Renewable Energy

Wendell Wiggins




Renewable Energy

A quad (one quadrillion BTU,
1,000,000,000,000,000 BTU) of energy
equals:

8,007,000,000 Gallons (US) of gasoline

293,071,000,000 Kilowatt hours
36,000,000 Tonnes of coal
970.434.000.000 Cubic feet of natural gas




Why Renewable Energy?

- Finite fossil fuels
US estimated o1l supply = 15 years

- Climate change
Warming, increasingly erratic
Rules out simple reliance on conventional
coal




Why Renewable Energy?

Finite fossil fuels

U.S. daily consumption (2007) = 20,680,000
barrels per day

Source: DOE Energy Information Administration
(http://tonto.eia.doe.gov/dnav/pet/pet cons psup dc nus mbblpd a.htm)



http://tonto.eia.doe.gov/dnav/pet/pet_cons_psup_dc_nus_mbblpd_a.htm

U.S. Crude OIl (Bbl) and Natural Gas (Tcf) Resources
(Undiscovered Technically Recoverable Federal Resources)*

Lower 48, Onshore
Pacific Offshore 11.7 Bbl
10.5 Bbl 145.9 Tef
18.3 Tcf Atlantic Offshore
3.8 Bhl
37.0 Tef
Alaska Onshore, 18.8 Bbl Gulf Offshore/Deepwater
85.1 Tcf 44.9 Bbl
232.5 Tef
Alaska Offshore, 26.6 Bbl
132.1 Tef e ‘ _
1:!.@.4 billion barrels s enough oil to power over 65
Is.
Source: MMS, BLM. and APl calculations 650.9 trillion cubic feet is enough natural gas

_ _ to heat 60 million homes for 160 years.
*Figures may not add exactly to total due to rounding.
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Why Renewable Energy?

Finite fossil fuels

116.4 Billion barrels
divided by
20.68 Million barrels/day =




Why Renewable Energy?

Finite fossil fuels

-~ Using techniques that consume much of the
available energy, o1l also can be found 1n tar
sands and shale.

- The US has lots of coal, but “clean coal” 1s a
dream, and trapping the CO_ consumes much




Why Renewable Energy?

Climate change

- Natural gas = Methane = CH,
CH +20_ =>CO_+2H O + energy
4 2 2 2

< Coal = Carbon = C
C+0O_.=> CO_+ energy
2 2




Why Renewable Energy?
Clean Coal

Capturing the CO,

requires burning up
to 60% more coal

Getting r1d of the
mercury and other
toxins also adds cost

We have no
guarantee that CO,
injected
underground will
stay permanently

Study by Harvard
University Belfer
Center for Science
and International
Studies estimates

carbon capture will
cost $0.20/kWh
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Why Renewable Energy?

Politics and economics

= Our oil imports cost the US approximately $2.2B
per day (22MB @ $100/bbl), $803 B per year

< US GDP is $13,843 B per year (2007)




Why Renewable Energy?

Politics and economics
- Renewable energy 1s renewable wealth
~ Renewable energy 1s intrinsically free, so the money

spent on it goes to support the people who build and
maintain 1t and to enrich the people who own it

~ Most renewable energy can be produced locally, by




Renewable Energy

- Nuclear reactors

- Wind turbines

- Conventional hydroelectric

- Tidal and river motion devices

- Biomass




Renewable Energy

Wind Turbines

= The US consumes 4.18 Trillion kWh of electric
power each year (average 477 Billion watts,
or 477 Million KW)

Wind Resource Map



us_windmap.pdf

Wind Resources in the US

- Assume that we get 400 W/m” in a fair area and
800 W/m" in a good area (offshore)

- Assume the windmill has blades 40 m long

- The area swept out by the blades 1s
A=nR>=3.14 * (40m)’ = 5024 m’

Power  =5024 * 400 = 2,009,600 watts




Wind Resources 1n the US
4,18 TWh =477,000 MW * 8760 hours/year

= 477,000 MW /2 MW = 238,500 wind turbines

- Considering offshore turbines (need fewer) and
that a turbine runs only part time (need more),




Wind Resources in the US

= 200,000 turbines / 50 states
= 4000 windmulls / state
< 200,000 turbines / 3,537,441 square miles
= 1 windmill / 17.69 mi°.
* Offshore Eastern US (10 m1 * 1000 mi)




Renewable Energy

Biomass

Biomass: living and recently dead biological
material that can be used as fuel or for industrial

production.

Corn — ethanol




Renewable Energy
Biomass

Biomass 1s renewable only 1f 1t 1s managed
properly
- Clear-cutting of forests causes erosion and
deterioration of the soil
- Conventional agriculture consumes oil-based




Renewable Energy
Biomass

The US has 2.5 Billion
acres of land.

50 Million acres 1s 2%
of our land.

Fig. 4: Potential U.5. Switchgrass Supply Prices, Acreages, and Quantities

50 million acres might
produce 5 quads of

energy, 5% of US
C Onsumpti()n . Willon Acres |
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Renewable Energy
Tidal and River Motion

Like a windmull,
but under water

TIDE COMING IN

LaRance river estuary in France
240 MW TIDE GOING OUT
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Renewable Energy
Tidal and River Motion

Like a windmill, but under water

The generator module

The removable cassette

_

1MW RTT UNIT
DuctLength
19.2 metres

Turbine Diameter

11.5 Metres

(£) MCT Ltd 2003

n.'.. -
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Tidal Turbine



Renewable Energy

Conventional Hydroelectric

In 2006, the US obtained 7% of its electricity from
hydroelectric dams.

We have used
up most of the
politically
acceptable
opportunities
for large-scale
hydroelectric
power.
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Renewable Energy
Direct Solar Collection
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Renewable Energy

Direct Solar Collection




Renewable Energy
Solar Energy Potential

Direct Normal Solar Radiation Annual
(Two-Axis Tracking Concentrator)

kKWhim2/day
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Renewable Energy

Geothermal
The center of the earth is about 3000 to 5000 deg. C

Why i1s the interior of the earth so hot?

The exact proportions are not known, but the heat comes
from two sources:




Renewable Energy

Geothermal

I'he earth's heat can be extracted by pumping water from
deep wells and used to generate electricity and/or to
directly heat buildings.

The circulating
water becomes toxic
as 1t dissolves
minerals from the
rocks and must be
bumped back into

o



Renewable Energy

Geothermal

)
|

SIUSRG N HoseresH
BOTTLEROCK —

X TO ﬁ . e o APPROXIMATE SCALE IN FEET

) |Iu ﬁ ".____.

L QUERD _ -
™ -' “CRN- 1! ﬁﬁ ' ~

P e
CPN-?&B@% s & COUNTY =

{Ridge Line) \- WHISPER|NGE

e, L o,
;- CPN-G&6 CPN-12 .
{McCate) (Cobb Creek . i
Unit)

. el TUCPN-G 8107 ‘;ﬁﬁ 17
meanm “.. (Fumarole) = CPM-19 Fr-4

EE'HE':%G'L rl‘ga- GEYSERS ——— et Y (Sanoma) \__‘.I:L':alistu:-g.aj |[.'l.l'l.l'est Ford Flat)
k]

5 Ll B, - '
San Fran®sco 28 o, CPM-14 - ﬁ’rﬁ"—-. ’ A NDERSON

(Sulphur Springs) CPNIL:L?D SPRING S, N
(Grant) - ¢
SONOMA W
= COUNTY . ., wopCHhi-18 Big mfsers?‘cpmsw

(Sucrat&sj ] (Quicksilver) TPpR.Z

S I[Elear Canyon}

" NCPA
TO 3 182
“-e- o HEALDSBURG L

HEAL DSBURG N Ncpp&&a [N
The Geysers plants produce approx. enough electricity for San Francnsco

Science and Society
Copyright, 2010, Wendell Wiggins




Renewable Energy

Geothermal

29



Renewable Energy
Hot Dry Rock

(now just Enhanced)
Geothermal Plant
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Renewable Energy
Enhanced Geothermal: Valles Caldera, Fenton Hill

US Patent 3,786,858 (1974)
Potter, Robinson, and Smith
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Renewable Energy
Geothermal




Renewable Energy
Valles Caldera, Fenton Hill

The Los Alamos Hot Dry
Rock Project, 1974-1995

33



Make-up waler
Resenoir

Renewable Energy
Hot Dry Rock

(now just Enhanced) i
Geothermal Plant e

Production
Wiell

T, - Power
) \—_—;:—"-‘* Generation
T L —

Heat
Distribution

The Haring Project inection
in Switzerland
Projected power was

Wl

3MW electricity and

20MW heat for buildings
in Basel

Concept of the Deep Heat Mining System
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Renewable Energy

Geothermal heat flow

Geothermal Power Plants §
Springs « Hot & Warm Land Heat Flow
Pleistocene and Holocene Volcano 4 + (dara averaged .06°)

Geothermal Area Wells »

Low Quality Land Heat Flow
Bottom Hole Temperatures (BHT) -

¢ (data averaged 06°)

Heat Flow
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Renewable Energy

Geothermal

An MIT estimate 1s that an investment of $15B in Enhanced
Geothermal Systems(EGS) would yield 100GW of electric
power, or about 20% of the current US consumption.

According to the MIT
report, only 2% of the heat
beneath the continental US
between 3 and 10 km
(depths we can reach with
current technology) is




Renewable Energy

Geothermal risks

= The development and operation of EGS plants produces
small earthquakes

~ An earthquake during fracturing of the reservoir in Basel
Switzerland in 2006 shut down that project

 Basel was seriously damaged by an earthquake in 1356

* Project will probably not be restarted




Renewable Energy

Gen 3 Nuclear Reactors

= Most of the nuclear power reactors (including TMI) we
have are referred to as 2" generation designs

A newer generation of design is called 3™ generation, or
Gen 3




Renewable Energy

Gen 3 Nuclear Reactor Features

- a standardised design for each type to expedite
licensing, reduce capital cost and reduce construction
time,

 a simpler and more rugged design, making them easier
to operate and less vulnerable to operational upsets,




Renewable Energy

Gen 3 Nuclear Reactor Features

- further reduced possibility of core melt accidents
including passively safe designs,

* resistance to serious damage that would allow
radiological release from an aircraft impact,

* higher burn-up to reduce fuel use and the amount of




Renewable Energy

Reactor waste disposal

* The only proposed waste disposal site in the US, at
Yucca Mountain, Nevada has been ruled unacceptable
by the current US administration

* Public opposition to using it 1s strong

- DOE Secretary Chu 1s recommending a new “Blue




Renewable

2001 energy costs | Potential future energy cost
Electricity

Wind

Solar photovoltaic
Solar thermal
Large hydropower
Small hydropower
Geothermal
Biomass

Coal {comparison)

Geothermal heat

Biomass — heat

48 ¢/h
25160 ¢/kWvh
1234 ¢fAvh

2-10 ¢fWvh

2-12 ¢fWvh

2-10 ¢fWvh

3-12 ¢fkWvh

4 ¢fh

Heat
0.5-5 ¢/kWvh
-6 ¢/kvh

Low temp solar heat 2-25 ¢/kWvh
All costs are in 2001 Lzd-cent per kilowatt-hour.,

3-10 ¢fkWh
525 ¢/kWh
420 ¢fkWh
210 ¢fWh
210 ¢fWh
13 ¢/Mh

4-10 ¢fkWh

055 ¢fkWvh
1-5 ¢/Mh
210 ¢fWh

Source: World Energy Assessment, 2004 updatel®
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Renewable Energy

Environmental damage

* Nuclear reactors generate radioactive waste and can
fail catastrophically

* Windmulls kill bats and birds (current designs)

-~ Tidal turbines kill fish, eels, etc.

* Hydroelectric dams destroy fish migration

* Geothermal plants produce small earthquakes

[ 3
e
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Renewable Energy

Development

* No single method appears the “one-and-only”

* Some methods are capable of supplying all our energy
needs

* Environmental problems must be solved
- Initial cost 1s high, but feasible
* Maintenance cost 1s comparable to current methods

o

o




Renewable Energy

Development

The societal will to move from fossil fuels
to renewable energy before we suffer a
calamity 1s the biggest obstacle to be

Oovercome




Renewable Energy

Development

Don't

- Drill, Baby, Drill

Instead




WESTERN

INTERCONNECTION

TEXAS 7
INTERCONNECTION
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Renewable Energy

Tres Amigas
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Renewable Energy

Tres Amigas

A nationwide power sharing hub connecting the three

regional interconnections

~ Each regional interconnection requires every generator in
it to spin at exactly the same speed

 The regional interconnections cannot trade electricity
directly




Renewable Energy

Tres Amigas

= Tres Amigas has been approved by the Federal Energy
Regulatory Commission




Renewable Energy

Tres Amigas
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Eastern Interconnection

T
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Superconductor Cable
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22.5 sq. miles
Clovis, New Mexico

Texas Interconnection

Renewable Energy Science and Society
Tres Amigas
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Renewable Energy

Role of government

 Current policies give incentives to oil and gas
production

- In 1931, the Oil Depletion Allowance, a large tax break,
was introduced and lasted until the 1970s




Renewable Energy

Role of government

 Tax breaks for alternative energy production are
provided by the 2009 Recovery Act

< Investors want to be sure that the breaks will continue
before committing to expenditures




Renewable Energy

Role of government

Waxman-Markey provisions
* a cap and trade program,

- a 20 percent renewable energy target by 2020,

* a program to upgrade the electric grid, and

of




Renewable Energy
Cap and Trade

« The government sets a limit on how much CO, can be released
by the whole country

< Each company or group i1s 1ssued a permit to release a certain
amount, and

< An allowance that may be smaller than the permit




Renewable Energy

Just do 1t already!!!




