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Worldwide Negotiations in Copenhagen 2009

Arhis December 7-18 in Copenhagen, the United Nations will meet in the UN
Climate Change Conference to decide on new greenhouse gas emissions limits
and a framework to follow the Kyoto protocol that ends in 2012.

AThe least UN goal may be a 50% reduction in greenhouse gases by 2050.
This would be on the way to limit global warming to 2° F over the present
temperature by the end of the century.

A main problem is Chinads participati

Af they donét participate there is the
trade agreements.

AMhe European Union goal is 20% bel-ow
20200 pl an.

AEuropean countries are setting goals of a 60% to 80% reduction by 2050.
AUN Climate Chief Yvo deBoer adds two other questions:

n3. How is the help needed by developing countries to engage in reducing their
emissions and adapting to the impacts of climate change going to be financed?
4 How i s that money going to be manac

Aresident Obama will address the Climate Change Summit at the UN on Sept.
22.

A-urther negotiating sessions before Copenhagen are in Bangkok and in
Barcelona.



Sources of US Greenhouse Gas Emissions

I Cars are only a start
US greenhouse-gas emissions, by source
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Investments in New Power and Power Research in the US

AThe US goal is to cut CO2 emissions by 14% from 2005 levels by 2020, and 83% by
2050.

AThe US will invest $15 billion a year for development of renewable energy
technologies in wind and solar, and for more efficient technologies for motor vehicles.

Arhose funds would come from a eapdtrade system on CO2 emissions starting in
2012.

Ahe 2% Solutiond recognizes that an ¢
40 years until then we must impose a 2% cut. The mathematics really requires that if
we build any set of power plants or renewables that will last 40 years, the facilities bul
must each be at an 80% reduction in emissions.

AnNe also must replace all present fossil fuel plants or sequester their CO2 output.

AThe US 2020 goal for new vehicles of 35 mpg over the present 26 mpg average, is
actually a 30% reduction in greenhouse gases per vehicle mile.

Aroday, global warming lower in priorities compared to the economy, unemployment,
the housing market, and healthcare.



Sources of US Electricity
On average, we use 460 Gigawatts (billion watts)
Summer demand is 760 GW (Gigawatts)
Average cost is Iper kilowatt hour (kWh)

Total = 3,883 Billion Kwh
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Cap and Trade

An the new energy bill is a cagndtrade system, whereby utilities get an allowance or cap on
greenhouse gas emissions, and then must buy carbon credits to generate more.

AGenerators that install technology to lower emissions can sell their excess credits.

ANon emitting energy sources such as renewables should also be able to sell their credits. Nucl
Is not yet included. Steel has an exemption.

Adowever, 85% of the credits are initially to be given away free to existing industries.
Arhe emissions cap will decline about 2% a year:
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US Power by State: Black is coal, yellow is
natural gas, red is nuclear, and blue Is hydro
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Cost Analysis by the Congressional Budget Office

A The bill is called fAiThe American
(ACES)

A The bill has been passed by the House.

A The senate will complete its bill by the end of September.

A By 2020, theCongressional Budget Offi@stimates the net cost at about

$175 per household, for a total cost of $22 billion. The carbon credits do g
to companies to produce greener power, or to pay for carbon conservation
sequestration projects like forests.

A The cost per household is expected to be between $98 and $140 a year, if
household rebate from sale of credits is included in the bill, including about
$1,000 in rebates for energy savings appliance and household energy
savings.

A The alternate, a straight carbon tax, apparently would not pass in the US.


http://www.cbo.gov/ftpdocs/103xx/doc10327/06-19-CapAndTradeCosts.pdf

Costs of the Cap and Trade Bill

A The report by the Congressional Budget Office involve large
cancellations of costs and rebates, so the smallness of the results
seems questionable.

A They also did not include the benefits of mitigating the consequences
of global warming, estimated by the UN to be $49 to $171 billion a

year, but possibly 2-3 times as much as that.
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California Goals

ACalifornians already only emit 60% of the greenhouse gases of the US per capita.
ARenewabl esdo does not include | arge h\
Aor example, SC Edison already generates 38% of its power greenhouse gas free.

ACalifornia has a goal of 20% electricity renewables by 2010, although it may not be
reached until 2013, with PG&E, SC Edison, and SDG&E behind.

KOne delay is from approval for power lines to sources in the east of the state or
Arizona.

AThis week the legislature is working on two bills to require 33% renewables by 2030.

AA main problem is whether 80% of the sources should be in the state to enhanc
state jobs, but at the expense of not getting the cheapest renewable power.

ACalifornia AB32 goal is reduction to 1990 emissions by 2020, a reduction of 25%.
AOn a per capita basis this has almost been satisfied in California.

Mut state population has increased by 20% since 1990, so a cut of emissions by 22%
would be needed to satisfy Kyoto by 2012.

ACalifornia Million Solar Roof plan is to generate 3 gigawatts by 2016.

ACalifornia Low Carbon Fuel Standard is a 10% reduction in carbon in fuel by 2020,
meaning 10% renewables.

Aaliforniads goal is an 80% reducti on



Goals of U.S. Cities

Arhe Mayors Climate Protection Agreement of 969 cities (121 from California) is to
match the Kyoto Agreement of a 7% reduction below 1990 emissions by 2012.

AThese agreements cover 85 million Americans.

A aguna Woods, Irvind,aguna Beacland Santa Ana are local participants in this
agreement. Newport Beach hatagk Force on Green Development.

A os Angeles has an ethereal goal of eliminating its 44% coal power by 2020 and
making renewable energy 40% of its portfolio.

A ocal goals start with greening city government operations and buildings.

Arhe California Green Building Code just took effect for public buildings, and
parts will be compulsory in 2010 and 2011, including 20% water savings.

ANext are public transportation aids.

Anlso are expediting private solar cells or solar water heating, and other energy savin
building improvements.

Ancluded are public information programs on energy saving practices.


http://www.lagunabeachcity.net/community/environment.htm
http://www.newportbeachca.gov/Modules/ShowDocument.aspx?documentid=5918

SC Edison Power Sources
Our Power I1s 38% CO2 emission free
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Solutions In Conservation

Arhe cheapest and easiest solutions are in Conservation

AnNe are personally in control, and we can start now.

A arly mitigation of global warming saves costs in adaptation and suffering
AConservation saves money as well as greenhouse gases

Aor electricity, there is a factor of three leverage in savings of CO2 pollution
since most fossil fuel plants are only 34% efficient.

ATechnol ogyo already present to so
i Drive smaller, more fuel efficient cars.
I Work at home some days or use communications to replace car trips.
I Carpool or vanpool
I Use modern communications instead of airline business trips

ACarbon offset Investing to end deforestation or burning of agricultural waste:s
rather than plowing them under.
I Deforestation generates a fifth of CO2 emissions worldwide

I Require companies and government to pay for carbon offsets for required airline
travel by their employees



Carpooling

AThere are 24 bus routes connecting in Irvine
ABut there are 90,000 single commuter routes driven daily in Irvine

Aabout 50 commuters leave within two miles of your home and go to work within two
miles of your work

Mrivers can pick you up and drop you off at a standard time without walking to a bus
stop and waiting, or requiring a bus transfer

ACommuters get to use the carpool lane

Aotal savings to a employee carpooler at UCI is $500 in gas and $500 in parking for &
total of $1,000 per year per carpooler.

At also saves 8,000 miles driving on average, saving 4 tons of CO2 for each carpooler
beyond the first

ASome industry or business employees can save much more on parking
ACarpooling also saves on smog and particulate pollution

An fair amount of carpooling can save the state money that would have been needed f
new freeway lanes

A fair amount can also save time and emissions from stalled traffic
Adbout 10% carpool now, but new interest can bring this up to 15%.



Automotive Emission Savings

Automobiles are by far the largest CO2 emitters that individuals have contro
over.

I Alarge commuting SUV emits 13 tons of CO2 a year, as much as 3
residences

I Atypical car driven 15,000 miles emits 7 tons a year

I A Prius emits 4.5 tons a year for the same distance

I Average GHG emissions are about 22 tons of CO2 per capita in US

Arhere are several simple things that people camgdo bring down these

emissions, save money, maybe lower the price of gas, and save on highway
construction

i If you have two available vehicles, on long trips or regular commutes, drive
the one with the lowest emissions

iIObey the speed | imits, and dondét dri v
I Driving 90 mph burns 40-50% more gas per mile than driving 65 mph

I Combine trips

I Keep windows closed, AC off, use econ mode for air

I When available, switch to low friction tires



Residential Energy Conservation

ANationally, households use 12,000 kWh per year, generating 16,000 Ibs CO?2

ACalifornians use only 8,000 kWh per year due to decades of energy efficienc
requirements on appliances.

An SC Edison, 38% of electricity generated is already GHG free.

Adousehold electricity of 6,000 kWh per year with SC Edison generates 4,800
lbs CO2. About % is provided at about 12¢ per kWh. After that the rate
doubles to 24¢ per kWh. So initial conservation efforts pay off doubly!



Energy Saving Tips

A A single plasma TV can use 10% of household electricity
A New TVs have energy conserving modes for less brightness at night

A Lighting is 22% of household electricity. CFLs cut lighting down to ¥4 from
iIncandescent bulbs. This reduces household electricity by 17% or about 1,000
kWh ($240 at higher rate) per year or 800 Ibs of CO2.

A The EU just banned new incandescent lights, and the US will in 2012.

A Replacing an old refrigerator and discarding a second one saves money and
energy.

A California Million Solar Roof Program with typical 3kWatt system, costs about
$20,000, but prices may come down soon. $7,500 CA rebate followed by 30%
Federal Tax rebate ($3750). Net cost to the buyer is then only $8,750.

A At 12¢ per kwh, the savings are $630 a year, at 24¢ per kWh, the savings ¢

$1260 a year.
A The 3 kWatt max only averages 3/5 kWatt year round, but gives 5300 kWh
year, which i s most of a householc

A Recycling has been done since ancient times, and saves mining for metals,
cutting down trees for newspaper and cardboard, and petroleum for plastics.



Household Water Heating

Adousehold water heating generates 2,300 Ibs of CO2, about half that of
household electricity.

MRooftop solar water heating can supply 2/3 of g/our water heating, at a cost c
about $5,000, minus state rebate of $1,500 and 30% Federal tax credit on th
rest (about $1, 000) for a net $2,500 cost.

HOther water heating savings are washing clothes in cold water (also stops
shrinking) and using the dishwasher econ mode.

ASetting the water heater thermostat as low as is workable is another option.

\\
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Solar Hot Water: 2004 Payback Period
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Household Space Heating

Adousehold space heatirg2,300 Ibs CO2 per year
I Design housing and buildings for less winter heating and less summer air conditionit

I Passive solar. Eaves, awnings, outside shades, window tinting, window shades,
drapes, shade trees, double panes, skylights, cool roofs, insulation, and fans, will
protect against summer heat, and some winter heat loss.

Adeat and cooling conservation:

I Control thermostat, manually or automatically.

I Sleep with comforter, wear sweaters in winter.

I Isolate unused rooms from heating in winter and a/c in summer.
I Better insulation.

I Turn off heat or a/c when leaving the house.



Total Household CO2 Emissions

Household water use adds anothe2586 to household energy use in
Southern California (about 1,900 Ibs CO2), because some of the water is
pumped over the 2,000 foot high Tehachapi Pass.

SC Edison household total pounds of CO2 emissions are:
V 4,800 electricity
V 2,300 water heating
V 2,300 space heating
V 1,900 water delivery
V 11,300 Ibs CO2 Total or 5.7 tons of CO2 a year per household.

Average car at 25 mpg going 15,000 miles per year uses 600 gallons and
generates 12,000 lbs CO2 or 6 tons a year.

So they are comparable, except that there may be 2 or 3 cars to an averag
three occupant household.

So cars are the main pollution source that we have personal control of.



US Goals on Light Vehicles

Arhe previous Federal average of 35.5 mpg by 2020 has been moved up to 2016,
consistent with California's goals.

FOver the present 26 mpg this is really only a 30% reduction in fuel use, since you ha
to take the reciprocal to get gallons per mile to calculate fuel use.

ACars will average 42 mpg and light trucks and SUVs will average 26 mpg.

AThe 30% reduction is on new cars in 2016, following increases of about 5% a year
from 2012.

At will take about 15 more years to be present in most of the cars on the road.
Metroit will be putting out electric hybrid versions of most larger cars and light trucks.

HOther technology will be engines that shut down some cylinders at cr_uisin? speed
(displacement on demand), turbochargers for more air intake, pressurized fuel injectic
to get more uniform ignition, and var.i

Aautomobile efficiency has actually increased 46% since the CAFE standards were
initiated in 1978, but that has all been used to increase vehicle weight, and not to
improve mileage.

ACalifornia is already considering future standards beyond 2016, now that it has the
legal right to set its own standards in regulating CO2 as a pollutant.



Actual and Projected Fuel Economy for New Passenger Vehicles by Country/Region, 2002-2022
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Autos Elsewhere in the World

ANe note that Europe (EU) and Japan are already over 45 mpg in gas efficiency.
Europeans use 1/6 the gas of Americans due to public transport, city structure, smalle
cars, motorcycles, bikes, and walking. Half of European trips use public transport or

walking.
AChina is now producing 12 million vehicles a year, about the same rate as the US.
However, it will take them 20 years at that rate to produce as many vehicles as the U.

has. About 40 out of every 1,000 Chinese owns a car. Their new cars must already
average 35 mpg.

Andiadés new $2,000 car i s s2anilidnatyeartg e t
be produced. So far, only 7 out of a 1,000 Indians own a car.

An the US, we own 700 cars for every 1,000 Americans.



Chevy Volt Plug In Hybrid

AThe Chevy Volt, due in 2010, is a plug in hybrid car. This
means it has an electric motor and can run on gas, but also
has a battery for electric only or combined power.

AThe Lithium-Hydride battery pack uses batteries similar to

computer batteries, weighs about 1,000 pounds, and stores
8 KWh of electricity.

AThe Volt can go 40 miles on battery power alone, and 70%
of car trips are within that range.




Chevy Volt Equivalent CO2 Mileage

AThe Chevy Volt can get 50 mpg as a hybrid operating on gasoline.

Mased on a trip of 40 miles electric only plus the 11 mile EPA mpg test

course using gas, it was guoted as going 230 miles per gallon of gas
used.

Adowever, since greenhouse gas CO2 emission is important for
evaluating automobile systems, we have evaluated the electric only
mode using the CO2 emissions from the utilities that produced the
electricity to charge the battery during the all electric mode of operation.
We then compare that to the 20 Ibs of CO2 emitted per gallon of gas

burned by a gas engine, and get an equivalent CO2 pollution miles per
gallon.



Equivalent CO2 mpg for the Chevy Volt or Nissan
Leaf from different Electrical Utilities

Aneighting the power mixes of various utilities by their CO2 generation
gives the Ibs of CO2 per kWh for that utility. The equivalent mpg are:

AJtility CO2 Equiv. mpg  Equiv. gallons for 15,000 miles
S
PG&E 145 100
ASC Edison 100 150
ASacramento MUD 94 160
ASan Diego G&E 84 180
A.os Angeles DWP 70 220
AJS Average 60 250
ACoal Plant 38 390

ANatural Gas Plant 68 220



Comparison of Electric with Gas and Hybrid Cars

A We note that the US Average electricity equivalent is only 60 mpg in
all electric mode. This is only a 17% reduction in pollution from a 50
mpg Prius hybrid gas car. Yet the cost of the Volt is estimated at
$40,000 versus the $25,000 Prius.

I This is because half of US electricity is coal powered.

A Orange County or SC Edison gets an impressive equivalent 100 mpg
rating.
A Yet alook at equivalent CO2 gas pollution usage for a 15,000 mile
distance shows a law of diminishing returns:
I Cadillac Escalade city at 15 mpg, 1,000 gallons;
I Present average gas car at 25 mpg, 600 gallons;
I Average gas car in 2016 at 35 mpg, 430 gallons
I Toyota Prius at 50 mpg, 300 gallons;
I Chevy Volt US Average, 250 gallons;
I Chevy Volt in Orange County, 150 gallons.



To T

But Do Electric Cars Save Money Locally?

We look at a 50 mpg gas car driven 40 miles, the Volt electric range,
using 4/5 of a gallon at $3.00 a gallon costing $2.40.

Now we assume that your electricity usage is already out of your Tier
1 and 2 cheap range, and into your 24¢ - 31¢ per kWh Tier 3-5 range.

Charging the Volt battery for 8kwWh for the same 40 miles costs from
$1.92 to $2.48.

So you either break even or save up to $0.48 cents per 40 miles.

If you drive 40 miles electric each day, you travel 14,600 miles a yeatr,
and saving $0.48 each day you save $175 a year.

If you could invest the $15,000 difference in the Prius versus Volt
costs at 1.2% interest, you could make back the $180 to pay for the
extra gas expense, and still keep the principal.



Nissan Leaf Electric Car

In 2010 Nissan will come out with the Leaf which is all electric with a
100 mile per charge range, enough to cover 98% of daily trips.

The battery has 24 kWh capacity, so the efficiency of 4 miles per kWh
IS the same as for the Volt and the table of equivalent CO2 emission
mpg.

The battery can be recharged in 4-8 hours on 220V, or 16-18 hours at
110V. It can be recharged in half an hour at a quick charge station.

Mass production will begin in 2012 at a plant in Tennessee.




Nuclear Power

AThere are 440 nuclear plants worldwide.

AThey generate 18% of worldwide electricity, at 350 gigawatts

Arhere are 103 US nuclear plants generating 20% of our electricity

AThere are plans for 28 new nuclear power plants in the US

A5 nuclear plants of 1.1 gigawatts serve California, for 16% of our electricity

Arance now generates 80% of its electricity from 63 nuclear power plants and Japan
generates 30% from its 44 nuclear power plants.

AThe energy cost associated with producing the nuclear fuel is only 5% of the power
generated.




To o o Do
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Nuclear Facts

Nuclear reactors do not produce CO2, SO2, mercury, or smog.

Nuclear power is about a million times greater per atom consumed than fos:
fuel power per atom.

French nuclear reactors are said to cost $2.5 billion or $5 billion.

US plants will settle on one or a few designs for preapproval, and reactors a
estimated to cost $3 billion for construction te@&billion including
financing.

California has a law against new nuclear plants until a waste disposal methc
has been approved by Congress. The cancellation of Yucca Mountain coul
set this back. The state is not including such plants in its future.

A 1 gigawatt nuclear plant consumes 24 tons of enriched U per year,

although from 25,00Q.00,000 tons of ore.

A 1 gigawatt coal plant generates 8 million tons of CO2, 200,000 tons of
S02, 200,000 tons of fly ash, and also arsenic, mercury, and radioactive
radon.

Nuclear power saves 2.4 billion tons of CO2 each year.



Nuclear Waste

,&Il'he waste turns out to be on the order of 100,000 times smaller than a coal
plant.

AThe waste of a US nuclear plant is about 50 tons a year.

Af all electricity were from nuclear plants, 50 years of waste for a family
would be the size of a hockey puck.

Avucca mountain is a well chosen site and a designed solution to the nuclear
waste problem, and is being evaluated in its application for a license.

At also wouldnot be sealed for ove
needed. $10 billion has been spent on Yucca Mountain.

One personodos | ifeti me |




Solar Photovoltaic Power

ARooftop Silicon Based Solar Photovoltaic (PV) has recently come down in
cost due to increased manufacturing and the economic slowdown.

ASolar concentrator PV of 500 mirrors focused on a more expensive but more
efficient single solar cell is also competitive.

ASolar power is for daytime, but misses the 4pm peak power needs.

/0% efficiency loss if not tracking the sun.

Avear round average is only 1/5 of maximum capability paid for.

ANeed to clean off dirt from cells.

ANeed a south facing roof.

Aut, the solar power source is present without continual mining or drilling.
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Solar Energy Generating Systems (SEGS), and
Mojave Solar Park in California

AMhe SEGS solar plant is the worl dés | &
covering 1600 acres.

Arhey use a solar trough heating a pipe with fluid that eventually boils water for a
steam turbine.

Arhe Mojave Solar Park will be built by Solel by 2011 for PG&E and will have a
capacity of 553 MW.

At will also be a solar trough and will cover 6,000 acres or 9 square miles at a cost of
$2 billion. This is about $3.60 per Watt.

At will have 1.2 million mirrors and 317 miles of vacuum tubing.
Arhe cost of sunshine never rises or is subjected to speculative bubbles.




Other California Solar Plans

A\ new SC Edison solar panel plan will cover 100 large rooftops of 2 square miles to
generate 250 MW for $875 million. It will take 5 years to complete at $3.50 per Watt.

AP G&E with Ausra will build a 1 gigawatt (billion Watt) solar water plant with heat
storage for $3 billion, at $3.00 per Watt. It can produce power for up to 20 hours a da

Arotal California announced solar plans are:
u PV and Thin Film PV, 1400 MW:;

U Solar Trough, 3000 MW,
U Solar Towers, 1800 MW,
u Stirling Engines, 1600 MW.
Ul === mmm e e e
u Total: 7800 MW

ASolar power will receive salable carbon credits under the cap and trade bill.
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ASolar Power is less applicable to Northern or Eastern US, where it is a facto
of two lower in intensity.

AThere is already opposition to new power lines to the desert.

At takes about 4 square miles of solar cells at 10% efficiency to generate a
gigawatt (a billion Watts) of power at maximum exposure.

ASince total California electricity use peaks at 50 gigawatts it would take 200
square miles of photocells at peak sunlight to replace all of our electricity witt
photovoltaic power.

NQ generate aaverageof a gigawatt in the California dessert, at 10%
efficiency, takes about 13 square miles.

MBest buy: rooftop solar water heating now, at $5,000 per home, then subtra
rebates of $2500. Heating is free once installed and paid for.

A88% of SC Edison power is already greenhouse gas free.
ASolar power is independent of foreign suppliers for fuel.

Alames Watt, inventor of the
Steam engine.




Thin Film Solar Panel Breakthroughs

Arhe Nanosolar company in silicon valley has announced they are about to manufact
thin film solar panels that are printed on an electrode, for about $1 per Watt of power,
and sell them for about $2 per Watt.

Arhis is to be compared to the current silicon based panels which are grown like
computer chips, sold at new low prices of $2 to $3.50 per Watt.

A-or comparison, a nuclear plant, which also is greenhouse gas free with small fuel
cost, may cost $3 per Watt. However, the solar cells still have the 1/5 utility factor.

AThis also makes the new cells competitive with utility based solar thermal power and
concentrating 500 mirrors on high efficiency solar cells.

AThe printable nanoparticle thin film material called CIGS is made from copper indium
gallium selenide.

Aventure capitalists have spent $344 million in this new thin film area, which also
includes the companies Miasole, Solopower, Solyndra, and Ascent Solar.



AThe thin film cells are also more efficient under low light and low angle light.
AThey are produced in rolls and are much lighter than silicon or glass based panels.
AThin films use less than 1% of the semiconductor material of silicon solar cells.

ANew research is focused on depositing CIGS by a liquid, rather than by evaporation
and deposition in a vacuum. Such an application may be 5 years off.

Arhere will also be thin silicon crystals less than 1/100 the thickness of the present
ones. They have 8% efficiency and sell for about $1 per watt. They can cover
windows or buildings.

Aer acre of field, a plug in hybrid charged with photovoltaic electricity is said to go15(
times further than making bioethanol from the same acre.




Solutions That Are Ready Now

AEnergy Conservation
ACarpooling

ASmall or hybrid cars

Anergy efficient appliances
ACompact fluorescent bulbs
ARecycling

Anergy efficient homes
Adousehold solar water heating

Aull of the above also save money in the long run and are under our individu
control and personal responsibility.

Awnind power

ASolar thermal and photovoltaic plants

ACogeneration of power and water heating

AReplacing coal plants with twice as efficient natural gas plants
ANuclear Power

ACO2 generated now lasts over 100 years in the atmosphere. Climate effec
of it will be paid for by ourselves, our kids, our grandkids, our great
grandkids, and maybe our gregteat grandkids.



| ectures In Irvine

AJC Irvine University Club Forum

I Wednesdays Lunch at 11:30 am

I Buffet with dessert and drinks: $13.50
I www.uclub.uci.edu

AOLLI: UC Irvine OsherLifelong Learning Institute

1 On the web at : unex.uci.edu/olli/ _(or just google: UC Irvine olli)

I About 44 classes a semester, in science, humanities and sociology.
i Membership is $150 a year for two semesters.

I Covers Lectures in Woodbridge and UCI University Club

I Laguna Beach lectures only: $20 to join, and $10 per class

ASome handouts are available for the U Club Forum and for OLLI

AJC Irvine Public Lectures
I today.uci.edu/calendar/

Arhis talk and my other articles and talks are on my website:
I www.physics.uci.edu/~silverma/
I Or just google: Dennis Silverman


http://www.uclub.uci.edu/
http://www.uclub.uci.edu/
http://unex.uci.edu/olli/
http://unex.uci.edu/olli/
http://unex.uci.edu/olli/
http://unex.uci.edu/olli/
../../My%20Documents/Energy%2009/My%20Talks%2009/NewEnergyPlansMensa2.odp/C:%5CDocuments%20and%20Settings%5Cdennis%5CMy%20Documents%5CEnergy%2009%5CMy%20Talks%2009%5Ctoday.uci.edu%5Ccalendar%5C
../../My%20Documents/Energy%2009/My%20Talks%2009/NewEnergyPlansMensa2.odp/C:%5CDocuments%20and%20Settings%5Cdennis%5CMy%20Documents%5CEnergy%2009%5CMy%20Talks%2009%5Ctoday.uci.edu%5Ccalendar%5C
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Tri Alpha Energy is a local fusion oriented company

A They hope to use the reaction:
Boronll (5p,6n) + ProtonY 3 He4 (2p, 2n)
I This gives off energy as the He4 (alphas) are tightly bound.

I The He4 are charged and their energy may be extracted
electrically.

A Compare to usual fusion ITER in Tokomak:
D (p,n) + T (p,2n) Y Hed (2p, 2n)
I The neutron gives off energy by heat and radioactively decays
I Tritium has to be produced by the n absorption on Li blanket

A But the Coulomb repulsion of the protons requires about 5 times as
much energy in the Boron 11 case: 5x1, versus 1x1 in the D-T fusion,
and hence about 5 times the plasma temperature.



U.S. Energy Research and Development

Arom the American Recovery and Reinvestment Act (ARRA) stimulus bill, the
Department of Energy will receive $39 billion for clean energy research, development,
demonstration, and deployment.

A6 billion will be in new loan guarantees will stimulate tens of billions in new financing for
renewable energy facilities.

ADOE would have hosted a new ARPA-E to fund high risk energy technology research
that would not be funded by industry, with a starting $280 million. The eight forefront
research labs in different energy areas have now been reduced to one by congress with
a funding of $35 million.

A6 Energy Frontier Research Centers will be funded over 5 years with $777 million.

Aor example, in the new battery sector for automobiles, $2.4 billion is going to existing
manufacturers as a stimulus, but little is going to research.

Anvestment of $8 billion in high speed rail with $5 billion to follow in succeeding budgets

AOverall, the President wants research and development to be increased to 3% of the
GDP from the present 2.7%, by adding $46 billion a year.

Arwo thirds of R&D is contributed by the private sector, and one third by the government.



Recovery Act $39 Billion Funding for the
Department of Energy

RECOVERY ALLOCATIONS

Clean-energy infrastructure, job creation drive
DOE's recovery act investment

Renewable
energy

Energy R&D 4% Other

5% 3%
Electric vehicles & State, local
battery development A8\ efficiency &
7% : weatherization
Carbon capture Programs
& sequestration 30%
9% |
Electricity grid ‘; /
improvements DOE cleanups
12% 15%

Loan guarantees
15%

DOE recovery act funds = $38.7 billion

SOURCE: Department of Energy



Natural Gas Efficiency Increases

ANatural gas is methane, CHwhich burns both its carbon and hydrogen, and is only
half as polluting as coal, which only burns carbon to CO2.

MNatural gas provides 20% of US electricity.
ACleano natural gas plants with steam

AConservation Maxim: An amount of energy saved is three times the energy equivale
of fossil fuel that is not burned.

Arhe efficiency can be increased to 50% with new combined cycle gas turbine followe
by steam turbine.

Awith cogeneration of water heating where possible (CHP, combined heat and power)
can increase efficiency up to 89%.

I ConEd feeds steam to 100,000 buildings in New York

I Also can do in small distributed power units

I UC Irvine cogenerates most of its electricity from natural gas at night when cheaper, and
stores cold and hot water for daytime use

AJS natural gas production could be lower in a decade with future reliance on imports
including Liquid Natural Gas terminals on both coasts and the Gulf of Mexico.



California Energy Sources



