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�China 2006

� Caribbean wind 

development

� summary



Who am I?Who am I?Who am I?Who am I?Who am I?Who am I?Who am I?Who am I?

Benjamin Jargstorf  (Dip.-Ing. equals M.Sc.)

� electrical engineer, sociologist

� studied at 

�Technische Universität Braunschweig (Technical 
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�Technische Universität Braunschweig (Technical 

University of  Braunschweig/Brunswig, Germany)

�Free University of  Berlin (Institute of  Sociology)

�University of  Cambridge (King’s College, UK)

�University of  Nairobi (Environmental Science)

� working experience in more than 50 countries

� specialising in RE since 1985In
tr

o
d
u
c
ti
o
n

In
tr

o
d
u
c
ti
o
n

In
tr

o
d
u
c
ti
o
n

In
tr

o
d
u
c
ti
o
n



Factor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbHFactor 4 Energy Projects GmbH

� limited company registered at Schwerin 

(Mecklenburg-Vorpommern, Germany)

� office in Wismar on the Baltic Sea

� founded 1996 – name from the report of  Club 

of  Rome: „Factor Four: Doubling Wealth -

Halving Resource Use”
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Halving Resource Use”

� … industrial society can only survive, when … industrial society can only survive, when … industrial society can only survive, when … industrial society can only survive, when 

halfhalfhalfhalf the natural resources is used with the natural resources is used with the natural resources is used with the natural resources is used with twicetwicetwicetwice
the efficiency …the efficiency …the efficiency …the efficiency … thus, a factor 4 is needed.

� renewable energy and energy efficiency: wind 

energy, solar energy, biomass use, energy 

planning (master plans), financing of  RE etc.In
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Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...Factor 4 Current Projects ...

� 50 MW wind park Macedonia (feasibility study 

with EU financing)

� 100 % renewable energy island Galápagos (3 to 

24 MW wind park, PV, wind/diesel system)

� 500 kW PV plant parallel to diesel power (San 

Pedro de Atacama, Chile)
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� several wind/diesel systems in Nicaragua (IADB 

financing)

� feasibility study wind park Nauru (UNDP South 

Pacific)

� wind park planning in the Caribbean (S. Lucia, S. 

Vincent, Antigua)In
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Source: Eric S. Blake, “The Deadliest, Costliest, And Most Intense United States Tropical Cyclones From 1851 to 2004

(And Other Frequently Requested Hurricane Facts), August 2005
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Hurricane RisksHurricane RisksHurricane RisksHurricane RisksHurricane RisksHurricane RisksHurricane RisksHurricane Risks

� during hurricanes, instantaneous wind speed in 

excess of 70 m/s can be reached

� IEA Wind Class 1 – turbines for an annual average 

wind speed of 10 m/s

� designed for max. 50 m/s as 10 min average
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� designed for max. 50 m/s as 10 min average

� as a rule of thumb 1 sec average has 50 % higher 

wind speed than 10 min average (depends on Weibull 

k-factor)

� thus: Wind Class 1 turbine can survive 75 m/s …

� … but is not designed to do so



Power in the WindPower in the WindPower in the WindPower in the WindPower in the WindPower in the WindPower in the WindPower in the Wind
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Hurricane PowerHurricane PowerHurricane PowerHurricane PowerHurricane PowerHurricane PowerHurricane PowerHurricane Power

70 m/s = 3.5 x 20 m/s

3.5 x 3.5 x 3.5 = 43

thus: 70 m/s has 43 times43 times43 times43 times the energy than 20 m/s

70 m/s = 10 x 7 m/s
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70 m/s

70 m/s = 10 x 7 m/s

10 x 10 x 10 = 1,000

thus: 70 m/s has 1,000 times1,000 times1,000 times1,000 times the energy than 7 m/s



IEC 61400IEC 61400IEC 61400IEC 61400IEC 61400IEC 61400IEC 61400IEC 61400--------1 Design Requirements1 Design Requirements1 Design Requirements1 Design Requirements1 Design Requirements1 Design Requirements1 Design Requirements1 Design Requirements
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for hurricanes?



Cyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 GujuratCyclone 03A on June 8, 1998 Gujurat
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Huge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind IndustryHuge Damage to Indian Wind Industry
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111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field111 Turbines uprooted in Main Field

Manufacturer Type/size Concept Tower

uprooted blade only

Suzlon 350 kW stall lattice 48

REPL Bonus 320 kW stall lattice 28

Vestas 200/225 kW pitch lattice 15 16

Micon 600 kW stall tubular 10

Damages
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Micon 600 kW stall tubular 10

BHEL 200 kW stall lattice 4 7

NEPC 225/250 kW pitch tubular 4

AMTL 250 kW stall tubular 2

Enercon 230 kW pitch tubular 3

111 26
Source: C.M. Raman, CEO Enercon India in an email to B.J.



Lessons learntLessons learntLessons learntLessons learntLessons learntLessons learntLessons learntLessons learnt

� damages with “classic” stall turbines higher

� damages with lattice tower higher

� “magical surviversmagical surviversmagical surviversmagical survivers” (individual turbines) in the middle 

of totally destructed wind parks

� in total, 27 MW of wind installation destroyed in a few 

hours
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hours

� problems to insure wind turbines after the Gujurat 

Cyclone

� … but also: no economic way to build wind turbines to 

withstand cyclones

� biggest problem: no electricity during cyclonesno electricity during cyclonesno electricity during cyclonesno electricity during cyclones
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View from the Wind Park View from the Wind Park View from the Wind Park View from the Wind Park View from the Wind Park View from the Wind Park View from the Wind Park View from the Wind Park 
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Wind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan XiaguanWind Park Changnan Xiaguan –––––––– 28 Turbines28 Turbines28 Turbines28 Turbines28 Turbines28 Turbines28 Turbines28 Turbines
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Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)Maxium Wind Speed 78 m/s (3 sec)
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SCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/sSCADA System of Wind Park: 57.9 m/s
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Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”Survivors of Typhoon “Sangmei”

� turbines which were facing the wind directly

� reason is easy: the load values for designing turbines 

according to IEA have the highest safety margins for 

this direction

� interviews with manufactures showed:

�do not ask for “special” hurricane turbine specifications
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�do not ask for “special” hurricane turbine specifications

�do not consider collapsible towers for turbines > 250 kW

�employ standard WC Ia machines, possibly with lower hub 

heights and/or shorter blades

�provide stand-by power in the case of hurricanes to keep the 

“noose” of the wind turbine always in the wind – also when 

grid is de-energized



Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)Survivor Turbine (intact)

Vestas Turbine

survived unharmed

Hurricanes a Constraint to Wind Energy Development ?
Factor 4 Energy 
Projects GmbH

Slide 44/63



Survival Survival Survival Survival Survival Survival Survival Survival 

arrangements arrangements arrangements arrangements arrangements arrangements arrangements arrangements 
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Source: “桑美”台风肆虐浙江鹤顶山风电场分析, 胡传煜 2006年8月 (Damage report)



Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)Survival arrangements (Vestas turbine)
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Source: “桑美”台风肆虐浙江鹤顶山风电场分析, 胡传煜 2006年8月 (Damage report)



MiyakoMiyakoMiyakoMiyakoMiyakoMiyakoMiyakoMiyako

IslandIslandIslandIslandIslandIslandIslandIsland

JapanJapanJapanJapanJapanJapanJapanJapan
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Unique Approach Vergnet
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‚Hurricane‚Hurricane‚Hurricane‚Hurricane‚Hurricane‚Hurricane‚Hurricane‚Hurricane--------proof‘ Turbineproof‘ Turbineproof‘ Turbineproof‘ Turbineproof‘ Turbineproof‘ Turbineproof‘ Turbineproof‘ Turbine

� Vergnet concept 

� light-weight turbine

� two-bladed rotor

� teetering hub

� down-wind turbine

� collapsible tower

� 20 kW, 60 kW, 220 kW
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� current production

� 275 kW turbine

� 1 MW turbine (prototype July 2008)

principle of teetering hub principle of teetering hub principle of teetering hub principle of teetering hub ����



Vergnet ConceptVergnet ConceptVergnet ConceptVergnet ConceptVergnet ConceptVergnet ConceptVergnet ConceptVergnet Concept

Hurricanes a Constraint to Wind Energy Development ?
Factor 4 Energy 
Projects GmbH

Slide 50/63



Hurricanes a Constraint to Wind Energy Development ?
Factor 4 Energy 
Projects GmbH

Slide 51/63



DimensionsDimensionsDimensionsDimensionsDimensionsDimensionsDimensionsDimensions

Hurricanes a Constraint to Wind Energy Development ?
Factor 4 Energy 
Projects GmbH

Slide 52/63

1,000 kW 1,000 kW275 kW
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Nacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MWNacelle Dimensions                   1 MW



Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW –––––––– Installation of TowerInstallation of TowerInstallation of TowerInstallation of TowerInstallation of TowerInstallation of TowerInstallation of TowerInstallation of Tower

Hurricanes a Constraint to Wind Energy Development ?
Factor 4 Energy 
Projects GmbH

Slide 54/63



Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW --------
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Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW Vergnet 1 MW --------

Lowering of RotorLowering of RotorLowering of RotorLowering of RotorLowering of RotorLowering of RotorLowering of RotorLowering of Rotor

anticipating aanticipating aanticipating aanticipating aanticipating aanticipating aanticipating aanticipating a

Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm Tropical Whirl Storm 



Summary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/TurbineSummary Lifting/Lowering Rotor/Turbine

� 275 kW turbine: 2 people 1 hours

� 1,000 kW turbine:    2 people 3 hours

� turbine/rotor on the ground exposed to debris flying 

through the air

� risk of lowering during beginning of hurricane 

conditions (tropical depression, rain, storm etc.)
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conditions (tropical depression, rain, storm etc.)

� in the pre-hurricane times man-power is practically 

not available (every-one secures his own house…)

� guy wires

�corrosion risk, high maintenance requirements

�visual impact



Barbados Antigua
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Current SituationCurrent SituationCurrent SituationCurrent SituationCurrent SituationCurrent SituationCurrent SituationCurrent Situation

� excellent wind resources

� practically 100 % dependency on imported fuels

� wind development currently only in Jamaica, 

Cuba, Curacao, Bonnaire and Guadeloupe/La 

Desirade

� many island with plans, but no realization (St. 
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� many island with plans, but no realization (St. 

Lucia, St. Vincent, Barbados, Nevis/St. Kitts, 

Antigua, Grenada etc.)

� some individual turbines erected, but not in 

operation (Dominica, Grenada) = 
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Why retarded wind development?Why retarded wind development?Why retarded wind development?Why retarded wind development?Why retarded wind development?Why retarded wind development?Why retarded wind development?Why retarded wind development?

� lack of interest by utility companies on account 

of fuel surcharge

� “bad reputation” of renewable (= non-

dispatchable) energies

� conflicting land use interests for potential wind 

park sites (tourism etc.)
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park sites (tourism etc.)

� high property prices

� hurricanes are not on this list – or at least not 

among the first 10 important reasons
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Summary
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How to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl StormsHow to deal with Tropical Whirl Storms

� prerequisite for survival of turbines: electricity

� install stand-by generator in strong, concrete building

� make sure, generator has enough power for all 

azimuth drives of the wind park, inclusive own 

consumption of park and turbines (SCADA)

� software change: turbine disconnected, but azimuth 
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� software change: turbine disconnected, but azimuth 

drive permanently active “Hurricane Mode”

� if possible, opt for stronger version of azimuth drive

� foundations with higher safety factors

� tubular tower (if possible) with higher safety factors

� and then …
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� … prey to God.



The End.
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Contact:Contact:Contact:Contact:

Benjamin Jargstorf

benjamin@factor-4.com


