefit, of environmental and social benefits, plus jobs,” Moorhouse told us via
phone from her office in Montreal.More Americans already work in the wind industry (85,000)
than the coal industry (81,000), according to 2009 data from the American Wind Energy
Association and the U.S. Department of Energy. Expect the gap to widen in the coming
years.Values and Small WindSmall wind power also has a number of important benefits that
aren’t strictly financial, or that aren’t easy to put a price tag on, at least not with current methods
of accounting (Figure 1-21). Let’s look closer.FIGURE 1-21 Small wind turbine designer,
installer, and trainer Hugh Piggott told us he thinks his machines “work on a human scale” to
teach people about energy use and production. Hugh Piggott.Environmental BenefitsSpeaking
of environmental benefits, wind power, of course, is based on capturing the energy from natural
forces, so it has few of the polluting effects associated with “conventional” fuels. Wind energy
contributes to the reduction of emissions of various harmful air pollutants (carbon dioxide,



nitrogen oxide, sulfur dioxide), and has already played a role in improving regional air quality.
Wind power supports efforts to meet emission caps in a cost-effective manner.18, 19_In
addition, wind energy uses virtually no water, which, in an increasingly water-stressed world, is a
major environmental consideration.IndependenceFor many people, it is about energy
independence from their power authority. Businesses that pay additional fees for electric
demand in excess of their allotment plan, or others who usually couldn’t see options other than
accepting the rapid inflation of electrical costs every year, are now considering making their own
mini-power plant. For some, it is about “stickin’ it to the man,” by turning the tables on the power
authority, and compelling them to pay for the surplus energy produced from small wind turbines
through a net-metering or feed-in tariff agreement.Image EnhancementProject directors of
everything from department stores to manufacturing plants, nurseries, colleges, office parks,
hospitals, hotels, municipalities, and much more understand the intrinsic value of appearing
“green” to the ever-alert consumer. Wal-Mart and Home Depot, for example, have added very
small wind turbines to light poles in selected parking lots. Such projects aren’t always the best
idea when it comes to the actual wind resource available, but under the right conditions, they
might be a wind-win (Figure 1-22).FIGURE 1-22 Small wind turbines, like solar panels, can be
powerful symbols of environmental commitment. Pictured are AeroVironment AVX turbines on
the roof of a new office building at Brooklyn Navy Yard. Brian Clark Howard.In Queens, New
York, Rick Rosa, the sales manager of the new Solarium “green” apartment building, told us that
response has been “phenomenal” to the building’s rooftop WindTronics wind turbine. “It has
been a guiding light for the neighborhood,” Rosa told us. “It’s a symbol of us being a green
building. It brings people over here, and makes them ask about what we did,” he added.In the
case of the Solarium, the turbine is no window dressing, since the building is the first green-
certified complex in the borough. That was achieved through energy and water efficiency, use of
recycled materials, recycling of debris, and other factors. According to Rosa, the turbine helps
makes the facility’s common charges low.Interestingly, Rosa told us that the main question
people ask about the rooftop turbine is “how much power does it generate?”, suggesting that
consumers do care that green changes aren’t just cosmetic, and that they make a real impact.
(The turbine choice and location in this case are not without controversy, as we’ll soon
show.)Consumer ChoiceOver the last few years, small wind turbine technology has improved in
quality and versatility. What was once a strictly marine or rural, off-grid solution has evolved to
allow renewable energy to enter a wider consumer market. More options are available, including
roof-mount turbines, more aesthetic shapes, noise and vibration reduction improvements,
integrated sensors, and turbines sized to the customer’s needs, from 150 watts up to 100 kW. As
we’ll show you, many of these newer designs are largely untested, and some are controversial,
and it still holds that rooftops are rarely good places for turbines. But in general, choice is a good
thing, and we’ll walk you through the pros and cons of each major offering in Chapter 8.Self-
RelianceWind power technology has evolved and has become more standardized, reducing the
learning curve and the risks of investment. This has opened the doors to that significant group



who are insistent on relying on their own judgment, knowledge, and abilities in order to survive
economic downturns with local resources and not a lot of additional help. Tightening up the
bootstraps, they move forward, confident that wind energy is a feasible means to survive,
sometimes with most of the energy and material for survival being provided locally. This is
certainly not an easy pursuit, but it can be immensely rewarding.Do-It-YourselfAlthough we don’t
suggest you try to build your own wind system from scratch without at least some hands-on
training or apprenticing, people have successfully done it, and there are bestselling books and
websites to prove their feats. There are a number of plans and kits available, as well as
instruction books and classes.More premade small wind systems are designed to be relatively
easy to install, but they are still definitely harder than putting together IKEA furniture, and most
manufacturers strongly recommend professional guidance. Still, with more certified systems,
integration of components, time-tested procedures, and equipment configurations, the
guesswork is being reduced.High VisibilityIn history, success has often been celebrated by
building prominent structures. When religion was dominant, many towns erected enormous
pyramids, temples, and cathedrals. Then, government capitol buildings started to tower over the
dwellings of the citizens. Finally, financial services companies came to be housed in glass spires
that reached for the sky, seemingly defining the character of Western society. Well, wind turbines
placed up on a high pedestal can communicate values for one’s business, farm, or community
that could supersede any provocative poster or flowery talk.The Joy and Satisfaction of ItWhen it
comes down to it, many of the folks we’ve talked to who own small wind generators, or who work
in the industry, admit to being in love with watching those blades turn, almost as much as they
like seeing their electric meters run backwards. As Hugh Piggott pointed out to us, just wanting
to see something turn isn’t reason enough to invest in a wind system—there are much cheaper
pinwheels for that. But there is definitely something to the direct experience of making your own
power based on the breezes. It’s worth remembering that as much as we like to think of
ourselves as rational beings, we make very few decisions based solely on number crunching. If
we did, we’d all be driving stripped-down Honda Civics, wearing Dockers, and waiting until
movies are released on basic cable.To one of us, our connection to the wind runs even a bit
deeper. Kevin still finds great joy in storms, even the ones hinting that the end of the world is
near. He recalls the days of fighting the wind-driven rain to place a roof on his home. He
remembers the wind chill that froze the marrow in his bones. Well, even four years later he still
smells sweet revenge and wears an evilish grin while watching his spinning turbine as the
neighbors’ homes shudder with the gusts and the arcing trees.PracticalityThere are a number of
related practical reasons to consider wind power.Diversity and Reliability of Electricity SupplySo
long as we have sunshine, land, and water, wind is highly reliable (although highly intermittent).
That is, with enough well-designed systems, the output at any given time should only vary
gradually due to varying wind speeds or storms. True, storms can require temporary powering
down to protect equipment; however, with weather forecasting, that can be coordinated with
complementary energy sources to ensure uninterrupted service. Currently, some utilities tend to



malign wind power as “unreliable,” but that seems to be changing as the industry matures,
technology improves, and we continue to diversify sources.Taking a step back, many analysts
sensibly point out that it would behoove us as a society to diversify our energy sources.
Currently, we are highly dependent on fossil fuels, as well as nuclear power plants that are aging
and that are politically very difficult to replace in many countries. The more we can ramp up a
diverse set of renewables, the better off we’ll be to weather periods of uncertainty. That includes
large and small wind, as well as solar electric and thermal technologies, geothermal, wave and
tidal power, biomass, trash-to-energy, and other strategies.Political SecurityDespite a recent blip
in the trend as a result of recession, global demand for energy has been increasing sharply.
Significant investment in new power generation capacity, grid infrastructure, and geopolitical
strategy is going to be required to continue to provide current standards of living in the
developed world and to improve the lives of those in the developing world. Yet, supplies of fossil
fuels are finite, and petroleum prices are volatile.In contrast, wind is a massive indigenous power
source, available virtually everywhere in the world. As mentioned earlier, wind energy can
mitigate petroleum price volatility, reducing the friction among nation-states over scarcity. For
example, wind generator installations currently being deployed on military bases are not only
being seen as practical, but as one way we can contribute to reducing dependency on foreign
oil.Natural Synergism with Solar TechnologyWind power is directly related to the power of the
sun, but the winds continue their ferocity even when the sun’s rays are on the other side of the
globe. Wind energy is thus an excellent complement to solar power when the sun has set or
during a storm (Figure 1-23). In addition, the two emerging forms of renewable energy have a
complementary relationship over the course of a year. In most temperate zones, the amount of
energy that can be harvested by solar panels is less in the cooler months, when the sun is lower
in the sky. In contrast, the winds tend to blow the strongest in late fall to early spring.20FIGURE
1-23 Wind and solar power often work well together, as at this home site in Colorado.Warren
Gretz/DOE/NREL.Diversity of Applications, Including Remote and Off-GridSmall wind turbines,
alone or as part of a hybrid system, can power homes, businesses, farms, ranches, mines,
logging camps, boats, and many other things. Wind energy often works very well for remote
applications, such as water pumping, ice making, and telecommunications sites. Community
small wind projects have been launched for schools, tribes, municipal utilities, and rural electric
cooperatives.CanWEA’s Emilie Moorhouse told us that Canada has been working to develop
incentives for hybrid wind-diesel projects for the northern reaches of the country, where some
300 communities live totally remote from the grid. Currently, a five-year grant program is
targeting 20 northern communities and six mines. “These communities are dependent on diesel,
which is dirty and expensive,” Moorhouse told us. “In a sense, wind is the only renewable
technology that’s applicable to the far north. Solar: there’s no sun up there in winter. Hydro: the
rivers are frozen in winter. There is no biomass,” she explained.Moorhouse said wind-diesel
projects have already proven themselves in at least 14 communities in Alaska, and she said
Canadians are working to build the skilled workforce to deploy and support these hybrid



systems. “In the north, there is icing and maintenance issues, so it’s better to have several
turbines rather than just one big one,” Moorhouse added.ResiliencyIn the case of commercial
wind farms, power is generated by large numbers of generators, so individual failure of one
machine does not have large impacts on the total production. This feature of wind has been
referred to as resiliency. Even at the home scale, hybrid renewable energy systems permit one
form to compensate for the other system when either the wind is calm or the skies are dark.In a
larger sense, adding more wind turbines is part of a smart strategy of diversifying.SummaryAs
we have shown, wind energy has a long and colorful history, stretching back hundreds of years.
For millennia, people have felt the breeze on their cheeks, watched leaves blow across the path,
and asked if that mighty power could be harvested for our benefit. The good news is that it can,
and you can choose to be a part of it. In fact, the small wind industry has shown impressive
growth in recent years, despite the global recession (Figure 1-24).FIGURE 1-24A The small
wind turbine industry has shown strong growth over the last decade. AWEAFIGURES 1-24B,
1-24C The small wind turbine industry has shown strong growth over the last decade. AWEA.A
small wind system is not cheap or easy to install and maintain. If you are the kind of person who
likes to buy the latest shiny new toy, only to leave it in a closet and forget about it a few weeks
later, wind power probably isn’t for you. A wind system requires upkeep, as well as a
considerable initial investment.However, wind turbines can also provide many benefits, such as
clean power, insulation from rising fuel prices, and considerable satisfaction. To those with a
good wind resource, amendable zoning, and a little patience, a wind system can be a smart
investment.CHAPTER 1First Wind: Introduction to Small Wind PowerI can’t change the direction
of the wind, but I can adjust my sails to always reach my destination.–JIMMY DEANOverview•
What is wind energy?• Where did wind turbines come from?• What are the components of a
wind energy system?• What are the main drivers for wind energy?Overview• What is wind
energy?• Where did wind turbines come from?• What are the components of a wind energy
system?• What are the main drivers for wind energy?Regardless if this is your first project or
your umpteenth project, you are charged up about harnessing your own wind (Figure 1-1). So
let’s breeze through this first chapter.FIGURE 1-1 A 10 kW small wind turbine on lattice tower at
Windy Acres Farm in Calverton, New York. The farm is a popular tourist stopover, and so helps
educate people about wind energy. Kevin Shea.Topics will include a brief overview of wind
power history, advances in large-scale wind worldwide, and how these developments drive up
the potential for local, small-scale wind. The chapter will also give a brief explanation of how the
wind turbine system works. Last, we will outline the significant environmental benefits of wind
power, as well as potential impacts, including addressing common myths and areas for
concern.A Brief History of Wind EnergyYou might already have a good understanding of wind
energy, but let us start with the basics.Wind is simply air in motion caused by uneven heating of
the Earth’s surface by the sun. The Earth absorbs and releases the heat at different rates
because it is made of different types of materials. This produces cold and warm air masses that
shift continuously. As warm air rises, cool air moves in. Wind is caused by differences in



pressure. Where these differences develop, air is accelerated from higher to lower
pressure.Wind has been converted into useful forms of energy for millennia (Figure 1-2). Long
ago, wind was used to build or “feed” a fire, spread seed, and dry cloths. Historians believe wind
has been tapped to move sailboats for at least 5,500 years. In the 17th century B.C.E., the
powerful Babylonian emperor Hammurabi recorded plans to use wind power for ambitious
irrigation projects. (That’s the same ruler responsible for Hammurabi’s Code, one of the earliest
written systems of law.)FIGURE 1-2 Wind has been used for millennia to fan fires, spread seed,
and dry clothes, as well as for artistic purposes, such as this re-creation of traditional German
wind art in Texas. Brian Clark Howard.It seems that people understood wind energy as a public
good even back then. Over time, and with more innovation, wind began to be converted into
mechanical energy through windmills, which turned grinding stones for making flour and drove
pumps for moving water.Many historians think the first windmills were invented by the Persians
around 500 C.E. (Figure 1-3). These devices were made out of bundles of reeds and wooden
frames, and were mounted on vertical shafts (taking the shape of what we now call vertical axis
wind turbines, or VAWTs). They were housed in brick or clay walls, with an opening that allowed
the wind to enter, and were used to grind grain and pump water. In the first century C.E., the
Greek mathematician and engineer Heron (aka Hero) of Alexandria invented a wind-powered
musical organ. Similarly, by the fourth century, devotees in Tibet were cleansing their karma via
wind-powered prayer wheels. (For good measure, they also had stream-and candle heat-
powered prayer wheels.)FIGURE 1-3 Many historians think the first windmills were invented by
the Persians around 500 C.E. Their devices gradually spread throughout the Middle East, and
were mentioned in early Islamic texts. Kaboldy/Wikimedia Commons.Many historians say the
world’s first truly practical windmills were invented in Sistan—a region now on the border of Iran
and Afghanistan—sometime around the seventh or ninth centuries c.e. These were also vertical
axis models, with rectangular-shaped blades and six to twelve sails of reeds or cloth. These
early windmills were used to grind flour, process sugarcane, and pump water. Over time, the
designs spread throughout the Middle East and Central Asia. They were also sometimes
adapted to pump seawater to make salt.The earliest definitive record of a windmill in northern
Europe is a report from Yorkshire, England, in 1185. This example had a horizontal axle,
predating today’s horizontal axis wind turbines (HAWTs), and it was used for grinding grain and
pumping water. Beer a la wind!Some scholars have theorized that the horizontal design was
adapted after contact with earlier vertical designs, perhaps as a result of the Crusades, but
medieval technology scholar Lynn White, Jr., has argued that the Europeans independently
invented their windmills (Figure 1-4). According to White, it wasn’t so much a leap of technology
as much as an evolution, given that waterwheels were already in use there. Wind-driven
versions offered a number of key benefits, such as the ability to work even when the rivers are
frozen. Plus, there are only so many babbling brooks to go around, especially when the best
ones are already claimed by the nobility.FIGURE 1-4 During the late Medieval and Renaissance
periods, horizontal axis wind turbines sprouted across Europe for pumping water and grinding



grain. Can’t you imagine Don Quixote tilting at these windmills in Spain? Lourdes Cardenal/
Wikimedia Commons.In the 14th century, the people perhaps most associated with windmills
today, the Dutch, began using the machines to pump water out of their dammed watersheds,
expanding their amount of arable farmland, and even permitting them to live below sea level.
Many beautiful historic examples of the windmills remain standing today.American history
scholars believe the first windmill built on U.S. soil may have been erected in Jamestown,
Virginia, in 1621. After that, a number were built across the continent as colonists expanded.
Between 1850 and 1900, an estimated six million small windmills were installed on American
farms to drive irrigation pumps. They were made by such firms as Star, Eclipse, Fairbanks-
Morse, and Aeromotor.In 1887, Professor James Blyth of Anderson’s College (now University
Strathclyde) in Glasgow, Scotland, built the world’s first wind turbine—meaning a device that
harnessed the power of the winds to actually generate electricity. Blyth’s machine was 33 feet
high and had cloth sails, and it powered lights in his vacation cottage. Allegedly, when he offered
to share his excess electricity with the townspeople, they declined, calling it “the work of the
devil.” Blyth would build another wind turbine for a local hospital, but his designs never caught
on. Damn him!In 1888, inventor and engineer Charles F. Brush built a massive experimental
wind turbine in the backyard of his Cleveland, Ohio, mansion (Figure 1-5). Atop a 60-foot, 40-ton
wrought iron tower, Brush’s team placed a 56-foot-diameter horizontal axis turbine with a rotor
composed of 144 blades—which provided a sail surface of 1,800 square feet (an average area
of a U.S. home)—and a tail that was 60 feet long and 20 feet wide.FIGURE 1-5 In 1888, Charles
F. Brush built a 12-kilowatt wind turbine in his Cleveland, Ohio, backyard. Wikimedia
Commons.According to Green Energy Ohio, the 20-foot shaft inside the tower turned pulleys
and belts, rotating this dynamo up to 500 revolutions per minute. It was extremely inefficient, in
part because it was such a solid mass and because it turned slowly. And despite its size, the
turbine could only produce a maximum of 12 kilowatts. It could power your New York home
today, but the wind had to be strong enough to compensate for the steel shield of blades.Brush’s
wind turbine reportedly lasted for 20 years, although it was obsolete within just a few, since
Cleveland soon received grid power, which was more reliable and easier to work with.In the
1890s, Danish scientist Poul la Cour also built wind turbines, and the technology really caught
on in Denmark, which is still a global leader in the field. By 1908, Denmark had at least 72
electricity-producing wind turbines, ranging in output from 5 kW to 25 kW. The largest of these
were mounted on 79-foot towers, with four-bladed, 75-foot-diameter rotors. In 1957, another
Dane, Johannes Juul, reached an important innovation with a 79-foot-diameter horizontal axis
wind turbine at Gedser. This design had three blades and faced upwind, and it established the
most dominant design in the industry.The 1920s, 1930s, and 1940s saw a “golden age” of wind
turbines in America, as millions of units were installed across the country (Figure 1-6). Some
were used on bridges and for other isolated structures, but most were bought for farms and
ranches, where they provided lighting and ran machinery, typically with batteries. Manufacturers
included Jacobs Wind, Wincharger, Miller Airlite, Universal Aeroelectric, Paris-Dunn, Airline, and



Winpower. Most designs generated a few hundred watts to several kilowatts. The most popular
model was a two-bladed, horizontal design from Wincharger, which produced up to 200
watts.FIGURE 1-6 In the early 20th century, millions of small wind turbines were installed around
the world, before widespread rural electrification. Many of these machines still spin today, like
this one in Idaho, and some are still used for remote power and pumping. Brian Clark
Howard.During this period, some turbines were used in Africa and in other developing areas,
and some were even used on Admiral Byrd’s expedition to Antarctica. At the same time, the
Dunlite Corporation sold many small turbines across rural Australia.The rural electrification
programs that started in the 1930s ended this golden age of wind turbine use, since getting grid
power meant that it was no longer convenient or economical to keep the small blades spinning.
As a result, fewer wind turbines were built for several decades. True, some very small turbines
have long been used on boats (Figure 1-7)—in fact, German U-boats even had them in World
War II—but there wasn’t a lot of demand.FIGURE 1-7 Small wind turbines have been used on
boats for a long time, as proven by this 1902 image of the grounded ship Chance off New
Zealand. David De Maus/Wikimedia Commons.However, in the 1970s, rising environmental
consciousness, the Arab oil embargo, and the back-to-the-land movement combined to feed
new demand. At first, many people sought out vintage wind turbines—Jacobs Wind models
were especially prized. Gradually, a small industry developed to recondition and service these
machines, and over time, companies began to design and build new equipment. Some people
also tried making their own wind turbines out of locally available scrap parts, such as hand-cut
wooden blades, used car alternators, and old bicycle chains. These designs can work, as
triumphantly proved by young Malawian tinkerer William Kamkwamba, the subject and coauthor
of the best-selling book The Boy Who Harnessed the Wind (William Morrow, 2009). However,
they are a lot of work, are often noisy, and usually don’t produce much juice.Today, consumers
have considerable choice when it comes to small wind turbines. They can shop for full-service
wind solutions, or order kits and parts online and do the whole thing themselves. The industry is
still relatively immature, especially compared to commercial wind, and many designs are new
and without track records or real-world data to back them up. But that is changing, and new
certification programs are coming online.A Brief History of Commercial-Scale Wind EnergyOn
the utility scale, not much developed during the early decades of the 20th century. In 1931, the
Soviets built the WIME-3D turbine near Yalta. This 100-foot-diameter, three-blade rotor was
mounted on a 100-foot steel lattice tower. It produced up to 100 kW, meaning it would technically
be classified as small wind by most experts today, despite its big size.In 1941, the world’s first
megawatt-scale turbine was built, on the top of Grandpa’s Knob Summit in Castleton, Vermont
(Figure 1-8). The massive, 1.25 megawatt (MW) turbine was connected into the local grid, but it
only lasted for 1,100 hours, since a known structural weakness resulted in failure. The builders,
Palmer Cosslett Putnam and the S. Morgan Smith Company, reportedly couldn’t make
reinforcements due to wartime material shortages. It would be about 40 years before anything
was tried to that scale.FIGURE 1-8 The world’s first megawatt-scale wind turbine was built on



blustery “Grandpa’s Knob” near Rutland, Vermont, in 1941. Rated at 1.25 megawatts, the project
only lasted a brief time, since war shortages prevented repairs. DOE/Wikimedia Commons.In
the 1970s and 1980s, the National Aeronautics and Space Administration (NASA) conducted
extensive research on utility-scale turbines. Efforts were coordinated out of Lewis Research
Center (now John H. Glenn Research Center) in Sandusky, Ohio, not too far from Brush’s
pioneering machine. The wind projects were funded by the National Science Foundation and the
Department of Energy (DOE), with support from a public that was hungry for renewable,
homegrown energy sources.Several designs were tested at sites in Ohio, North Carolina,
Washington state, and elsewhere (Figure 1-9). Major contractors included General Electric,
Boeing, Westinghouse, and United Technologies. The work eventually led to many key
innovations, including steel tube towers, variable-speed generators, composite blade materials,
partial-span pitch control, and structural components. In 1987, the massive Mod-5B turbine was
built in Hawaii, with a rotor of 328 feet and a rated power of 3.2 megawatts. The blades were
segmented so they could be transported more easily.FIGURE 1-9 In the early 1980s, NASA, the
DOE, and Boeing built a 7.5-megawatt cluster of three big wind turbines in Goodnoe Hills,
Washington. The experimental wind farm was supported by the Carter administration and a
public shocked by the Arab oil embargo. NASA/DOE/Wikimedia Commons.Also in the 1980s,
California passed tax rebates for wind power, and this kicked off the world’s first commercial
wind farms, the most famous of which is located in Altamont Pass. Those turbines are small (100
kW) and inefficient compared to today’s commercial operations, but they set the stage for an
exciting new industry, and they still spin today.By the way, have you ever noticed which way wind
turbines spin? Most old-fashioned windmills had their blades rotate counterclockwise, and that’s
how many wind turbines worked, too. However, in the 1970s, the Danes started making all their
designs work clockwise, and soon it caught on as an industry standard.Vertical axis turbines
haven’t seen as much development over the years, although NASA has tested them, and there
has been a recent resurgence in them, despite some controversies (Figure 1-10). The Darrieus
wind turbine, a key vertical style, was patented in 1931 by French aeronautical engineer
Georges Jean Marie Darrieus. (More on VAWTs in Chapter 8.)FIGURE 1-10 A micro-VAWT
mounted above solar panels on a light pole in a Brooklyn parking lot. VAWTs have enjoyed a
resurgence recently, though they remain controversial. Brian Clark Howard.Today, wind energy is
primarily extracted to generate electricity, although some windmills are still used to pump water,
primarily on remote ranches. Although small-scale wind is now overshadowed by commercial
projects in terms of investment, political support, and public awareness, the small wind industry
continues to show strong growth and considerable promise. Small wind turbines don’t make
sense for everyone or for all locations, but they definitely have a role to play in a cleaner future
and in smart energy economics.It’s worth remembering that wind is a renewable energy source,
because the wind will blow as long as the sun shines. There is no controversial belief regarding
some “peak wind” theory, as there is with fossil fuels. Wind will be here for at least 20 millennia
more, and we hope that human beings like you will be innovative enough to reap the



benefits.Recent Growth of the Global Wind MarketYou are standing on the highest peak in the
American Northeast, the 6,288-foot Mount Washington in New Hampshire. It’s a forbidding
landscape of wind-swept rock, home to some of the planet’s fiercest winds. All of a sudden, you
are blown over by a terrific gust. You are swooped into the air, out of control, and at the mercy of
winds with the amazing speed of 231 mph (103.3 m/s), the fastest ever recorded with an
anemometer (outside of a tropical cyclone).1 While you are up in the air, let’s ride the trade
winds across the globe to see what advances are being made in the wind industry
worldwide.Figure 1-11 shows a graph of world-installed wind power capacity for 1996 through
2008. Take this chart with you, because it can give you a glimpse of small wind turbine growth to
expect on your journey.FIGURE 1-11 Global installed wind power capacity for 1996 through
2008, moving steadily up! Global Wind Energy Council/Thomas Splettstoesser/Wikimedia
Commons.Circling the United States, the wind rushes through numerous large-scale onshore
(i.e., on land) wind farms. You are blown past the Altamont Pass Wind Farm in California, a bold
step in the infancy of the market (Figure 1-12). The 5,400-turbine collection of residential-size
turbines initially installed in the early 1980s provided lessons for future development. It has long
been cited by conservationists as a primary reason why wind turbines can sometimes do more
harm than good, as it ended up killing thousands of birds, including eagles and other raptors
(more on this later this chapter). Note that 80 megawatts of turbines are to be upgraded by the
end of 2011 to remedy this problem.FIGURE 1-12 California’s sprawling Altamont Pass is home
to one of the world’s most famous wind farms, which was started in the early 1980s. Shown are
Enertech models that are considered vintage today. Xah lee/Wikimedia Commons.On the other
side of the coast, a massive offshore wind farm network is being planned from Maine to North
Carolina. In between are 100,000 small wind turbines now operating throughout the country,
providing about 100 megawatts of generating capacity. This includes boats, homes, farms, and
businesses with spinning flags of wind power.Swoop up to Canada, home to more than half of
the small wind manufacturers worldwide, with models in the 30-50 kW range and to three-
fourths of manufacturers with models in the 50-100 kW range. Small and utility-size wind
turbines power over 1 million Canadian homes, with estimated wind energy potential for 17
million homes.2 Despite its recent economic troubles and extended cold temperatures and
harsh weather, Canada’s small wind industry has increased by 55 percent over the past two
years, according to a new market study conducted for the Canadian Wind Energy Association
(CanWEA).According to CanWEA’s manager for small wind policy, Emilie Moorhouse, the
country has an estimated 12 MW of installed small wind capacity. Almost 90 percent of that is
due to systems smaller than 1 kW. A large percentage are off-grid, in very isolated and far
northern areas.3Taking the trade winds, we pass over sparsely populated areas of Greenland,
the world’s largest island, with harsh climatic conditions and little infrastructure due to cost
constraints. Wave a salute to the task forces looking for ways to harvest one of the world’s best
onshore wind resources, due to its high average wind speed of 15 mph (7m/s).At the gateway of
Europe, you swoosh through history. You might see remnants of windmills that once dominated



the landscape of Holland, also home of the Zeeland small wind turbine test site (Figure 1-13).
Also, tip your cap to Denmark up north, which has long been home to pioneers of wind turbine
development. Then there is Germany, Spain, and numerous other countries in the European
Union that have seen small wind turbines planted like seeds in a field after the government
agreed to pay feed-in tariffs for clean electricity wherever the site permits (see Chapter 6 for
more on financing).FIGURE 1-13 The Zeeland small wind turbine test site in Holland, where
researchers evaluate different designs. Jeroen Haringman/.In the United Kingdom, which
recently added a feed-in tariff for small wind, the growing trend is small, distributed, grid-
connected projects (Figure 1-14). The United Kingdom has historically been the second-largest
market after the United States, representing 20 to 25 percent of global demand.4 The United
Kingdom added an estimated 10,000 small wind turbines since 2005, for a total of over 15,000.5
Installed capacity now exceeds 20 MW.6 There is rising interest in many other countries in the
European Union, particularly Italy, where small turbines are seen as offering “made in Italy”
potential.7FIGURE 1-14 The United Kingdom recently added a feed-in tariff for small wind,
which is helping spur the industry. Pictured is an Ampair 6000 wind turbines in Berkshire.
Ampair.At closer look, you can see a unique turbine application that is just beginning to enter the
market around the world, in urban regions. Soaring from the forest of skyscrapers, flats, and
municipal parks like Peter Pan on his search for Wendy, you can feel the sudden drop in wind
energy as it wraps through the concrete maze. This environment is not generally conducive to
effective use of large or even small wind turbines. However, micro-turbines, dubbed urban wind
turbines (UWT), are in development (Figure 1-15). If new field-test certification standards arrive
for UWTs, it may bring a breath of fresh air.FIGURE 1-15 Placing wind turbines on rooftops and
in urban areas is unlikely to produce much energy, unless the winds are very strong. Pictured is
an experimental Honeywell wind turbine on the roof of the Solarium, a green-themed apartment
building in Queens, New York. Brian Clark Howard.Currently, it is wise to be skeptical of those
who say any turbines can be placed on rooftops, in urban areas, or in places with a lot of
turbulence. Such obstacles take much of the power out of the wind, and wind speed is a crucial
factor in the amount of energy that can be produced, as we’ll soon explain. However, most
experts think there is potential in this area, if the right factors align and the right technology
comes along, for the right price.Pushing forward, the wind currents accelerate as you approach
the western coast of India. The estimated potential for wind-energy production in India is 40,000
MW at 100 feet above ground level. In rural India, small and micro-turbines are lighting up
homes of remote villages and powering hundreds of telecommunications towers.8We will
conclude your world tour with one of the biggest growth markets: China, which reportedly added
about 50,000 small turbines in 2009, for a total of some 400,000 in place by the end of that
year.9 There may be as many as 100,000 small wind turbines in use by nomadic herdsmen in
northwestern China. These small turbines—so compact they can be carted on horseback from
one encampment to another—are among the few sources of power available on the Asian Great
Plains.10“For a young married couple in inner Mongolia, their most revered gift is a wind turbine,”



Trudy Forsyth told us via phone from the National Renewable Energy Laboratory (NREL)’s
National Wind Technology Center in Colorado. Forsyth is a senior project leader who specializes
in testing and certification of small wind turbines, and serves as NREL’s liaison to the American
Wind Energy Association (AWEA). “They can take it with them, where they can set it up, and get
some lights and TV,” said Forsyth. “Wind turbines are more rugged than solar panels, and it’s
windy there.”Even today, three-fourths of all small wind turbines built are destined for standalone
power systems at remote sites, far from the nearest village. Others serve mountaintop
telecommunications sites where utility power could seldom be justified.Although there are other
countries to visit, there is only so much space in this book. But take a look at the interactive map
from the Global Wind Energy Council on to get a bigger picture.We hope you get the idea that
there is huge and growing global demand for emissions-free wind power, which can be installed
quickly, in many places in the world. Over the past ten years, global wind power capacity has
continued to grow at an average cumulative rate of over 30 percent11 (Figures 1-16 and 1-17).
Although commercial-scale projects have led the way, the small wind industry has seen strong
growth as well, despite the global recession. In general, small wind is still a niche energy player,
and it does have some of the limitations of being an immature market, such as difficulty in finding
replacement parts and access to skilled labor.12FIGURE 1-16 Commercial wind technology has
advanced rapidly over the past few decades; the industry is much more mature than the small
wind power sector. Wind Powering America/NREL.FIGURE 1-17 As the cost of producing
energy with large wind turbines has dropped dramatically, production has skyrocketed. Wind
Powering America/NREL.Still, improving technology has given rise to a more cost-effective small
wind turbine over the last 15 years, moving closer to the cost of conventional energy sources.
For years, small wind turbines have been used to generate power to charge batteries. Technical
developments have increased the power rating, efficiency, and reliability of these turbines.
Current wind turbines can also now be used either on or off the grid to power homes and
businesses. In fact, the fastest-growing segment of the small wind turbine market is that of
residential-scale, grid-connected units, between 1 and 10 kW.Due to advanced technology, wind
turbine blades have become lighter, yet more durable and efficient in extracting wind energy.
Similarly, the rotor speeds have been slowed down to decrease noise, and vibration isolators
have been introduced, particularly for roof-mount models. Self-protecting technologies like the
ones developed by WindTide in Ireland help the wind turbine protect itself in case of high wind
speeds, including with active pitch controls (explained in Chapter 8) that maximize energy
capture at high speeds without permitting the turbine rotor to get the brunt of the heavy
gusts.Some small wind turbines are also available with wireless connectivity, enabling owners to
control the system from a distant location, while others come with nifty electronic data displays.
Such technological advances have made these wind turbines more like an appliance, enabling it
to be part of the household dinner conversation, and a desirable gift on the wedding
registry.13Want to fly there for a closer look now…. Scan the
locations.ResourcesINTERCONNECT“The Boy Who Harnessed the Wind” Shows the



Importance of ScaleA small, landlocked country in southern Africa, Malawi is among the world’s
poorest, and only about 2 percent of its people have electricity. But one young Malawian tinkerer
has proven to the world that anyone can improve their lot in life through the power of the
wind.William Kamkwamba’s story has become internationally known, thanks to a TED
fellowship, a bestselling book (The Boy Who Harnessed the Wind) and a globetrotting schedule
of speaking and TV engagements (Figure 1-18). As Kamkwamba explains in his inspiring,
gripping memoir, he was first exposed to the concept of wind energy in 2002 when he was 14
years old, while looking through a textbook at his rural town’s tiny library. With Malawi suffering
through a heartbreaking famine, Kamkwamba’s farmer parents couldn’t afford his school fees,
and there was only so much work he could do in the parched earth, with no way to irrigate or
afford fertilizers.FIGURE 1-18 William Kamkwamba of Malawi inspired millions by building a
wind turbine out of junk.Impressed by the graceful, intrinsically simple shape of a wind turbine,
Kamkwamba wondered if he could build one to pump water and bring lights to his house so he
could study when the sun went down. He spent months pouring through tattered engineering
texts and scavenging through junkyards and scrap heaps. He even took a part-time job to earn
the few dollars he needed to purchase a bicycle dynamo.While Kamkwamba endured harsh
torment by his peers and confused stares from adults, he pressed on. Near his family’s modest
home, he raised a 16-foot tower from blue-gum poles he cut himself. At the top of the tower, he
and a friend cobbled together a 12-watt wind generator out of used bicycle parts, plastic pipes,
tractor fans, and wood. In one of the book’s most dramatic moments, Kamkwamba amazed a
crowd of his critics when he first wired a light bulb to his spinning machine … and it glowed
dimly.Soon, Kamkwamba was powering several lights and a radio in his home, and he charged
cell phones of grateful passersby for free. He added car batteries for some energy storage, and
he improvised a simple overcurrent protection feature (from a nail and speaker magnets) and a
600-watt inverter to convert the machine’s wild alternating current (AC). The blades turned a
pulley, which turned an old bicycle wheel, which powered the dynamo. According to his blog,
Kamkwamba and friends recently added better deep cycle batteries, and they hope to add solar
panels.Early on, the young boy’s impressive contraption attracted attention from the national
authorities and the news media, and before long, he was offered a scholarship to a prestigious
school in South Africa (Kamkwamba has since been accepted to Dartmouth University in the
United States).Kamkwamba also built several more wind generators, including some that pump
water for irrigation and one that serves a local school in his native Kasungu District. The largest
of his machines stands at 37 feet.Kamkwamba is exceedingly humble, and he is already hard at
work helping others in his community. His Moving Windmills Project has partnered with the U.S.-
based nonprofit to rebuild his old school, which is in serious disrepair. Kamkwamba also hopes
to empower others in the developing world to generate their own energy.It’s easy to see why
William Kamkwamba’s story resonates around the world. It’s a touching example of how a bright,
determined individual can lift himself out of poverty through hard work. It’s also a good reminder
that, to be a success, a wind turbine doesn’t have to be big or made from shiny, expensive



parts.Although a 12-watt turbine isn’t going to make much of a dent in the typical American
home’s energy budget (the annual average is 10,000 kilowatt-hours), that says more about our
consumption patterns than it does about the limits of do-it-yourself (DIY) projects. For a family
like the Kamkwambas, having the ability to read at night, pump well water, or charge a cell
phone without walking into town and paying a fee is a significant improvement in quality of life.
Sometimes, we have to rethink our notion of scale and remember that what doesn’t work in one
situation may be just the thing for another.Wind Energy System ComponentsHere’s a gentle
breeze through a complete wind energy system.TurbineA wind generator, or turbine, has two
functions:• Collect the wind (blades)• Convert wind energy into mechanical then electrical
energy (generator)Turbines may come in different shapes and sizes, but in general, the blades
and the hub, the center part that turns the shaft, combine to make up what is called the rotor—
what we see spin (Figure 1-19). The spinning of the shaft (or stator in some cases) results in
generating an electrical charge within the alternator. To maximize the energy harvested, a
turbine needs a device that keeps it facing the wind, either mechanical—as in a tail—or
electronic—such as the electronic orientation yaw drive.FIGURE 1-19 Assembling a wind
energy system is a challenging task that requires teamwork. Scotsman Hugh Piggott leads
workshops on both sides of the pond that have taught thousands of people to do it themselves.
Hugh Piggott.Power Up! Blade size and robustness of the alternator, rotor, and tail to weather
through years of high-velocity winds will be one of your major factors in deciding which turbine to
purchase. The next factor will be the generator’s conversion efficiency from wind’s kinetic energy
to electricity, and the durability of the generator’s components to long-term exposure to air
turbulence and high revolutions per minute (rpms) (see Chapter 8).TowerThe tower puts the
turbine up in the location of the “fuel”—the smooth, strong winds that provide the best energy.
Wind turbines should be sited at least 30 feet higher than anything within 250 feet (76 m).Three
common types of towers are tilt-up, fixed-guyed (the ones with the supporting wires), and
freestanding, or the one where the structure is wider at the base than it is at the top and has a
significant foundation. Towers must be specifically engineered for the lateral thrust and weight of
the turbine, and should be adequately grounded to protect your equipment against lightning
damage.Transmission WiresTransmission wires are usually made of copper or aluminum, and
they deliver the electricity from the turbine to your conversion assembly (see “Balance of
System”) and ultimately to your home and the utility grid. Proper sizing of wire to handle the load,
grounding patterns, trenching, and safety measures are discussed in detail during
installation.Balance of System (BOS)In addition to the primary hardware of turbine, tower, and
wires, you’ll need other parts to make your investment work. These other components are often
collectively referred to as the “balance of system.”Charge ControllerIn a battery-based system,
this smart little box keeps your batteries properly fed and safe for the long term. As the name
suggests, a controller governs the charge produced by the wind turbine. It blocks reverse current
and prevents battery overcharge. That’s important, because overcharged batteries need more
maintenance and wear out quickly.Nearly all installations require a controller to divert excess



electricity if too much is being produced at once, due to high winds. Many controllers also
provide intelligent charge regulation, array output optimization, automatic battery equalization,
and even built-in datalogging. Chapter 10 on BOS will cover selection and installation of charge
controllers.Battery Bank (Storage)If your system is off-grid, you’ll need a battery bank—a group
of batteries wired together—to store energy so you can have electricity when it’s not windy. A
wind turbine can also be hooked up to both batteries and the grid. Produce excess energy that
your batteries can’t hold, and you can feed it into the grid, hopefully for a credit. When
insufficient electricity is generated or the batteries are drained, electricity drawn from the grid
can make up the shortfall. Yet battery banks can provide emergency backup during
blackouts.Only deep-cycle batteries are recommended for wind-electric systems, although
William Kamkwamba built his first small turbine in Africa with regular off-the-shelf batteries, and
he still had a little juice for a few lights. For wind systems, lead-acid batteries are the most
common battery type chosen due to their low cost and wide availability. Sure, lithium-ion
batteries would work great, but they aren’t cheap.System MeterSystem meters can measure and
display several different aspects of your wind system, including how much power you are
producing at the moment, the charge status of your batteries, and how much electricity your
home is using. Many of today’s inverters have remote access via personal computer and mobile
devices. “Hold on, let me check my status on my smart phone.”Dump Load (aka Diversion Load,
Load Resistor)A load—some device(s) drawing energy—must be kept on a turbine at all times
to prevent it from spinning too fast and overheating internal parts or getting damaged. That load
could be the grid or a battery bank. However, if the batteries are fully charged, they can’t accept
more juice without damage. In that case, the controller diverts excess electricity to a dump load,
which is usually an air or water heating element that “burns off” energy as heat. If you can put the
heat to good use, even better!(Technically, some controllers do not require dump loads if they
operate using pulse width modulation shunt techniques to prevent the battery bank from
overcharging).Disconnects and Overcurrent ProtectionYou’ll need to have a direct current (DC)
disconnect one-switch breaker between the batteries and inverter (see the next paragraph) to
allow for easy maintenance and to protect the wiring against electrical fires. In many countries,
an additional AC disconnect must be located outside the house and near the panel. It typically is
a large, one-switch breaker mounted in a metal enclosure. It can provide an extra defense to
protect line workers against electrocution from your electricity during a utility grid
repair.InverterAn inverter converts direct current (DC) to alternating current (AC), which is used
by appliances, lights, gadgets, and other devices in most households and facilities. There are
two basic types of inverters:• Battery-based inverters These inverters require large deep-cycle
batteries to operate.• Batteryless, or grid-tied, inverters These inverters are connected to the
electrical grid and provide no backup. When the utility grid is down, you can’t make any
electricity, because it shuts down the turbine. This is a safety precaution to prevent the
accidental electrocution of electric line workers during grid repair in case of an outage.Back-up
GeneratorSizing a system to cover a worst-case scenario, like no wind for weeks, can result in a



very large, very expensive, and inefficient battery bank. Therefore, a backup, fuel-powered
generator may be necessary, and in fact is almost always necessary in off-the-grid
settings.Petroleum-and diesel-fueled generators produce AC electricity, though a battery
charger (either stand-alone or incorporated into an inverter) can convert that to DC energy,
which is stored in batteries or can be hooked directly up to the …AC Breaker PanelThe AC
breaker box is the point at which a building’s electrical wiring meets with the power authority. It
contains a number of (hopefully labeled) circuit breakers that route electricity to the various
rooms throughout a structure. These breakers allow electricity to be disconnected for servicing,
and also protect the building’s wiring against electrical fires.In addition, for their use, utilities
usually require an AC disconnect (mentioned earlier) between the inverter and the grid. These
are usually located near the utility kWH meter.Kilowatt-Hour MeterA bidirectional kilowatt-hour
meter (kWH meter) simultaneously tracks how much electricity is being used (measured in
kilowatt-hours, kWH) and how much is being generated. It measures power coming from the grid
and going to the grid.Utility Interconnection EquipmentAlong with the meter, transformers and
any relay switches are commonly provided by the power utility after a net-metering agreement
has been signed to ensure that the proper voltage and frequency are provided once the inverter
is connected to the grid.With new technology, you might find that many of the components listed
are integrated into various other components. For example, it is common to see an inverter that
includes charge controller, monitoring, AC/DC disconnects, and even dump load capability. This
makes your shopping quicker and reduces compatibility problems and complications that can
arise with separate components. Some products, like Southwest Windpower’s Skystream 3.7
and 600, have integrated nearly all the components within the nacelle, complete with wireless
communication to your computer.Table 1-1 shows a summary of the three common wind system
configurations. The grayed areas are components that are found in all systems. We are aware
that some of you might want to design a 24-volt system to power your boat, cabin, or one or
more direct current appliances, like a DC submersible water pump (we explain electricity in more
detail in Chapter 3); however, even the strictest of wind power users will eventually want to use a
power tool or appliance that requires AC power. When you are at a point of purchase, print and
fill out this form. Note: Any point void of a check box is an indication that the item is not required.
The fuel generator is considered an optional item if you are grid-tied, though you may want to
consider it in a region with frequent blackouts. In Nicaragua, there could readily be two days
without electricity in a given week, and overdraining your batteries shortens their life.TABLE 1-1
Core Options for a Small Wind SystemDirect Drivers for Wind EnergyLet’s start putting wind into
your sails, whether you have already committed to building a turbine or are just browsing. Let’s
review why the rest of the world thinks small wind energy makes sense.In fact, the growth of the
wind market is being driven by a number of factors, including economic incentives, practicality,
values, care for the environment, and the impressive improvements in the technology itself.To
Hugh Piggott, a Scot who has trained thousands of people around the world to make their own
small wind turbines through his company Scoraig Wind Electric, and who writes and speaks



extensively on the topic, the industry is about what he calls “human scale.” In an interview,
Piggott told us he thinks small wind “works on a personal level.”He said, “It makes people feel
that they’re part of the energy generation process, and it gives them a sense of how much
energy they use and what it takes to make. We live increasingly disassociated from the stuff we
use, but more localized production of food and energy is a healthy thing.”Piggott told us he
doesn’t think small wind is likely to make a big impact on energy trends any time soon. And
although not everyone agrees with that assessment, recent history would certainly suggest that
he’s right, or at the very least that the industry would have to ramp up vastly more than they are
currently to really make a dent in fossil fuel use.“Compared to offshore wind farms, small wind is
incredibly inefficient,” Piggott rightly points out, but that doesn’t mean he sees no value for his
work. To him, small wind turbines have a lot of utility, as long as they are smartly sited and
installed so they can generate a meaningful amount of electricity. “If you just want to see
something spin, buy a whirlygig. They’re a lot cheaper,” Piggott quipped.“People generally have
huge misconceptions about wind energy, and a lot of the time they get deflated,” Piggott added.
“Most people assume that they can put something on their roof that will generate most of their
electricity in an urban environment. That’s really, really a long way from the truth,” he said.Author
Ian Woofenden told us, “We need to be real about the wind resource, about the fact that energy
efficiency is often a better buy, about load analysis, and about what machines can actually
do.”We hope to do just that in this book, and to help you see the situations when small wind does
make sense, on a number of levels, including economics. We created this brief list to help you
understand some of these factors. Feel free to place a check mark on anything that piqued your
interest. In fact, you can send it in to your local wind energy association.14Economic Benefits of
Small Wind PowerWhat can wind turbines provide? This list may surprise you.Free FuelWind is
a by-product of solar insolation of the Earth, and is modified and enhanced by terrestrial
topography, large bodies of water, and ecological and anthropomorphic activity.15 But there is
no exchange of common currency for the production and transportation of wind.Return on
Investment (ROI)ROI is a tricky concept, and it’s something most human beings are bad at
calculating in their daily lives. Is it better to drive a half-hour out of the way to avoid a $2 toll? Is it
worth it to study one more hour for the big test? Is grad school a good decision? Unless you are
an investment banker, chances are good that you don’t spend a lot of time estimating your return
on investment for very many decisions. Yet most of us opt to consider the question when it
comes to renewable energy projects.The good news is that, with proper understanding and
design of a wind power system, including site assessment, personal needs assessment, a
reliable product, and government incentives, owners of that system should be able to reap
financial benefits that exceed current investment rates over the long term (e.g., certificates of
deposit and bonds).16 Granted, it’s vital that all those factors we just mentioned are in place.
Areas with stronger incentive structures and higher electric rates clearly get an advantage when
it comes to ROI, and you’ve got to have a system that is high quality and able to access a good
wind resource. Small wind installer and expert Mick Sagrillo recently calculated the ROI on a



high-profile small wind project to be more than 4,000 years, largely because the owners grossly
overestimated the strength of the breezes on top of their building.“Many projects are being
installed as a greenwash thing: they’re not producing any useful energy, and they cost money
that could have been spent on insulation and other more effective measures,” Piggott told
us.Something else to think about is maintenance costs. If you can get a service plan, or at least
know that your installer can back you up for regular checkups and repairs, that can make a big
difference in ROI. As Piggott told us, “Your machine may generate a few hundred dollars a year,
and half of that could be blown on a service call if the only technicians available are far
away.”When asked when he thought small wind did have a reasonable ROI, Piggott told us
“when you live in a pretty windy place.” He also pointed out that it tends to work really well off the
grid, when costs of extending the lines would be prohibitively expensive, or in developing
countries, where the only power available is through car batteries that have to be charged at
stations, for a fee, then bicycled in. “A lot more people are trying to develop local skill base and
manufacturing capabilities, in the developing and developed world, so costs should come down,”
Piggott explained.When asked to estimate a payback period on a “typical” small wind energy
system, Woofenden responded, accurately, that there is no such thing as a typical wind
generator. But when pressed, he said, “Depends on the resource, utility rate, incentives,
reliability, but I would say between 10 and 20 years is a reasonable range.”Woofenden, who
maintains several wind turbines for his off-the-grid home on an island off Washington state, also
has a grassroots passion for the technology (Figure 1-20). “Most things we buy have no return at
all, because almost everything has a negative return,” Woofenden told us. “I think the payback
return question is sort of out of line. I tell potential buyers who ask me about it to cite one thing
they bought that they thought about ROI. We subject renewables to that question but not our
other choices.”FIGURE 1-20 Workshop participants build their own small wind energy system
from scratch, thanks to the tutelage of Dan Fink. That’s a lot of work, but it can be tremendously
rewarding. Dan Fink.At the other end of the spectrum, wind author Paul Gipe told us that ROI is a
critical factor, and that small wind won’t really take off until it gets more favorable. In Gipe’s view,
robust feed-in tariffs are the best way to get there. In any case, we’ll get into the money behind
the decision in Chapter 6.Financial Hedge Against Rising Energy PricesAs soon as a grid-tied
wind generator (with net metering) is switched on and producing energy for the grid, your cost
per kilowatt-hour has been immediately reduced, and the benefits increase as price volatility or
inflation raises consumer electric rates. This is worth keeping in mind, because energy prices for
many people have been rising sharply over the past few decades, far outpacing inflation. There
are a number of reasons for this, including demand outpacing supply, increasing restrictions on
new energy projects like transmission lines and power plants, and geopolitical instability. Most
experts expect energy rates to continue to climb. Meanwhile, the cost of wind will always be
free.Further, since every kilowatt-hour of electricity produced by wind helps reduce demand for
fossil fuels, it can actually help keep costs of those legacy fuels down.Access to Financial
Incentives for Developers and ConsumersIt’s no secret that the global small wind energy market,



like all renewable markets today, is largely driven by government support policies and
regulations. (A lesser-known truth is that conventional energy businesses also receive massive
tax benefits and incentives, and part of the reason why energy is so “cheap” is because it is
already subsidized.) In the United States, the wind market is supported by federal tax credits
and several state-level renewable portfolio standards (RPS), which mandate that a certain
amount of energy be provided with renewables.In December 2008, the European Union (EU)
agreed to a new Renewable Energy Directive for a binding 20 percent renewable energy target
by 2020. Germany and Spain have had feed-in tariff schemes for several years, and the United
Kingdom recently added one for small wind. In the Asia Pacific, government support is also
driving wind energy growth. China’s wind-installed capacity has doubled every year since 2006.
The Renewable Energy Law, along with other policy measures, is driving the Chinese market
even further. In addition, many states in India also have feed-in tariff schemes and RPS in
place.17Becoming Competitive with Conventional TechnologiesWith today’s rising coal and gas
prices, and the chance of increased environmental regulations on those dirty industries, new
wind farms already compete favorably when it comes to economics. With small-scale projects in
remote sites or on boats, or for pumping irrigation systems, a wind turbine can be more
affordable then connecting to the grid or installing a back-up generator system.Job Creation and
Regional Economic DevelopmentNew wind energy will bring significant economic benefits to the
participating states, and not just construction and maintenance jobs. Over time, wind component
manufacturing should follow expansion. Wind can make a positive impact in terms of
employment and revitalization of rural and declining areas.In fact, CanWEA’s Emilie Moorhouse
told us that one of the motivations behind Nova Scotia’s recently passed small wind feed-in tariff
was to support the major small wind manufacturer in the province, Seaforth Energy. “They’ll have
this double benefit, of environmental and social benefits, plus jobs,” Moorhouse told us via
phone from her office in Montreal.More Americans already work in the wind industry (85,000)
than the coal industry (81,000), according to 2009 data from the American Wind Energy
Association and the U.S. Department of Energy. Expect the gap to widen in the coming
years.Values and Small WindSmall wind power also has a number of important benefits that
aren’t strictly financial, or that aren’t easy to put a price tag on, at least not with current methods
of accounting (Figure 1-21). Let’s look closer.FIGURE 1-21 Small wind turbine designer,
installer, and trainer Hugh Piggott told us he thinks his machines “work on a human scale” to
teach people about energy use and production. Hugh Piggott.Environmental BenefitsSpeaking
of environmental benefits, wind power, of course, is based on capturing the energy from natural
forces, so it has few of the polluting effects associated with “conventional” fuels. Wind energy
contributes to the reduction of emissions of various harmful air pollutants (carbon dioxide,
nitrogen oxide, sulfur dioxide), and has already played a role in improving regional air quality.
Wind power supports efforts to meet emission caps in a cost-effective manner.18, 19_In
addition, wind energy uses virtually no water, which, in an increasingly water-stressed world, is a
major environmental consideration.IndependenceFor many people, it is about energy



independence from their power authority. Businesses that pay additional fees for electric
demand in excess of their allotment plan, or others who usually couldn’t see options other than
accepting the rapid inflation of electrical costs every year, are now considering making their own
mini-power plant. For some, it is about “stickin’ it to the man,” by turning the tables on the power
authority, and compelling them to pay for the surplus energy produced from small wind turbines
through a net-metering or feed-in tariff agreement.Image EnhancementProject directors of
everything from department stores to manufacturing plants, nurseries, colleges, office parks,
hospitals, hotels, municipalities, and much more understand the intrinsic value of appearing
“green” to the ever-alert consumer. Wal-Mart and Home Depot, for example, have added very
small wind turbines to light poles in selected parking lots. Such projects aren’t always the best
idea when it comes to the actual wind resource available, but under the right conditions, they
might be a wind-win (Figure 1-22).FIGURE 1-22 Small wind turbines, like solar panels, can be
powerful symbols of environmental commitment. Pictured are AeroVironment AVX turbines on
the roof of a new office building at Brooklyn Navy Yard. Brian Clark Howard.In Queens, New
York, Rick Rosa, the sales manager of the new Solarium “green” apartment building, told us that
response has been “phenomenal” to the building’s rooftop WindTronics wind turbine. “It has
been a guiding light for the neighborhood,” Rosa told us. “It’s a symbol of us being a green
building. It brings people over here, and makes them ask about what we did,” he added.In the
case of the Solarium, the turbine is no window dressing, since the building is the first green-
certified complex in the borough. That was achieved through energy and water efficiency, use of
recycled materials, recycling of debris, and other factors. According to Rosa, the turbine helps
makes the facility’s common charges low.Interestingly, Rosa told us that the main question
people ask about the rooftop turbine is “how much power does it generate?”, suggesting that
consumers do care that green changes aren’t just cosmetic, and that they make a real impact.
(The turbine choice and location in this case are not without controversy, as we’ll soon
show.)Consumer ChoiceOver the last few years, small wind turbine technology has improved in
quality and versatility. What was once a strictly marine or rural, off-grid solution has evolved to
allow renewable energy to enter a wider consumer market. More options are available, including
roof-mount turbines, more aesthetic shapes, noise and vibration reduction improvements,
integrated sensors, and turbines sized to the customer’s needs, from 150 watts up to 100 kW. As
we’ll show you, many of these newer designs are largely untested, and some are controversial,
and it still holds that rooftops are rarely good places for turbines. But in general, choice is a good
thing, and we’ll walk you through the pros and cons of each major offering in Chapter 8.Self-
RelianceWind power technology has evolved and has become more standardized, reducing the
learning curve and the risks of investment. This has opened the doors to that significant group
who are insistent on relying on their own judgment, knowledge, and abilities in order to survive
economic downturns with local resources and not a lot of additional help. Tightening up the
bootstraps, they move forward, confident that wind energy is a feasible means to survive,
sometimes with most of the energy and material for survival being provided locally. This is



certainly not an easy pursuit, but it can be immensely rewarding.Do-It-YourselfAlthough we don’t
suggest you try to build your own wind system from scratch without at least some hands-on
training or apprenticing, people have successfully done it, and there are bestselling books and
websites to prove their feats. There are a number of plans and kits available, as well as
instruction books and classes.More premade small wind systems are designed to be relatively
easy to install, but they are still definitely harder than putting together IKEA furniture, and most
manufacturers strongly recommend professional guidance. Still, with more certified systems,
integration of components, time-tested procedures, and equipment configurations, the
guesswork is being reduced.High VisibilityIn history, success has often been celebrated by
building prominent structures. When religion was dominant, many towns erected enormous
pyramids, temples, and cathedrals. Then, government capitol buildings started to tower over the
dwellings of the citizens. Finally, financial services companies came to be housed in glass spires
that reached for the sky, seemingly defining the character of Western society. Well, wind turbines
placed up on a high pedestal can communicate values for one’s business, farm, or community
that could supersede any provocative poster or flowery talk.The Joy and Satisfaction of ItWhen it
comes down to it, many of the folks we’ve talked to who own small wind generators, or who work
in the industry, admit to being in love with watching those blades turn, almost as much as they
like seeing their electric meters run backwards. As Hugh Piggott pointed out to us, just wanting
to see something turn isn’t reason enough to invest in a wind system—there are much cheaper
pinwheels for that. But there is definitely something to the direct experience of making your own
power based on the breezes. It’s worth remembering that as much as we like to think of
ourselves as rational beings, we make very few decisions based solely on number crunching. If
we did, we’d all be driving stripped-down Honda Civics, wearing Dockers, and waiting until
movies are released on basic cable.To one of us, our connection to the wind runs even a bit
deeper. Kevin still finds great joy in storms, even the ones hinting that the end of the world is
near. He recalls the days of fighting the wind-driven rain to place a roof on his home. He
remembers the wind chill that froze the marrow in his bones. Well, even four years later he still
smells sweet revenge and wears an evilish grin while watching his spinning turbine as the
neighbors’ homes shudder with the gusts and the arcing trees.PracticalityThere are a number of
related practical reasons to consider wind power.Diversity and Reliability of Electricity SupplySo
long as we have sunshine, land, and water, wind is highly reliable (although highly intermittent).
That is, with enough well-designed systems, the output at any given time should only vary
gradually due to varying wind speeds or storms. True, storms can require temporary powering
down to protect equipment; however, with weather forecasting, that can be coordinated with
complementary energy sources to ensure uninterrupted service. Currently, some utilities tend to
malign wind power as “unreliable,” but that seems to be changing as the industry matures,
technology improves, and we continue to diversify sources.Taking a step back, many analysts
sensibly point out that it would behoove us as a society to diversify our energy sources.
Currently, we are highly dependent on fossil fuels, as well as nuclear power plants that are aging



and that are politically very difficult to replace in many countries. The more we can ramp up a
diverse set of renewables, the better off we’ll be to weather periods of uncertainty. That includes
large and small wind, as well as solar electric and thermal technologies, geothermal, wave and
tidal power, biomass, trash-to-energy, and other strategies.Political SecurityDespite a recent blip
in the trend as a result of recession, global demand for energy has been increasing sharply.
Significant investment in new power generation capacity, grid infrastructure, and geopolitical
strategy is going to be required to continue to provide current standards of living in the
developed world and to improve the lives of those in the developing world. Yet, supplies of fossil
fuels are finite, and petroleum prices are volatile.In contrast, wind is a massive indigenous power
source, available virtually everywhere in the world. As mentioned earlier, wind energy can
mitigate petroleum price volatility, reducing the friction among nation-states over scarcity. For
example, wind generator installations currently being deployed on military bases are not only
being seen as practical, but as one way we can contribute to reducing dependency on foreign
oil.Natural Synergism with Solar TechnologyWind power is directly related to the power of the
sun, but the winds continue their ferocity even when the sun’s rays are on the other side of the
globe. Wind energy is thus an excellent complement to solar power when the sun has set or
during a storm (Figure 1-23). In addition, the two emerging forms of renewable energy have a
complementary relationship over the course of a year. In most temperate zones, the amount of
energy that can be harvested by solar panels is less in the cooler months, when the sun is lower
in the sky. In contrast, the winds tend to blow the strongest in late fall to early spring.20FIGURE
1-23 Wind and solar power often work well together, as at this home site in Colorado.Warren
Gretz/DOE/NREL.Diversity of Applications, Including Remote and Off-GridSmall wind turbines,
alone or as part of a hybrid system, can power homes, businesses, farms, ranches, mines,
logging camps, boats, and many other things. Wind energy often works very well for remote
applications, such as water pumping, ice making, and telecommunications sites. Community
small wind projects have been launched for schools, tribes, municipal utilities, and rural electric
cooperatives.CanWEA’s Emilie Moorhouse told us that Canada has been working to develop
incentives for hybrid wind-diesel projects for the northern reaches of the country, where some
300 communities live totally remote from the grid. Currently, a five-year grant program is
targeting 20 northern communities and six mines. “These communities are dependent on diesel,
which is dirty and expensive,” Moorhouse told us. “In a sense, wind is the only renewable
technology that’s applicable to the far north. Solar: there’s no sun up there in winter. Hydro: the
rivers are frozen in winter. There is no biomass,” she explained.Moorhouse said wind-diesel
projects have already proven themselves in at least 14 communities in Alaska, and she said
Canadians are working to build the skilled workforce to deploy and support these hybrid
systems. “In the north, there is icing and maintenance issues, so it’s better to have several
turbines rather than just one big one,” Moorhouse added.ResiliencyIn the case of commercial
wind farms, power is generated by large numbers of generators, so individual failure of one
machine does not have large impacts on the total production. This feature of wind has been



referred to as resiliency. Even at the home scale, hybrid renewable energy systems permit one
form to compensate for the other system when either the wind is calm or the skies are dark.In a
larger sense, adding more wind turbines is part of a smart strategy of diversifying.SummaryAs
we have shown, wind energy has a long and colorful history, stretching back hundreds of years.
For millennia, people have felt the breeze on their cheeks, watched leaves blow across the path,
and asked if that mighty power could be harvested for our benefit. The good news is that it can,
and you can choose to be a part of it. In fact, the small wind industry has shown impressive
growth in recent years, despite the global recession (Figure 1-24).FIGURE 1-24A The small
wind turbine industry has shown strong growth over the last decade. AWEAFIGURES 1-24B,
1-24C The small wind turbine industry has shown strong growth over the last decade. AWEA.A
small wind system is not cheap or easy to install and maintain. If you are the kind of person who
likes to buy the latest shiny new toy, only to leave it in a closet and forget about it a few weeks
later, wind power probably isn’t for you. A wind system requires upkeep, as well as a
considerable initial investment.However, wind turbines can also provide many benefits, such as
clean power, insulation from rising fuel prices, and considerable satisfaction. To those with a
good wind resource, amendable zoning, and a little patience, a wind system can be a smart
investment.CHAPTER 2Second Wind: Challenges and Impacts of Small Wind EnergyMost
people never run far enough on their first wind to find out they’ve got a second.–WILLIAM
JAMESOverview• What are the main drawbacks to small wind power?• What are the real
impacts of noise and appearance?• Can small wind turbines disrupt radar or cell phones or
throw ice?• Can small wind turbines be harmful to birds and bats?Not to deflate the helium out of
your Magenn wind turbine balloon (see Chapter 12 on new and future technology), but no
energy source is perfect, even if some enthusiasts can’t see beyond their own nacelles.Even if
you are a small wind advocate, you may want to read about these common myths and shortfalls.
For one thing, opponents to your wind turbine might appear at your zone appeal or during
construction, with a hair-raising study about wind turbines that you might not be prepared to
process.Without advocates like you to clear the air, local ordinances could require an endless
list of study reports and certifications, similar to what is required for utility turbines. To give you
an idea, here is what is currently required for utility-sized turbines, although thankfully not for
small turbines … yet:• Soil survey of the entire area• Tower engineering• Tower foundation
engineering• Structural certification for the tower• Bird, bat, and noise studies• Ice “throw”
engineering and calculations• Blade throw calculations• Telecommunication interference
testing• Environmental impact• Study average wind speed monitoring power• Output reporting
and economic viability analysis• Agricultural impact statement• Architectural projections of what
the turbine will look like on the property• Documentation of nearby sensitive environmental
areas• Wind access agreements with neighbors• An abandonment plan• Determination of the
area affected by shadow flicker• Stray voltage testing• HAZMAT (hazardous material) reports•
Well testing• Electrical wiring insulation testing• Site reclamation plan• BondingObviously, every
neighborhood is not so restrictive. There are many areas in the world where wind turbines are as



welcome as a hot apple pie at the windowsill. However, some of these requirements came about
due to previous experiences with older wind or related technology. Most of the reported
negatives of wind energy relate primarily to industrial-scale turbines, and historically, many
experts and researchers have essentially ignored small wind (Figure 2-1), assuming that it lacks
a significant size or quantity to even warrant research. Still, some work has been done, and
many questions continue to be raised, sometimes by zoning boards and others with decision-
making powers. At the very least, we think it’s important to give some of these issues a thought
when you envision your dream system so it can be as truly sustainable as it can be and meet all
your expectations.FIGURE 2-1 How’s that for a breath of fresh air? Whisper 0.9 kW small wind
turbine in Spanish Fork, Utah. Windward Engineering/DOE/NREL.We cover these challenges in
detail, but also include a concise chart that you can rip out of your own personal book (not from
the library book!), or better yet scan and bring wherever you go. If that isn’t good enough, we
provide some footnotes and web links. Remember, information is power.Energy Storage and
TransmissionI want it, and I want it now!If you want reliable electricity, wind will always be here,
and you can count on it long after you pass. That makes it a reliable energy resource. Yet, wind
does not blow 24/7/365 in most locations. If it did, we would certainly like to see the people who
live there and their culture. They would probably be applying ChapStick to their faces and using
some clever transport utilizing the prevailing winds, not unlike sailing ships. And they might all
commute to work in a similar direction. For the rest of us, wind currents are typically strongest in
the late fall, winter, and early spring, but generally calmer during the summer, unless you are in a
monsoon or hurricane zone. And even during the day, wind speeds vary based on your location
and terrain.So, this reliable, renewable energy has an Achilles heel. Unlike Odysseus, you can’t
just open up a woven bag to release the wind force. One of the biggest advantages of coal-
burning power facilities is dispatchability. Dispatchability, or maneuverability, is the ability of a
given power source to increase and/or decrease output quickly on demand. Maneuverability is
one of several ways grid operators match output (supply) to system demand. Need more
energy? Insert more coal. Need less energy? Burn less coal. Unlike conventional fuels, we
cannot slow down or speed up the wind. And shutting down a wind turbine is not the answer.
Disengaging the rotor from existing wind force is technically not the same as controlling dispatch
—it is more like letting the fuel line leak.The increasing role of the wind’s variable renewable
sources has prompted concerns about grid reliability and raised the question of how much wind
can be placed into the grid before vast energy storage is needed. The question becomes an
economic issue. Currently, the grid can accommodate a substantial increase without energy
storage, so long as we share the resources and loads over larger areas, perhaps over
continents. Beyond this level, the impacts and costs are less clear, but currently, storing
electricity is more expensive than dispatching when needed.For the most part, practical options
of storing energy at a time when demand is low are still in the exploratory phase. They consist of
a number of strategies, including batteries, pumping water, conversion to heat, and other
ideas.Batteries are certainly one possibility (Figure 2-2), but they require maintenance, and they



are currently way too expensive to use on the scale of the grid. Some analysts have predicted
that electric and plug-in hybrid cars may soon be able to leverage their on-board batteries for
energy storage. The idea, often called vehicle-to-grid (V2G), is that much of the excess energy
that is generated by wind turbines at night, when the winds are blowing but people are asleep
and not using energy, would be “stored” in the batteries of cars that are undergoing charging.
Then, during the day, for those people who aren’t using their cars—because they’re at work, say,
or home sick—they could sell back power to the grid at a time when demand is high, the wind
isn’t blowing as hard, and electric rates are higher. The concept of wind-powered cars also
means that clean power would be directly offsetting use of foreign oil, which is something that
has broad political appeal.FIGURE 2-2 Batteries can be used to store renewable energy, but
they are expensive, require maintenance, and are not completely efficient. These batteries in
Mexico got corroded since they sit in an equipment room that hits 122 degrees Fahrenheit.
Charles Newcomber/DOE/NREL.The catch is that we are, at best, several years away from
V2G, in part because our grid isn’t yet “smart” enough to have that fine a level of two-way control.
Only a relative handful of smart meters have thus far been installed, and they aren’t cheap.
Further, there are very few electric and plug-in hybrid cars on the road, although that is expected
to change over the next few years.Finally, current battery technology isn’t quite up to the task. At
a recent media event, Andrew Tang, who heads up smart grid development for the utility Pacific
Gas & Electric, said that he doesn’t think it will be worth it for consumers to “rent out” their
batteries for some time. That’s because each time power is put in and then taken out of a battery,
that cycle decreases its lifespan, and that’s a significant concern when car battery packs cost
several thousand dollars. According to Tang, the pennies that a V2G participant would be
credited from a utility wouldn’t cover the wear and tear on their battery—at least until batteries
improve and electricity rates go up.Another grid energy storage method that is being researched
is to use off-peak or renewable-generated electricity to compress air, which could then be stored
in an old mine or some other kind of geological feature. Then, when electricity demand is high,
the compressed air can be heated and expanded to generate electricity. Similarly, some power
plants use their excess energy at night to pump water uphill. Then, when they need extra juice
during the day, they release the water, and convert the energy into electricity via water turbines,
just like in the Hoover Dam.In a more complicated process, utilities could make hydrogen at
night with their excess energy, then run that through a fuel cell during the day to provide extra
power, or use it to run fuel-cell cars (Figure 2-3). It would be a clean process, especially if the
initial energy were generated by the wind. Fuel cells are currently too expensive to work on such
a scale, but may be coming.FIGURE 2-3 This Honda prototype car runs on hydrogen, thanks to
an onboard fuel cell. If the hydrogen is produced by electricity generated by a wind turbine, that
makes for a completely clean loop. Brian Clark Howard.Another option is to convert the surplus
electricity to public or residential heating services. The Bonneville Power Administration (BPA)
has recruited homeowners in Washington to install special devices on their water heaters that
communicate with the electrical grid. They tell the heaters to turn on or off, based on grid



conditions and the amount of renewable energy that’s available.The benefit of your grid-tied
small wind turbine is that energy storage is much less of a problem, because small generators
are distributed, meaning they produce power right where it is being used. However, if your
system is off the grid, then you currently have few options to store wind energy for later use:
namely, batteries, and trust us, you aren’t likely to be able to afford, or want, that many of them.
In a few years, you may be able to invest in a home fuel cell. (They’re selling pretty well in Japan
now, thanks to big government subsidies.) Ideally, you will be able to find some uses for any
extra power you generate, such as running an electric saw, power washer, or floor cleaner. So,
we guess you should have your wind dictate when you should get off the couch.If your system is
tied into it, then the grid can effectively act as your storage bank. In most places, where there is
some type of net metering agreement, you’ll get credited for energy you put into the grid, and
that’s likely the best deal you’ll find. Even if there is a massive ramping up in the number of wind
turbines, the grid should be well equipped to handle it, since it will be so distributed.Finally, one
more potential problem with new utility wind farms is that they often require new expensive
transmission lines to pump the power they produce into the grid. Installing high-voltage lines is a
major undertaking that disrupts the environment and makes for angry neighbors. However, with
small wind, everything is at a much smaller scale.CHAPTER 2Second Wind: Challenges and
Impacts of Small Wind EnergyMost people never run far enough on their first wind to find out
they’ve got a second.–WILLIAM JAMESOverview• What are the main drawbacks to small wind
power?• What are the real impacts of noise and appearance?• Can small wind turbines disrupt
radar or cell phones or throw ice?• Can small wind turbines be harmful to birds and bats?
Overview• What are the main drawbacks to small wind power?• What are the real impacts of
noise and appearance?• Can small wind turbines disrupt radar or cell phones or throw ice?• Can
small wind turbines be harmful to birds and bats?Not to deflate the helium out of your Magenn
wind turbine balloon (see Chapter 12 on new and future technology), but no energy source is
perfect, even if some enthusiasts can’t see beyond their own nacelles.Even if you are a small
wind advocate, you may want to read about these common myths and shortfalls. For one thing,
opponents to your wind turbine might appear at your zone appeal or during construction, with a
hair-raising study about wind turbines that you might not be prepared to process.Without
advocates like you to clear the air, local ordinances could require an endless list of study reports
and certifications, similar to what is required for utility turbines. To give you an idea, here is what
is currently required for utility-sized turbines, although thankfully not for small turbines … yet:•
Soil survey of the entire area• Tower engineering• Tower foundation engineering• Structural
certification for the tower• Bird, bat, and noise studies• Ice “throw” engineering and calculations•
Blade throw calculations• Telecommunication interference testing• Environmental impact• Study
average wind speed monitoring power• Output reporting and economic viability analysis•
Agricultural impact statement• Architectural projections of what the turbine will look like on the
property• Documentation of nearby sensitive environmental areas• Wind access agreements
with neighbors• An abandonment plan• Determination of the area affected by shadow flicker•



Stray voltage testing• HAZMAT (hazardous material) reports• Well testing• Electrical wiring
insulation testing• Site reclamation plan• BondingObviously, every neighborhood is not so
restrictive. There are many areas in the world where wind turbines are as welcome as a hot
apple pie at the windowsill. However, some of these requirements came about due to previous
experiences with older wind or related technology. Most of the reported negatives of wind
energy relate primarily to industrial-scale turbines, and historically, many experts and
researchers have essentially ignored small wind (Figure 2-1), assuming that it lacks a significant
size or quantity to even warrant research. Still, some work has been done, and many questions
continue to be raised, sometimes by zoning boards and others with decision-making powers. At
the very least, we think it’s important to give some of these issues a thought when you envision
your dream system so it can be as truly sustainable as it can be and meet all your
expectations.FIGURE 2-1 How’s that for a breath of fresh air? Whisper 0.9 kW small wind
turbine in Spanish Fork, Utah. Windward Engineering/DOE/NREL.We cover these challenges in
detail, but also include a concise chart that you can rip out of your own personal book (not from
the library book!), or better yet scan and bring wherever you go. If that isn’t good enough, we
provide some footnotes and web links. Remember, information is power.Energy Storage and
TransmissionI want it, and I want it now!If you want reliable electricity, wind will always be here,
and you can count on it long after you pass. That makes it a reliable energy resource. Yet, wind
does not blow 24/7/365 in most locations. If it did, we would certainly like to see the people who
live there and their culture. They would probably be applying ChapStick to their faces and using
some clever transport utilizing the prevailing winds, not unlike sailing ships. And they might all
commute to work in a similar direction. For the rest of us, wind currents are typically strongest in
the late fall, winter, and early spring, but generally calmer during the summer, unless you are in a
monsoon or hurricane zone. And even during the day, wind speeds vary based on your location
and terrain.So, this reliable, renewable energy has an Achilles heel. Unlike Odysseus, you can’t
just open up a woven bag to release the wind force. One of the biggest advantages of coal-
burning power facilities is dispatchability. Dispatchability, or maneuverability, is the ability of a
given power source to increase and/or decrease output quickly on demand. Maneuverability is
one of several ways grid operators match output (supply) to system demand. Need more
energy? Insert more coal. Need less energy? Burn less coal. Unlike conventional fuels, we
cannot slow down or speed up the wind. And shutting down a wind turbine is not the answer.
Disengaging the rotor from existing wind force is technically not the same as controlling dispatch
—it is more like letting the fuel line leak.The increasing role of the wind’s variable renewable
sources has prompted concerns about grid reliability and raised the question of how much wind
can be placed into the grid before vast energy storage is needed. The question becomes an
economic issue. Currently, the grid can accommodate a substantial increase without energy
storage, so long as we share the resources and loads over larger areas, perhaps over
continents. Beyond this level, the impacts and costs are less clear, but currently, storing
electricity is more expensive than dispatching when needed.For the most part, practical options



of storing energy at a time when demand is low are still in the exploratory phase. They consist of
a number of strategies, including batteries, pumping water, conversion to heat, and other
ideas.Batteries are certainly one possibility (Figure 2-2), but they require maintenance, and they
are currently way too expensive to use on the scale of the grid. Some analysts have predicted
that electric and plug-in hybrid cars may soon be able to leverage their on-board batteries for
energy storage. The idea, often called vehicle-to-grid (V2G), is that much of the excess energy
that is generated by wind turbines at night, when the winds are blowing but people are asleep
and not using energy, would be “stored” in the batteries of cars that are undergoing charging.
Then, during the day, for those people who aren’t using their cars—because they’re at work, say,
or home sick—they could sell back power to the grid at a time when demand is high, the wind
isn’t blowing as hard, and electric rates are higher. The concept of wind-powered cars also
means that clean power would be directly offsetting use of foreign oil, which is something that
has broad political appeal.FIGURE 2-2 Batteries can be used to store renewable energy, but
they are expensive, require maintenance, and are not completely efficient. These batteries in
Mexico got corroded since they sit in an equipment room that hits 122 degrees Fahrenheit.
Charles Newcomber/DOE/NREL.The catch is that we are, at best, several years away from
V2G, in part because our grid isn’t yet “smart” enough to have that fine a level of two-way control.
Only a relative handful of smart meters have thus far been installed, and they aren’t cheap.
Further, there are very few electric and plug-in hybrid cars on the road, although that is expected
to change over the next few years.Finally, current battery technology isn’t quite up to the task. At
a recent media event, Andrew Tang, who heads up smart grid development for the utility Pacific
Gas & Electric, said that he doesn’t think it will be worth it for consumers to “rent out” their
batteries for some time. That’s because each time power is put in and then taken out of a battery,
that cycle decreases its lifespan, and that’s a significant concern when car battery packs cost
several thousand dollars. According to Tang, the pennies that a V2G participant would be
credited from a utility wouldn’t cover the wear and tear on their battery—at least until batteries
improve and electricity rates go up.Another grid energy storage method that is being researched
is to use off-peak or renewable-generated electricity to compress air, which could then be stored
in an old mine or some other kind of geological feature. Then, when electricity demand is high,
the compressed air can be heated and expanded to generate electricity. Similarly, some power
plants use their excess energy at night to pump water uphill. Then, when they need extra juice
during the day, they release the water, and convert the energy into electricity via water turbines,
just like in the Hoover Dam.In a more complicated process, utilities could make hydrogen at
night with their excess energy, then run that through a fuel cell during the day to provide extra
power, or use it to run fuel-cell cars (Figure 2-3). It would be a clean process, especially if the
initial energy were generated by the wind. Fuel cells are currently too expensive to work on such
a scale, but may be coming.FIGURE 2-3 This Honda prototype car runs on hydrogen, thanks to
an onboard fuel cell. If the hydrogen is produced by electricity generated by a wind turbine, that
makes for a completely clean loop. Brian Clark Howard.Another option is to convert the surplus



electricity to public or residential heating services. The Bonneville Power Administration (BPA)
has recruited homeowners in Washington to install special devices on their water heaters that
communicate with the electrical grid. They tell the heaters to turn on or off, based on grid
conditions and the amount of renewable energy that’s available.The benefit of your grid-tied
small wind turbine is that energy storage is much less of a problem, because small generators
are distributed, meaning they produce power right where it is being used. However, if your
system is off the grid, then you currently have few options to store wind energy for later use:
namely, batteries, and trust us, you aren’t likely to be able to afford, or want, that many of them.
In a few years, you may be able to invest in a home fuel cell. (They’re selling pretty well in Japan
now, thanks to big government subsidies.) Ideally, you will be able to find some uses for any
extra power you generate, such as running an electric saw, power washer, or floor cleaner. So,
we guess you should have your wind dictate when you should get off the couch.If your system is
tied into it, then the grid can effectively act as your storage bank. In most places, where there is
some type of net metering agreement, you’ll get credited for energy you put into the grid, and
that’s likely the best deal you’ll find. Even if there is a massive ramping up in the number of wind
turbines, the grid should be well equipped to handle it, since it will be so distributed.Finally, one
more potential problem with new utility wind farms is that they often require new expensive
transmission lines to pump the power they produce into the grid. Installing high-voltage lines is a
major undertaking that disrupts the environment and makes for angry neighbors. However, with
small wind, everything is at a much smaller scale.
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stephenstefl, “Build Your Own Small Wind Power System. This book is good if you want to know
more weather your area can support a wind power system. The first part of the book spends a
lot of time on that subject. If you don't have at least 6 to 9 MPH winds in your area, then a wind
power system may not be for you. This is sustained winds, not gusts. If you have a very sunny
area, then a solar panel system may be for you.This book is very informative, and will show you
step by step how to build your system, which is great for a beginner like me, but alas, my area
only gets on average 3 to 4 MPH winds. At least, thanks to this book, I know which system to
spend my money on now. If that's your goal, then this is the book for you. There are many
books out there that will show you how to put the system together, but, this book actually helps
you find the right place for your tower and wind mill.”

Fred DeSMET, “Four Stars. not really a self help book more of a guide to the systems”

Cliente Ebook Library, “Four Stars. It's a very good book for people who wants to build your own
wind power system.”

Raymond P. Clancy, “This is not a short condensed DIY book but rather .... This is not a short
condensed DIY book but rather an in depth an in depth and thorough step by step guide. I
scanned through it once and am now slowly going reading it again....I feel I can do this!”

Marvplanet, “Eco-build. Has lots of useful information, geared more towards American systems,
however I really wanted more basic diagrams and explainations of the parts, so i could use just
this book to construct a wind turbine.Good logical chaptering, content and well written.”

Ebook Library Reader, “Lots of good information if you can manage to get through it. Lots of
good information if you can manage to get through it. Shipping was fast and efficient. I gave it 4
instead of 5 stars because although not the sellers fault but for the price of the book the
illustrations should at least have some colour...maybe its because I have ADHD but a complete
black and white book including the illustrations and pictures almost put me to sleep... Im sure it
would have if I had kept going.”

The book by Kevin Shea has a rating of  5 out of 3.8. 75 people have provided feedback.
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