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petroleum have been and continue to be relatively good
op’nons in a word where the energetic demand is ever
growing. However, today we are facing a major threat,
which is the global warming, caused by the carbon dioxide
emissions involved when these fossil fuels. In order to
preserve itself, and Life in general on Earth, humankind has
to find new alternatives. It is in such a context that
“renewable energies” are emerging in our societies.
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1339: F'rench scienfist Ldmond Becquerel discovers the photovoltaic
effect

Alexandre Edmond Becquerel
(1820-1891)



o73: Willoughby Smith discovered the photoconductivity of selentum







1891 Baltimore inventor Clarence Kemp patented the first
commercial solar water heater.

Climax Solar-Water Heater
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_wemmmenies. * Humans have been harnessing the power of water for over
thousand of years now.

%
E

. The availability of cheap slave and animal labour, however,
restricted its widespread application until about the 12th
century.

. Modern large-scale water-power owes its development to
the British civil engineer John Smeaton, who first built large
waterwheels out of cast iron.

. Water-power played an important part in the Industrial
Revolution.

. Waterpower will reborn in 1880 with the earliest
hydroelectric plant being constructed in Cragside,
Northumberland, England
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HOW doldr Photovoltdic
panel work?
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How Hydropower stafions
work?

. https://www.youtube.com/watch?

v=CEL/7yc8R42k




Solar in The USA
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Hydropower in the USA




Solar in New Zealand

Potential Solar Power
Density - Global Irradiance
on Horizontal Plane
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Hydropower in New
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Solar Power in Australia
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Hydropower in Ausralia
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Western Australia -
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Hydro Power Station Capacity
®  10-200 MW

@  201-500 MW
@ 501- 1000 MW

- Drainage




Some Pros and Cons of
Solar Power

Pros
Clean and renewable
Produce electricity in remote locations

Long terms savings

- PV can be places on top of roofs: Nno space
problems

e CONS:
- Initial cost

- Need of sunlight (no electricity at night)



ome Pros and Cons of

Aydro

Ccons;

Use large reservoir ( requires infrastructure and space )
Upset the fish

Concerns with earthquakes
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Future Prospecits...

The Road Not Taken

IWO roaas adiverged in a yellow wood
ANd SOIry | Could NoT Travel 0otn
ANd be one Traveler, long | sTood

And looked down one as far as | coulo

Though as for that the passing there
Had worn them really about the same,

- And both that morning equally lay
In leaves no step had trodden black.
Oh, | marked the first for another day!

Yet knowing how way leads on to way
| doubted it | should ever come back.

| shall be telling this with a sigh
Somewhere ages and ages hence:

Robert Frost



“Soft Energies” will lead to...

LOVINS if@rey)@th.v:

29 % from Coal

® 33 % from oil and Gas

@& 33% from Soff enér-gy



Natural gas

Renewables

8% (excluding liquid biofuels)

Nuclear

Liquid biofuels

Coal

Oil and other liquids




Solar is getting bigger and
bigger!

gure 1 - Evolution of global cumulative installed capacity 2000-2011 (M
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The Resource of Wind

L
|

$ Brief review of history and use
® Design of a modern wind turoine

Do the pros outweigh the conse

£ Wind power in U.S. and New Zealand




How wind is created

® VWhen air moves irom areas or nign pressure
10 oW pressure

# This Is created by
The Earth’s rotation
Iregularities on the Earth’s surface
Solar Radiafion

I

WARM
Low Pressure




History of Use

L,

Erimitive windmiulis hdve e
OVEer a tnousanas years

Used In iIndustry until the cor

am

F Yl et

® Charles Brush was the first to create wind
generated electricity

& Palmer Putnam built the first furbine that was
fed info a central electricity grid
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http://www.guardian.co.uk/environment/gallery/2012 /feb/28/world-of-wind-in-pictures#/?picture=385832839&index=6



Making of a Modern Wind
Turbine

nign
® The machine confains three blades, each

up tfo 50 mefters long

# Blades are uniguely designed so that there is
a difference in air pressure caused when
wind crosses over if, which in furn lifts the
blade




Making of a Modern Wind
Turbine

Blades are connected to a shaff that furns in the
YYiiale

Wind is generally not strong enough 1o generate
electricity with a regular generator alone

Turbines contain a gearbox that spins to furn

secondary gears to adequately twirl magnets In
the generator

These magnets excite a magnetic field in @
conducting material, creating the electricity that is
transported to the grid

break that will shut down the turbine if the wind
becomes too strong



yweaTther devICEeS S [ AN dnemomerte

mn»@uyurg, S WINA S y%@@j and other meteo r@lw cal
onaitions
& This iInformaftion feeds info the turbine's
computer
# The box that contains this computeris called a
Nacelle

& Turbine then shifts in accordance to these
readings

# Pitch and yaw are adjusted to best utilize the
available wind power



Making of a Modern Wind
Turbine

Gear box

Generator

Controller

Anemometler

Yaw drive

Wind Vane

Yaw motor

Blades



Making of a Modern Wind
fuutm@

& Materials
Blades are made of fiberglass or aluminum
@ Nacelle and blades weigh hundreds of

Supported by concrete foundation and steel
fower of the turbine




http://www.guardian.co.uk/environment/gallery/2012/feb/28/world-of-wind-in- http://www.guardian.co.uk/environment/gallery/2012/feb/2
pictures#/?picture=385832837&index=7 8/world-of-wind-in-pictures#/?picture=385833070&index=10



Pros

Free renewdple resource dnd Tax 1

“WINnd Is and Intinitely renewanle r

(Smil, 118)"
No pollution, waste or CO2 emissions

Low maintfenance

Land on which the turbine resides can still
be used

® Most cost-effective form of renewable
energy
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“There have peen two UQ misunaerstanaings

about wind electricity. One, that it can operate

py itself, and two, that its cost is approaching

lﬁnxe@uﬂroi conventional sources such as codal,
: I

AssuMmp 8 i
absence of energy s’rorc:ge or hydro generahon
the only way wind can operate Is as an
appendage to coal or natural gas generafion;
and the second, because wind imposes costs
on other parts of the system which no previous
fechnology has imposed and requires more new
transmission infrastructure than any preVIous
technology has required (Taylor, 2012)."




cons
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INnTermittency and unreliapllity or wind

® Harmful to birds and bats

Ruins aesthetic environment

Noise Pollution

Municipal zoning iIs often hard to overcome

& & & O



Disputable

B

8 [As peen snown tnart t1all pullaings, WiNnAdows

a lnglﬂl \/u“ [\_‘IJ&, WITES, (“IW(“' (‘O| (“l“‘ cause Mmore
|Arm tnan wind Tturpines

® Noise pollufion has been nearly eliminated
) ,




Practicality of Wind

& Archer, Jacobson Study

& “"Nof everyfhing that is technically feasible is

acceptable (Smil, 123)."




Current U.S. Wind Power

DOE-Wind Powering America-$200 million invested in
offshore wind R&D

Goal 1o produce 207% of electricity oy 2030
an \Wilglel

/ projects in the planning phase

Each receive $4 million to complete planning, engineering
and site evaluation

Three are then chosen to receive more funding

® Tox credit that offset 30% of cost o build a turbine
ended in 2013

# New fax incentive for 2.2 cents per kWh for wind
generated electricity



(OKIAS

Offshore Wind
Projects

)3 Demonstration
Project Site

eveloper HQ

2011 Grants for
Technology Development
W 2011 Grants for
Removing Market

Barriers

Average Wind Speed
M Greater Than 10 m/s
W10-9mis

-8

8-7 mis

Less Than 7 m/s



United States - Land-Based and Offshore Annual Average Wind Speed at 80 m
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Wind Speed
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Source: Wind resource estimates developed by AWS Truepower,
LLC. Web: http://vww.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Projection: Albers Equal Area WGS84,

.,0, AWS Truepower” EE N R E L

Where science delivers performance. NATIONAL RENEWABLE ENERGY LABORATORY
Q- ANINTI 10




urrent U.S. Wind Power

2012 Year End Wind Power Capacity (MW)

Washington

2,808 Montana

Oregon Bet

3,153

Wyoming
1,410

Colorado
2,301

California
5,549

New Mexico
778

Total: 60,007 MW
(As of 12/31/2012)

N. Dakota
1,679

S. Dakota
784

Nebraska

4
59 llinois 1,543 426

3,568
Missouri
459

Kansas
2,712

Oklahoma

U.S. Department of Energy

LINREL

NATIONAL BENEWARLE ENIRGY LABORATORY

06-MAR-2013 1.1.37



OUR ENERGY SYSTEM
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Future of U.S. Wind Power

LOW-WING anad otisnore rfechnologles are
TAKING OfT

ooking fo ufilize a lot more of the central
area of the country

# Price of wind energy will remain more than
competing sources

# DOE aims to reduce the cost of onshore wind
by 18% and offshore by 63% by 2020

# Goalis to have 20% of demand covered by
wind power by 2030

# Bird and bat issue is being addressed



Current New Zealand Wind
Industry

INSTalled Capacity Of 622 Megawdaris powering
4.97 OT ToTal electriCITy.

Conservation Authority “works ’ro remove barriers
to, and encourage the uptake of, all renewable
energy technologies (eece.govt.nz).”

# Largely industry run sector

# New Zealand Wind Energy Association is a
membership based industry group



Wind speed (m/s)

8
7
6
5
4
3
2

https://www.niwa.co.nz/publicatio
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Future of New Zealand Wind
Power

® WINnd DIOWS sirongly enougn 1or Wina-
19)@A/@f companies 10 Survive WIirnout 1he
ment ¢ wwu@ss @N/@ﬂ@@jke In other

# Carbon tax incentives are expected o
cause power companies to benefit from
building wind furbines



Biotuels




# Model T could run on gasoline, ethanol, or
OOININ======————

# US production was up and down throughout

history



lm rations

S T R )| YN ( 1 C ~ ( N N | Y \ N\ CC
OCIUIC DI assea |n Zu Mmanadies Proauctiion will oe No e
o . AN N

THh ~ A o N 1 1 ) ~ 1
nan 56 :,uwmof gallons of ethanol for 2022

s—:- 'nanol would only reacn 13%
and

& 19900.75 Not available Not available 0.75
& 20001.62 1.62 -0.03 1.65

& 20076.52 0.44 0.07 6.89

& 20089.31 0.53 0.16 9.68

& 200921094  0.20 0.10 11.04

& 201013.30 -0.38 0.06 12.86

& 201113.93 -1.02 0.01 12.89



Perfect Green Energy

Solution or Not

S It best choice to cut dependency on oll and lower carbon?e

® hitp://www.youtube.com/watchev=59R-NgykoXs



Corn based ethanol

entire Corn mHarvest (2005) 260 million 1oNs

# Converi enfire harvest 1o efnanol and It would
only meet 13% of the total gasoline consumption

# In order for ethanol fo fake over gasoline, we
would need 220 million hectares of arable land

& 20% larger than the couniry’s total arable land



Producers

Archner baniels Midiand

verasun

¢ & & o

Federal subsidies — $5.5 — $7.3 billion in 2006

for US
& $5billion for EU




Other Problems

y return 1or corn-nased ernanol IsnT SO good (.

2. High uses of nitfrogen fertilizers (reaches o the Mississippi
and Gulf of Iv\exm:o?

3. Underground water would be essential causing more
mining of the Ogallala aquifer

4. Feed for livestock (mixed with soybeans)

Net energy return and the effect on the nitrogen cycle (would
increase nitrous oxide)



dugar Cane

® Does nol require any nirrogen teriilizers
& Energy return muchn nigher 3.3-10

@ Only Brazil has the right conditions for a




Accounts for 15% of the global biofuels

Extracted from oll-bearing crops

Tropics from oil-palm and jatropha

# Europe has diesel engines for almost half of
all passenger cars

# |deais to make it from spent coffee grounds



Cellulosic Ethanol

# Clconol tfermented torm sugars obiained

oy breaking down cellulose.’

o Miﬁr@mW/@m((@@m@wﬁmnqﬂo@mmsuw@f
WOO O

# US Dept of Energy Invested in 6 plants by
2011



k & ma ;Jl/ ¥ - PN
Corn siover

200 million Tons annudadlly
8 O/ IS uUsed Tor carlrle reed

# Restis used to replenish the soil and fo prevent soil
erosio

P o
only 35% can be removed from fields

Estimated 80 million tons which would equal no more
than 3% of Gasoline market

Operation plants and the process is very expensive




New Zealand

Requires some mixiure o1 blotuel with gasoline

EarthRace project (Peter Bethune) — round-the-
WOrld poOWernoar speed recora, powerea oy
biodiesel from human fat. (liposuction

# “In Auckland we produce about 330 pounds of

fat per week from liposuction, which could
make about 40 gallons of fuel.”

& Air New Zealand

& hifp://www.youtube.com/watche
v=MtmcdDI|_oOc



Noft the Solution

$ Unreallstic
® goldrusn tor algae”
Liposuction”

& “More important than the fact that liquid
biofuels cannot displace refined oil products
IN fransportation is that they should not.”




Energy Economics/Plans
In the USA...

Uﬁ/n\. ranked tnird overdall In Terms ot To1dl
tTmer l@ \.ﬂiﬁm m over U [g )‘7 |]"|K on

energy includes feed-in tariffs for production
and investments.

« Renewable Portfolio Standard (29 states
have one)



Wind generation is automatically dispatched; it does not need to be
pid info the market.

& Generation from all other renewable sources is treated the same as
generation from carbon sources (lowest bid price is dispatched first).

® Remuneration is available for electricity produced (feed is tariffs).
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In Ausiralia:

® [ne Ausiralian kRenewaple energy Agency (ARENA)

Ine Plan : securing a Clean Energy ruture

e Feed-in ’roriffs:

No national based feed-in tariffs yet

o Target: 20 percent by 2020 (similar to the US)



Renewables iIn New
Zealand

Renewabples supply New Zealand with 7957% Or IS
elecCIriCITy.

Uﬁﬂ[@@@ﬂm@w@i@m@l@o d geothermal.

Wind utilization is still scant, but constantly
growing

-] %A\Imos’r all fransport in New Zealand relies on fossil
uels

# Solar energy is being used to heat water for
homes and to generate electricity

& Marine energy is being researched and
developed in New Zealand



bles In the U.S.

77 ot To1al U.S. energy come rom renewdadnles
13% of electricity consumption
Two most utilized are hydro and wind

# Approximately two-thirds of renewable energy
comes from hydroelectric sources

& About a fifth comes from wind.

# Wind power is mostly used in the home sector
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What is your Carbon
Footprint??




