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EXECUTIVE SUMMARY 

 
We are faced with very serious challenges today in the United States.  Global Warming from 

CO2 emission, petroleum shortages diving up gasoline costs and an ever increasing population 

expected to hit 420 million by 2050 and whom will all expect to realize the same benefits and 

opportunities that we did. These are all critical issues that need solving right now especially the 

CO2 emissions.  There are many other issues as well, Social Security and Medicaid Medicare, 

the trade imbalance and the war on terror but those issues we will skip solving for now. This 

White Paper addresses the two most important issues, in my opinion, CO2 emissions and 

petroleum shortages since they can be solved together. 

 

Both of these looming problems are obviously related to energy and how it is generated and used 

here and in other countries as well. One thing is very clear it is our dependence on energy that 

allows us to live the way that we do.  Therefore any proposal that bases its conclusions or results 

on decreases on the demand side is not viable.  

 

This proposal addresses the only rational solution. The conversion of as much of our energy use 

to "renewable electric energy" versus the "carbon" based that presently dominates energy 

production in the United States and the rest of the world, for that matter.  Even today power can 

be produced by many technologies not requiring carbon based fuels and it is technologically 

feasible to eventually convert 100% of our energy production and use into electric forms.  The 

purpose of this white paper is to support the start of an important segment of the conversion of 

personal transportation from ICE (Internal Combustion Engine) to all electric. That conversion 

could be completed by 2050 if started today. 

 

This White Paper contains an action plan for Cuyahoga County to start the process of converting 

transportation from petroleum based to electric based.  The basis for doing this is the Ohio Third 

Frontier program.  On July 1st the Ohio Department of Development announced its Third 

Frontier Programs for 2009. One of the announced programs is in the Research and 

Commercialization Collaborations section. Specifically it is "Engineering & Physical Sciences 

RCP" which has been authorized to grant up to $23 million in 2009. 

 

Ohio Third Frontier grants require an RFP (Request for Proposal) and matching funds (cost 

share) to be seriously considered.  The grant amount available for a single RFP in 2009 is 

between $2 and $5 million dollars and would require cost share of at least a 1:1 ratio at the time 

of proposal submittal to ensure the State project is adequately funded. 

  

This program requires a LOI (Letter of Intent) be submitted to the state in September when the 

program is officially opened.  The RFP will be due in December. And the Review period will be 

from January through May 2009.  Awards are scheduled to be announced in April 2009. The 

details for this program are available by going to the Ohio Department of Development website 

and going to Third Frontier and downloading the "FY 2009 Ohio Third Frontier Funding 

Opportunities" presentation that explains the entire program. 

 

A U.S. Center for Electric Vehicle Testing in Cuyahoga County is a bold and timely vision.  We 

are seeking northeast Ohio contributing partners in a five to ten million dollars venture stake.  

http://www.odod.state.oh.us/
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BACKGROUND 
 

There are almost 250 million vehicles (cars, pickup trucks and SUV's) on U. S. roads used for 

personal transportation. They all use some form of ICE as the power source.  They also all use 

some derivative of petroleum as the fuel i.e. gasoline, E85 or diesel fuel and thereby emit million 

of tons of CO2 into the atmosphere (about 20 lbs of CO2 per gallon of gasoline burned).  

 

When this transportation system was started emissions and the supply of fuels were hardly on 

anyone's mind and so what we have today is a system built with millions of hours of hard work 

and billions of dollars of capital investment. Today, in hind sight, we might have chosen a 

different path had we known better. However, this system has served us well for over 100 years 

and has contributed to the reasons we have the best place in the world to live. 

 

But now we have rising CO2 emissions creating global warming and petroleum supplies running 

out and both creating issues that threaten our very way of life. So we find ourselves searching for 

a way out of these serious predicaments that many of us see.  One group focused on the 

environment sees CO2 emissions which are leading to Climate Change as the most important 

issue. The other side focused on Economic Growth sees the supply of cheap petroleum "Energy" 

as the most important issue since without that supply the world economy could collapse. 

 

Both sides have valid points but for some reason they can't seem to see, how by working 

together, they could come up with alternatives that satisfy completely both points of view. That 

would not seem possible, but it is and it will be shown to be so in the body of this White Paper. 

 

The solution is right before our eyes and we just need to focus on the results we want. Doing that 

shows us that by switching Personal Transportation from gas/diesel fuel to electric power both 

issues can be solved in one project. From an all-electric vehicle production point of view this 

process could be started today with existing technology and, in fact, several automakers are 

planning on introducing limited capacity electric or electric hybrid cars by 2010.  

 

Therefore, why write this paper if these alternative vehicles will soon be for sale.  The answer is 

that although building the vehicles is now possible albeit with limited driving range to start, there 

is no infrastructure in place to deliver the electric power to them in the quantities required to 

convert even a small percentage of today's almost 250 million vehicles to electric vehicles let 

alone those yet to be produced. 

 

The bottleneck here is finding a way to deliver the electric power equivalent, of the gasoline that 

those ICE's now use, to the electric cars in the form of electric power.  That delivery system has 

three parts; first the electric power generation, next is the transmission of that power to the user 

and lastly is the charging of the vehicles battery. All three elements are required before the 

production of the electric vehicles can begin in earnest or it would be the equivalent of building 

ICE vehicles and having no gas stations.  Unfortunately the first two "The Grid" is already close 

to capacity and has its own problems, so we seem to be at an impasse.  

 

A classic chicken or egg quandary … No electric cars, no reason to expand the Grid … No Grid 

capacity, no reason to build electric cars. 
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OBJECTIVE  

 

If between $5 and $10 million dollars could be raised this summer and a third frontier grant were 

applied for this fall and received next year for an additional $5 million dollars then a process 

could be started to validate the logic for converting Personal Transportation from "carbon" based 

ICE's to Electric based vehicles.  Although the receipt of any grant is never a given I think that 

the case made here is so strong that receiving a grant is of high probability. 

 

The plan would be to use that grant and raised money to create the start of a core infrastructure 

for the development of the electric power delivery system for all electric vehicles.  Besides 

establishing a physical presence and a small staff the bulk of the funds would go toward 

engineering and economics studies analyzing the various options available to making this 

conversion.  We are only going to get one shot at this (since starting this project three months 

ago oil has gone up almost $30 a barrel and the 12 month forecast is now almost $180 a barrel). 

We are running out of time and we need to do this right the first time. Possibly joining forces 

some way with the Cuyahoga County system might also be possible. The details of the operating 

structure have not been worked out and certainly it is open to discussion. There are three phases 

to the process of converting ICE to electric power. 

 

PHASE ONE fund the project and have a NEO university (s) perform the initial concept review. 

They would be expected to participate in writing the RFP and be the major recipients of the 

funds.  The details of that work will be presented later since the universities have not yet been 

talked to and the specific costs of the project elements would be difficult to determine at this 

point without them. It is the professional opinion of the author that $10 to $15 million is more 

than enough to complete all the initial study work required for validation. It is also the opinion of 

the author that the principles presented here will in fact be validated in this process. The conduct 

of this Phase One work is absolutely critical since there is no organization and/or group that will 

be doing this as it crosses to many different industry groups. 

 

PHASE TWO occurs after the completion of the Phase One technical and economic review. At 

this point the concepts have been validated and more detailed conversion costs developed.  The 

next step would be to design and build a test highway and charging infrastructure for electric 

vehicles much like what California is doing for hydrogen vehicles.  Three operating methods 

have been identified and it would be the intent here to get the participation of at least one major 

automotive company to supply test vehicles based on the concepts being developed. 

 

PHASE THREE occurs at the completion of the demonstration phase.  At this point the 

program is taken to congress for federal funding and the conversion starts to take place.  Since 

the center for all the research and engineering was done in greater Cleveland and since this area 

has all the technical skills and manufacturing base in place it would be expected that this area 

derives a major benefit from the completion of this program. 

 

Since it can be categorically stated that there is no other way to reduce CO2 emissions and 

eliminate petroleum imports at the same time other then a conversion to all eclectic personal 

transportation, it is hard to envision that a program of this kind will not be started.  The only 

question is where and will it be in time to prevent economic collapse from rising oil prices? 



 6 

DIS CUSSION 

 

Attached to this White Paper are a number of appendixes supporting the various statements and 

conclusions made in the discussion.  This was done to keep as much of the technical material 

separate from the discussion as possible so the reading would be easier.  In the Appendixes there 

are a lot of Charts linked back to excel spreadsheet that support the conclusions and statements 

made here.  Each of them is so identified so that there is traceability to the detailed work for 

those interested in review at that level of detail. 

 

There are two core reasons for doing what is being suggested here in this White Paper. The first 

is the ever increasing levels of CO2 being emitted into the planets atmosphere and the very real 

risk that it will cause major social and economic problems in the near future. Appendix A 

presents the analysis of CO2 emissions which are now at 30,000 mmT of CO a year world wide 

with the United States portion of that being about 6,000 mmT.  

 

However, virtually all the current growth in CO2 emissions is coming from Asia not North 

America.  So no solution to the problem can occur without their active participation.  But having 

said that it is in the best interest of the United States to assert its world leadership role and 

therefore take the first step which no other country is willing to do.  The Kyoto accords and other 

meaningless agreements not withstanding there is nothing "real" being done now at any level.  

Well maybe that's not true as there is a lot of sniping being done by various special interest 

groups each with its own narrow version of what needs to be done. 

 

Another part to Appendix A is to identify the specific sources of the Unites States CO2 emission 

so that a program can be developed to eliminate them.  This is going to be a real program not a 

nebulous goal to reduce CO2 to some percentage at some future point in time by using some yet 

to be developed methods as being proposed by most politicians.  Real programs require real 

information. Petroleum is the primary source of CO2 and that is where the effort needs to be 

directed. So the purpose to this program is to eliminate (not reduce) the use of Petroleum from 

Personal Transportation one of the main sources. 

 

The reason for eliminating CO2 probably doesn't need much discussion but a quick review is in 

order just to establish base numbers.  Appendix B is a review of how CO2 emissions are 

calculated and also what the expected results are in Climate Change from a warming earth. The 

section ends with a graphic showing what the IPCC (Intergovernmental Panel on Climate 

Change) thinks may happen over the next couple of decades to temperatures. The specifics are 

available from the IPCC website for anyone interested in the detail. 

 

But there are two reasons for doing this project and CO2 emission is only the first. The second 

reason is that it is very likely that we have hit the maximum rate of world petroleum production. 

There is solid evidence that production either has peaked at 85 mbpd (million barrels per day) or 

is about to peak somewhere between 85 mbpd and 90 mbpd.  Appendix C develops the rational 

for that conclusion. For those interested in the detail the website "theoildrum.com" has excellent 

material available and much of the information on future production came from there. Past 

production sources and rates are available in great detail form the U.S. EIA website. 

 

http://www.theoildrum.com/node/2143
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The bottom line is there have not been any major oil field finds in decades and all the worlds 

existing major fields are in declining production. Russia (used here as meaning all the states that 

made up the old U.S.S.R.) and OPEC are the only two groups that were thought to have reserve 

capacity but it appears that that is not true.  In fact OPEC production has decline slightly over the 

past few years.   

 

Since the Saudi Oil Minister understands the consequences of stagnate or declining oil supplies 

they would not allow this to happen if they could stop it.  Historically these boom bust cycles in 

production have resulted in major problems for Saudi Arabia and OPEC so I'm sure they do not 

want to have another one on their hands.  In particular oil is generally sold in dollars and the 

current situation is reducing the value of the dollar so it makes little economic sense for them to 

not ship more to stop deflation of their wealth.  

 

Petroleum is extremely important to all the worlds' countries. Although the United States is the 

largest user now, its growth rate is minimal and other countries like China will surpass the 

United Sates in the not too distant future if the supply is there.  China and India in particular are 

growing very rapidly and much of the current growth in demand has come from there. 

Consequently their demand for oil has driven world demand right to the edge of the world's 

production capacity if not over it.  

 

The ever increasing demand for crude oil with the now very real declining production of oil from 

the world's industrial countries creates a very real problem for the world with the future supply 

of oil. The website "oil-price.com" has current information on oil prices for both current and 

future pricing. 

 

What we have today is declining or at best stagnate supply and increasing demand so it should 

not be a surprise that the price of oil has skyrocketed over the past few years. The current run up 

started at about the same time that the oil production started to plateau as it reached about 85 

mbpd shortly after 911. Appendix E shows that the price increase has been going on for 6 years 

now and it is only now when gasoline went over $3.00 then quickly to $4.00 a gallon that it 

caught anyone's attention.   

 

Much to-do has been made of this and how the oil companies are ripping us off but a review of 

the facts does not support this assertion.  In fact it seems that the price of American gasoline has 

not gone up as fast as the price of crude has and that has reduced the margin between the selling 

price and buying price. That doesn't really matter, but what does matter is that unless the current 

economic slow down turns into a "true" recession and drastically reduces gasoline consumption 

world wide, the price run up will not stop. 

 

The demand for oil is driven by economic growth and that economic growth is dependant on 

several factors, the most important one being growth in the population.  Appendix F shows that 

according to the U.S. Census bureau the population of the United States will be almost 420 

million by 2050 up almost a 120 million from the 303 million here today.  The world's 

population is projected to reach 9 billion by then from the existing 6.5 billon today.   

 

http://www.oil-price.net/
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Those people are going to expect to live "better" and the only way to do that is with more energy 

which means more emissions and that is going to create very serious problems unless ways can 

be developed to stop the use of petroleum. These people will almost certainly want to own a car 

of some kind.  The freedom that a car gives is a powerful incentive to a vast majority of the 

world's people and they will want one. We are seeing this in China and India because they have 

seen how we live in the United States through movies. Realistically how are we going to tell the 

entire rest of the world that they can never have what we have now?  For the lack of petroleum 

will mean exactly that. 

 

So that leads us to Transportation and although we are talking about the United States it must be 

remembered that what we do is what everyone else does later.  Appendix G shows the results of 

the use of personal transportation on energy.  In 2007 we consumed 150 billion gallons of 

gasoline in about 230 million vehicles that collectively drove over 3 trillion miles and averaged 

just over 20 miles per gallon. From Appendix A we saw that that resulted in 2,000 mmT of CO2 

being emitted into the earths atmosphere. 

 

Reducing that CO2 number to as close to zero as is possible is the goal and so it can be seen that 

even switching to 100% hybrids at 50 mpg could really only reduce that 2,000 mmT to 1,000 

mmT.  But that is misleading since by 2050 there are going to be 120 million more people and so 

a corresponding increase in the number of vehicles.  A proportional increase would be an 

additional 100 million vehicles so that raises the CO2 back to 1,680 mmT of CO2 which is only 

a 16% reduction from where we are.  So logically hybrids are not the solution to the problem 

although they may temporarily take the edge off. 

 

There is one good thing that came from the hybrids and that is a lot of engineering on electrical 

systems as related to personal transportation.  Although these vehicles do have ICE power 

system they also have electric motors and that experience has taken us a long way toward pulling 

the ICE from those vehicles and replacing them with a large Polymer Lithium Ion battery.  

 

Since using electricity is the only realistic method available to us "now" to solve the twin issues 

of CO2 emissions and petroleum demands, it would seem that some way should be found to get 

this electric conversion started. This process would be very expensive but there is also a major 

benefit to this conversion as the equivalent cost of electric power on a per gallon of gasoline 

basis is between $1.00 and $1.50 per gallon.  Even adding in the Federal and State highway taxes 

would not put the electric equivalent above $2.50 a gallon.  With gasoline likely to hit $5.00 a 

gallon in the next 12 months this would be a major reduction. 

 

So the next step is looking at electric power generation since we are going to switch to electric 

vehicles how much power is it going to take to run them all? 

 

Appendix H shows the overall energy picture in the United States over the past 17 years. The 

exact details of this Appendix aren't important except to show what we have to work with.  The 

exact numbers are 39.7% Oil, 23.3% Natural Gas, 22.4% Coal, 8.2% Nuclear and 6.3% 

Renewable including Hydroelectric. It can be seen that 85.5% of the countries energy comes 

from carbon based fuels. Only 14.5% comes from non emitting sources. An interesting chart 

developed from data found on the EIA website is on the second page of this section and it shows 
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the government's projection of energy production to 2030. This shows that Petroleum and Coal 

are the biggest producers and that the Federal government apparently has no intention of 

reducing CO2 emissions even a little bit. 

 

What can be done then to reduce CO2 as much as possible and yet not give up our way of life?  

Appendix I shows one path to achieving the dual goals of zero CO2 and zero Oil. Picking 145 

Quad as the goal for energy in 2050 and then setting the following as the distribution percentages 

for producing that energy constant with the reduction goals and achievable engineering and 

construction methods the following was selected as the right mix 19.0% Coal, 5.0% Natural Gas, 

2.0% Oil, and 26.5% Nuclear 2.0% Hydroelectric, 10.0% Geothermal, 10.0% Solar PV, 25.0% 

Wind and lastly .5% biomass. That is 26.5% carbon based and 73.5% non Carbon based. A 

different goal other than 145 Quad could have been picked for energy in 2050 but the path would 

have been almost the same at 140 or 135 Quad.   

 

A straight line backwards projection from the goal to where we are produces the energy source 

conversion path shown on the first page of Appendix I. That is a real plan not political smoke 

and mirrors plan. And it shows in hard number what is required. The magnitude of the change 

required is stark. On the next page is the projection of emission based on that conversion.  This 

conversion plan cuts CO 2 emissions from 6,000 mmT today to 3,300 mmT in 2050 which is 

almost a 50% reduction.  

 

With CO2 sequestering the United States could actually end up being a CO2 sink when natural 

CO2 reductions from plant life are factored in.  So another Chart was developed to show this. To 

produce this Chart we straight lined CO2 from coal plans to almost zero and added in the 800 

mmT of natural CO2 sink estimated from the United States. By the end of the conversion path 

the burning of CO2 in this country is less than the natural sink and the country has no CO2 

emissions from that point forward. With a slightly lower end energy point that goal could be 

reached a few years earlier 

 

The last chart in this section shows energy production from 1949 to the present.  The reason for 

this Chart is to show that efficiency is not the answer even though some small gains maybe yet 

be had. This Chart clearly shows the growth rate in energy from 1949 to about 1977 as a red line.  

In the 1973 there was an oil embargo and that resulted in the conservation programs we now 

have. The difference they made is shown in the much reduced slope of the green line which 

represents energy growth from 1982 to the present.  What this means is that most of the easy to 

get savings in energy have already been achieved. So we should not expect some magic electric 

motor to go from 95% efficient to 99% efficient that just isn't going to happen. 

 

What makes up that over 100 Quad of non Carbon energy power generation projected for 2050? 

Wind generators will be the biggest part followed by solar PV percentage wise but other forms of 

power are sources like geothermal and pumped storage.  Along with this push to electric in 

vehicles there will be a push to convert from oil and gas heat to electric either from the 

installation of electric boilers or heat pumps.  Maglev trains and commuter rail along with 

increased use of buses (electric where possible) will all go a long way to eliminating Oil for 

transportation.   
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If all these programs were implemented it would be possible to supply all the countries 

petroleum needs from domestic production even with declining production but it does assume oil 

exploration is restarted in the country.  This would comprise aviation fuel for air travel, diesel 

fuel for heavy equipment and locomotive use as well as for industrial use in making petroleum 

based products.  

 

Appendix J presents a process that could be used to get cooperation between the various factions 

that impact Energy Policy and that are often at odds with each other. 

 

This planed 2050 power mix will be capable of generating, on an annual basis, 275% more 

electric power than we have now and that amount of power can not be transmitted through the 

existing electric power Grid.  In fact the existing Grid will not be capable of meeting the needs of 

the country even without adding electric vehicles to the mix. That expansion is one of the major 

problems with going all electric.  

 

Appendix K shows one way around this problem which would be to install a new Grid owned by 

the people through a newly created company financed by gasoline tax dollars which would then 

also own the interstate system.  By setting it up this way and keeping the money out of the 

politician's hands we can ensure that it goes where it is supposed to go not like they have done 

with the Highway Trust Fund and the Social Security Trust Fund.  This company, once set up, 

would bill the utilities for use of the lines in delivering electric power, and be self funded like the 

Post Office is now. 

 

Now we have the issue of where to place that Grid?  One way would be to install it under the 

existing Freeway System (Federal and State) which is, in miles, about the same size as the 

present power Grid.  Certainly that would be a major undertaking but there are many advantages 

to it.  First of all the Grid becomes more secure, Secondly it would be more efficient in the 

summer since the summer heat reduces transmission capacity. The third reason is that it would 

be easier to maintain, and lastly it gives a way to deliver the power to the electric vehicles. This 

part of the project is estimated to cost $2.16 Trillion to complete and would be paid for by the 

special Gas Tax. A special corporation would be set up to manage the new Grid and that 

corporation is described in Appendix L. 

 

Now we come to the electric car and the conversion from ICE to Battery Electric Drive (BED 

system). Appendix M explains how that conversion could be accomplished by 2050 and it would 

not be easy even with a concentrated program. The soonest it could be started even if we started 

today would be 2013 at BED being 2.5% of production.  From there we ramp up to 90% of 

production being BED by 2025.  Because there will be over 250 million vehicle in the U.S. fleet 

at the start it would take until 2050 to purge the system of all ICE vehicles although that number 

would be reduced to under 50 million by 2037 or so. The retooling of the auto industry from ICE 

to electric would be financed by the auto industry. The portion of their costs related to the switch 

from ICE to electric is probably around and $110 Billion and that is well within their capability 

of financing. 
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There are three methods of charging the electric vehicles available. The Phase One part of this 

proposed project in to evaluate these three methods both technically and economically. Appendix 

N explains these methods. 

 

The first and simplest although not necessarily the best is plug in charging.  It would require that 

available plug in ports be set up so the batteries could be charged when not in the home garage or 

parking garages (with plug-in outlets added). If the battery range could be raised to 300 miles per 

charge and the charge only took a couple of hours this system might work. Unfortunately neither 

of those is possible in an affordable vehicle today. 

 

The second method is more costly but goes a long way to solving the time issue required to 

charging the batteries.  In this method the vehicle batteries would be standardized into only a few 

sizes.  A system much like the common D or C size batteries we are used to using only much 

larger.  Then the existing gas filling stations would be converted to battery change out and 

charging stations. Initially it might take longer to change a battery then fill a tank of gas but once 

the system were perfected it wouldn't take long to switch a discharged battery for a charged 

battery.  That process shouldn't cost more than $40 including electricity and labor. 

 

The third method is the best but also the most complex.  By tapping off at the appropriate 

intervals along the highway system that contains the new Grid, a system could be put in that 

inductively charges a vehicle while driving on the road.  If that system could be proved to work 

then there would no longer be any obstacles to make the switch to electric vehicles as the battery 

range objection and charging time objection would be totally removed.  In fact a vehicle could be 

driven across the entire country without stopping in this system. However, people do require 

stops and rest so although it would be technically possible most would stop at decent intervals 

for a break. Setting up a test of these concepts is not difficult since all the elements are available 

today and nothing needs to be invented. 

 

Appendix O, shows the details of the Base Load power Plants being considered in this power 

generation plan. These are Coal and Nuclear. Existing Natural gas and petroleum plants and old 

coal plants are phased out as quickly as possible. This part of the conversion would cost about 

$1.23 Trillion dollars.  This part is financed by the Power Companies. 

 

Appendix P, shows the details of the Peak Load power Plants being considered in this power 

generation plan. These are Solar PV and Wind Turbines. However some of the power generated 

in these plants can be used as Base Power under certain circumstances.  There is significant land 

area given up to these two options, a bit greater that the total area of the state of Ohio.  Since 

solar PV is really only practical in the American South West and wind is best put in the North 

West this is where the vast majority of the plants would go.   This part of the plant would cost 

about $5.74 Trillion dollars. This part is financed by the Power Companies. 

 

Appendix Q, gives a brief technical review of the various proposed vehicle options and it also 

explains why an all electric vehicle is the only one that makes any sense if we are serious about 

solving both CO2 emission and the dependence on expensive and dwindling petroleum products. 

There are some supporting equations presented there for those that are interested. 
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CONCLUSION 
 

This project, which would be bigger than building the existing interstate system and going to the 

moon put together, would create hundreds of thousands of job throughout a good portion of this 

century.  Assuming it worked as planned it could be continued into the rest of the major road 

arteries so we would soon have the benefits of eliminating almost all power poles and 

transmission towers, making this country very user friendly.  Certainly at that level phone, cable 

and data lines (fiber optic) could be added to the underground system. 

 

This system could be started now and mostly in place by 2050 and once started it would not be 

long before the auto companies would have the BED cars on the road.  Obviously the work 

would start where it would do the most good. And NEO being the center of the initial research 

and a major cross road for travel as well would reap the benefit. A special gas tax to pay for the 

Grid conversion would drive up the cost of transportation but anyone switching to the electric 

system would immediately reap the benefit of the reduced transportation costs, since in only a 

few years gasoline will be $5.00 to $6.00 a gallon and rising.   

 

The utility companies would need to build a lot of new power plants and so a method would need 

to be set up to reduce the lead times.  That should be possible because it would be easy to make 

the utilities close all the plants that are non compliant with current EPA regulations (they are 

grandfathered in) in return for removing the delays now forced on them and they would know 

there was a large new market opening up for them.  Since the utilities would be building a lot of 

large coal and nuclear plant their cost would be driven down and this construction would also 

create significant work for American Companies. 

 

A quick review of the concepts presented here shows that by doing this, CO2 emissions from 

electric power generation would be held at current levels even though capacity was up 275%. 

The savings are in the almost total elimination of burning gasoline in the United States.  That has 

the potential of dropping CO2 emission to as little as 3,000 mmT per year by 2050. That is a 

50% reduction from where we are and probably as much as a 2/3 reduction from where we 

would be in 2050 without doing this.  This is the only possible method of powering the country 

that both maintains a decent standard of living and has the potential for future growth and 

reduces CO2 emission significantly. 

 

In addition if CO2 sequestering could be developed it would then be possible to almost totally 

eliminate CO2 emissions in this country by 2050. If that were to occur the total emissions for the 

country in 2050 would be under 600 mmT of CO2 which is less than the current reabsorbing of 

CO2 by natural "sinks" estimated to be around 800 mmT so the country as a whole would be a 

net CO2 sink of between 200 to 300 mmT of CO2. 

 

There is nothing to lose and everything to gain by tackling this project now and making it a 

national priority.  Is it costly, you bet I estimate that it would cost $9.24 Trillion to accomplish 

although that is spread over 42 years ($220 Billion per year). However the cost of not doing this 

would be even greater as it could very well be the cost of the country. The only thing stopping us 

from achieving this is "political will" and sadly we are lacking that in this country. 
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PATH TO SUCCESS 
 

This project is very doable and this White Paper shows the need for the changes as well as the 

direction that the country requires to solve its energy problems.  This plan does not make an 

attempt at solving everyone's issues directly and as such it will not totally satisfy many.  What it 

does do is solve the real issues and the needs not those of any one special interest.  The following 

steps if properly implements will take us to where we want to go. 

 

STEP ONE, Raise the matching funds secure the Third Frontier grant and complete the detailed 

economic and engineering study. The work product here is the verification of the assumptions 

and results of those assumptions. Assuming success then … 

 

STEP TWO, Raise additional funds and build the test road and supporting infrastructure to 

debug the various system elements. The work product here is the selection of the proper interface 

for the BED vehicles. Assuming success then … 

 

STEP THREE, The introduction of a bill in congress to initiate the program.  The anticipated key 

elements of the bill would be as follows. 

 

 Authorize the establishment of the private corporation to own and build the new Grid in 

accordance with the completed engineering studies. 

 

 Set the national goal for ICE fleet conversion to a BED fleet at 2.5% for 2013 and 90% 

for 2025 

 

 Set policy such that from the beginning until no earlier than 2025 all BED vehicles must 

be made in the United States 

 

 Make the appropriate policy changes to speed up the regulator bureaucracy in site and 

design approval for power plants. 

 

 Set the goals for power generation capacity in accordance with the completed engineering 

done in step one and two.  

 

 Fund the appropriate regulatory and oversight agencies to insure compliance of all safety 

and environmental issues. 

 

 Open Yuka Mountain and/or create a new repository for spent high and low level wastes. 

 

 Charge the various Federal labs with developing a safe nuclear reactor design that does 

not create high level waste (a breeder design). 

 

 Set the objective of this policy for the United States to have zero or less carbon emissions 

by 2050 
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APPENDIX A, EMISSIONS 

 
In the United State and according to the U. S. EIA data found there the following Chart shows 

the official CO2 emissions for the United States from 1990 to 2006.  Petroleum is the largest 

category and within that category personal transportation is by far the largest block.  Personal 

Transportation Car, Pickup Trucks, SUV's and now Crossovers are therefore the largest 

contributor to emission in this country. But as can be seen in this Chart the emissions growth has 

been flat since 2000. 
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During the past 16 years there has been an increase of almost 1,000 mmT of CO2 per year in the 

United States. Most of that increase is from petroleum which is mostly auto.  However, how does 

that compare to the rest of the world?  The chart on the next page shows World CO2 emission by 

area.  Clearly most of the growth in the worlds CO2 emission has come from Asia and Oceania.  

That basically means China and India.   

 

In a perverted twist of logic that emissions growth is to a large degree the fault of the United 

States for along with Europe the United States has a very low emissions rate per unit of power 
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produced.  China and India do not have a low rate and so the shift of manufacturing from 

relatively clean power sources in the United States to relatively dirty power sources else ware 

have increased CO2 emission faster than if the production had stayed in the United States.  In 

essence we have outsourced emissions to the third world and then blamed them for the emission. 
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The category North America includes, among other, Canada and Mexico so if we pull them out 

and look only at the United States compared to the rest of the world we get a slightly different 

picture.  The Chart on the next page shows that almost all the growth in CO2 emission has come 

from sources outside the United States.  

 

World CO2 emissions have gone up over 8,600 mmT per year since 1990 while in the United 

States it has only gone up 1,200 mmT per year and most of this was in the early part of that 

period as can be seen in the first Chart in this section.  That does not mean that I don't think we 

have a responsibility it only means that even if the United States had ceased to exist in 1990 and 

everything else were the same World CO2 emission would still have one up by 2,600 mmT of 

CO2 per year. The point being that the United States alone can not solve the problem. 
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UNITED STATES COMPARED TO THE WORLD CO2 

EMISSIONS
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To my knowledge there is nothing in the works anywhere that has any hope whatsoever of even 

stopping this growth trend let alone reversing it. Logic alone dictates this as how long does it 

take to design and build a power plant today.  In the United States that could be as long as 20 

years and there is not much in the works now with alternatives so there is little chance of making 

a major difference before say 2030.  Also there are almost 250,000,000 personal vehicles in the 

United States and even if all production were shifted tomorrow to hybrids it would take 16 years 

to convert the fleet.   Assuming at that point a fleet 50 mpg rate and no change in miles driven 

between now and then and further no change in the population that change in this totally 

unrealistic scenario would only reduce CO2 emissions by 600 mmT or 10%.   

 

Given that the population is going to grow and we want better standards of living and that what 

was just described is impossible to actually achieve we can see the absurdity of talking in vague 

terms about XX% reductions in CO2 emission by 2020 or 2030. This is not a political issue 

requiring new laws and regulations drafted in a vacuum.  Real change can only be achieved by 

real scientists and real engineers tasked by the citizens to make the change the best way possible.  

We all want the change to occur but we also want it to be accomplished economically and with a 

direction that actually promises real results.  
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However let us continue this analysis by looking at petroleum used in transportation so we can 

see what kinds of emissions come from burning petroleum for transportation.  Looking at EIA 

data again we find the following usage for Transportation related petroleum.  Oil used for 

heating or as a feedstock is not included here.  Aviation gasoline usage is so small to the total 

that it does even show on this Chart but its there between gasoline and Jet Fuel.  Obviously 

automotive gasoline and diesel fuel are the big users here.  The scale is annual usage in barrels of 

gasoline not gallons.   There are 42 gallons in a barrel of petroleum products 
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Each type of fuel has a different CO2 level associated with it and so each class was appropriately 

adjusted and then the result were converted into mmT which is the conventional way of 

measuring CO2 emissions.  In round number a gallon of auto gas generates 20 pounds of CO2 

when burned.  The Chart on the next page takes petroleum usage in barrels as shown above and 

converts it to CO2 emissions using the conversion ratios available on the EIA website. 
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Total CO2 emissions in this grouping are almost 2,200 mmT of CO2 per year. But since we are 

not going to make airplanes that do not use either aviation gas or jet fuel and since these 

categories are very small anyway we'll ignore them. So focusing on gasoline and diesel used in 

transportation we see that they are responsible for almost 2,000 mmT of CO2 per year in the 

United States today. 

 

If a way could be developed to eliminate 90% of the automotive gas emissions and maybe 50% 

of the diesel emissions as well, that would reduce the United States emissions by almost 1,500 

mmT of CO2 per year. Leaving only a bit over 600 mmT CO2 left. Switching from petroleum 

powered transportation to electric power transportation could, in fact, do that very thing if the 

electric power came from other than carbon based fuels.  Nuclear, Wind and Solar generation of 

electricity can accomplish that conversion and do so by 2050 if we start now. 

 



 19 

APPENDIX B, EFECT OF EMISSIONS 
 

The picture below shows graphically the world CO2 cycle as it is currently understood.  It is 

obviously a very complex system with the major carbon flows on the planet actually being 

between the ocean and the atmosphere.  But then the earth is 3/4 water so that does make sense. 

As can be seen there is a land cycle and an ocean cycle that are mostly in balance.  What has 

happened recently (Since we started burning coal in quantity) is a new cycle from man has been 

added to the mix.  At present that cycle is one way into the atmosphere as can be seen here.  

Unless the other two cycles can compensate for that one way flow the level of CO2 in the 

atmosphere will continue to increase and eventually that will cause very serious consequences 

for mankind.  

 

 
 
Note; this graphic is showing "Carbon" not CO2 which is another way of looking at this.   
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CO2 is only one of many "greenhouse" gases but since it is the main problem most studies focus 

on it as being symbolic of the entire problem  So the first thing we should do is see how man 

made CO2 is calculated. So the following paragraphs show how CO2 levels are calculated.  

Although, in principle, these calculations are all technically correct they are a simplified version 

of the very complex systems of flows involved in this process as can be seen from the graphic 

representation above. 

The C02 content of the atmosphere is normally expressed in parts per million (ppm) by weight 

and the use of fossil fuels is expressed as so many tons of carbon burned per year. The burning of 

fossil fuels releases 7 billion tons of carbon into the atmosphere each year in the form of carbon 

dioxide gas, C02. The technically correct designation for carbon dioxide is CO2 but since it's 

much easier to write CO2 that has become the convention. 

C02 weighs 44 / 12 times the weight of carbon. This is derived from the atomic weights of 

carbon, 12, and oxygen, 16. The molecular weight (MW) of C02 is 12 + (2 x 16) = 44 and the 

MW of carbon is 12. So C02 is 44/12 = 3.67 times heavier than carbon per molecule. Therefore 

burning one billion tons of carbon produces 3.67 billion tons of C02.  And therefore by simple 

extension burning 7 billion tons of carbon will produce 26.7 billion tons of C02 

The next bit of information we need is the weight of the Earth's atmosphere. The weight of the 

Earth's atmosphere can be calculated as follows. Atmospheric pressure at sea level is 14.5 

pounds per square inch = 10 tons per square meter. This pressure is due to the weight of 

atmosphere above an area at sea level of one square meter. 

 The radius of the Earth "r" is 5,925 km and so the surface area of the Earth (land and ocean) is 4 

x "pie" x "r" squared = 4 x 3.142 x 5925 x 5925 = 441 million square kilometers = 441,000 

billion square meters. Therefore the weight of the Earth's atmosphere is 441,000 billion x 10 = 

4.41 million billion tons. 

Now 26.7 billion (the weight in tons of CO2 emitted into the atmosphere each year calculated 

above) divided by 4.41 million billion gives the fraction 6 /one million which means that the 

CO2 emitted to the atmosphere each year from burning fossil fuels is equal to 6 parts per million 

(ppm) of the atmosphere by weight. (6 millionths) 

It can be seen therefore that burning 7 billion tons of carbon from fossil fuels is now dumping 6 

ppm per year of C02 into the atmosphere. And therefore the burning one billion tons of carbon 

from fossil fuels dumps 6 / 7 = 0.85 ppm of CO2 into the atmosphere. 

The current understanding of carbon flows is that at the present level of concentration of CO2 in 

the atmosphere CO2 is being absorbed by natural processes at the rate of 3 ppm, i.e. one half of 6 

ppm rate at which CO2 is being dumped into the atmosphere from fossil fuel burning.  That 

leaves a net gain per year of 3 ppm world wide. Mostly that absorption is from plant life, and 

especially trees and that is why environmentalists are so concerned over forest clearing 

especially that done in the Amazon. 
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The following Chart shows this accumulative effect of emitting CO2 over the past 1,000 years. 

There has been about a 100 ppm increase from resent levels prior to the industrialization which 

triggered the mankind produced increase that we now see. 

 
 

The reason many climate scientists are concerned of this increase in CO2 levels world wide is 

that it is believed that as CO2 levels continue to rise in concentration so too will the worlds 

temperature.  The following graphic show what the IPCC (Intergovernmental Panel on Climate 

Change) thinks will happen if CO2 increases are not stopped. 

 

A generally accepted level that has most scientists concerned is 575 ppm for CO2.  The current 

level is now thought to be 385 ppm  so the additional 190 ppm level will take 40 to 60 years to 

reach at current emissions levels.  However since the worlds burning of carbon based fuels is 

increasing at an increasing rate as the underdeveloped countries try and increase their standard of 

living that rate of increase is expected to get larger.   

 

Not hitting that threshold level in 20 years is very possible, in fact, it's unlikely with the current 

world direction with lots of talk but no action. Or as an old "Hot Roder" from the '50s would say 

"All show and no go." 
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Whether these projections are 100% accurate or not is not relevant for the consequences of only 

being 50% right are still not acceptable.  Something must be done. 
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APPENDIX C, OIL SUPPLY 
 

The chart below, taken from Wikipedia, shows 21 projections of petroleum production in mbpd 

(million barrels per day) from knowledgeable sources and based on their detailed knowledge of 

all the existing oil reserves in the world. Each field can only be pumped until the oil is beyond 

the available technical methods of extraction.  So based on how much has been pumped out and 

how big the field is it's relatively simple to see how much more there is left.  That is one factor in 

determining this chart, the other being the discovery of new fields.   

 

Once all that information is collected it is simple to plot that as a 'Curve" of production over time 

and that is what these 21 projections represent.  The left "y" axis on this chart is in mbpd.  The 

red line on the chart below represents that current production level which appears to be stalled 

around 84 to 85 mbpd despite the need for more oil in the world. 

 

Of special note are the 4 trend lines in this chart which appear to go against the trend.  These 

"odd" trends come from either the USGSA or the EIA which are known to be overly optimistic 

with oil projections.  If consensus was science then world peak oil production would be 85 mbpd 

and that would occur between 2006 and 2010 by this chart. 
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The next chart, also taken from Wikipedia, shows the estimated oil production capacity of every 

country in the world that has meaningful production ability except for the U.S.S.R. and its 

successors and the OPEC countries.  This chart clearly shows what is happening to non OPEC 

production at the world level. The scale used on this chart is in thousands of bpd so by dividing 

by 1000 we get mbpd which is what was used in the previous chart.  Therefore world wide non 

OPEC oil production can be seen to be 35 mbpd and it is expected to drop below 30 mbpd by 

2010. Besides the reversal from more to less production there is the issue of the steepness of the 

decline implied by this Chart. A simple extension would seem to indicate that production from 

these sources could fall to below 25 mbpd by 2015. 

 

Since there are no "new" major fields in the works anywhere in the world it is just not going to 

be possible to stop this downward trend in oil production as shown here. Exploration is still 

going on but the chances of any new major find being found and/or easy to get to is very remote.  

Off shore oil on the various continental shelves appear to be the only remaining sources of new 

oil and in North America they are politically off limits. 

 

   

 
 

What is significant about this chart is that it shows virtually every major field in the world has 

reached it peak production and is now on the way down.  Most domestic U. S, production 

sources peaked in the early '70,s and even bringing Alaska on board in the late '70s did not 

reverse that trend.  The Alaskan fields are now also on the down side such that U. S. production 
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of oil is expected to be less than 5 mbpd by 2010. The significance of this expected drop is that 

just to hold even OPEC would have to pump an additional 5 mbpd by 2010.   With China and 

Indonesia and the rest of Asia booming more oil is going to be needed and so realistically OPEC 

probably needs to be gearing up for an additional 1/2 mbpd above that to prevent a price run up 

from oil shortages. 

 

There is one other major source of Oil in the world and that is from Russia and all the 

independent Countries that formed from the break up of the U.S.S.R. in the late '80s.  That break 

up cut Oil production in half initially but as shown in the following chart the production rate 

from this group has now recovered to formal levels. Some of the current projected shortfalls 

could be made up from this grouping if they can increase output.  However, that production is in 

very remote areas and getting it out and into the using "world" is not easy. 
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Leaving the Russian production and moving now to OPEC as the world's major supplier the 

burning question is can OPEC make up for the declining oil production of the rest of the world?  

The answer is -- based on current production trends -- probably not.  And that is not what anyone 

wants to hear. 
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Unfortunately there is no reliable data available from most of the OPEC countries (especially 

related to the oil still in the ground) and so accurate forecasts are not possible.  However, we do 

know what they are shipping out and so the following Chart shows estimated OPEC production 

through 2007 with good reliability. These figures are based on information taken from the U. S. 

EIA website.  Since many of the OPEC countries oil fields are also in decline the current 35,000 

mbpd of estimated production may be all the OPEC can support. Even Iraq coming back on line 

will not make much difference in what is available. 
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The next Chart shown on the following page shows the total estimated World Production of Oil 

based on information provided by the U. S. EIA.  There is an apparent slowing of production at 

85 mbpd that closely matches the Peak Oil situation shown in the first chart in this section. If the 

Peak in Oil Production is here now then World Production will in all probability drop to 80 

mbpd or less by 2010.  

 

Following the Chart is a table taken from theoildrum.com website with additional data 

supporting the trends that are shown in the Chart.  Notice the "peak" dates for each category 

compared to the flatness of the curve in the Chart. It's hard to find any reliable sources on the 

web that show how oil production can be increased beyond current levels.  Could there be some 

http://www.theoildrum.com/node/2143
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massive field out there that can stop this trend and that hasn't yet been found --- maybe --- but do 

we really want to continue on with a "wish" as our only option?  
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Category 
Oct 

2006 

Oct 

2005 

12 

MA
1
 

2006 (10 

Months) 

2005 (10 

Months) 
Share 

Peak 

Date 

Peak 

Value 

All Liquids 84.79 84.87 84.60 84.56 84.56 100.00% 
2006-

07 
85.49 

Crude Oil + 

NGL 
81.49 81.60 81.41 81.37 81.41 96.12% 

2005-

05 
82.08 

Other Liquids 3.29 3.27 3.18 3.19 3.15 3.88% 
2006-

08 
3.54 

NGPL 8.00 7.77 7.86 7.90 7.85 9.43% 
2005-

02 
8.05 

Crude Oil + 

Condensate 
73.50 73.83 73.55 73.47 73.57 86.68% 

2005-

05 
74.15 
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This last Chart is also taken from this website theoildrum.com.  This chart was part of an 

extensive analysis of oil supply and demand and which should be reviewed by anyone seriously 

looking at this issue.  The shaded areas on the left are actual data from the EIA the various 

collared curves are the statistical forecast production amounts based on the actual numbers. This 

Chart, in particular, appeared to be very statistically valid although without seeing the actual data 

and methodology used that validation is qualified. Each of the three major components of "Oil" 

is separately forecast with the result that, based on October 2006 data, petroleum production 

looks like it will peak between 85 and 90 mbpd.  

 

The more current situation would seem to indicate that these curves are "optimistic" not 

pessimistic since production appears to be stalled at around 85 mbpd, the low end of these 

projections.  In any case all with knowledge of the situation would agree that the problem of 

production is very real and a real decline is not far off.  The consequences of that are dire for the 

world and the United States in particular as we are more dependant of oil then any other country 

in the world. 

http://www.theoildrum.com/files/PU200701_Fig5.png
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APPENDIX D, OIL DEMAND 
 

The chart below was developed from U. S. EIA data on oil usage. The raw data for 2006 and 

2007 was preliminary.  2008, 2008 and 2010 usage was developed by straight line trending the 

most current three years forward. There did not appear to be any inconsistencies in the numbers 

from doing this.  The EIA data had Europe and Eurasia as separate categories but since the bulk 

of the Eurasia data was Russia it made more sense to include the two together as they would 

have been in the old U.S.S.R.  North America is comprised of Canada, the United States, Mexico 

and a few other small states. This is an EIA definition. 

 

From 1980 to 2007 (27 years) the use of petroleum has gone up 35.2%. But most of that has 

come in the past 15 years with the use of petroleum in the world going from 67.5 mbpd to 85.3 

mbpd. That is a 26.4% increase. The chart below clearly shows that the majority of that growth 

has occurred in Asia & Oceania.  
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There are several very clear trends here.  Number one is a leveling off of usage in North 

America. Number two is a significant decline in usage in Europe and Eurasia.  Number three is a 

large increase in Asia & Oceania. In fact, despite what might be commonly thought, virtually all 

the growth in the use of petroleum products has come from that area which contains China, 

India, Indonesia, South Korea and Japan. Additionally, Asia & Oceania will probably surpass 

North America in Oil usage in 2008.  The massive shift of manufacturing to this area from 

America is the primary reason for this growth.  This trend also partially accounts for the flat 

usage in North America since 2004 of about 25 mbpd.  

 

If we look at just the past 15 years for "growth" in the use of petroleum this is what we find.  

This chart shows the top 10 countries or areas in order of their percentage gain.  China the 

United States, and India are top three.  These 10 countries have added about 10 mbpd to world 

petroleum usage. 
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But offsetting that are the countries that have reduced oil use.  That reduction can be from 

economic decline or switches to other forms of energy. The following chart shows the top 10 

reducers in petroleum use.  This group accounts for a 4 mbpd reduction. The large drop shown in 

the early '90s in this chart is a result of the breakup of the old U.S.S.R.  Adjustments had to be 

made to the data to apportion petroleum usage to the individual areas or countries prior to the 

breakup so the numbers prior to the breakup are approximate but are far enough back as to not 

really matter today. Japan is clearly the leaser here in reducing the use of petroleum. 
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APPENDIX E, OIL PRICING 
 

The chart below was developed from data taken from the U.S. EIA and shows the daily closing 

market price for a 42 gallon barrel of NYMEX LS crude.  This chart is current to July 14, 2008. 

Since this price is a true "market" price and since production costs have not increased the only 

reason that a price run up like this would occur is that the demand for oil has exceeded the 

supply of oil.  This is hypothesis supported by the flat world and OPEC production rates shown 

in Appendix A. 

 

Speculation is not a major factor in this commodities market as is being promoted by politicians. 

These are real transactions involving buyers and sellers and the actual delivery of product.  There 

is currently a real fear in the market that current production levels are not sustainable.  The 

OPEC countries having been through several boom bust cycles before would increase production 

if they could to stop the price run up.  The fact that recent announcements for small increases in 

production have not stopped this upward trend is proof that the market does not believe that 

much more oil can be pumped then is now being pumped.  
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This next chart shows the relationship between the average price of gasoline in the U. S. and the 

corresponding price of crude oil.  These are weekly figures taken from the U. S. EIA website, 

however, the EIA data is in cents per gallon for gasoline and crude is priced on a per barrel basis. 

So an appropriate adjustment was made to convert both sets of number into Dollars per Gallon so 

a comparison could be done. Once that was done an unexpected trend showed up in the raw 

numbers that can be seen here,   

 

From about the end of 2007 until the present the price per gallon of gasoline has not followed the 

rise in crude in proportion.  In other words if the past relationship were in place today gasoline 

would be more expensive then it is now. Part or maybe all of the change could be explained by 

long term contracts and using up inventory. But what ever the reason the Chart shows that 

gasoline prices are lagging behind crude oil pricing -- so there is no evidence of "price" gouging 

by the Oil Industry.   
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Once this trend was developed further analysis was conducted and that is presented in the 

following chart. This Margin Analysis shows on the left "Y" axis the difference between the 

price of gasoline and the price of Crude oil in dollars.  There is a lot of variability in the numbers 

but there has clearly been a reduction in margin in dollars over the past 6 months. This is shown 

in the magenta trace below.  
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The Blue trace below represents the percentage of the margin to the price of crude oil. This curve 

is represented by the right "Y" axis and is in percentages. From 2000 to some time in 2003 that 

relationship held at about 125% plus or minus.  From that point on the percentage, as shown 

here, has dropped consistently to where it is only a little over 20% today.  That means that the 

return on sales for the oil companies will be reduced which will lower their stock prices even if 

they have large dollar profits.  In fact the Profit margins of these companies are not high 

reflecting the very competitive nature of the business. 
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As bad as the past six months have been what is in store for us could be much worse.  If the run 

up in crude price continues then a curve like that shown in the next Chart in magenta is very 

possible between now and the end of 2010.  That would drive up gas prices, blue curve, as 

indicated hitting $6.00 a gallon next year and approaching $9.00 a gallon by the end of 2010. 

Actually those price levels will probably not be reached as the U. S. economy would be driven 

down into a real recession and that would drive down demand here first and then the rest of the 

world soon after and that would stop the price run up. With demand down the existing 85 mbpd 

supply becomes adequate, for now, and pricing drops. 
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If the recession were not too deep and oil prices dropped back down to say under $100 per barrel 

then a recovery would be possible.  However, that would not solve the problem and steps would 

need to be taken to either significantly increase production, which does not seem possible or 

major reductions in petroleum use would need to be found.  If that wasn't done then there would 

be another price run up and economic bust that would be even more severe the next time. 
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APPENDIX F, POPULATION 
 

The United  States Population Projection Chart shown below was developed from data taken 

directly from the U.S. Bureau of the Census website. That data was very detailed, showing age 

by year and by sex from 2000 to 2050 and so for simplicity sake here it was categorized into five 

20 years blocks. The increase of those over 60 and retired or retiring in relationship to the 

working population can clearly be seen here. 

 

In planning for future energy needs one of the most important drivers is what is the size and 

make up of the population is going to be? Between now and 2050 the population in the United 

States is projected to grow by 38.6% to 420 million people so clearly energy production must 

also grow to keep up.       
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But the population mix will change as well as having the population increase in size from 303 

million to 420 million people.  The proportion of working to non working will shrink and that is 

shown very clearly on the Chart on the next page where only two categories are shown.  The first 

is the core working population of from 21 to 59 years old.  The second grouping is from birth to 

21 years old which are mostly kids in school or being cared for by their parents and then adding 
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to this the 60 and over people that are about to retire or are already retired.  In 2000 the second 

group was 83.3% of the working group.  In 2050 that group will be 108.8%  That is a large 

swing and so clearly the primary working group of people will need to be much more productive 

to handle the extra load imposed on them by this non working group and the only way to 

accomplish that is greater productivity and that almost by definition means an increase in the use 

of energy.   
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The United States is not the only country in the world and so some thought must also be given to 

the world population increases that are expected between now and 2050. The next Chart shows 

one estimate from the U.S. Census Bureau in 2006 of where world population numbers are 

going. World population is expected to increase from 6.5 billion today to over 9 billion by 2050. 

That world population increase will place additional demands on energy that are not controllable 

by anything the United States does internally. 
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APPENDIX G, TRANSPORTATION 

 
In the United States gasoline consumed by personal transportation defined here as Cars, Pickup 

Trucks, Crossovers and SUV's and all their derivatives account for close to 75% of the countries 

petroleum imports. For simplicity we'll call this class CTS (Cars Truck SUV's). As seen in the 

following Chart that Category amounted to almost 150,000,000,000 gallons of gasoline 

consumed in 2007 according to the U. S. EIA. Most of the balance of the petroleum used in the 

country goes toward aviation gas and diesel fuel used primarily in trucking, off road equipment 

and rail transportation.  

 

This country literally runs on gasoline and diesel. And our entire society is geared around this 

form of transportation and that fact is not going to change without a major social upheaval that 

would not be good for the country no matter what the reason.   
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The present inventory of vehicles in this CTS classification is a bit over 230,000,000 according 

to the U. S. Government with production running around 16,000,000 vehicles a year and 

retirement and scrap running around 13,000,000 vehicles per year giving a net gain of about 

3,000,000 vehicles per year in very rounded numbers as there is a high degree of variability in 

these numbers.  The average life of a vehicle in the United States is 12 years.  
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As the Chart about clearly shows the growth in the United States inventory was in Pickup Trucks 

and SUV's which went from about 50 million in 1990 to almost 100 million vehicles in 2007 

while passenger cars held steady at between 130 to 140 million. The total miles driven in 2007 

by this class was 3,016,650,000,000 miles so by looking at these two charts we can see that the 

fleet average in the United States was 20.1 MPG for 2007.   

 

With U. S. domestic petroleum production on a downward path drawing in more and more 

petroleum from offshore it can clearly be seen that even doubling fleet MPG to say 40.0 would 

not create energy independence.  At current levels that might reduce imports by 1/3 but since 
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there will soon be 250,000,000 vehicles in this CTS class it would take almost 20 years to 

convert this fleet at current production rates.  See the next chart for domestic production of cars 

and trucks and SUV's. The focus on large vehicles can clearly be seen in the trend lines, and 

those vehicles were the profit center of GM Ford and Chrysler. 
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APPENDIX H, ENERGY PAST 

 
In the United States we use a lot of energy, there is no denying that.  We also have the highest 

standard of living of any major country, especially one with as diverse a population as we have.  

The production of energy and its efficient use is one of the key factors in getting us to where we 

are now.  Any policy that does not find a way to continue this production and use of energy will 

result in a decline in the way we live.  That does not mean that we should not find the best ways 

to produce energy or that we should waste it, it only means that if we expect to grow we will 

need more and more of it. The following Chart shows the major classes of energy produced in 

the United States from 1990 to 2007.  

 

Since the numbers involved are very large and there are many different kinds of energy ranging 

from coal and oil to nuclear and wind power the generally accepted unit of measure is the Quad.  

One Quad is the amount of power generated by 10 1,000 mWh power plants. Or one Quad is the 

energy contained in 166.7 million barrels of oil. 
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What can be seen in the Chart on the previous page is an increasing use of Electric Power and 

Petroleum.  The All Other Energy is mostly heating and processes as used in industry.  The 

explanation for that is manufacturing has moved off shore as well as being more efficient. 

 

But an explanation of this Chart is probably in order since it was not developed from the source 

of the power i.e. coal, oil, natural gas etc. For example Electric Power in made from Coal, 

Natural Gas, Uranium and Hydroelectric.  Electricity is an energy carrier not the source of the 

power. Oil is the source of the power but it must be converted into that power by either being 

burned for heat or burned in an automobile engine to drive the car.  

 

The advantage of Electric Power over Oil is that it tends to be more efficient.  The disadvantage 

is it can not be stored. The advantage to Carbon based is that it can be stored.  The disadvantage 

is it is less efficient (especially when distributed in small generators like cars and trucks). 
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The next Chart above was created directly from U. S. EIA data released in April 2008.This 

energy forecast is a bit low in my opinion but more bothersome it depends on oil and coal for the 

preponderance of the required growth. Nuclear shows a small increase and Natural gas hold even 

or goes down some. Hydroelectric is more or less at maximum now so no change. Surprisingly 

Renewables being mostly wind solar power show growth only a doubling in 20 years.  Given all 

the issues with coal and oil that is very surprising.  
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APPENDIX I, ENERGY FUTURE 

 
We have already looked at where we are with Energy in the United States but where to we want 

to go from here?  There has been lots of talk about energy independence, reducing green house 

gases and alternative energy especially as relating to petroleum products.  The problem with all 

the programs that I have seen is they are either Political Smoke or are focused on only one aspect 

of the problem not to the integrated whole that comprises the United States energy production 

and delivery system. Worse yet with the time lag inherent in building power plants and in 

retooling factories decades would be required to make a difference. 

 

But since we can not ignore the twin problems of CO2 emissions and the petroleum supply 

shortfalls we need to start now doing something.  The following Chart takes the actual power 

generation for 2007 of 101.5 Quads according to the EIA and uses it as the starting base for 

setting direction.  Then we look at how much power we will probably need in 2050 and 145.0 

Quads is not an unrealistic number.  Then we set a power generation policy to minimize CO2 

emissions within that time frame.  This Chart reflects theses objects and shows what kind of a 

change is needed if we are really going to make a difference. 
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To go from 101 Quads to 145 Quads would mean that CO2 would go from 6,000 mmT to 8,600 

mmT of CO2 if nothing changed. And that is something we don't want to happen for two 

reasons.  The first being that emi8ssion of CO2 would be way over the 575 ppm limit thought to 

be critical. Second reason is the world supply of oil could never support that growth. 

 

The power generation mix shown in the previous Chart would result in about 3,300 mmT of CO2 

being emitted in 2050 without CO2 sequestering.  That is shown here on the following Chart. If 

CO2 sequestering can be perfected then CO2 emission could be as low as 600 mmT. That level 

is actually below the natural CO2 "sink" in the United States estimated to be around 800 mmT of 

CO2 per year so theoretically the United States could be a world net CO2 sink if this energy plan 

were followed.  The following Chart shows the non CO2 sequester emission rate but it does not 

show the natural "sink." 
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If we combine all these factors into one Chart as shown on the next page we can see that CO2 

emissions can, in fact, be less than zero by 2050. Where that is actually ever achieved or not is 

not the issues, what is the issue is that in theory it could be achieved and therefore reducing 

global emission for "real" can be achieved.  
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One technical not and that is in using the charting options in excel that are available and trying to 

plot this complex relationship did not mesh well.  The Chart on the next page, the result of the 

mesh, is therefore not perfect but it does show that the possibility exists. 
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A question may be asked as to why to we continue to use coal, why not just eliminate it?  There 

are two parts to the answer.  The first is that wind and solar are not suitable for base load power 

as electricity can't be stored and must be generated and used simultaneously.  Supply must equal 

demand.  This plan already makes the maximum use possible of that kind of power.  The second 

reason is that since we want to get rid of using Natural Gas for power generation that leaves only 

nuclear and coal for base load.  Putting all your eggs in one basket i.e. either coal or nuclear 

would probably not be a good idea so we do a split.  However, by going to new more efficient 

large coal plants we gain the ability to do CO2 sequestering which solves the issues of what to do 

with that last major CO2 source.  

 

There is one last question to answer in regards to power generation and that is increases in 

efficiency a theme often used by politicians in there campaigns when promising to improve 

things.  How often have we heard that claim over the decades in regard to government waste, 

health care costs and now energy consumption? What is amassing is that government which has 
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the worst records of doing things efficiently is always touted as being the solution to the 

"inefficiencies" else ware. 

 

This last Chart in this section is a graphic that shows energy production in the United States from 

1949 to 2007 using EIA date from their website.  In the early '70 we experienced an oil embargo 

from the OPEC countries as punishment for our support of Israel. That "oil crises" resulted in an 

awareness of the importance of energy and in energy efficiency.  The red line shows the energy 

trend from 1949 to 1977.  The green line shows the energy trend form about 1982 to the present.  

There is clearly a shift downward in the trends or mathematically the scope of the curve has been 

reduced.  Most appliances and devices that use energy have been made very energy efficient 

already and although there is always a bit more that can be done when you have an electric more 

running at 95% efficiency how much more are you going to get?  The point being made here is 

that almost all the major efficiency gains have already been achieved. 
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APPENDIX J, ENERGY FORM  
 

One of the problems facing any "policy" change in energy, or any other area for that matter, is 

getting the people to agree on what that new Policy should be.  Unfortunately there is plenty of 

debate on energy direction and few of the more vocal players have a real plan in mind. But there 

is one that that is an exception. One of the founders of Greenpeace, Patrice Moore, has come to 

the conclusion that Nuclear power plants are better than Coal powered plants and so he is now 

promoting Nuclear power as a solution for stopping greenhouse gases. He also holds many other 

views and opinions that have brought him into conflict with the organization he was once a 

major part of. 

 

In a recent interview with Christine Pratt of wenworld he was asked about some recent very 

personal attacks on him by his former associates. Moore's response was, "Personal attacks are 

not a debating point, nor are they an argument in a discussion. They are a diversionary tactic, 

indicating that the person is incapable of a rational discussion of the actual subject at hand." 

 

Moore is right on, for what we find way to often is that if someone doesn't agree with a point of 

view of another that they go on a personal attack to destroy the person rather than debate the 

"facts" of the issue at hand.  This method services no purpose what so ever and is one of the 

reasons we become so polarized on issues.  It’s the old "kill the bearer of bad news" affect that 

allows some to avoid facing the truth of an issue. 

 

If a way could be found to bring all these diverse groups like: "Greenpeace" the "Sierra Club" 

and other "Environmental" groups together with industry associations such as Nuclear Energy 

Institute, NEI, and the government labs like the National Energy Renewable Energy Lab, NREL, 

for resolving the issues and not wasting effort in fighting each other maybe something could get 

done. This idea of a public "Energy" Form belongs to Richard Medvick a Senior Engineer at 

Swagelock here in Cleveland. Dick would have them in an open Pubic Debate, I'd bring them to 

Cleveland and lock them in a room with armed guards and not let anyone of them out till they 

agreed to work together for the common good. 

 

But Dick's method is the better one and that would be another project that should be done in 

Cleveland in support of this electric conversion process. 

http://wenatcheeworld.com/apps/pbcs.dll/article?AID=/20080605/NEWS04/641779115/1001
http://www.greenpeace.org/usa/
http://www.sierraclub.org/
http://www.nei.org/
http://www.nrel.gov/
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APPENDIX K, THE GRID 
 

The chart below shows the major regions comprising the U.S. and Canadian power distribution 

system also know as the Grid. The Grid is made up of all the power generating plants and the 

212,712 miles high voltage AC and DC lines connecting them. This system has been called one 

of the engineering wonders of the world since it is unbelievably complex and operates at very 

high efficiency and reliability.  Legislative changes made over the last decade or so resulted in 

the debacle that was ENRON and the brownout in California which shows what happens when 

the federal government gets involved in working systems.    

 

 

 
 

The next Graphic on the following page shows the major interconnects of the various regions. 

Since it is not the purpose of this analysis to get into the details of the power distribution system 

in the United States these pictures are shown only to give the reader a feel of the complexity of 

the system.  And as stated, but it can't be over stress, the supply must equal demand at all times 

day and night.  Electricity can not be stored and must be used at the rate it is generated … or 

generated at the rate that it is used. 

 

Of note however is that since the change in power regulation and the divesture of generation 

form transmission and billing that the distribution system has been neglected.  It is my 
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understanding that the existing transmission lines are at about 90% capacity and so it can be seen 

that a major push to increase electric power generation to replace petroleum will run into a real 

major physical road block with the transmission lines. 

 

 
 

By shifting the bulk of the United States energy production and use to electric the system goes 

from roughly 40 Quad now to 130 Quad in 2050.  There is obviously no way the existing 

transmission lines already at 90% could handle a 325% increase in use.  So does this mean this 

system can't work and we are stuck with CO2 emissions from petroleum? 

 

The benefits of this conversion to electric power are so great that serious work needs to be done 

on setting up a distribution system to handle these kinds of power flows. Looking hard at new 

systems of distribution lead us to other forms of distribution in particular the United States 

highway system.  Between the Federal Interstate system and other Freeway style highways there 

are 216,712 miles of freeway style roads in the United States. A number very close to the Grid 
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miles so the thought occurs could the two be combined?   The  image below shows the Interstate 

System and it goes where the people are just like the Grid. 

 

 
 

The answer is yes they could be combined.  It took 40 some years to design and build the 

interstate system and so since the right - a - way's are already there it shouldn't take that long to 

put in a power Grid below the existing highways.  Under ground power lines are nothing new 

most cities already distribute their power that way.  And there are major benefits to doing this. 

 

The system would be more secure. The system would be more efficient. The system may be able 

to take advantage of high temperature super conductivity and the system could also be used to 

put in a high speed fiber optic secure data transfer system.  The efficiencies gained here could be 

significant enough that the overall power generation could be reduced.  About 1/2's of the 

existing electric power generated is lost in transmission. 

 

Tearing up the interstate system and replacing it with this combined system would probably cost 

about $10,000,000 per mile or about 2.2 Trillion dollars.  A big number sure but spread over say 

25 years that is only 86.7 billion dollars per year. The hundreds of thousands of construction jobs 

that would be created alone justify doing this. 

 

Since using electricity is the only realistic method available to us "now" to solve the twin issues 

of CO2 emissions and petroleum demands, it would seem that some way should be found to get 

this electric conversion started. This process would be very expensive but there is also a major 

benefit to this conversion as the equivalent cost of electric power on a per gallon of gasoline 
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basis is between $1.00 and $1.50 per gallon.  Even adding in the Federal and State highway taxes 

would not put the electric equivalent above $2.50 a gallon.  With gasoline likely to hit $5.00 a 

gallon in the next 12 months this would be a major reduction. 

 

The Chart below show a possible conversion path of the old Grid in to the new Grid as proposed 

here in this section. Since both systems need to be in place initially the Grid capacity at first rises 

and then drops off as the old system is dismantled.   
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By placing a special conversion tax on gasoline of 20 cents per gallon starting now and adding 

20 cents per gallon each year the entire conversion cost could be financed this way.  That tax 

would also encourage the switch to electric cars so it serves two purposes.  Although this is 

technically doable it would need to be sold to the public in a way that they could buy the 

inconvenience and cost.  Personally I think that it is possible as the American people have 

always shown that they can do the impossible.  Remember no one but Americans have ever gone 

to the moon. And this project is not as difficult as the building and launching the Saturn V 

rockets in under 6 years. 
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APPENDIX L, GRID OWNERSHIP 
 

Federal Ownership of major initiative have often gone astray, The Social Security Trust Fund 

and The Highway Trust Fund are two examples. It is not the intend here to get into the various 

ways that both these programs have been misused but both political parties, so we will not.  

However any "serious" study of these programs will show hove the money was mismanaged and 

we can not allow that to happen again.  That means that politicians have to be kept out. 

 

One way to accomplish this is as follows.  A corporation would be created and every American 

Citizen with a valid driver's license would be issued one share. This is after all about personal 

transportation. The shares would not be negotiable and would be returned to the corporation on 

the death of the holder.  The Corporation would be authorized to levy a special tax on gasoline 

and diesel fuel of $.20 per gallon per year as soon as it was formed.  This corporation would also 

be able to charge a transmission fee to any power company wishing to use the new Grid.  That 

fee would be determined by the officers of the company at such time as enough of the new grid 

was in place such that it would be able to do business.  

 

The governing Board of Directors would be chosen as follows. The electric power companies 

would get one seat.  The petroleum industry would get one seat. The Coal industry would get one 

seat. The U. S. environmental organization would get one seat.  The financial services industry 

would get one seat. The U. S. President would get to pick one Director. And five directors would 

be selected by the vote of the shareholders.  A accounting firm not otherwise engaged with the 

corporation would be charged with finding a suitable method of picking this representative and 

have the shareholders vote on them. 

 

This is just a very rough outline and a great deal of effort would need to be put into the operating 

and management set up of this corporation as it would end up being responsible for billion of 

dollars in operating funds and have a very large cash reserve. 
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APPENDIX M, ELECTRIC TRANSPORATION 
 

Today there are well over 250,000,000 individual vehicles (cars, pickup trucks and SUV's) on 

American roads used mostly for personal transportation as shown in Appendix E. They all use 

some form of ICE (Internal Combustion Engine) as the power generating source for motion.  

They also all use some derivative of petroleum as the fuel i.e. gasoline, E85 or diesel fuel and 

thereby emit million of tons of CO2 into the atmosphere.  

 

The solution to CO2 emissions and dwindling oil supplies can be solved by switching personal 

transportation from gas/diesel fuel to electric power. From an all electric vehicle production 

point of view that process could be started today with existing technology and, in fact, several 

automakers are planning on introducing electric or electric hybrid cars by 2010. 

 

Since all electric cars have been built in the past and are now being built again the only issue 

remaining is the range of the electric vehicles. Once that issue is solved there is no reason not to 

make the switch.  That issue will be discussed in detail the next section. Suffice it to say here that 

there are at least two methods available to achieve that. The following chart shows a suggest 

conversion path starting in 2013 at 2.5% and hitting 90% by 2025.  Obviously the ICE vehicles 

go from 98.5% in 2013 to 10% in 2025. That quick of a conversion is possible in the auto 

industry since no new technology is required. 

 

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

A
n

u
a
l 

P
ro

d
u

c
ti
o

n

automotive predictions to 2050

Production Switch IC to Electric

Production IC Vehicles Production Electric Vehicles

 



 55 

Even with this relatively quick conversion in production from ICE to electric it will still take 

until 2050 to purge the system of gasoline and diesel power cars. There are after all 250,000,000 

vehicles that need to be replaced as well as keeping up with the new requirements of the growing 

population.  It should also be a factor here since this is going to be financed by Americans that 

imports would be limited to some small percentage.  The offset to this would be that foreign 

companies would be allowed to set up production factories in the United States if they wanted to 

participate in this program.  This is an American program for Americans. 

 

The Chart on the next pages shows this long process by plotting the estimated inventory of ICE 

vehicles and all electric vehicles.  Along with this we plot gasoline consumption versus the 

equivalent gasoline that would have been used had this conversion not taken place. An 

assumption used in this projection was that the inventory of personal transportation would 

approach 400,000, 000 vehicles by 2050. That number is consistent with the Census Bureau 

forecast of people living in the country at that time.  The actual number does matter here so 

whether it was 400 million or only 300 million the logic and the program are the same.  The only 

affect that would have is to make the conversion finish up sooner that 2050.  
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There are no technical hurdles to making this change the current growth in production of hybrid 

vehicles proves that.  The only difference between the hybrid and the all electric is there is no 

ICE engine and there is a bigger drive motor and bigger battery. 
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As previously mentioned there is an advantage to the consumer here with reduced vehicle 

operation costs and as is shown here in the Chart below in the estimated annual operating costs 

for ICE vehicle and BED vehicles. 
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APPENDIX N, CHARGING METHODS 
 

Since we have decided on electric cars as the logical choice to replace ICE gasoline powered 

vehicles and we have also come up with a way to produce and deliver the power required for the 

all electric vehicles all that is left is finding the best way to charge them.  There are three basic 

methods available to charging electric vehicles.  This is independent of battery size and it should 

be noted as the total power needed to charge remains constant assuming equal efficiency of the 

charging methods.  Also the battery size or capacity for holding a reversible chemical equivalent 

to electricity only determines the range of the vehicle not the total power needed.  Better 

batteries mean either cheaper systems or smaller batteries for a given range. 

 

If the battery is thought of as the fuel tank equivalent in an ICE vehicle the following analogy 

would apply.   The typical modern ICE vehicle has a gas tank of about 10/12 gallons which gives 

a driving range of about 300 miles. That is what car manufacturers plan for and as fuel economy 

has gone up the size of the tank has gone down accordingly.  Tanks twice that size, or more, 

were common prior to the '70s. Today the battery technology available would result in a 2/3 

gallon fuel tank giving the vehicle a driving range of about 60/80 miles.  That is what prevents 

the vehicles from being in production right now. 

 

However with CO2 emissions and the high probability that oil is running out there are other 

reasons to switch even with that short range.  It is also anticipated that like anything else that has 

been brought to market, high production drives down prices and increases performance.  So it 

would be expected that as BED production increased batteries range would be extended, maybe 

even  to what we expect now with ICE powered cars. 

 

So the last issue is how to we charge these batteries and we are then back to the three methods 

that were mentioned in the first paragraph. The first method is plug in charging.  This would be 

nothing more than plugging a cable from the vehicle into an appropriately configured outlet.  The 

only difference between this and filling a tank with gas is the time it takes to charge the batteries.  

Most batteries requires relatively long charge times that are well beyond what one might be 

willing to wait for at an electric charging station. The almost complete lack of places to charge 

other then a home installed outlet limits present vehicles to curiosities or toys. 

 

The second method is battery switching. For this method to work batteries would need to be 

standardized into only a few variations. One or two with three at most sizes.  Charging is still 

required but if an Electric Charging Station had a supply of easily removable already charged 

batteries available then a car could pull in and switch a used battery for a charged battery.  

Similar systems are already used in industry with electric lift trucks.   Converting the existing 

gasoline filling stations into battery change out stations is very doable and they are in the right 

places now so it makes a lot of sense. 

 

The batteries would be owned by some third party and with RFID technology keeping track of 

them so control is not an issue today. Swapping out a battery could probably be done for under 

$40.00 including the labor to do it.  Initially this might take a bit longer that a gas fill up but as 

methods were perfected it would soon be much the same. 
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The third method has the potential to be better than the first two but it would take more work to 

develop.  This method depends on the power cables berried in the highways.  At appropriate 

intervals the Grid power would be tapped and turned into a form suitable for inductive charging.  

An appropriately equipped vehicle could then be charged while driving.  The advantage of not 

having to switch batteries and having almost unlimited driving range make this option well worth 

reviewing to see if the technology we presently have can make an affordable system using this 

method.  There would be more cost in the highways but less cost in the batteries since no 

switching would be required.   

 

If this system were expanded into the normal road ways at some future time we would totally 

eliminate telephone and power poles from the country.  And since there would be no need to 

pack people into congested areas families could own their own homes just like they strive for 

now. Paying for the electricity would be a simple mater of electronically monitoring the usage on 

each vehicle through the onboard computer and sending that usage to the power company for 

billing. Although this method is more sophisticated that the first two methods there are major 

advantages to this system in ease of use and the resulting aesthetic improvement to the 

community to name a few. 
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APPENDIX O, ANALYSIS OF BASE LOAD PLANTS  
 

In the section of Future Power, Appendix I, in this White Paper existing power plants are closed 

down and replaced with Base Load Power Plants that are designed as new high efficiency plants 

as quickly as possible. It is assumed that they are Coal (with CO2 sequestering if possible) and 

Nuclear. The following table below, Table 1, shows the key variables and factors used to 

generate all the Charts that follow.  

 
TABLE 1

Capacity Plant Size Construction Operating Costs in mills Size

Type % Typical Units Costs Units O&M Fixed Area units

Nuclear 90% 1,350   mWh 2,100 kWh 0.47 per kWh 63.68 per kWh 4,500,000     m2

Coal 85% 1,200   mWh 1,300 kWh 4.32 per kWh 25.91 per kWh 3,500,000     m2

Photovoltaic Solar 20% 20        mWh 5,000 kWh 0.01 per kWh 10.99 per kWh 625,000        m2

Wind Turbines 40% 200      mWh 1,500 kWh 0.01 per kWh 28.51 per kWh 20,000,000   m2

Hydro-electric 25% 500      mWh 1,500 kWh 3.3 per kWh 13.14 per kWh 150,000,000 m2

Fuel Cell 90% 10        mWh 4,520 kWh 45.09 per kWh 5.32 per kWh 15,000          m2

Most of the information in the above table 4 is taken from EIA Energy Outlook Report for 2007

with the exception of the area figures were derived from Wikapedia sources.

Capacity factors for Wind and Solar PV are shown as the high end of accepted estimates

101,621,000          Convert mWh to Quads  

8,766                     Convert hours to years 

2,589,988              Convert Sq Miles to Sq Meters

 

The first Chart shows the number of plants required to support the power requirements as 

described in this Paper. One assumption that was used is the only 100 of the existing coal fired 

plants are kept and only 50 of the nuclear plants are kept.  Those numbers can be seen on the first 

Chart.  That assumption and the resulting Chart would not be 100% accurate since the existing 

"older" plants would not just be closed down.  This Chart is therefore a simplification of what is 

there and would not be the actual plan.  At this stag of the planning purposes this simplified look 

is sufficient for and overview. 

 

The second Chart shows the total name plate capacity for these plants.  

  

The third Chart shows the accumulative costs of building these plants. What is shown here are 

the estimated costs based on what it would cost today.  With this big of a project standardization 

would be the norm and cost should be lower than the $1.23 Trillion being project.  Also new 

base power plants are going to have to be built anyway so this is not an additional cost in its 

entirety.  Probably a good portion of this amount is already being planed for. 

 

The fourth Chart show the area required for these plants.  For reference purposes Cuyahoga 

County is 458 square miles and the state of Ohio is 44,825 square miles in size. As can be seen 

the amount of land available for building these plants is nominal. 
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APPENDIX P, ANALYSIS OF PEAK LOAD PLANTS 
 

In the section of Future Power, Appendix I, in this White Paper new Peak Load Power Plants 

using renewable energy are constructed as quickly as possible. It is assumed that they are Solar 

PV and Wind Turbines located mostly in the American West. The following table below, Table 

1, shows the key variables and factors used to generate all the Charts that follow.  

 
TABLE 1

Capacity Plant Size Construction Operating Costs in mills Size

Type % Typical Units Costs Units O&M Fixed Area units

Nuclear 90% 1,350   mWh 2,100 kWh 0.47 per kWh 63.68 per kWh 4,500,000     m2

Coal 85% 1,200   mWh 1,300 kWh 4.32 per kWh 25.91 per kWh 3,500,000     m2

Photovoltaic Solar 20% 20        mWh 5,000 kWh 0.01 per kWh 10.99 per kWh 625,000        m2

Wind Turbines 40% 200      mWh 1,500 kWh 0.01 per kWh 28.51 per kWh 20,000,000   m2

Hydro-electric 25% 500      mWh 1,500 kWh 3.3 per kWh 13.14 per kWh 150,000,000 m2

Fuel Cell 90% 10        mWh 4,520 kWh 45.09 per kWh 5.32 per kWh 15,000          m2

Most of the information in the above table 4 is taken from EIA Energy Outlook Report for 2007

with the exception of the area figures were derived from Wikapedia sources.

Capacity factors for Wind and Solar PV are shown as the high end of accepted estimates

101,621,000          Convert mWh to Quads  

8,766                     Convert hours to years 

2,589,988              Convert Sq Miles to Sq Meters

 

The first Chart shows the number of plants required to support the power requirements as 

described in this Paper. One assumption that was used is the existing install base for solar PV 

and Wind turbines are assumed to be modeled on the numbers shown in Table 1.  Those numbers 

can be seen on the first Chart.  That assumption means that the resulting Chart would not be 

100% accurate since the existing "older" arrays are somewhat different.  This Chart is therefore a 

simplification and would not be the actual plan.  At this stag of the planning purposes this 

simplified look is sufficient for and overview. 

 

The second Chart shows the total name plate capacity for these plants. 

 

The third Chart shows the accumulative costs of building these plants. What is shown here are 

the estimated costs based on what it would cost today.  With this big of a project standardization 

would be the norm and cost should be lower than the $5.74 Trillion being projected.  Also like 

the base power plants some of these new peak power plants are going to have to be built anyway 

so this is not an addition cost in its entirety.  Probably a good portion of this amount is already 

being planed for. 

 

The fourth Chart show the area required for these plants.  The combination of the two is 49,534 

square miles.  For reference purposes Cuyahoga County is 458 square miles and the state of Ohio 

is 44,825 square miles in size.  This amount of land is the biggest obstacle that we are going to 

face if doing this much renewable is desired. 
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APPENDIX Q, TECHNICAL IINFORMATION  
 

Some discussion of automotive engines and vehicles in general is helpful to the evaluation 

process. We'll look at three types of power: ICE engines (Internal Combustion Engines) powered 

vehicles, Hydrogen powered vehicles, and electric powered vehicles. From a scientific point of 

view this is not the way to separated them but we do want to keep it simple. Also it might be best 

to go to Wikipedia and key in Thermal Efficiency for a more detailed understanding of 

efficiency related to power generation. The graphic below, taken for Wikipedia, is how thermal 

efficiency is determined is non scientific terms, the "nth" being efficiency. 

 

 

 
 

 

Petroleum Power Engines 

 

Virtually all vehicles on the road today are ICE engines (Internal Combustion Engines).  There 

are two basic types spark ignition (Otto cycle) and compression ignition (Diesel cycle) and many 

variations basically centering on fuel delivery and exhaust gas handling.  Keeping it simple 

(although not technically correct) the efficiency of any ICE is directly related to compression 

ratio so Diesel engines with higher compression ratios have a higher practical efficiency over 

Otto cycle engines which are the ones in most vehicles. The maximum efficiency of the Otto 

cycle is about 60% and stationary engines have been built that get close to50%.  The average is 

probably more like 35%. Diesel engines run a bit over that maybe even 40% 

 

 

Otto cycle efficiency is 

 

 

Diesel cycle efficiency is 

 

 

Over 100 years of intense effort by million of engineers have taken the ICE about as far as it can 

go in improved efficiencies. Improvements now are achieved by doing things like turning off 

cylinders which does not change theoretical efficiency it just run the engine in a smaller size 

configuration which gives a small increase in fuel economy.  Many of these "improvements" also 

add weight to the vehicle and that extra weight subtracts from the gain as will be explained later 

in this section. 

 

Hydrogen Powered Engines 

 

Hydrogen powered vehicles were once thought to be the replacement for all the ICE petroleum 

based vehicles we now use. Using hydrogen for fuel and taking oxygen from the atmosphere 

(Like an ICE) with the byproduct of burning hydrogen being water was the perfect system. 

Therefore no pollution and it didn't use gasoline. The author of this paper holds patents in both 
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ICE and Fuel cell technology and was originally a supporter of this technology until he came to 

appreciate the problems inherent with this system.  

 

In theory a PEM fuel cell (the kind most effort has been placed on) will turn fuel into power at 

80% efficiency which is significantly above that of ICE engines. In practice that is going to be 

under 50% when all factors are considered. Those factors are the complex systems required 

support the operation of the PEM cell. So the difference is small to none in practice.   

 

Work has continued on developing fuel cell technology for decades in hopes that higher levels of 

efficiency could be achieved economically for the lure of zero emission was powerful today. 

Unfortunately, cost is a major factor and even with extensive effort and government support it is 

not likely that the cost of a PEM auto power plant could ever be brought down to anything close 

to that of an ICE engine.  The materials to make then are just inherently more expensive that 

those used to make ICE's 

 

The cost of production problem coupled with that of another issue producing the hydrogen for 

the fuel and it would seem that fuel cells will only be minor players in the personal vehicle 

market place. More on hydrogen later but before leaving this hydrogen powered vehicles 

category there is one other way to use hydrogen as a fuel. 

 

Hydrogen ICE has been suggested as an automotive power source.  If we take a slightly modified 

ICE and use hydrogen as the fuel rather than gasoline or diesel fuel then we have a cleaner 

burning vehicle.  It's not as good as a fuel cell but its better than gas or diesel. Some work has 

been done here and this direction shows some promise with the lower emissions and not 

depending on petroleum for fuel. 

 

Since the ICE engine is no different here from that disused in the first section we'll skip further 

discussion and move to the fuel source, hydrogen.  For any hydrogen powered vehicle to be 

commercially viable a good way must be found to make, store and deliver the hydrogen to the 

using vehicle.  None of that hydrogen infrastructure is now available nor is it even designed.  But 

let's look at the issues starting with hydrogen storage first. 

 

There are three ways now available to store hydrogen, as a supper cold liquid, as a compressed 

gas and then as part of some other element that can be attached and released chemically to the 

hydrogen. These are referred to as hydrides.  The most common method is storing hydrogen as a 

compressed gas. 10,000 PSI storage tanks are being considered here and they would work for 

either a PEM fuel cell or hydrogen ICE. 10,000 PSI storage tanks are like having a box of 

dynamite in you trunk, probably nothing would happen but if it did the car would be gone.   This 

obstacle is significant and may never be solved adequately to make a consumer product. 

 

But commercial vehicles like semi trucks and busses area different matter.  They are very high 

horse power heavy vehicles that run long and hard.  Fuel cost and operating efficiency are very 

important and the weight not as big an issues as in a personal vehicle.  Large very safe hydrogen 

storage tanks might work in this transportation segment.  This is a market where a premium up 

front cost can be justified by lower operating cost and diesel fuel is a major cost item for 

companies hauling things. 
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The most common way to make hydrogen is a thermal process using natural gas as the feed 

stock. So immediately we see that we are back to carbon based fuel.  The other way that would 

not use a carbon based fuel is electrolysis of water, using electricity to make hydrogen. So if we 

are going to have to make electricity to make hydrogen why not just use the electricity?  That 

thought takes use to electric vehicles, and the next session. 

 

Electric Powered Engines 

 

Large high efficient electric motors can hit over 90% efficiency. But we also need to control the 

motor and so speed control system must be added so any combined system is probably going to 

be around 80% efficient.  However, it can be seen that 80% is a lot better than either ICE or Fuel 

Cell designs and since the fuel cell design is really and electric drive to begin with why convert 

the electricity to hydrogen and then back to electricity in the vehicle.  Since no process can be 

100% efficient, in general, the fewer the steps the more efficient the process. 

 

Adding a battery to the electric motor and control system described about is going to reduce 

efficiency again, two times actually; electricity going in and electricity going out of the battery.  

However it might be possible to get the entire system to 60% which would be a big improvement 

over any other method. 

 

The only serious challenge to building an electric vehicle today is charging and either battery 

switching or inductive charging methods  have the potential to remove that last barrier. But 

before we move on a word on electric power generation is in order. A modern combined cycle 

power generating plant can reach 60% thermal efficiency.  This is possible because since it is not 

"moving" as in a vehicle addition systems can be added to squeeze out every last bit of energy.  

That can't be done in a moving vehicle as the added weight of those processes is more than 

wiped out by the weigh penalty that is added by the various devices. 

 

A 60% conversion from a fuel to electricity and a 60% conversion from electricity to vehicle 

power results in a combined cycle efficiency of 36% which as a lot higher then any other system.  

There are some additional looses in electric power transmission but then the costs of converting 

crude oil to gasoline also uses energy and so we can say those are potentially equal offsets.  

 

Vehicles in General 

 

Engine efficiency or power source efficiency be it ICE, PEM Fuel Cell or Electric motor is 

important to the engineer but the consumer cares only about their MPG rating of the car they just 

bought.  That rating was not considered very important prior to the $4.00 per gallon gasoline that 

we have today, so things have changed. That then leads us to combined engine and vehicle 

performance which is after all the only thing that matters to the buying public. 

 

The overall MPG rating of any vehicle will be determined by the weight of the vehicle, the 

rolling resistance, and the drag coefficient of that vehicle. It will also be heavily influenced by 

driving patterns. The vehicle weight, rolling resistance and driving patterns are the biggest 

factors in determining operating economy at low speed and the drag coefficient, frontal area and 

"speed" are the most important factors at high speed.  
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The power that a vehicle needs to move it is an offset against forces that are encountered by 

trying to move that vehicle. For example, try pushing you vehicle on a level road while in 

neutral.  It's not easy and it's even a lot harder if you try to move it fast.  That force is 

"resistance" and the following equation is a simplistic one for showing the relationship of the 

various "resistances" on moving vehicles. 

 

Cars face resistance as they move as shown in the following equation. Some sample numbers for 

the coefficients have also been supplied for reference. 

 

    Rtotal = Rair + Rrolling 
 

  Rair = (1/2)rV
2
SpCd 

   

  Where: 
  

  r    = mass density of air 

  V  = speed of the car 

  Sp = projected frontal area normal to direction of V 

  Cd = drag coefficient (0.3 for sports cars, 0.4 for cars, 0.5 for trucks) 

 

 

  Rrolling = Crw 
   

  Where: 
 

  Cr = coefficient of rolling resistance (=0.01) 

  w = weight of the car 

 

 

Modern vehicle designed in 3D CAD systems are very sophisticated assemblies that have been 

optimized for a particular purpose: fuel economy, carrying capacity, performance or general 

purpose.  Most of these objectives are mutually exclusive and that is why you can't have an SUV 

that gets 50 mpg. And you can't have a sub compact that hold 8 people and luggage. 

 

There are other kinds of vehicles besides the traditional ICE some of them are: fuel cell powered, 

hydrogen IC, steam powered, hybrid electric and an electric with an ICE generator to name just a 

few.  The only one of these that might be close to production is the hydrogen ICE truck or bus 

since it is nothing more that a traditional ICE using hydrogen instead of gasoline as described 

above.  However, the hydrogen IC has the same problem that the fuel cell car has of storing 
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hydrogen. No good and safe method has yet been developed for storing hydrogen and so there is 

still a lot of work to be done here. 

 

In addition hydrogen is currently made from carbon based products and so unless electrolysis 

was used with the power coming from nuclear, wind or solar it would do nothing to stop CO2 

emissions. Obviously by extension fuel cell cars have the same issue as well as being very 

expensive to manufacture. 

 

Conclusion 

 

This simplistic review and discussion is certainly not a detailed engineering review of the subject 

but it does shows us that an all electric drive vehicle is probably the best possible solution 

available to us today for solving the issues of emissions and oil supply. 

 



 70 

SOURCES OF INFORMATION 

 
 

Astrophysics http://hyperphysics.phy-astr.gsu.edu/hbase/solar/soldata2.html 

BEA, US Bureau of Economic Analysis http://www.eia.doe.gov/ 

CIA https://www.cia.gov/cia/publications/factbook/index.html 

CRU http://www.cru.uea.ac.uk/cru/ 

DOE, US Department of Energy http://www.energy.gov/ 

DOT, US Department of Transportation http://www.dot.gov/ 

EPA, Environmental Protection Agency http://www.epa.gov/ 

EIA, US Energy Information Administration http://www.eia.doe.gov/ 

IMF http://www.imf.org/external/data.htm 

IPCC Intergovernmental Panel on Climate Change http://www.ipcc.ch/ 

Junk Science http://www.junkscience.com/ 

LLNL, Lawrence Livermore National Laboratory https://www.llnl.gov/ 

NASA http://www.nasa.gov/home/ 

National Science Museum http://www.koshland-science-museum.org/index.jsp 

NAE, National Academy of Engineering http://www.nae.edu/nae/naehome.nsf 

NEI, Nuclear Energy Institute http://www.nei.org/ 

NETL, National Energy Technology Laboratory http://www.netl.doe.gov/ 

NREL, National Renewable Energy Laboratory http://www.nrel.gov/ 

NOAA http://www.ncdc.noaa.gov/ 

Oil price http://www.oil-price.net/ 

Petition Project http://www.oism.org/pproject/s33p36.htm 

PALEOMAP Project  http://www.scotese.com/climate.htm 

RITA Bureau of Transportation Statistics http://www.bts.gov/ 

SEED http://www.seed.slb.com/ 

The Oil Drum http://www.theoildrum.com/node/2143 

USCB, US Census Bureau http://www.census.gov/ipc/www/world.html 

UN Statistics http://unstats.un.org/unsd/databases.htm 

UNEP http://maps.grida.no/ 

UCI, University of California Institute of Transportation Studies http://www.its.berkeley.edu/ 

U.S. Highway Statistic http://www.fhwa.dot.gov/ohim/hs00/index.htm 

Wikipedia http://en.wikipedia.org/wiki/Main_Page 

World Energy Council http://www.worldenergy.org/ 

 

http://hyperphysics.phy-astr.gsu.edu/hbase/solar/soldata2.html
http://www.eia.doe.gov/
https://www.cia.gov/cia/publications/factbook/index.html
http://www.cru.uea.ac.uk/cru/
http://www.energy.gov/
http://www.dot.gov/
http://www.epa.gov/
http://www.eia.doe.gov/
http://www.imf.org/external/data.htm
http://www.ipcc.ch/
http://www.junkscience.com/
https://www.llnl.gov/
http://www.nasa.gov/home/
http://www.koshland-science-museum.org/index.jsp
http://www.nae.edu/nae/naehome.nsf
http://www.nei.org/
http://www.netl.doe.gov/
http://www.nrel.gov/
http://www.ncdc.noaa.gov/
http://www.oil-price.net/
http://www.oism.org/pproject/s33p36.htm
http://www.scotese.com/climate.htm
http://www.bts.gov/
http://www.seed.slb.com/
http://www.theoildrum.com/node/2143
http://www.census.gov/ipc/www/world.html
http://unstats.un.org/unsd/databases.htm
http://maps.grida.no/
http://www.its.berkeley.edu/
http://www.fhwa.dot.gov/ohim/hs00/index.htm
http://en.wikipedia.org/wiki/Main_Page
http://www.worldenergy.org/

