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Sources of US Greenhouse Gas Emissions



Sources of US Electricity
On average, we use 460 Gigawatts (billion watts)

Summer demand is 760 GW (Gigawatts)

Average cost is 10¢ per kilowatt hour (kWh)



Investments in New Power and Power Research in 

the Obama Administration

Å The 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.

Å Those funds would come from a cap-and-trade system on CO2 emissions 

starting in 2012.

Å The goal is to cut CO2 emissions by 14% from 2005 levels by 2020, and 

83% by 2050.

Å From 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.

Å $6 billion will be in new loan guarantees will stimulate tens of billions in new 

financing for renewable energy facilities.   



Å DOE will host a new ARPA-E to fund high risk energy technology research 

that would not be funded by industry, with a starting $400 million.

Å Investment of $8 billion in high speed rail with $5 billion to follow in 

succeeding budgets

Å Overall, 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.

Å Two thirds of R&D is contributed by the private sector, and one third by the 

government.



Solar Energy Generating Systems (SEGS), and

Mojave Solar Park in California

Å The SEGS solar plant is the worldôs largest at 354 MW (megawatt or million 
Watts)  covering 1600 acres.

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

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

Å It will also be solar trough and will cover 6,000 acres or 9 square miles at a 
cost of $2 billion.

Å The year round average output of these plants is about 20% of peak power.



Other California Solar Plans
Å A new SC Edison solar panel plan will cover 100 large rooftops of 2 square 

miles to generate 250 MW for $875 million.  This will take 5 years to 
complete.

Å An FPL plant of solar trough thermal will also generate 250MW.

Å PG&E with Ausra to build a 1 gigawatt solar water plant with heat storage 
for $3 billion.  It can produce power for up to 20 hours a day.

Å PG&E is setting up 3 solar thermal projects for 500 MW, with Brightsource, 
composed of towers and heliostat mirrors. Hot salt holds heat for the 
evening. Cost of $2-$3 billion.  



Solar Photovoltaic Power 
Å Rooftop Silicon Based Solar Photovoltaic (PV) is a factor of 10 times 

more costly than even nuclear power. 

Å But Solar concentrator PV of 500 mirrors on a solar cell cost half 
that of panels.

Å Solar thermal concentrator on a fluid driving a steam generator costs 
1/3 to ¼ of solar PV panels and can carry energy into the night.

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

Å 30% efficiency loss if not tracking the sun.

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

Å Need to clean off dirt from cells.

Å Need a south facing roof.

Å But, solar power is FREE, once installed.



Å Solar Power is less applicable to Northern or Eastern US.

Å Already opposition to new power lines to the desert.

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

Å Since 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 with photovoltaic power.

Å To generate an average of a gigawatt, assuming storage, takes 20 
square miles.

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

Å 38% of SC Edison power is already greenhouse gas free.

Å 1 gigawatt = 1 billion Watts





Thin Film Solar Panel Breakthroughs
Å The Nanosolar company in silicon valley has announced they are about to 

manufacture 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.

Å This is to be compared to the current silicon based panels which are grown 
like computer chips, made at $3 per Watt and sold packaged for $6 per 
Watt.

Å For comparison, a nuclear plant, which also is greenhouse gas free with 
small fuel cost, may cost $3-4 per Watt.  However, the solar cells still have 
the 1/5 utility factor.

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

Å The thin film cells are also more efficient under low light and low angle light.

Å They are produced in rolls and are much lighter than silicon or glass based 
panels.  

Å Thin films use less than 1% of the semiconductor material of silicon solar 
cells.



Å Nanosolarôs plant in San Jose will produce 430 megawatts a year of panels.

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

Å The printable nanoparticle thin film material called CIGS is made from 
copper indium gallium selenide

Å The silicon cell industry is fighting back, however.  CIGS thin film may be 
15-16% efficient, but silicon is approaching 20-22%.

Å There will also be thin silicon crystals less than 1/100 the thickness of the 
present ones.  They have 8% efficiency and sell for about $4 per watt.  They 
can cover windows or buildings.

Å Per acre of field, PV electricity with a plug in hybrid goes150 times further 
than making bioethanol from the same acre.



Wind Energy has been used for 2000 years

Sometimes, windmills are scenic





Wind Power

Å The problem is that the wind fluctuates on all time scales:
ï Seasonally (highest in springtime, next in summer)

ï Varies with weather

ï Day ïnight switch in direction between ocean and desert in California

ï Dies out around sunset when peak power is needed

ï High velocity gusts are much more efficient than average wind

ïWind velocity range of 12 to 30 mph

Å Average wind power is only 1/3 of the maximum capacity that the 
turbine is built for

Å Tall is better: a 3 megawatt Vesta V90, has a 70 m tower, with 90 m 
diameter rotor.  

Å If built in an 18 m ocean depth, it goes down another 30 m into the 
seabed.

Å Spacing needed is 3-5 times diameter side to side, and 5-10 times 
diameter in depth.





Wind Power

ÅA gigawatt max wind plant is estimated to cost $2 billion.

ÅNeeds 1,000 large and separated 3 MW wind towers to 
generate a gigawatt on average, as in a nuclear plant or 
a large coal plant.  
ïAt 360 m size plus spacing, would stretch 360 km or 216 miles.

ïSpaced at 630 m deep, a 50 x 20 array would occupy 227 km^2 
or 82 square miles

ÅNeeds special mountain passes or mountain tops, or far 
out in the ocean, or a Northern or Midwest State

ÅThe wind turbines have over 8,000 components, and 
requires a two person crew to maintain 8 of them.

ÅEurope has orders for the next two years of US 
production.



The Twenty Percent Wind Power Plan
Å A DOE plan is to provide 20% of US electric power by wind by 2030.

Å It would have a capacity of 300 gigawatts, which on average would be 100 

to 150 gigawatts, about as much as we now get from nuclear reactors.

Å 240 gigawatts of this would be from wind turbines on land, and 54 gigawatts 

would be offshore.

Å The average cost of US electricity is about 11¢/kWh.  

ï The best land sites will cost 6-8¢/kWh (on 15 million co-used acres).

ï The best offshore sites will cost 10-12¢/kWh

Å The plan would ideally add only 50¢/month to the average household bill.

Å It would reduce utility natural gas by 50%, thereby reducing the price of 

natural gas to offset the costs of the wind turbines.

Å It reduces utility coal by 18%, and avoids 80 gigawatts of new coal plants.

Å Details of the plan are at www.20percentwind.org

http://www.20percentwind.org/


California Geothermal Plants

ÅCalifornia produces about 2 gigawatts of geothermal 
energy in 43 plants.

ÅThis is about 5% of Californiaôs electricity.

ÅThis is also about 40% of the worldôs production.

ÅThere is the possibility of another 4 gigawatts from other 
sites in California.



SC Edison Power Sources

Our Power is 38% CO2 emission free

ÅOf SC Edison power 

(serves 13 million 

people):

ÅNatural gas is 54%

ÅCoal is 8%

Å-------------------------

ÅNuclear is 17%

ïSan Onofre and Palo 

Verde reactors

ÅRenewables are 16%

ÅLarge hydro is 5%



US Power by State: Black is coal, yellow is 

natural gas, red is nuclear, and blue is hydro



Nuclear Power
Å There are 440 nuclear plants worldwide.

Å They generate 18% of worldwide electricity, at 350 gigawatts

Å There are 103 US nuclear plants generating 20% of our electricity

Å There are plans for 23 new nuclear power plants in the US

Å 5 nuclear plants of 1.1 gigawatts serve California, for 16% of our electricity

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

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



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

Å Nuclear power is about a million times greater per atom consumed 
than fossil fuel power.

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

Å US plants will settle on one or a few designs for preapproval, and 
reactors are estimated to cost $3 billion for construction to $5-6 
billion including financing..

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

Å A 1 gigawatt nuclear plant consumes 24 tonnes of enriched U per 

year, although from 25,000-100,000 tonnes of ore.

Å A 1 gigawatt coal plant generates 7 million tonnes of CO2, 200,000 

tonnes of SO2, 200,000 tons of fly ash, and also arsenic, mercury, 

and radioactive radon.

Å Nuclear power saves 2.4 billion tonnes of CO2 each year.



Nuclear Waste
Å The waste turns out to be on the order of 100,000 times smaller than a coal 

plant.

Å Each California nuclear plant, at 1.1 Gigawatts, is equivalent to 3.5 million 
tons of coal a year, which would produce 13 million tons of CO2.

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

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

Å Yucca 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.

Å It also wouldnôt be sealed for over a hundred years, and can be improved if 
needed.  $10 billion has been spent on Yucca Mountain.



Yucca Mountain Nuclear Waste Depository

Å However, development of Yucca Mountain has been halted and it use 
rejected by the present administration, although its license application is 
going forward, and may take three years.

Å A blue ribbon panel will study disposal options, which may include on-site 
storage, or a few national sites, which are welcomed by the locals.

Å Also under consideration from the Bush administration is the option of 
reprocessing and recycling nuclear fuel which separates the bomb worthy 
plutonium.  The recycling gives back about 30% of the initial fuel.



Detroitôs Strategy on Light Vehicles
Å The Federal 2020 average of 35 mpg over the present 26 mpg is really only 

a 30% reduction in fuel use, since you have to take the reciprocal to get 
gallons per mile.

Å A better average would be on the tons of CO2 generated for a 15,000 mile 
average yearly usage, also presented by US Dept. of Transportation.

Å The 30% reduction is on new cars in 2020, and will take about 15 more 
years to be present in most of the cars on the road.

Å Detroit first plans more 85% ethanol capable cars to avoid the limits for such 
cars until 2014.

Å They also will be putting out hybrid versions of most larger cars and light 
trucks.

Å Other technology will be engines that shut down some cylinders at cruising 
speed, turbochargers for more air intake, pressurized fuel injection to get 
more uniform ignition, and variable valve timing such as Hondaôs VTEC.

Å Automobile 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.



US

CA

2020



Tata Nano costs 1 Lakh or $2250

Gets 50 mpg and top speed 43 mph



Autos Elsewhere in the World
Å We 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, smaller cars, motorcycles, bikes, and walking.  Half of 
European trips use public transport or walking. 

Å China 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 US has.  About 40 out of every 1,000 Chinese owns a car.  

Their new cars must already average 35 mpg.

Å Indiaôs new $2,000 car is said to get 50 mpg, and there are only 1-2 million 

a year to be produced. So far, only 7 out of a 1,000 Indians own a car.

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



Chevy Volt Plug-in Hybrid and Tesla Electric Roadster

Å The Tesla Roadster is all electric with a range of 244 miles.

Å It is made by Lotus and costs $100,000.  The battery pack is $20,000.

Å It goes 0-60 mph in 3.9 seconds.  Top speed is 120 mph

Å It uses 177 W-h per mile 

Å It is 90% efficient, and has a gasoline equivalent of120 mpg

Å The battery is composed of 6,831 Li-ion cells as in a computer battery

Å Its motor has 248 hp or 185 kW

Å Its interim transmission will burn out in a few thousand miles



Plug-in Hybrid and Electric Car Emissions
Å Automotive internal combustion engines are only 15% efficient in 

delivering the power in gasoline to the wheels.

Å Electric motors are 80% efficient.  Electric power plants are 33% 
efficient, and natural gas has 40% less CO2 emission than gasoline.

Å So plug in hybrids driving on electricity or electric cars, when 
electricity is supplied by natural gas, can get effectively over 100 
mpg when comparing their emissions to that of an internal 
combustion engine.

Å Of course, greenhouse gas free electricity would be equivalent to no 
gasoline consumption.

Å An accounting of spare electricity production in the US on a 24 hour 
basis shows that 73% of US driving could be delivered by electricity 
with suitable cars.

Å Unfortunately, only about 25% of California driving could be 
powered by spare capacity.

Å Even a coal plant coupled to generate electricity for an average 
present car made as an electric plug-in hybrid, can give the hybrid a 
fuel equivalent of 67 mpg.



Challenges for Plug-in Hybrids and Electric Cars

Å The problem is in making cheaper, lighter, large, long lived, and safe 
batteries, with Lithium ion being the current best candidate, but with limited 
range.

Å The touted GM Chevy Volt plug-in hybrid with a 40 mile electric range will 
probably be delayed beyond 2010.

Å A Saturn Vue with a 10 mile electric range will be produced sooner.

Å Toyota is planning a plug-in Prius in 2010 with an 8 mile electric range.  
(More important, it is planning cheaper stripped down Prius hybrids.)

Å Priusôs are hybrid electric gas vehicles that already get about 45 mpg 
highway and 55 mpg in the city, using regenerative breaking.

Å Also the new Honda Insight gets 50 mpg, and the Ford Fusion hybrids get 
41 mpg.

Å There is a law of diminishing returns, since the CO2 emissions come from 
gallons per mile (the reciprocal of mpg), which are diminished already for a 
Prius compared to an SUV.  

Å Further mpg increases from a Prius only diminish an already small fuel use, 
especially if carpooling can be factored in.  

Å We have won the battle for technological fuel economy, but have yet to win 
the war by replacing SUVs. 



Solutions in Conservation
Å The cheapest and easiest solutions are in Conservation

Å We are personally in control, and we can start now.

Å Early mitigation of global warming saves costs in adaptation and suffering

Å Conservation saves money as well as greenhouse gases

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

Å ñTechnologyò already present to solve auto pollution:
ï Drive smaller, more fuel efficient cars.

ï Work at home some days or use communications to replace car trips.

ï Carpool or vanpool

Å Carbon offset investing to end deforestation or burning of agricultural 
wastes rather than plowing them under.
ï Deforestation generates a fifth of CO2 emissions worldwide

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

Å Over 800 cities have signed the Mayorôs Climate Protection Agreement, 
which is to satisfy the Kyoto protocol of cutbacks to 1990 levels minus 5% 
or 7% in greenhouse gas emissions.
ï Harder to satisfy if there has also been population growth, and with a 2012 target 

year. 



Automotive Emission Savings
Å Automobiles are by far the largest CO2 emitters that individuals 

have control over.
ï A large commuting SUV emits 13 tons of CO2 a year, as much as 3 

residences

ï A typical car driven 15,000 miles emits 7 tons a year

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

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

Å There are several simple things that people can do now to bring 
down these emissions, save money, maybe lower the price of gas, 
and save on highway construction
ï If you have two available vehicles, on long trips, drive the one with the 

lowest emissions

ïObey the speed limits, and donôt drive with rapid accelerations and 
braking

ï Driving 90 mph burns 40-50% more gas per mile than driving 65 mph

ï Combine trips

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

ï When available, switch to low friction tires



Comparison Transportation
ÅAn average 25 mpg car driven 15,000 miles per year 

uses 600 gallons of gas.

ÅFlying is equivalent to about 50 mpg per passenger.  

ïSo a 2,500 mile with return trip uses 100 gallons of 
fuel per passenger, and generates about a ton of 
CO2 per passenger.  

ïIt also costs about $140 in jet fuel per passenger.

ÅWith the average of 9 passengers, buses are equivalent 
to 27 mpg per passenger. 

ÅBut filled buses at 3 mpg with 55 passengers gives 165 
mpg per passenger

ÅWalking is equivalent to 235 mpg

ÅBicycling is equivalent to 635 mpg



Carpooling

Å There are 24 bus routes connecting in Irvine

Å But there are 90,000 single commuter routes driven daily in Irvine

Å About 50 commuters leave within two miles of your home and go within two 
miles of your work

Å Drivers 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

Å Commuters get to use the carpool lane

Å Total savings to a carpooler to UCI is $500 in gas and $500 in parking for a 
total of $1,000 per year per carpooler

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

Å Some industry or business employees can save much more on parking 

Å Carpooling also saves on smog and particulate pollution

Å A fair amount of carpooling can save money for new freeway lanes

Å A fair amount can also save time and emissions from stalled traffic

Å About 10% carpool now, but new interest can bring this up to 15%.



Residential Energy Conservation

Å Household electricity of 6,000 kWh per year in Southern California 
generates 4,000 lbs CO2.
ï A single plasma TV can use 10% of household electricity

ï Lighting is 22% of household electricity.  CFLs cut lighting down to ¼ 
from incandescent bulbs.  This reduces household electricity by 17% or 
about 1,000 kWh ($100) per year or 700 lbs of CO2.

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

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

ï 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 up to $2,000.  Total cost then only 
$10,500.  (Caveat:  solar roofs donôt work at night, when you might need 
most of your power.)

ï Best bet: wait a few years for rooftop solar to drop to a third of cost.

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



Household Water Heating
Å Household water heating generates 2,300 lbs CO2, about half that 

of household electricity.

Å Rooftop solar water heating can cut 2/3 of your water heating, at a 
cost of about $5,000, minus state rebate of $1,500 and 30% Federal 
tax credit on the rest (about $1,000) for a net $2,500 cost.

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

Å Setting the water heater thermostat as low as is workable is another 
option.




