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Key Concepts:  
¶ 29.3 billion 1 square meter solar panels are required for 100% solar power in the U.S. based on 

current demand 24 hours a day, 365 days per year. 
¶ 29.3 billion 1square meter panels would cover 29,333 km

2
 which equals 7.2 million acres, or 

almost all of Maryland and Delaware. 
¶ If 1 square meter PV panels were manufactured at the rate of 1 per second, it would take 929 

years to manufacture 29.3 billion panels 
¶ The cost of a solar only approach exceeds $15.27 trillion 
¶ To meet all energy demands for transportation, industrial, and commercial-agriculture would 

require 176 billion solar panels and 5,574 years to produce 
¶ Mooreôs Law is not applicable to the production or deployment of solar panels 
¶ Increases in ñsolar cell efficiencyò have little impact on land area to produce utility scale power 
¶ Unsubsidized Solar has applicability in rural areas and developing countries with low population 

density 
¶ Googleôs Green Energy Project RE<C was canceled; ñRenewable energy technologies simply 
wonôt work; we need a fundamentally different approach; Suggest ñA disruptive fusion 
technologyéò 

Important Additional Supportive Papers 
Going Solar 
Solar Power Technology & Economics  

Abstract:  

This paper discusses a recently published business magazine article projecting massive growth in 
the solar industry over the next 20 years. We have analyzed the business, scientific, and 
engineering backgrounds of two well-known gentlemen quoted in the article and searched for 
business interests that would benefit from such growth either by way of early investment and subsidy 
capital or long term net revenue. We have analyzed the utility industryôs need to replace an existing 
440 GW of fully operational and cost effective generating capacity in light of its projected retirement 
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of plants due to age coupled with the potential increase in demand based on partial electrification of 
the transportation system. We conclude with the analysis of the feasibility of powering the U.S. 
electricity needs by a solar-only generation infrastructure based on system components and the 
feasibility of extremely large volume manufacturing, capital costs and the huge land areas required. 

Background: 
Peter Diamandis, Co-Founder & Executive Director of Singularity University, in Moffett Field, 
California recently wrote an article published in Forbes on-line magazine titled ñSolar Energy 
Revolution: A Massive Opportunityò The article starts off by stating Singularity Co-Founder and 
Google Director, Ray Kurzweil, ñprojects that the U. S. will meet 100% of its electrical energy 
needs from solar in 20 years.ò Mr. Diamandis also states that Elon Musk, Chairman of the electric 
vehicle company, Tesla Motors, SolarCity and SpaceX ñexpects solar power to provide 50% of 
Americaôs electricity in 20 years.ò 

Peter Diamandis is probably best known as founder of the X Prize Foundation. In 1980 he enrolled 
at MIT to study biology and physics where he graduated with a degree in aeronautical and 
astronautical engineering. In 1989 he graduated from Harvard Medical School. 

Ray Kurzweil graduated from MIT in 1970 and worked closely with the famed Marvin Minsky in the 
field of artificial intelligence. He is the recipient of the MIT-Lemelison award in innovation, and has 
received the National Medal of Technology from the White House as well as the National Inventors 
Hall of Fame under the U.S. Patent Office. He has received 20 honorary doctorates, and honors 
from three presidents and is the author of 7 books. His acknowledged area of expertise is in artificial 
intelligence and machine learning. In 2012 he was appointed a Director of Engineering at Google, 
heading up a team developing machine intelligence and natural language understanding. Google 
has since acquired Nest Labs which developed and sells the Nest self-learning thermostat for home 
use. 

Elon Musk received a BS in physics from the University of Pennsylvania and a BS in economics 
from the Wharton School. Mr. Musk is the respected founder or catalyst of Zip2, X.com-PayPay, 
SpaceX, Tesla Motors, and SolarCity. 

Discussion & Analysis: 
All three gentlemen are well educated and extremely accomplished in their fields. Mssrs Musk and 
Diamandis in physics & engineering; and Mr. Kurzweil in the field of artificial intelligence, computer 
sciences, and IT. Mr. Kurzweil is well known as a ñfuturistò and has an excellent record of predicting 
technology development paths. All three are rock solid American citizens who have spent a life time 
building a better future for all of us.  

These track records make people assume these predictions must be true. But are they? Should 
large institutional investors risk substantial capital based on these predictions? Should individual and 
family investors bet their retirement savings on these predictions? And perhaps most importantly, 
should public policy and national security be based on these predictions or is further due-diligence in 
order? The numbers are deceptively enticing to any business person. 

Since Mr. Diamandis did not reference specific statements with relevant context, an internet search 
was conducted to review these ñquotesò and their contexts. 

We start with Ray Kurzweil and a review of business and consumer publications. Many were found 
quoting Mr. Kurzweil to say ñin 20 Years virtually all power in America will come from Solar.ò The 
9billion.com news publication published an article so quoting him. The article indicates Mr. 
Kurzweilôs predictions are based on his ñlaw of accelerating returnsò which he derives from Mooreôs 
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Law in the semiconductor industry. Mooreôs law is often used to define technology development 
cycles and follows: 

Mooreôs Law: 
As has been observed, over the history of computing hardware, the number of transistors in a dense 
integrated circuit doubles approximately every two years.  

The law is named after Gordon Moore, co-founder of the Intel Corporation, who described the trend 
in his 1965 paper. Sometimes the time frame is shortened to 18 months based on Intelôs experience 
in increasing chip performance and speed primarily through the release of the next generation 
microcomputer chip. 

Another article also published in the 9billion,com says:  

such progress has led futurist Ray Kurzweil to project that solar technology will compete with fossil 

fuels, and will be able to provide 100% of the worldôs solar energy by 2030. The basis of his 

projection is the continual doubling of solar power every two years for the past 20 years. IT 

professionals might recall the concept of ñMooreôs Lawò in reference to computer chips. 

 

http://fusion4freedom.us/solar-energy-takeover-applying-moores-law-to-solar-power-technology/
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Mr. Kurzweil is a consummate IT professional. However he does not have a solid state physics 
background and has not concerned himself with the fundamental parameters surrounding Mooreôs 
law. One is chip die size. More transistor junctions cannot be put on a chip unless the silicon die is 
increased within certain practicalities. This issue is limited by a fundamental matter of physics based 
on atomic issues having to do with molecular cross sectional diameters of atoms and the interaction 
with free electrons traveling across a gap, as well as interconnection issues. 

In April 2005, Gordon Moore stated in an interview that the law cannot be sustained indefinitely: ñIt 
canôt continue forever. The nature of exponentials is that you push them out and eventually disaster 
happensò. He also noted that transistors would eventually reach the limits of miniaturization at 
atomic levels: 

It is projected that the end of Mooreôs law in terms of junction density will be reached no later than 

2016. That is an altogether different issue than the ability to increase performance and speed of 

microcomputer chips based on design optimization and investment in process capability. 

A recent article suggests that IBM and others are looking forward to the ñpost siliconò era and 
making significant investments based on the future needs. 

The use of Mooreôs Law to describe the photovoltaic solar business in terms of market penetration, 
fabrication and marketing and the appropriateness of solar to replace grid level baseload power 
generation does not apply; in fact, it confuses and misleads people who are not skilled or studied in 
the fundamental science. There three principal reasons: 

1. The appropriateness of solar to replace grid level baseload power generation. Solar in 
general, regardless of the collection system: ï photovoltaics or PV, concentrated PV, concentrated 
solar driving conventional steam turbine generators and thermal ð are extremely inefficient in 
comparison to their enormous size and cost. It has been noted that the earth receives more energy 
from the Sun in just one hour than the worldôs population uses in a whole year. The total solar 
energy flux intercepted by the earth on any particular day is 4.2 X 10

18
 Watt-hours or 1.5 X 10

22
 

Joules (or 6.26 X 10
20

 Joules per hour). This is equivalent to burning 360 billion tons of oil per day or 
15 Billion tons per hour. However the earth is spinning sphere close to 7,925 miles in diameter at the 
equator. Thus a fairly small amount of energy falls on a specific surface and for only a few hours at a 
time. Details are provided in Solar Power Technology & Economics.  

People often hear that up to 1,000 Watts of energy are available per square meter of surface area 
and that all of it can be converted from infrared and visible electromagnetic radiation produced by 
the sun into electricity. That is a serious misunderstanding. Even Robert Muller, Ph.D. author of ñ 
>Physics For Future Presidentsò accidentally made this mistake in his book. David MacKay uses 5-
20 watts of electricity per square meter of collection surface in his landmark book ñSustainable 
Energy ï Without the Hot Air,ò. 
 
We put an expert to the task of defining just how much electricity on average can be generated per 
square meter (1 meter = 39.34 inches.) The number is 37.5 watts, averaged over 365 days a year, 
24 hours a day, factoring in historical weather factors such as cloud cover, fog, etc., and in extremely 
well suited areas in the Southwest United States. A detailed report has been provided based on 
converting the current 440 GW generation capacity plus required margins with battery storage. The 
required amount of square land area to collect the required power is 29,333 km

2
 (7,248,342 acres); 

that is larger than the entire country of Israel and 50% larger than the state of New Jersey in the 
USA ï or nearly equal to all of Maryland and Delaware. It also equates to a square having sides 
171.3 km in length. In practicality the required area would be much larger for allowance between 
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panels to allow construction crews access and to periodically clean the panels as dust and dirt 
significantly affect conversion efficiency. This requires 29,333,333,333 (29.33 billion) solar panels 
and 4.4 million battery modules contained in a number 40 shipping container (40 feet X 6 feet 8 
feet,) covering a surface area of 130.8 km

2
 or a square with sides of 11.4 km with zero space 

between modules. This data is presented in a straightforward fashion for nonscientists in the 
publication ñGoing Solar.ò  

2. Manufacturing considerations. Twenty nine and 1/3 billion is a very large number of panels to 
manufacture. As pointed out in ñGoing Solarò it would take 929 years to produce this number of 
panels if they could be built at the rate of 1 per second. For comprehension, todayôs commercially 
available PV panels are standardized at 1.46 square meters and weigh about 40 pounds. 
Fabrication is a multistep process involving silicon crystal fabrication, cell construction, 
interconnection, back plane and frame. Each panel needs to be inspected, tested, and certified to 
meet specification. 
 
If a manufacturing rate of 1 panel per second could be achieved, it would take 929 years to produce 
29.3 billion panels one square meter in dimension. Todayôs current production panels weigh 
approximately 40 pounds and are complicated multi-component assemblies. To be clear this 
analysis is based on a panel 1 square meter in size. In reality panels differ in size according to the 
manufacturer and customer specifications. What does not change is 29,333 billon square meters of 
active semiconductor solar cell collection surface area must cover a similar amount of land area 
exposed to the Sun. 

3. Misapplication of Mooreôs Law to solar cell efficiency Improvements. 
The issue of solar efficiency is incomprehensible to the average person to say the least. First, 
available energy from the Sunôs electromagnetic radiation per a given amount of surface area is a 
function of many factors. This is explained in ñSolar Power Technology & Economicsò. Because the 
amount of ñharvestable energyò varies drastically based on longitude, latitude, prevailing weather 
conditions, and day of the year a series of charts has been prepared by NREL (and others) providing 
a simple bottom line Watt per square meter as averaged from all these factors. This is commonly 
referred to as insolation. 
 

Thus, the simple increase of solar cell efficiency does not have a proportional increase in electricity 
produced per square meter. In ñGoing Solarò the insolation number used in the analysis of a 100% 
solar replacement of the current U.S. generation capacity is 37.5 Watts per square meter. No 
amount of wishful thinking can alter this fact. Thus marginal increases in cell efficiencies have a 
negligible effect on the tremendous land size and number of solar panels to be manufactured. The 
following data sets illustrate this point. 

15% ñpanel efficiencyò This is the current state of the art for most production panels 
29,333,333,333 (29.33 billion) 1 sq m panels: 
29,333 km

2
 1 @ second = 930 Years 

1,100,000,000,000 ÷ 37.5 = 29,333,333,333 sq m ÷ 1,000,000 = 29,333 km
2
 v29,333 = 171.3 km X 

171.3 km square 

22% ñpanel efficiencyò This is the midpoint in published numbers for Silevo/SolarCity 
20,000,000,000 (20 billion) 1 sq m panels: 
20,000 km

2
 1 @ second = 634.2 Years 

1,100,000,000,000 ÷ 55 = 20,000,000,000 sq m ÷ 1,000,000 = 20,000 km
2
 v20,000 =141.42 km X 

141.42 km square  

http://fusion4freedom.us/going-solar/
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40% ñpanel efficiencyò This is only achievable in complex 2 gap cells with special optics 
11,000,000,000 (11 billion) 1 sq m panels: 
11,000 km

2
 1 @ second = 348.8 Years 

1,100,000,000,000 ÷ 100 = 11,000,000,000 sq m ÷ 1,000,000 = 11,000 km
2
 v 11,000 = 104.88 km X 

104.88 km square 

55% ñpanel efficiencyò This is the maximum theoretical efficiency based on physics.  
8,000,000,000 (8 billion) 1 sq m panels: 
8,000 km

2
 1 @ second = 253 Years 

1,100,000,000,000 ÷ 137.5 = 8,000,000,000 sq m ÷ 1,000,000 = 8,000 km
2
 v11,000 = 89.55 km X 

89.55 km square 

The Shockley-Queisser limit states that the maximum solar conversion efficiency of an ideal solar 
cell is around 33.7% assuming a single p-n junction with a band gap of 1.34 eV. 

The maximum practical limit for a tandem or dual cell is 47%.  

ñThe Physics of Solar Cells,ò Nelson, Imperial College Press, London, 2002, page 300, figure 10.9, 
states that the maximum theoretical efficiency of a tandem four terminal solar cell is 56% 

 

Solar cells work by converting sun light and infrared radiation into electricity. This involves a high 
energy photon striking the semiconductor portion of the solar cell and transporting electrons across a 

http://fusion4freedom.us/tandem-solar-cells/
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band gap boundary. For a comprehensive understanding of the physics involved see ñThe Physics 
of Solar Cellsò, as posted as a screen readable downloadable PDF.  

For simplicity the following explanation is offered. Visible Sunlight is composed of a broad spectrum 
of colors which correspond to increasing photon energy levels. The lowest energy photons come 
from infrared merging to visible red. The highest energy electrons come from violet and ultra-violet. 
The following is a high resolution graph of the visible electromagnetic radiation from the Sun.  

 

The chart below provides a specific photon energy value across the electromagnetic radiation 
spectrum starting with low frequency radio waves and ending with Gamma rays. The area of interest 
for solar cells is in the wavelength area of 800 nm to 350 nm. This represents an energy level of 1 to 
1.6 electron volts. An electron volt is a very small amount of energy at 1.60 X 10

-19
 Joules. One 

Joule is a Watt second. As can be seen it takes a strong energy flux density to make the solar cell 
produce useful amounts of electricity! 

 

 

 

  

http://fusion4freedom.us/energy/physicsOfSolarCellsNelson.pdf
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The amount of work done per captured photon energy flux can be increased if photons of different 
energies could be absorbed preferentially in cells of different wavelength band gap. If the solar 
spectrum could be split up and channeled into photon-converters of different band gaps, then more 
of the solar spectrum could be harnessed. Nelson describes this in pages 298-300 in ñThe Physics 
of Solar Cells,ò Impearl College, UK, World Scientific Publishing Co. Ltd., 2003-2008. Nelsonôs 
Figure 10.6 below shows a power available from optimized one, two, and three band gap systems.  
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Nelsonôs Figure 1.07 below illustrates one possible scheme for exploring multiple band gaps, where 
sunlight is split up by means of dichoric mirrors and directed on to cells of different band gap. 

 

Nelsonôs Figure 1.08 below illustrates two and four terminal configurations for tandem cells. In either 
case, short wavelength light is preferentially absorbed in the top cell, and longer wavelength light in 
the bottom cell. 

 

A complete copy of ñThe Physics of Solar Cellsò may be downloaded here as a PDF. 

 
> 
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The most efficient solar cell yet produced in the laboratory is 44.7% as shown in the above graph. 

Clearly Mooreôs Law has no application to the use of solar cells or the production of them. The 
fundamental limitation is the surface area of the cell or external lenses in the case of ñconcentrated 
PVò required to intercept a specific flux density of sunlight. As shown above increases of efficiency 
can be made with dual cells and even three cells which have a theoretical maximum efficiency of 
55%. However this requires breaking down the spectrum into discreet energy bands which are then 
focused on semiconductors that are spectrally ñtunedò to generate maximum voltage. This requires 
specialized dichroic prisms or filters and lenses. It also requires exotic semiconductor materials in 
terms of elemental components. This technique is sometimes referred to as ñconcentrated PV solar.ò 

A more common use of the term ñConcentrated PVò applies to the use of individual lenses which are 
used to focus or concentrate great energy flux density onto a smaller surface area of solar cell 
silicon semiconductor. The purported advantage of this approach is a reduction of the cost of silicon 
and other fundamental elements used in the semiconductor portion of the cell. This can be 
accomplished with lenses or parabolic reflectors. This results in a considerable price disadvantage 
when the cost of power per square meter is considered and the assemblies are complex and do not 
lend themselves to mass production; certainly not at one per second. Additional cost disadvantages 
of this approach are the extremely high temperature the solar cell is subjected to which must be 
dissipated by water cooled metal heat sinks. Whereas some advocates of this approach suggest the 
hot water traveling through the heat sinks has value, the fact of the matter is it does not. The water 
will never be hot enough to drive steam turbines for power generation and the solar sites are too far 
away for use in building heating systems. 

http://fusion4freedom.us/forbesanswer/PVeffTL.jpg
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Examples of a lens and a mirror concentrated PV 
system are shown below. 
 
 
In the case of lens based Concentrated PV Panels, 
the use of lenses requires a separation between the 
lenses and the solar cells based on the focal length 
of the lenses. This contributes to the complexity of 
the structure as well as to overall weight and cost. 
And the fundamental bottom line is that the mirrors or 
lenses DO NOT increase the amount of collected 
sun radiation per square meter of land. If anything 
they significantly increase the amount of land 
required because of the exotic construction. As can 
be seen Concentrated PV is not an appropriate 
solution for grid level power generation. 

Follow this link for an example of a government 
subsidized study to determine the feasibility of a 
concentrated Photo Voltaic solar configuration.  

Concentrated Solar should not be confused with PV 
Concentrated Solar as it was in one popular article in 
the9billion site where in the last paragraph they 
made reference to the Gemasolar plant in Spain.  

Concentrated Solar works by creating water steam 
pressure, or in some case vaporized salts pressure, 
by focusing sun rays captured by tens of thousands 
(or in the case of the Ivanpah project in California, 
170,000+) of mirrors and focusing those beams of 
collected sunlight on a coil located in a tower several 
hundred feet high. As the liquid or salts vaporize the 
high pressure turns a steam generator just as in a 
coal or natural gas fired plant. The initial benefits 
were thought to be the liquid or molten salts would 
stay warm for some time thus ñbuilding inò natural 
storage capability and reducing the need for battery 
storage. However, experience with Ivanpah has 
shown this does not work and its owners recently 
petitioned the State of California Public Utilities 
Commission to allow it to produce up to 30% of its 
electrical energy output from natural gas. Google is a 
principal investor in Ivanpah as well as in a molten 
salts Concentrated Solar project called Crescent 
Dunes in Nevada. Operating experience is not yet 
available from Crescent Dunes. 

  

http://fusion4freedom.us/solar-project-2mw-concentrated-pv-cpv-design-optimisation-mildura/
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The Crescent Dunes Solar Energy Project is a 
110 MW plant located near Tonopah, Nevada. 

 

Mooreôs second law. 

In the case of solar panel 
manufacturing Mooreôs second law is 
of far greater significance given the 
huge amount of manufacturing 
capability needed to produce solar 
panels in the required multibillion 
quantities. In the semiconductor 
business which is the core of the 
individual solar cells on each panel, as 
the cost of computer power to the 
consumer falls, the cost for producers 
to fulfill Mooreôs law follows an 
opposite trend: R&D, manufacturing, 
and test costs have increased steadily 
with each new generation of chips. 
Rising manufacturing costs are an 

important consideration for sustaining Mooreôs law. This has led to the formulation of Mooreôs 
second law, which is: ñThe capital cost of a semiconductor fabrication facility also increases 
exponentially over time.ò 

We have not found statements by Elon Musk providing percentage of electric power market share 
predictions. We have found numerous references to his vision and plans: notably, this short article of 
June 2014 stating that he wants to deliver 10 gigawatts watts of solar panels per year. But what 
does this mean? Does it mean panels will deliver 10 gigawatts of power 24 hours a day, 365 days a 
year to electricity users ï or does it mean he wants to install 10 gigawatts of panels which are 
specified to deliver that amount of power under controlled STC (standard test conditions?) There is a 
big difference. 

An examination of a Solar World Sunmodule SW 250 panel shows it to consist of 60 cells 156 mm X 
156 mm producing a solar panel approximately 1.46 m

2
. The panel is advertised to deliver 250 Watts 

of electricity under laboratory STC conditions. The specification provides an IV curveï where I is 
current in amperes and V is voltage. Current (amps) X voltage = Watts. Their curve shows that at 
STC laboratory conditions when the panel is illuminated at 1,000 W/m

2
 it produces slightly over 250 

Watts. The curve also shows that at the assumed insolation defined in Going Solar the amount of 
electricity is 50 Watts as defined in the insolation averages. Our precise calculation puts the true 
value at 54.75 Watts. 

Thus the actual power generated from one panel averaged over 24 hours, 365 days, is only 
21.9% of the output advertised.  

Production of 10 gigawatts of power based on the STC maximum 250 Watt capability of the panels 
would require 40,000,000 panels to be manufactured and delivered each year for Solar City to meet 
its goals. At a production rate of 1 panel per second they would require 1.27 years to produce. 

Production of 10 gigawatts of power based on the insolation factor of 37.5% Watts/m
2
 with operating 

panels in the real world would require 250,102,040 panels to be manufactured and delivered each 
year for Solar City to meet its goals. At a production rate of 1 panel per second it would require 7.93 
years to produce. 


