The Evolution of Electric Power; Where Are We Headed?
Before we get started, let’s review what we mean by power and energy.

Power is the rate of energy usage and is measured in watts.

A person on a treadmill can generate about 100 watts of power, just enough to fully light up a 100 watt light bulb.

Lance Armstrong could sustain about 300 watts of power continuously on the Tour de France and at times generated short bursts up to about 746 watts of power, which is also 1 horsepower.

Energy is how long the power is used.  Kilo means 1000.  An energy of 1 kilowatt-hour (kWh) is 1000 watts of power for 1 hour or 1 watt of power for 1000 hours or any combination with a wattage and time product of 1000.

If a typical household uses 12,500 kilowatt hours energy per year, it would take about 5 Lance Armstrong’s pedaling every hour every day of a year at 300 watts to produce that much energy.

It takes about 500 watt-hours of energy per mile to power a large electric vehicle.  If you drove 60 miles per hour in your EV, you would drive 60 miles in one hour and the energy would be 30 kWh.  The power level would be 30,000 watts = 30 kilowatts = 30 kW.  It would take about 100 Lance Armstrong’s to power your “soccer mom” EV at 60 mph.

A solar panel of size 1 square meter puts out about 100 watts in direct sunlight if it is 10% efficient.  Direct sunlight is roughly 1000 watts per m2.

One gallon of gasoline contains 37 kWh at 100% efficiency or about 10 kWh at 27% efficiency, which a gasoline engine could achieve.
One ton of coal can generate about 2500 kWh of electrical energy.

A 1000 MW power plant can generate 8,000,000,000 kWh annually.

A 1000 MW coal plant will also release 3 million lbs of CO2 each hour.

One 1.5 MW wind generator will typically generate 4,000,000 kWh annually (~30% capacity factor).

Climate Change, the 800 lb Gorilla (7th paragraph), makes its presence known, at the same time that fossil fuels are becoming harder to acquire.

Oil may soon begin a slow decline as prices rise and reserves diminish
Natural Gas was in short supply but has had a surge in production the past couple of years using new drilling techniques.  It’s a limited resource at this point unless the ocean’s hydrated methane can be mined.

The high quality coal such as Power River Basin has only a 20 year life remaining.  American Electric Power is running out of places to mine coal after mountaintop chopping in much of Kentucky and West Virginia.

We have new evidence that climate change is accelerating as shown in the latest 2009 IPCC draft report:
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The doubling from 2002 to 2009 is a 10% per year acceleration rate.  If the acceleration continues, all of Greenland’s ice will be gone before 2100 with a resultant 20 ft ocean rise.  (This is Gene’s forecast, not the IPCC.)

Therefore there is an urgent need to transition off fossil fuels ASAP.

Scenarios for a small 150 home community using 100% renewables

Each home has two EV’s (electric vehicles) costing a total of $80,000 and each EV has a 50 kWh battery.  The annual home energy consumption is 12500 kWh and the annual EV energy is an additional 12500 kWh.  In all cases, the EV batteries also serve as home energy storage devices.

Case 1 has 10 kW of rooftop solar fixed panels at each house and a 1.5 MW wind generator for the neighborhood.  The up front cost of the solar and wind per household is $90,000.  However, this system may suffer occasional power deficiencies if operated as a standalone system.

Case 2 replaces the rooftop solar panels with a centralized tracking solar system of size 750 kW.  This saves each homeowner about $45,000 in up front costs.  This system also is not reliable as in case 1 when the sun and wind are absent for too long a period and the batteries run down.

Case 3 looks at three ways to improve the reliability.  They are: 1) double the battery storage and wind and solar capacity to charge up those extra batteries and this costs $100,000 more per household; 2) connects a large number of small neighborhoods together with transmission lines to gain reliability; and 3) looks at installing backup generation (small gas turbine?).  This is a departure from our desire of have 100% renewable power.

Case 4 looks at the cost of CCS carbon capture and sequestration and finds that it adds about 16 cents per kWh to the cost of coal generation, making coal unattractive as a base loaded source of power.  Case 4 also shows that a 1 MW coal plant beside our subdivision eliminates the need for any solar or wind power at all and it would be the lowest cost if not for the CCS cost.  With CCS coal looks no more economical than our 100% renewable plans, although the 100% coal is quite a bit more reliable than the 100% renewable plan, because the coal generator can run 24/7.

Case 5 looks at adding a small 300 kW nuclear plant beside the subdivision.  It could be air cooled and fit in a single homeowner lot.  It silently runs for 30 years on a single fuel load and requires little maintenance.  The wind generator is eliminated and the central solar is retained.  The system is reliable.  The EV batteries are lightly used, allowing them to last longer.  No new transmission lines are needed.  This plan has a $45,000 up front cost to each homeowner.

Lets Talk About Large Interconnected Systems For A Moment

We get our electric power from power plants connected to transmission lines that deliver the power to cities and then through distribution lines to individual homes.  Below is a map of ERCOT (Electric Reliability Council of Texas) transmission system.  345 kV lines are red.  138 kV lines are blue.
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Before the great blackout in 1965 there was only one pair of 345 kV (red) lines between Houston and Dallas.  An assessment of the reliability needs caused new 345 kV lines to be looped from Dallas to Austin to San Antonio to Corpus Christi and then back to Houston.

Natural gas power plants were the predominant power sources in the 1960’s.   Gas and oil shortages in the 1970’s changed that however.

Austin and other utilities reacted to the problems in the 70’s by diversifying into coal and nuclear plants.  Climate change was not a topic at that time.  Because of cost and delay problems with the nuclear plant, many people felt Austin would have been just as well off by building more coal plants and just skipped building the nuclear plants altogether.  LCRA did take that route, by adding more coal generation at Fayette plant and not participating in the nuclear plants.  FERC opened up the system to competition in the 1990’s and about 14,000 MW of new high efficiency natural gas units were added to ERCOT.  Natural gas and environmental problems made it clear that renewable sources of power would eventually be needed.  Wind power was gaining interest in ERCOT and really took off in recent years with federal incentives and state mandates for renewable sources of power.  This summer there is scheduled to be 10,000 MW of wind in ERCOT.  

Below are new 345 kV lines being planned and constructed to accommodate about 18,000 MW of wind power in ERCOT.
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Austin’s History Of Electric Power Has Always Been One of Change 

The hydro period

1887 Austin Water Power and Light was formed  

1893 AWP&L built a new dam 

1900 a great flood destroyed the dam, rebuilt, and destroyed again in 1915.

1938 a series of hydro dams on the Colorado River had been created  

1940 Tom Miller dam was finished creating Lake Austin 

The natural gas period

1940’s after WWII natural gas grows  

1950 Seaholm 2 is Austin’s first gas plant   

1960 Holly Plant created Town Lake 

1978 Decker Plant 926 MW gas plant is finished 

The transition off base loading natural gas   
1980 Fayette 550 MW coal is added 

1988 South Texas 400 MW Nuclear plant is finished (after 17 years)  

1989 Seaholm 120 MW gas plant is retired 

New generation added and being planned

2004 Sand Hill 480 MW gas plant is added  

2007 Holly 558 MW plant is retired

2009 439 MW wind is added to the system

2010 100 MW of gas peaking generation will be added

2011 30 MW of solar will be added

2012 100 MW bio plant in East Texas will be added

Here is the current base load generation of Austin Energy.  The 600 MW Fayette coal power will need to be completely replaced by 600 MW nuclear if we are to stop emitting CO2 from the burning of coal as Jim Hansen recommends.

The smart grid initiative grant program objectives

Baltimore Gas and Electric is a good example. 

The smart gird adds new communications and gives the customer more information such as, real time pricing, control of appliances, adding and controlling PHEVs and EVs, knowing where outages occur and a decrease in outage times, a lowering of peak demands, reduction of CO2, etc.  The smart grid does not provide a way to avoid the need for transmission lines, but does allow those lines and power plants to be more efficiently used.

CCS Carbon Capture and Sequestration Economics and Feasibility

A 1000 MW coal plant produces about 3 million lbs of CO2 every hour.

The estimated cost of CCS is about $100 per tonne (2204 lbs) and uses up 15% of the power of the coal plant.  This is an hourly cost of 

(100 $/ton)(3e6 lb/h)(1 ton/2204 lb)(100 cent/$)/(1e6 kW*.85) = 16 c/kWh.

There is a Princeton Report talking about CCS in Texas not being secure because of the large number of drill holes already in the ground in Texas could cause leakage of the CO2.  To get around this problem, the Bureau of Economic Geology is recommending using brine sands in the Gulf Coastal areas to store the CO2.  However this will require a billion dollar CO2  pipeline from our 1000 MW plant to the coast and additional pumping losses on top of the CCS 15% requirement.  The bottom line is that CCS is not likely to be a solution to coal power and it’s the end of the line for coal.

The WWS (Wind Water Solar) System Proposed in Scientific American
Dr Mark Jacobson describes a path to 100% renewables by 2030 using wind, water, solar, and geothermal.  Here are my comments on each item.

1) Wind and central solar will require extensive transmission building that will take many years to complete so this timetable is not possible.  Anyway the Californians are deeply opposed to new power lines.

2) Water power is not feasible because hydro in the west is actually declining at the current time as about 18 dams are being destroyed each year to restore streams to their natural habitats.

3) Geothermal looks feasible but has problems.  There is currently about 1700 MW of geothermal.  One project I recently worked on failed because the geothermal tests did not perform as expected.

My conclusion is that Dr Jacobson’s idealized system is problematic and incomplete.  It lacks an economic analysis and it lacks electrical modeling to see if it is even workable electrically.

New 4th Generation Nuclear Plants Are Going To Be Necessary

1) Retirement of coal power plants is a near term necessity because

of the climate crisis.

2) Only nuclear power plants can fully replace coal power plants and

maintain a reliable power supply.

3) New nuclear plants would revitalize our economy by putting people

to work and providing the energy needed for our new non CO2 economy.

4) New nuclear technologies use our currently stored nuclear waste as

their fuel, providing up to a 700 years fuel source without new minings. With new mining, nuclear fuel will last thousands of years.

5) New 4th generation nuclear plants will be inherently designed to

never reach meltdown regardless of operator errors and/or equipment failures. This is also true for some Gen III and Gen III+ plants like the AP-1000 - so this is current commercial technology.

6) New IFR nuclear power is highly proliferation resistant because

the fuel is in a form that is not easily stolen and is not useful for

making bombs.

7) Reprocessing (recycling) is greatly reduced with the new fast neutron nuclear plant designs, reducing a country's ability to make nuclear bombs.

8) Finally, the new nuclear designs all strive to completely burn up

the long lived radioactive isotopes, thus greatly reducing the nuclear waste problem.  The amount of waste is reduced to 1/150th and the life of the radioactive elements will be reduced by a factor of 333, from 100,000 years down to 300 years.

Now all we need is some R&D in nuclear power, which was essentially stopped in 1994 by President Clinton.  Bush tried to restart it but now Obama has shut it down again.  Other countries like Russia, China, India, France, Japan, and Korea have active nuclear power R&D programs.

Jess said that making small nuclear plants safe from terrorists is not feasible.  

Here is my latest thinking concerning terrorists and small nuclear facilities.

Currently pirates at sea are a problem and some ships are arming themselves.  Piracy is likely to worsen with time as resources become more scarce and coastal areas flood due to rising oceans.

Security on ships will be a necessity.  Therefore, it’s a logical step to increase the security for nuclear powered ships.  The problem reduces to one of determining if the increased security cost is worth it.  The ship owners can spend money on fuel or on security.  I think we will see additional security on ships and that will lead to the feasibility of nuclear powered commercial ships in the future.

Concerning land based small nuclear plants, again it is just a matter of economics.  The cost of security might make the smallest nuclear plants unaffordable, such as the Toshiba 4S plant or the neighborhood plant described in my earlier examples.  However we must do the coal plant to nuclear plant conversions and then add whatever security is necessary.  I think these conversions will happen soon.   Gene Preston, Dec 20, 2009.
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