Urban Windpower:

Natural Energy Systems
for World Cities

Bil Becker, CEO - Aerotecture International, Inc.
WWWwW.aerotecture.com






"70s Alcoa Rural Darrieus Design
|




Current Large Windfarm Paradigm

Aircraft Engineers Design Giant Megawatt Windmills

WIND TURBINE
SIZE COMPARISON b

. Hughes Spruce Goose™  320-0°
" MOD 2 300-0

Boeing 747 195-8
_.MOD 1 200-0

Lockheed C-130 132-7°

MOD OA 125-0"
4 MIL Mi-10 11410
5 Sikorsky S-64A 72-0
6 Boeing Vertol UTTAS 49-0
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EU Public Safety Concerns

Holland experiments with urban windmills

Lighter, quieter and more
efficient, turbines are built to
take advantage of wind shifts

By DOUGLAS HEINGARTNER
Associated Press

Ede, Netherlands — In this small
town whose old wooden mill
generates more tourism than energy,
a shiny new stainless steel windmill
on the roof of a technical school
barely whispers as its blades spin in
a brisk winter breeze.

Such high-tech turbines, which
feed kilowatts to local power grids,
are now poised to conquer a new
frontier — the modern city center,
often fused into building designs and
barely noticeable from a distance,

They are lighter, quieter and often
more efficient than their lumbering
rural counterparts, and built to take
advantage of the extreme turbulence
and rapid shifts in direction that
characterize urban wind patterns.

Germany, Finland and Denmark
have also been experimenting with
the technology, but the ever-practi-
cal Dutch are natural pioneers in ur-
ban wind power “mainly because of
the lack of space here,” said Sander
Mertens, a wind energy researcher
at the Delft University of Technolo-
gy.
Dutch cities including Amster-
dam, the Hague, Tilburg and Twente
plan to install urban windmills in

2003, mostly small-scale proj-
ects with fewer than a dozen
turbines each.

The prospect of a new, envi-
ronmentally correct energy
source has attracted Dutch en-
ergy companies. Cor De Ruiter,
a spokesman for one company,
Eneco, said research has indi-
cated there are 50,000 locations
in the Netherlands where
small urban turbines could be
installed.

The new windmills pay for
themselves in about five years,
according to the Dutch manu-
facturer Prowin.

And as the technology im-
proves, prices will drop fur-
ther. The smallest models
weigh roughly 440 pounds and
can be installed on a roof in a
few hours.

“All the technical problems
are behind us now,” says Dick
Sidler, an engineer at Core In-
ternational, ancther company
that builds the latest-
generation turbines.

Current models cost $5,000
to $12,000.

The windmill on the roof of
the technical school in Ede can
generate about 5,000 kilowatt
hours of energy per year,
which would cost $900 if taken from
the fossil-fuel-powered grid.

That's more than enough for the
average Dutch household, which
consumes roughly 3,500 Kkilowatt

ASSOCIATED

Holland’s wooden windmills have been losing gro
to turbines like this one atop a school in Ede, Netherla

hours per year — the average Ameri-
can family uses 10.000 — although
most new windmills are designed
more for public or commercial build-

The Netherlands, with 16
million people crowded into a
country twice the size of New
Jersey, is the most densely
populated in Europe.

It generates less than 1% of
its electricity from wind.

In Denmark, that figure is
18%:; Germany, 4%.

In the United States, it's a
fraction of 1%.

But Holland has on average
245 days per year with wind
speeds of 13 to 19 mph, which
can power even the biggest tur-
bines.

Many of the new urban tur-
bines can begin spinning with
wind speeds as low as 5 mph.

With fewer moving parts
than their rural kin, urban
turbines generally require less
maintenance.

And because the energy they
generate is close to where it is
consumed, less electricity dis-
sipates while crossing trans-

Problems remain, however:
notably public safety concerns.

“Just one accident would be
ind enough” to quash enthusiasm
for the idea, said Mertens, the
researcher.

One theoretical danger, run-
away windmill blades, could be
averted by covering the turbines
with gratings, he said, but the effect
of vibrations on local buildings and
inhabitants is still unknown.
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ings than for private homes.
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EU Vertical Wlndfarm Paradigm Falls
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Aerotecture Aeroturbine

Patent Pending Serial # 10/629,370

» Safe — self-regulating

e Quiet

* Low cost

* No powerline transmission
losses

* Integration with other sources
of power

 Portable and/or architecturally
design compatible

* Bird safe




Aeroturbine Characteristics

Propeller-Type Characteristics

Urban settings best with variable & gusting winds

Rural settings best with steady, uni-directional winds

Integrate well with rooftop solar & PV installations

Tower vibrations work against buildings and best PV
installations

Produce power over a spectrum of low/midrange RPMs
—do not run away — with MORE power hours/year

Produce power ONLY after spin-up to very high RPMs —
running away is always a concern

Operate with low noise & low/no vibration anywhere

Operate best where noise & vibration are no problem

Require minimal/no tower supports & no anti-vibration
devices

Require major structural towers & major anti-vibration
devices

Mountable INSIDE towers or ON other built structures —
i.e., cell towers, noise barriers, water tank towers, etc.

Not easily fitted to interiors of typical structural towers
— hard to fit within existing structures & buildings

Low visible rooftop profile or within other structures

Require high profile above trees & other obstructions

Require no special code/zoning/liability insurance, etc.

Require exemptions, special code/zoning, & insurance

Falls under current rooftop PV codes & zoning

Require costly tower/noise/vibration abatement
systems for safe roof mounting

AeroTurbines run quietly & protect wildlife

High speed blades are noisy & kill birds

Durable systems require low maintenance & repair

High vibration systems require high maintenance &
frequent repair and attention to ‘bolt loosening’

AeroTurbines aesthestically and functionally integrate
well with architectural settings

Propeller systems prove difficult to integrate with
architectural settings




windwheel efficiency

0.6

0.5

0.4

0.3

0.2

0.1

/

/’T—F

Ideal efficiency for propelier type wind-machines
: | i

- | ]
High-speed two blade type
e TN
| A}
| | Darrieus rotor
Aerotecture hybrid Becker Aeroturbine ¥
| -
- \’

4~ Savonius rotor

\

\

\

/

N

\// Dutch four-arm type

-« American multi-blade type

\

2 3

ratio of blade tip speed to wind speed

Typical performance of several wind machines.

4




© fape  JHee L™ L Global Wind Distribution — 2000-2005
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North American coastlines, Mississippi/Great Plains
regions and Great Lakes coastlines have highest wind

° energy resources — approximating 9 TWs of available
electricity out of a current global consumption of 1.6-1.8
TWs worldwide*

Wind classes at 80 m
Rt )

i by

@, @y Cristing Archer, Stanford Unieersity

Indo-Asian coastlines and Himalayan regions (wind
is not well measured there) offer more than 10 TWs
of available wind electric power potential — within a

current global total use of 1.6-1.8 TWSs of electricity*

T g

6 Billion people worldwide need low-cost, safe, quiet village/urban wind energy —
of the world’s current use of 1.6-1.8 TWs of electricity, wind power offers 72 TWs*

*"Evaluation of Global Wind power” 2005 - C. Archer (lozej@stanford.edu), and M. Z. Jacobson (jacobson@stanford.edu))

Paper available at www.stanford.edu/group/efmh/winds/global_winds.html
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U.S. Wind Resource Map

Note: Midwest & Lake Michigan Resources

United States - Wind Resource Map

Yearly Electricity Production Estimated per m? of Rotor Swept Area
s for a Small Wind Turbine
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Upper Midwest Wind Resources
Classes of Windpower Potential

Wind resources
Pacific Northwest Laboratory wind map

[:' Class 1
] class 2
- Class 3
Bl class 4
Bl Ciass 5

Classes of wind power density

Wind Class At 10m (33ft) Height At 50m (164ft) Height
Power* (W/m?) Speed (mph) Power* (W/m?) Speed (mph)

1 0-100 0-9.8 0-200 0-12.5

2 100-150 9.8-11.5 200-300 12.5-14.3
3 150-200 11.5-12.5 300-400 14.3-15.7
4 200-250 12.5-13.4 400-500 15.7-16.8
5 250-300 13.4-14.3 500-600 16.8-17.9
6 300-400 14.3-15.7 . 600-800 17.9-19.7
7 >400 >15.7 >800 >19.7

“Wind power density is expressed in watts per square meter (W/m?) of swept rotor area, or area
perpendicular to wind flow.



U.S. Urban Energy Utilization
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50 Million Urban Global Citizens -

await dependable ‘distributed power’ *
*New_\"(ork City photo after the 2003 Blackout — the worst in US utility history




50 Million People lost “grid power” on Friday, August
14, 2003 — due to local “technocrats” not understanding
- the need for “distributed renewable power”!*

* See article — “ Solution to the Summer Blackouts?”, by R.
Perez, et. al; in Solar Today, pg._32-35, July/August 2005

Experts*in the field of “distributed power” have shown that if urban networks of solar and wind electric
generation had been available during the August 2003 NYC “Grid Collapse” —the NYC Blackout might
not have BEEN! Terrorists will also have a very hard time blowing up DISTRIBUTED power grids!



3.5 Billion Urban Global Citizens* —
await 1 Billion Urban Wind Aeroturbines

*Simulated Night Sky Photo of cities from current satellite sources




Vertical
Aeroturbine |




Becker Aeroturbines

Model Swept Area kWh per yr Cost per
sq foot
520 100 SF 1500 kWh/yr @ 11.25 mph | $200
avg wind speed per year NOW!
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Aerotecture Aeroturbines are:
» modular — like solar panels
* inherently structural cages
« stackable, joinable, integratable

e universal axis

* self-starting

« self-regulating

« easily partnered with PV, solar & daylighting
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ALL Zoning & Code
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Wind flow around Buildings - drawing by Douglas R. Coonley, 1974
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‘Ark’ Building & stacked, vertical Aeroturbines
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Hybrid System Horizontals & PV Array




Randall Museum Aeroturbine




A&/l Aeroturbines

Utility Lines

Disconnect
Switch for
Utility Use




Diagram of Hybrid RE Elements

PV and Wind Power Systems on Slngle Inverter

Renewable Energy Installation
Standby Inverter with AC Sub-Panel
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PV’'s Value Profile

P V S VALUE AS A m PV has tangible value to utilities in mtensity values, because PV output
gl y P
enerating capacity. doesn’t match the loads as well in those
TECHNOLOGY 8 BEpATy

® Regions of high ELCC do not L
THAT ADDS always overlap with regions m Areas of high PV ELCC are
traditionally targeted for solar associated with regions that have
CAPACITY energy. For example, note the high certain characteristics:

ELCC values in southern California,

the central states. and the Mid-Atlantic

seaboard states. The
“traditional solar

* Intense summer heat waves
* High daytime commercial demand
* Small electric-heating demand.

areas” of Florida m Isolated pockets with high PV
and the arid ELCC values may exist within a
Southwest states region having lower PV ELCC
have lower PV ELCC values. For example, high-density
values despite their urban areas may have a high daytime
greater solar demand in the commercial sector and

thus have a high ELCC value [or
PV.
These new findings about PV’s
ELCC should make decisions on
capacity additions and demand
management a little easier [or U.S.
ulilities.

Capacity in Percent
[[1=>20["]2030] 30-40 []40-50 [ s0-50 [5 60-70 [ >70

PV ELCC map of U.S. (based on 500 llltilii.y loads) KWh/m?/day

[E]3-4 []4-5 [ 56 []e-7 []7-8 [F8-10

“Traditional” solar-energy map



~ Horizontal & Vertical
- Aeroturbines in Chicago




Net+Energy Home
Aeroturbines would make
the big difference here

Oxford House
Zero-Energy,
nearly



WBEZ
==Hybrid concept proposal for proposed

;%M\é"_ﬁew building on Navy Pier — 17 mph avg. wind
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-Aeroturbines

Murphy/Jahn LSH




Lakefront Supportive Housing Site with
orientation (Murphy/Jahn Architects
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Chicago Windrose - main winds from
Southwest & Northeast

Prevailing Winds

Wind Frequency {Hrs)

Location; CHICAGO, [Movwhere] (41.8°, -87 .87
Date: 15t dannary - 31 st December

Tirne: QOO0 - 24:00

& A.J Marsh 00




Computer simulation of over-streaming
winds & Aeroturbines roof location
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Golden Gate Aeroturbines
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AeroHighway Wind & Solar
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AeroTent 1 — MREA 2003




AeroTent 1 — MREA 2003
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World Villages Mega AeroTent

Year-long Power + Seasonal Market Tent
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London Millennium Dome I
River-based Windpower - Nightly - Year Long
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Future AeroTower




Symphony Park
Honolulu, HI
Architectural Design: Chrstopher Hyde Belknap, WATG
For further information contact: +1 415 290 4990

Aerotecture: Bil Becker, Aerotecture Ltd

Engineernng: Reinhold Ziegler, Synergy Califomia L P.
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Six Aeroturbine - Urban Wind Farm

B uricine 205
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installed cost $/kW

Installed Costs/Rated Power

5000

4000 |

3000 |

2000 £

1000

0 5 10 15 20 25 30
' rated power (kW)

- Costs of complete wind electric systems.
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