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Overview Thermal-kinetic-electrical plants
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Global: How much!?

Global Wind Power Cumulative Capacity (Data: GWEC)
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Source: https://gwec.net/ via wikipedia


https://gwec.net/

Global: Where!

Highest Wind Energy Producing Countries

*' 365000000

China
United States = 277729106
Germany — 111 550 C00
India B 0311160
united Kingdom [ =1 = 57 115 720

Spain O 50 335 008

Brazil > 48479207
Cznada by 32170052
Frence - l 28 167 381 — .
Turkey C+ 19325637
ttaly B 17472518

sweden [N == 15813 391

Australia [INE .+ 16 266 454

Denmark | -l— 13 898 803
Poland B o5 000
Portugal & 12557000

Mexico - ' 12§28 207

Netherlands .— 10 545 225

reland . . 8350 950

Belgium | [ 7468574

*Production in Megawalt hour per year

Source: BP Statistical Review of World Energy (https:
via Animated Stats https://www.youtube. com/watch?v—Kso4B 366vM



https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.youtube.com/watch?v=Kso4Bj366vM
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Global: Who: CRRC (CSR)  Others

MHI Vestas (12)
Senvion (15)
CSIC Haizhuang (14)
DEC
Sewind (9)

Enercon (6)

Vestas (1)

Windey (13)

Nordex Group (7)
SGRE (3)

Mingyang (8)
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Another very cool map for wind in the US: https://eerscmap.usgs.gov/uswtdb/
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“Vertical” (Perpendicular to wind)

¢ “Horizontal” (Parallel to wind) %

Blade lype

Drag




2.3 MW

~ 2MW typical turbine size



file://localhost/Users/jfeddersen/Downloads/noun_project_1016.svg

2.3 MW

*200 watt output



file://localhost/Users/jfeddersen/Downloads/noun_project_1016.svg

2.3 MW

*140 hp output



file://localhost/Users/jfeddersen/Downloads/noun_project_1016.svg

2.3 MW

*1000 MW
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http://www.juwisolar.com/

2.2 MW solar installation for
Mars Corp, Hackettstown, NJ

Google Earth


http://www.juwisolar.com/

Three factors in wind turbine design:

Swept area, and thus power, increases with square
of radius (TT r 2) Bigger is better

Kinetic energy increases with square of velocity
(1/2 mv?2) Faster is better

Capacity factor - effective portion of “nameplate
capacity’ delivered in real world conditions

Consistent is better



Bigger is better

Brookiyn Wind
Turbine

Vestas V27
225 KW

BT ARE
swept area

Enercon E126
/58 MW

Mahinerangi

Vestas V30

3 MW .
12,469 m-
> o \ e :
5. 026 m= 6,087 m- Swept area
swept areg swept ared

135m tall
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“Ninety individual blades, each of them 128 feet long and weighing 77,000 pounds, were offloaded from the
Chinese freighter ‘Gong Yin 1’ at the port and are now being loaded onto railcars. The blades were manufactured

by Vestas Wind Systems, a Danish company, and are bound for a terminal in Manly, lowa, that handles wind
turbine components. The blades are composed of carbon and glass fiber.”

http://omnitrax.com/



http://omnitrax.com/

An 83.5-m-long blade made by Denmark’s SSP Technology in transit to Scotland in 2013. It was called the longest
blade in the world at the time.

http://www.qglobalconstructionreview.com



http://www.globalconstructionreview.com

With the largest wind turbine blade more than 200 ft long, moving wind blades from the factory floor to the project site
can require up to eight hauls using multiple transportation modes. The Aeroscraft can pick up wind blades from the
factory floor and deliver them directly to locations without infrastructure.

http://aeroscraft.com


http://aeroscraft.com

Art Break



Patrick Marold “Windmill Project™ 200 | -ongoing



https://www.patrickmarold.com/

J aSO n B ru ges | ‘Wi n d _tO |_i ght’ | 2007 https://www.jasonbruges.com/art#/wind-to-light/


https://www.jasonbruges.com/art#/wind-to-light/
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https://www.jasonbruges.com/art#/wind-to-light/
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SIEGE OF GORAZDE
BOSNIAN WAR
19921995

https://sarajevotimes.com/bh-innovator-juso-velic-made-mini-power-station-war/
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SIEGE OF GORAZDE
BOSNIAN WAR




SIEGE OF GORAZDE
BOSNIAN WAR
1992-1995

https://www.gorazdethefilm.com/
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- , B first mills from 500 watts to 2 kilowatts.




SIEGE OF GORAZDE
BOSNIAN WAR
1992-1995

B 'l WO, W N

We qunckly made the
ﬁrst m|IIs from 500 watts to 2 kllowatts

Under the main Clty brldg
there were maybe 30 or 50.

https://www.gorazdethefilm.com/




Daan Roosegaarde

WINDVOGEL

https://www.studioroosegaarde.net/project/windvogel https://www.youtube.com/watch?v=euRIKDBOfsc


https://www.studioroosegaarde.net/project/windvogel
https://www.youtube.com/watch?v=euRlKDBOfsc

https://www.studioroosegaarde.net/project/windvogel https://www.youtube.com/watch?v=euRIKDBOfsc


https://www.studioroosegaarde.net/project/windvogel
https://www.youtube.com/watch?v=euRlKDBOfsc

Art Break



Faster/Consistent is better

Generation Type Capacity Factor
Solar Panels 10-25%
Wind Turbines 25%
Hydroelectric Power 40%
Coal Fired Power 70%
Nuclear Power Plants 89%
Combined Cycle Gas 38%

—

https://sunmetrix.com/what-is-capacity-factor-and-how-does-solar-energy-



file://localhost/Users/jfeddersen/Downloads/noun_project_1016.svg
https://sunmetrix.com/what-is-capacity-factor-and-how-does-solar-energy-compare/

Faster/Consistent is better

Capacity factor: 20 - 40%
2.3 MW x 365 days x 30% = 6 GWh

Wikipedia


file://localhost/Users/jfeddersen/Downloads/noun_project_1016.svg
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This map shows the
annual average wind
power estimates at 50
meters above the
surface of the United
States. Itisa
combination of high
resolution and low
resolution datasets
produced by NREL
and other
organizations. The
data was screened

to eliminate areas
unlikely to be
developed onshore
due to land use or
environmental issues.
In many states, the wind
resource on this map is
visually enhanced to
better show the distribution
on ridge crests and other
features.

United States - Wind Resource Map
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National Renewable Energy Laboratory
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This map shows the
annual average wind
power estimates at 50
meters above the
surface of the United
States. Itisa

United States - Wind Resource Map

Megawatts

In the State’s second solicitation for

offshore wind, NYSERDA has

provisionally awarded two projects:
Empire Wind 2 and Beacon Wind of
Equinor Wind US LLC, bringing the
State’s total to five projects of over 4,300

MW in active development.

et o od more about ORECREP20-1
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Fair 300 - 400 64-70
Good 400 - 500 70- 75
Excellent 500 - 600 7.5- 8.0
Outstanding 600 - 800 8.0- 88
Superb 800 - 1600 88-11.1

3 Wind speeds are based on a Weibull k value of 2.0

14.3-15.7
15.7-16.8
16.8-17.9
17.9-19.7
19.7-248

<o)

U.S. Depaﬂment of Ene[gy ‘ '
National Renewable Energy Laboratory

ORMNAR2000 105
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Judge Hands Trump a Fifth Loss
in His Effort to Halt Offshore
Wind Projects

The court ruled that construction can restart on a wind farm off

the coast of New York State. The Trump administration had
ordered work to stop in December.
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"“Traditional” and “‘direct-drive’” turbines

Direct-drive
Generator

Generator

Like a gear motor Like a stepper

NRELSs graphics aren't great. ..



" Iraditional” turbine with gearbox and generator




" Iraditional” turbine with gearbox and generator

4 > o P =
* Nnuble-bearings tn avnid e Designzd “or reliability
!osds from Izrger rotors * HALT test to vslidate deslan assumptions /
intz the gearbox . 7 f
¢ DiTarent ratios for S0&6JH: and rulur mex /
rpm speed /
L lsolated trom inpredictahle grid loads J
\ /
P ’

-~ —

/
Hub

* Integrally cast web Tor high
stiffrecs and low dcformaticn

» Integrated GE pltch system with

patented load mitigating A > ' : & b 4
\ controls. ' g / = '
\ & : m

. S~ 4B
S ! ‘ "./' (i

/ Generator

[ ® Dusl-voltage (6kV/610V) LIIG
gonerator for highor system
efficlency. Namecglate ranglng
from 3.2 to 1.2 MWV, '

-~

Blades

» 117, 130 and 137 meter rotor
resulling it highssl capacily [aclor

Tower

Hub h=ights ranging rom 1.5
to 164.5 m. lowers ars made
of tubLlar stecl or hybrid prc

Y cast concrets & steel with
) ‘ logletic friendly optlons.
by ;

* Full srale hlade te<t to validste

design assumptions

GE Business Unit Namie




Direct drive’” - note tiny
nacelle




Direct drive’ - note tiny |

nacelle

GE Renewable Energy

Generator
In charge of generating the
electricity, the direct-drive
ﬁermanent magnet generator
as fewer rotating parts, which
increases reliability, maximizes
availability and reduces
maintenance costs.

— Helipad

A helicopter winching
area allows for quick
access in case of

Hub emergency at sea. -

Supports the rotor blades
and houses their pitch
assembly. It is designed
to provide easy access.

——  Elastic Couplin
Key element of the
Pure Torque* system,
includes a patented
coupling system that
avoid undesired load
towards the generator.

Rotor Bearings b
Directly transfer the unwanted N
load on the rotor towards main

structure, bypassing the drive train.

Main Frame & Tower

Controls the blade angle optimizing Made of cast steel, the
the area exposed to the wind, the frame supports the

rotation sgeed to ultimately rotor and transfers the
increase the yield. loads to the tower.

Pitch

‘Inhovative, reliable, efficient

I=The new generation 6 MW direct drive offshore wind turbine
=Suitable for all offshore conditions, delivering renewable energy at
competitive cost to 5,000 households

*Trademark of General Electric Company


https://www.nrel.gov/docs/fy20osti/75698.pdf




Big Hero 6
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Makani M30 30kW
prototype airborne turbine



https://x.company/projects/makani/

Airborne Wind Turbines Joby RIP 2012

Joby Energy is developing airborne wind
turbines which will operate in the upper .
boundary layer and the upper troposphere.

While knowledge of the tremendous energy 4
in high-altitude wind is not new, recent
advances in power electronics, sensors, and
control systems now make our technology
practical.

Our multi-wing structure supports an array
of turbines. The turbines connect to motor-
generators which produce thrust during
takeoff and generate power during crosswind
flight. Orientation in flight is maintained

by an advanced computer system that

C ,g,—"ég,‘,u _surfaces on the v

and diff forentially

) .I".

Joby 2 MW

How It Operates Joby turbine

For launch, the turbines are supplied with power to enable vertical take-off. Upon reaching
operating altitude, the system uses the power of the wind to fly cross-wind in a circular path. The
high cross-wind speeds result in'the turbines spinning the generators at high speeds, eliminating
the need for gearboxes and increasing efficiency. The energy is transferred to the ground through

the electrical tether. During occasional periods of low wind the turbines are powered to land the l
system safely.




Joby turbine data

(predicted)
Joby 2MW
Meters
400 wam
1"""
300
n"“"
200

2MW

Annual Energy Output (GWh)

Joby Energy 2MW

=5

M Joby Energy

B Conventional

1

10 15 20 25 30

Wind Speed (m/s)
2MW Turbines



Great recent overview of “airborne wind”:  https://www.voutube.com/watch?v=UfpW-MKhjuY &i=1s



https://www.youtube.com/watch?v=UfpW-MKhjuY&t=1s

https://thekitepower.com/



https://thekitepower.com/
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https://thekitepower.com/
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“China has 'successfully completed the first
ﬂlght of 1ts home-designed floating wind
e, the S1500, i Hami, Xinjiang.”

ko kbl

)

i https://interestingengineering.com/energy/world-largest-floating-wind-turbine
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— Verdant Power East River
turbines



Verdant Power East River
turbines

* “Gen5” turblne- (~2017)

<3 = = :.-..=~
= o

— ~ L

= October 2020: three tidal power turblnes form t eRooseveIt Island Tidal Energy
(RITE) Project site in the East Rlver, the first U.S. licensed tldal power project.
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Source of wind?



Source of wind?






