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Towards a Cooling Planet 
 
Abstract 
 
If one considers the amount of potential renewable power available to our civilization, it becomes 
quite obvious we have more than enough, now and into the foreseeable future. There are many 
who believe that it is only political will that stops us from cashing in on this natural, clean power 
bonus. We want to take a closer look at that argument from an industrial capacity point-of-view in 
this paper.  
 
The question we explore is simply, ‘Will our industrial base allow us to rollout and replace with 
renewables, 50% of our current fossil fueled power generation over the course of 65 years?’  We 
accept the 2010 worldwide totals for the various technologies generating power. We calculate the 
total power generation relying on fossil fuels. We look at the growth rate renewables must 
maintain in every 5 year period to reach our goal in 65 years. 
 
At the end of the paper we discuss the implications of our numbers and the industrial output 
required to achieve our 65-year build-out against a background of complicating factors. And 
finally, we consider human rationality itself and the role it plays in this vast undertaking. 
 

Introduction 
 
Our goal in this paper is to model the replacement of half our fossil fueled world power supply 
with renewables in 65 years. We want to look at the hypothesis held by many, that failure to 
convert the vast majority of our fossil carbon powered generators to renewables is only a political 
problem. A change in the political emphasis, in their view, would allow us to rollout renewables 
and thereby reduce the present undesirable level of CO2 production. The assumption in this 
belief is, when the political will to rollout renewables occurs, the industrial base and free market 
will respond with production to make it all happen. Is this assumption even theoretically probable?  
 
All renewable energy is diffuse energy in the sense that a huge collector is required to harvest it. 
Think about the size of hydro projects, wind/solar farms and the like. The size of renewable 
collectors is an issue when contemplating a massive industrial/installation rollout because of:  

• the huge resources required to build such large structures/machines in large quantities,  
• the substantial numbers of trained human talent required to play a part from production of 

these large machines to their installation/commissioning/operation, 
• the considerable surface area these structures inhabit upon the earth’s surface, 
• the number and length of supply chains required to maintain industrial output and, 
• the amount of raw materials used with some being rare and hard to find.   

 
In short there is nothing compact about renewable collectors, they are large and take huge 
resources to build. Therefore a massive industrial effort will be necessary in this effort. 
 

Assumptions 
 
In writing this paper we have made various assumptions: 
 

• the future is more or less the same as today, 
• we place no limits on resource availability other than time, 
• we place no weight upon all other parallel activities which must occur to support this 

project, 
• the world will be at least as stable as it is today and, 
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• we place no weight upon future infrastructure maintenance and creation. 
 
The Future 
 
For the most part, we don’t make predictions based upon anything that may happen in the future. 
We take various totals that are today’s (2010) current numbers and extend them into the future 
using a well-known algorithm from the calculation of compound interest. We assume that there 
will be no help from another energy source like nuclear fusion. We assume more of the same 
renewable technologies we currently have today. We ignore all future power generation rollout 
that is not part of this project and do not include it in our projections of industrial output. We 
acknowledge some kind of parallel renewables rollout must occur. 
 
Resource Availability 
 
We place no limits on resource availability except for time. The project must be completed in 65 
years after starting. In practical terms there are always limits to resource availability. In this paper 
we want to focus on the pure output required to carry out the project. The idea being that if we 
see a problem in production/installation/commissioning the energy harvesters with no constraints, 
then a real world rollout would be problematic.  
 
Technological Development 
 
We see technological development as a driver of efficiencies. Much of the new, planned 
generation will be circumvented.  It may not be needed because of efficiencies and the 
generation of negawatts. However, there will never be new sources of renewable power; we know 
them all now. As well, we assume that all technologies that harvest power will be made more 
efficient over the 65 year life of the project. Efficiencies may also be found in the amount of 
material substance required to make the huge energy harvesters. Even a few percentage points 
saved in raw materials required for each of these harvesters will allow for big material savings in 
the production of hundreds of Gigawatts of harvesters. 
 
Activities accomplished in parallel with this replacement model 
 
All development and industrial output must also support in parallel the following activities:  
 

• providing the new clean energy sources of power we need going forward into the future.  
• replacing household fossil fueled furnaces and water heaters with electrical versions in 

neighbourhoods that will be run totally on electricity,  
• upgrading the distribution wiring in those electrified neighbourhoods to support the huge 

increase in electrical use,  
• industrial capacity ramp-up to support the build-out of new future renewable harvesters 

and the like,  
• the grid must be made intelligent with the use of computer automation, huge batteries to 

level loads and sources, among other things,  
• and of course there is the ongoing production of trained manpower. 

 
Our analysis of industrial output to reach our goal of 50% replacement in 65 years ignores all 
these activities. We acknowledge that there exists the possibility that the industrial output (only 
partially listed above) may be larger than that required for the model we are building below in this 
paper.   
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Stability 
 
In order for us to dig our way out of the fossil powered thermodynamic trap we find ourselves in, 
our industrial output must produce in ways we, as a species, have never produced before. 
Stability must be pervasive across economies, suitable labour availability, resources including 
rare earth elements, funding, supply chains and global politics to name a few. The stability must 
also transcend assaults on our infrastructure, transportation systems and food supply as the 
ravages of global warming and social unrest/wars take their toll.  
 
In short, given the huge, daunting industrial rollout we face in the numbers below, we need a 65 
year window of stability on all fronts for those countries who are participating in the output and 
installation. Note that one has to go back in time to the building of the great European cathedrals 
in order to find projects that spanned more than 50 years in length. One question we face today 
is, can we be as focused and single minded as they were in the Middle Ages? 
 
Infrastructure maintenance and creation 
 
With increasing energy in the atmosphere and oceans, storms have more to draw upon when 
they get large. Many aspects of meteorological events involve applying great force to land areas 
resulting in the destruction of civilization’s infrastructure.  Those events plus a population growth 
of 2 billion will require infrastructure focused additions, upgrades and repairs. Infrastructure is one 
of our civilization’s greatest and most expensive artifacts. It is also the most costly to replace.  
 

Industrial Model 
 
Our goal is to understand the industrial effort required. Our model starts with the current numbers 
and totals for world production of renewable power. Using these current totals we extrapolate into 
the future using the current percentage of renewable power as a baseline. We plot out using the 
compound interest present value calculation used in finance to determine the build-out rate for 
the next 65 years. The nice thing about compound interest calculation is that it starts small but 
has great potential. Our timeframe is 65 years so we can afford to start small. We see this as 
helpful in planning an industrial rollout of huge proportions because:  
 

• there is a lead time built in allowing for growth in output to ramp up as manufacturing 
facilities/techniques are built/developed,  

• people are educated/trained into the needed skill sets and  
• governments and industry develop tax bases, budgets and business models that support 

the various projects over very long periods of time. 
 

The World’s Power Supply 
 
Thankfully the U.S. Energy Information Administration’s International Energy Outlook 2012 
[DOE/EIA-0484(2012) Release date: July 25, 2013]  provides us with a set of numbers for the 
total world energy consumption. It breaks it out by OECD and non-OECD countries plus it 
projects the energy usage into the future. Since we are not using any numbers that are 
projections in this paper, we base our calculations upon the sum of 2010 energy used. From the 
chart below, the worldwide total energy consumption for 2010 is: 281.7 + 242.3 equals 523.9 
Quads (Quadrillion British Thermal Units [BTUs]). 
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Consider the following chart from that July 25th, 2013 report: 
 
Figure 1. World energy consumption, 
1990-2040 (quadrillion Btu) 
  
  Non-OECD OECD

1990 154.4 200.5
2000 171.5 234.5
2010 281.7 242.3
2020 375.3 254.6
2030 460.0 269.2
2040 535.1 284.6

   
 
Like us you may not be familiar with the energy metric, ‘Quad’.  
 
One Quad is about equal to the energy in 54 million tons of coal, one trillion cubic feet of natural 
gas or 170 million barrels of crude oil. On a more practical level for this paper, one Quad is equal 
to 293.07 Terawatt hours (TWh) or 1.055 Exajoules (EJ) of energy.  
 
If we work with TWh we have to convert from energy to power to get Terawatts in order to plug 
that value into our charts below. The total for 2010 of 523.9 Quads is equal to 523.9 times 293.1 
equals 153,555.1 Terawatt-hours of energy. There are 365 times 24 hours equals 8,760 hours in 
a year so the size of the world’s 2010 power supply was about 153,555.1 TWh divided by 8,760 
hours equals about 17.5 TW. 
 

Current World Totals for Renewables 
 
Consider the following graphic 
 

 
 
The above graphic is based upon data from, ‘REN21 Global Status Report’. 
 
Total world power supply is 17.5 TW. 80.6% or about 14.1 TW comes from fossil fueled 
generators. Our goal in this model is to displace half the 14.1 TW with 7 TW of renewable 
generation over 65 years. The current 2010 total for renewable generation is 16.7% of 17.5 TW or 
2,922.5 GW.  
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On figure TS.10.1 on Page 132 of the Special Report by the IPCC entitled, “Renewable Energy 
Sources and Climate Change Mitigation”, the authors summarize 164 long term scenarios 
terminating in 2030 and 2050. By 2050 the most aggressive renewable energy production 
scenarios are charted in Category 1 to give the greenest and lowest atmospheric CO2 result 
(<400 ppm by 2100). There is a range of outcomes for these scenarios but their Median is about 
250 EJ (Exajoules). So how much power in TW does this represent in new renewable generation 
by the year 2050? We can convert the 250 EJ into Quads at 1.055 EJ per Quad equals 237.0 
Quads. One Quad is equal to 293.1 TWh so the total Median energy production from renewables 
in 2050 in this category is 236.97 Quads times 293.1 equals 69,464.7 TWh. The power supply 
from renewables by 2050 is therefore 69,464.7 TWh divided by 8,760 hours in a year equals 7.9 
TW. This power supply is larger than the project we outline in this paper. We want just 7 TW of 
new renewables over 65 years not 7.9 TW in 36 years, which is more in about half the time. The 
high end in this category is 12.7 TW of new renewables by 2050. 
 
We mention this IPCC work to demonstrate that our timeline and renewable build-out are not 
extraordinary in the least. It compares favourably with the Median of the most aggressive rollout 
scenarios published by the IPCC. 
 
The industrial challenge we present is to leverage our innovation, free market and industrial 
prowess to reach our goal.  
 
The charts we have constructed below vary by one non-carbon ingredient, Nuclear Power. Chart 
one starts off with renewables with no nuclear and chart two includes nuclear power. 
 

Capacity Factor (CF) 
 
It is important to introduce here the idea of Capacity Factor (CF) into this discussion. Each type of 
generator has a Capacity Factor assigned to it expressed as a percentage. Another value we 
need to know is ‘Nameplate Capacity’ because it is used in the calculation of Capacity Factor. 
The Nameplate Capacity is the generator’s maximum power output under idealized conditions. 
Our solar array’s Nameplate Capacity is 1.5 kW. What is our CF?   
 
The Capacity Factor is a ratio of what is generated over a period of time divided by what the 
generator could have generated over the same period of time if it was working at maximum 
(Nameplate Capacity) over the whole period of time. On a particular day we generate 6 kWh in a 
24 hour period. Our potential generation is 24 hours times 1.5 kW equals 36 kWh. So our 
Capacity Factor for that day is 6/36 or 16.7%. 
 
Consider the chart below of 2173 days starting March 1st, 2008 and ending February 11th, 2014. 
We crunched our daily CF. We see that our CF daily Median of 12.8% is between 12.2% and 
13.3%.  This value is in line with CF for solar PV at this latitude. Inside the Tropics the CF is 
about 20%. 
 

n  2173         
            

Mean  12.29%   Median 12.78%   
95% CI  11.97% to 12.61% 95.2% CI 12.20% to 13.33% 

SE  0.164%         
      Range 28.6%   

Variance  0.59%   IQR 13.89%   
SD  7.66%        

95% CI  7.44% to 7.89% Percentile     
      0th 0.00%  (minimum) 
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CV  62.3%   2.5th 0.56%   

      25th 5.00%  (1st quartile) 
Skewness  0.03   50th 12.78%  (median) 

Kurtosis  -1.26   75th 18.89%  (3rd quartile) 

      97.5th 25.09%   
Shapiro-Wilk W  0.95   100th 28.61%  (maximum) 

p  <0.0001         
 
Each kind of generator has a CF. When we plan the rollout in the charts below we take the 
Capacity Factor into consideration for each renewable we consider. Note that the current world 
power supply of 17.5 TW is power output based upon actual energy consumption. If we want to 
replace part of that power with ‘something else’ we need to add in the Capacity Factor to that 
‘something else’ to get its actual power output. 
 
Why is Capacity Factor used by energy planners?  
 
There are many answers to this question but in our opinion, one of the main reasons for using CF 
is to ensure that the proper amount of utility power generation is available at all times of the day 
and night. For instance, 20 MW (Nameplate Capacity) of wind powered generation might be 
installed. Planners might wonder how much energy the new generator will provide over time. Can 
they plan for 20 MW output all day and night from them? No, because the wind doesn’t blow all 
the time. So how much energy production should they plan for? CF helps out with this calculation. 
Over a period of time and looking at the data from these kinds of power plants we see that wind 
power has a CF of about 30%. In some parts of the world like in Denmark their turbines operate 
with a CF in the high 30s and low 40s. They are the best in the world at the moment. 
 
How do the planners use CF to plan for energy output from the 20 MW of turbines? They take the 
Nameplate Capacity and multiply it by the Capacity Factor to produce an output that can be relied 
upon to be there over some period of time. So in theory, their reliable monthly output is not 20 
MW times the hours in the month but 0.30 times that value. If the planners need the full 20 MW 
power output over the month, they would have to install 60 MW of turbines.  
 
We can make this same calculation for solar PV here in Toronto. Note that at our Latitude of 43 
degrees, the wintertime is a solar energy killer.  
 
From our continuous data across 6 years, our seasonal Median Capacity Factor breakout is:  
 

• Winter, 3.61% - 5.28%,  
• Spring, 12.22% - 15.28%,  
• Summer, 18.61% - 20.00%  and  
• Fall, 11.94% - 14.17%. All ranges for the Median are at >95% Confidence Interval.  

 
A 20 MW solar PV installation here in Toronto would be crippled for about one third the year with 
very low CF values. We see that the first 25 days of the 90 day long spring season here and the 
last 25 days of the fall season have essentially the same Median CF as the winter time days. That 
totals to 140 days of a 365 day year which is 38% of the year.  
 
20 MW of 20% solar PV panels in Toronto made up of 100,000 square meters of solar panels will 
produce at an average CF of about 7% for 38% of the year. This is brutal. And of course they will 
not have the same CF as The Ravina Project because our solar array can tilt to plus 70 degrees 
to let the snow and ice slide off plus drastically improve the power output due to the improved sun 
angles upon the solar collector’s surface. Fixed panels will require winter maintenance to keep 
snow and ice off their surfaces plus they do not move to leverage as much as possible the low 
wintertime sun angles upon their surfaces. 
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Build-out Scenarios 
 
Scenario 1 – Excluding Nuclear Power 
 
Observe the chart below. 
 

  Goal to replace 50% of 14 TW with renewables in 65 years   
  All renewables no nuclear      
Year Installed* GW  GW 5 yr Sq m area of  Sq km of  5 MW 2 GW  

  % of 17.5 TW Commissioned build-out 20% solar panels 20% solar PV Wind Turbines Hydro 
0 16.7% 2922.50           
5 18.3% 3210.73 288.23 7,205,813,572 7,206 170,049 288.2 

10 20.2% 3527.39 316.66 7,916,489,353 7,916 186,820 316.7 
15 22.1% 3875.28 347.89 8,697,255,771 8,697 205,245 347.9 
20 24.3% 4257.48 382.20 9,555,025,539 9,555 225,487 382.2 
25 26.7% 4677.38 419.90 10,497,393,138 10,497 247,726 419.9 
30 29.4% 5138.69 461.31 11,532,702,058 11,533 272,158 461.3 
35 32.3% 5645.49 506.80 12,670,118,667 12,670 299,000 506.8 
40 35.4% 6202.28 556.79 13,919,713,371 13,920 328,489 556.8 
45 38.9% 6813.98 611.70 15,292,549,772 15,293 360,886 611.7 
50 42.8% 7486.01 672.03 16,800,782,623 16,801 396,479 672.0 
55 47.0% 8224.32 738.31 18,457,765,445 18,458 435,581 738.3 
60 51.6% 9035.45 811.13 20,278,168,754 20,278 478,541 811.1 
65 56.7% 9926.58 891.12 22,278,109,950 22,278 525,737 891.1 

        
 Totals:  7004.08 175,101,888,013 175,102 4,132,198 7,004 
        
 * Installed means commissioned renewable power generation on-line    
 Growth rate 1.899% 0.01899 /yr    
 Growth periods 5 year plan 5     
 EIA Renewables Capacity Factor 33.9%     
 Hydro Dam Capacity Factor 50.0%     
 EIA Nuclear Capacity Factor 90.0%     
 Solar PV Capacity Factor 20.0%     
 EIA data is from USA Energy Information Administration 2009    
 Days in 5 years  1825     

 
There is a lot in this chart above so we will unpack it for you. 
 
All current nuclear power will be replaced by renewables in this chart. 
 
The Year column indicates the number of years elapsed in the growth plan after the start of the 
project.  
 
The Installed* column denotes the current percentage of the total world‘s power supply made up 
of renewables. At year zero, 16.7% of the world’s power supply (of 17.5 TW) as we calculated 
above comes from renewables net any output from nuclear. This percentage is compounded 
every year at a constant rate of 1.899%. The yearly increase in this column drives the whole 
chart. The numbers represent the percentage of the 17.5 TW generated by renewables at the end 
of each 5-year period. 
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The GW Commissioned column totals the current commissioned and producing renewable 
power supplies in Gigawatts the world-over, based upon the increase in the ‘installed’ column at 
the end of each 5-year period.  
 
The column GW 5 yr build-out is the number of Gigawatts in total new build-out worldwide 
across all forms of renewable power generation at the end of each 5-year period. 
 
The column Sq m area of 20% Solar Panels converts the 5-year worldwide new build-out total 
into the required area in square meters of installed, commissioned, on-line 20% efficient solar 
panels, with a Capacity Factor of 20.0%. If all the build-out occurs at our Latitude of 43 then the 
area of solar PV panels required will increase dramatically. Arizona has a solar PV CF of about 
19%. 
 
The column Sq km of 20% solar PV converts the 5-year build-out total into the number of extra 
square kilometers of collector space if the collectors are photovoltaic panels at 20% efficiency 
and have a Capacity Factor of 20.0%. The sum encompasses only the new surface area of the 
required number of panels involved. It does not include room for support structures, wiring, 
inverters, batteries, grid ties, transformers, transmission lines and the like. Again higher latitudes 
makes this number larger. 
 
The 5 MW Wind Turbines column converts the 5-year build-out into the number of state-of-the-
art 5 MW wind turbines with a Capacity Factor of 33.9%. 
 
The last column 2 GW Hydro determines the number of 2 GW hydro plants required to be 
commissioned and on line to satisfy the 5-year build-out. Note the Niagara Falls’, Sir Adam Beck 
hydro generation station is very close to 2 GW in size. This number represents the total number 
of Sir Adam Beck power plants built in each 5-year period. 
 
Consider the following chart: 
 

       
Year GW 5 yr sq m per day per day per day per week 200 MW 

  build-out panel sq km wind turbines 2 GW Hydro* Nuclear/wk 
0             
5 288.39 3,948,391 3.95 93.18 1.11 6.2 

10 316.85 4,337,802 4.34 102.37 1.22 6.8 
15 348.11 4,765,620 4.77 112.46 1.34 7.4 
20 382.47 5,235,630 5.24 123.55 1.47 8.2 
25 420.21 5,751,996 5.75 135.74 1.61 9.0 
30 461.67 6,319,289 6.32 149.13 1.77 9.9 
35 507.23 6,942,531 6.94 163.84 1.95 10.8 
40 557.28 7,627,240 7.63 179.99 2.14 11.9 
45 612.28 8,379,479 8.38 197.75 2.35 13.1 
50 672.70 9,205,908 9.21 217.25 2.58 14.4 
55 739.08 10,113,844 10.11 238.67 2.84 15.8 
60 812.01 11,111,325 11.11 262.21 3.12 17.3 
65 892.14 12,207,184 12.21 288.08 3.43 19.0 

       
  *Adam Beck Hydro generating station at Niagara Falls 
  is 2 Gigawatts in size.   
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The chart above attempts to make the production/installation numbers more comprehendible.  
 
In the sq m per day panel column the build-out specifies the area of 20% panels commissioned 
and on-line per day if solar PV were the only means of harvesting the required GW of renewable 
power listed in the GW 5 yr build-out column. 
 
The per day sq km column lists the number of square kilometers covered per day by the solar 
panels placed on-line and commissioned required to satisfy the panel area calculated in the sq m 
per day panel column. This is, of course, a worldwide total. 
 
The per day wind turbines column defines the number of 5 MW wind turbines required each day 
to be commissioned and placed on-line to satisfy the expansion requirements listed in the GW 5 
yr build-out column. 
 
The per week 2 GW Hydro column lists the number of Sir Adam Becks required per week to 
satisfy the number of GW in the GW 5 yr build-out column. 
 
And finally, there has been quite the discussion about the use of nuclear in the war against CO2 
emissions where much has been made about the use of small modular nuke power supplies of 
about 200 MW in size. Here in this column we calculate the number of 200 MW commissioned 
and on-line installations each week that would satisfy the GW 5 yr build-out column.  
 
These modular plants would be pre-fabricated on assembly lines not unlike those used to build 
aircraft although these reactors are orders of magnitude simpler than a large aircraft. They would 
be small enough to be transported to their sites by truck or even flown in. Molten salt reactors 
using Thorium operate at normal air pressure and use the high efficiency Brayton Cycle gas 
turbines because their operating temperatures are in the order of 600-700 degrees C, well above 
anything using steam generation. These reactors do not need the huge amounts of water for 
cooling like our solid Uranium based plants nor do they need a huge containment dome because 
they work at atmospheric air pressure. They need no cooling ponds for spent fuel because they 
do not use solid fuel, again unlike our current Uranium based reactors. 
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Scenario 2 – Including Nuclear Power 
 
Observe the chart below. 
 

  Goal to replace 50% of 14 TW with renewables in 65 years   
  All Renewables plus Nuclear     
Year Installed* GW  GW 5 yr Sq m of 20% Sq km of  5 MW 2 GW  

  % of 17.5TW Commissioned build-out Solar Panels 20% solar PV Wind Turbines Hydro 
0 19.4% 3395.00           
5 21.1% 3700.28 305.28 7,631,962,883 7,632 180,105 305.3 

10 23.0% 4033.01 332.73 8,318,229,245 8,318 196,300 332.7 
15 25.1% 4395.66 362.65 9,066,204,701 9,066 213,952 362.6 
20 27.4% 4790.91 395.26 9,881,438,136 9,881 233,190 395.3 
25 29.8% 5221.71 430.80 10,769,977,389 10,770 254,159 430.8 
30 32.5% 5691.25 469.54 11,738,414,122 11,738 277,013 469.5 
35 35.4% 6203.01 511.76 12,793,932,718 12,794 301,922 511.8 
40 38.6% 6760.78 557.77 13,944,363,583 13,944 329,071 557.8 
45 42.1% 7368.71 607.93 15,198,241,230 15,198 358,661 607.9 
50 45.9% 8031.31 662.59 16,564,867,598 16,565 390,911 662.6 
55 50.0% 8753.48 722.18 18,054,381,055 18,054 426,062 722.2 
60 54.5% 9540.59 787.11 19,677,831,613 19,678 464,374 787.1 

65 59.4% 10398.48 857.89 21,447,262,900 21,447 506,130 857.9 

        
 Totals:  7003.48 175,087,107,175 175,087 4,131,849 7,003 
        
 * Installed means commissioned renewable power output    
 Growth rate 1.737% 0.01737     
 Growth periods 5 year plan 5     
 EIA Renewables Capacity Factor 33.9%     
 Hydro Dam Capacity Factor 50.0%     
 EIA Nuclear Capacity Factor 90.0%     
 Solar PV Capacity Factor 20.0%     
 EIA data is from USA Energy Information Administration 2010    
 Days in 5 years  1825     

 
 
All the columns are identical to the first chart except the starting point. The starting point includes 
nuclear power in the renewable mix even though it is not a renewable form of power. It is included 
because it is a non-carbon polluting high density power supply which is an important factor in our 
war on CO2. 
 
Note that the inclusion of nuclear power generation makes the compounded growth smaller in 
magnitude and therefore easier to manage over the course of the project. 
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Consider the following chart: 
 

Year GW 5 yr per day per day per day per week 200 MW 
  build-out sq m panels sq km wind turbines 2 GW Hydro* Nuclear/wk 

0             
5 305.28 4,181,897 4.18 98.69 1.17 6.5 

10 332.73 4,557,934 4.56 107.56 1.28 7.1 
15 362.65 4,967,783 4.97 117.23 1.39 7.7 
20 395.26 5,414,487 5.41 127.78 1.52 8.4 
25 430.80 5,901,357 5.90 139.27 1.66 9.2 
30 469.54 6,432,008 6.43 151.79 1.81 10.0 
35 511.76 7,010,374 7.01 165.44 1.97 10.9 
40 557.77 7,640,747 7.64 180.31 2.15 11.9 
45 607.93 8,327,803 8.33 196.53 2.34 13.0 
50 662.59 9,076,640 9.08 214.20 2.55 14.2 
55 722.18 9,892,812 9.89 233.46 2.78 15.4 
60 787.11 10,782,373 10.78 254.45 3.03 16.8 

65 857.89 11,751,925 11.75 277.33 3.30 18.3 

       
  *Sir Adam Beck Hydro generating station at Niagara Falls 
  is 2 Gigawatts in size.   

 
 
As above this chart breaks down the industrial output / installed base into more understandable 
numbers.  
 
As we have noted above, these are world-wide totals. Also note that the GW of renewables 
brought on-line in every 5 year period is a total for all renewables everywhere on the planet.  
 
Just looking at the numbers it seems that the only technology that could shoulder a large part of 
the load in this build-out over 65 years are the 200 MW nukes. Large aircraft assembly lines can 
produce one aircraft a day once the line is filled. 
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Can we get there from here? 
 
Current Trends  
 
Currently the world produces about 17.5 Terawatts (17.5 trillion Watts) of power with a population 
of 7 billion people. By the end of this century world population will increase to between 10 and 16 
billion people (middle values and ignoring the extremes). Power requirements will probably 
double more or less to about 30 TW. It could be much more. 
 

 
 
 
Others, like the U.S. Energy Information Administration  in the  International Energy Outlook 2012 
argue that 27 TW will be passed by 2040 because of the tremendous growth of non-OECD 
countries.  
 
 Figure 1. World energy consumption, 1990-

2040 (quadrillion Btu)   
    
  Non-OECD OECD World Total TW 

1990 154.4 200.5 354.8 11.9 
2000 171.5 234.5 406.0 13.6 
2010 281.7 242.3 523.9 17.5 
2020 375.3 254.6 629.8 21.1 
2030 460.0 269.2 729.2 24.4 
2040 535.1 284.6 819.6 27.4 

 
 
 
 
 
 
 
 
 
 
 
 
Where is ‘here’ and where is ‘there’? 
 
‘Here’ is where we are, using huge and ever increasing amounts of fossil carbon to power our 
high technology based, complex civilization.  
 
‘There’ is where we have displaced 50% of fossil carbon based power sources at current levels or 
7 TW in 65 years. We have ignored everything else because ‘everything else’ produces random 
noise in the system. We are not interested in the noise. We are interested in the pure signal 
which means we focus totally on the industrial output required to achieve our goal.   
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If we find that even in a pure environment our industrial capacity will not be large enough to 
produce our way out of the fossil carbon based thermodynamic trap we find ourselves in, then a 
successful real world scenario is also improbable. 
 
Our ‘goose may be cooked’ right now but we are unaware of it. 
 
Our paper does not explore costs of this rollout, or the financing, or the labour force required, or 
the transportation requirements, the supply chains, availability of raw materials and etc. All these 
issues are related, real world issues.  
 

Industrial Output Analysis 
 
What’s The Hurry? 
 
In this paper we are talking about industrial output and assumed efficiencies especially in: 
product, production, paperwork and rollout. But behind this whole nexus of projects, make no  
mistake, the clock is ticking. Our science has mapped it out for us, and the future, left unchanged 
from the current state of affairs, looks bleak for civilization as we know it.  
 
In our capital based industrial world, if we fail to innovate as a company our competition will crush 
us in the market place. If we fail to innovate as a civilization in our present circumstances, the 
planet itself will crush us.  
 
Time is of the essence. And that is why we have plotted out a 65-year long, focused, industrial 
effort with a defined goal. 
 
The Build-out Required for Success 
 
Using the numbers generated from the charts above we discuss below the industrial and 
installation output required to meet the 5-yr targets using each technology exclusively. This of 
course would not occur in reality. The burden of power generation would be shared on a 
worldwide basis across all renewable power generation technologies.  
 
200 MW Mini-Nukes  
 
Nuclear power is derived from substances that are a million times more energy dense than 
chemical reaction based power sources like fossil fuel. Reactors also do not emit carbon and 
have the largest Capacity Factor (90%). What’s not to like? Well, quite frankly, they produce 
poison. 
 
Notice that there is a difference in the starting points between including and excluding nukes. We 
have to build-out 305 GW rather than 288 GW in the first 5-year plan based upon the starting 
percentages of 19.4% which includes nukes and 16.7% which does not. The good thing is that 
the compounded growth is less with nukes. We look at the weekly worldwide production numbers 
and we see that they are quite reasonable given our expertise with producing such things as 
aircraft. These modular mini-nukes are small, have huge energy density and 90% Capacity 
Factor which makes them base load generation candidates along with geothermal. They are 
small and less likely to be damaged by high energy weather. From a non-carbon emitting point-
of-view, they are a very nice package that could form the backbone of carbon free generation.  
 
288 GW times 1000 MW divided by 0.90 Capacity Factor divided by 200 MW equals 1,600 
reactors would have to be built and commissioned in the first 5-yr plan. Since our demonstrated 
industrial capacity and techniques can be used to build these modular nukes 6.2 built and 
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commissioned every week for 5 years is entirely possible. Over 4,900 would have to be built and 
commissioned in the last 5-year period or 19.0 built and commissioned per week. 
  
Our renewable power options may include nukes going forward but we are going to look at the 
industrial output without nukes because the idea of doing it all with renewables and no nukes is 
very popular at this time of writing. 
 
Photovoltaic based power harvesting 
 
The sun provides the earth with almost unlimited amounts of power (about 240 W per square 
meter on average over the whole planet). It is the view of many that this power supply is the one 
we should invest in to power our civilization into the future.  
 
The 20% Capacity Factor we use is optimistic and latitude/location specific. As we have 
demonstrated our seasonal Capacity Factor comes close to 20% only in the summertime. The 
take-a-way here is that assigning a year long average 20% Capacity Factor to solar PV is highly 
optimistic and probably only accurate in desert regions between the Tropics or very close by. 
Temperate Latitudes cripple PV power output.  
 
Let’s take a look at the industrial output required in our first 5-yr period. At the end of our first 5-
year plan we need to manufacture, install and commission PV power plants totaling 288 
Gigawatts. This totals to a little over 7 Billion square meters of panels with an installed area on 
the earth’s surface of a little over 7200 square kilometers. In daily terms that means 3.9 Million 
square meters of panels installed, on-line and commissioned for 5 years. A daily install capacity 
of 3.9 square kilometers of panels is required to support this output done basically by a worldwide 
army of installers. The logistics effort will be ‘off the charts’. 
 
This is a worldwide effort and must be maintained for 65 years with an increase each year of 
1.899% over the previous year. The last year in the project will require the industrial base to 
manufacture 12,207,184 square meters of panels a day with a rollout/install force able to populate 
12.2 square kilometers per day. 
 
5 MW Wind Turbines 
 
We use 5 MW machines because they are the state-of-the-art at this time of writing.  
 
Our industrial base must produce 170,049, five MW wind turbines with an average Capacity 
Factor of 33.9% in the first 5-year period worldwide to meet the required 288 GW of power build-
out. We need an install force able to erect 93 a day for 5 years in the first 5-year plan.  
 
In the last 5-year plan we have to increase our industrial output to 288, five MW turbines per day 
with an install force capable of erecting the same amount for a total of 525,737 installed and 
commissioned over the last 5-yr period.  
 
2 GW Hydro 
 
In the first 5-year period we need to build 288, 2 GW hydro plants or 1.11 per week. That will 
ramp up to 891 plants built in the last 5-year period or 3.8 a week. These are huge installations 
that integrate a very large number of technologies and engineering skills. Hoover dam is about 2 
GW in size. Dams have a Capacity Factor of about 50% on average depending on the water 
availability. Loss of water levels at the head means dams run at lower power output. Droughts in 
the dam’s catchment area kill hydro power generation. 
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Factors Complicating Industrial Expansion and Rollout 
 
Right off the top we see several complicating factors that may limit the rate of industrial expansion 
and installation. The length of the project without even considering the size of the rollout would 
boggle the mind of a professional project manager. Timescales of this size have a whole host of 
problems that arise through nothing more than the length of time the project takes until 
completion. And then of course the generators have to remain in situ forever whilst the political 
and physical climate changes around them, they are upgraded and maintained.  
 
These complicating factor in our view are listed below in no particular order and the list is not 
exhaustive: 
 

• Local insurgency or for a lack of a better word, pissed-off locals. Many of the 
generators, especially solar would be located in desert regions within the Tropics where 
the sun is huge and clouds are not a factor but dust is both in the air and accumulates on 
the panels themselves. The problem is that people live in these ‘marginal areas’ … think 
Sahara desert. Desert areas today usually have some local struggle going on. Placing 
monster generators, thousands of square km in size and mega tons of copper to bring in 
the power to urban areas a few thousand km away using hi-voltage DC links seems a bit 
risky. Copper equals $$ in the real world. Solar panels, wind turbines and the like equal 
target practice. 

• Climate change will be a factor because it is a factor today all around the world. High 
energy meteorological events are the nemesis of infrastructure. It is this same 
infrastructure that will carry the electrons which power our civilization. And further 
because of the large size of energy collectors they are even more vulnerable to large 
scale events than smaller ones like nukes and geothermal. So both the generators and 
transmission lines will have a higher risk. Dams running out of water or used marginally 
are another example of this phenomenon. We know that increased ambient temperatures 
drops power output from solar PV panels.  

• Maintenance/upgrades/support will be an ongoing issue especially at the end of the 
rollout. Sixty-five years is pushing the longevity limits for most of the technologies we will 
use to harvest, transmit and distribute energy. Just a decade or so into the rollout will see 
workers upgrading worn out equipment which we have not accounted for in our chart. So 
maintenance of the power collecting infrastructure will be an on ongoing requirement 
shortly after, in relative terms, the start of the project. Such a long project will suffer after 
the first 20 years or so with problems related to parts availability. Couple obsolescence of 
technologies, availability of software and parts with local insurgency, dust and climate 
change means that these complicating factors will make for unprecedented  
maintenance/upgrade/support complexity. 

• Software bugs and other issues including cyber attacks will have an effect on rollout, 
integration of technologies and software/hardware/firmware maintenance and upgrades. 
Over such a long period the version control management will be of paramount 
importance especially in firmware and other code that is intimately connected with 
hardware which may or may not be current or up to the proper revision. Source code will 
have to be ported to different compilers or antique compilers will still have to execute on 
antique computers for quite some time to maintain antiquated source code. 

• Personnel turnover/ongoing recruitment/training programs will require a highly 
advanced form of human resources management. It must span 65 years initially plus 
provide correct amounts of properly trained people across continents and jurisdictions 
with their own labour codes, cultures and laws. The programs will have to support the 
ongoing maintenance/upgrades/support in perpetuity as the installed base of generators 
and transmission lines/equipment wears out.  

• Revenue management/finance will require unique business models to accommodate a 
range of jurisdictions which allow for many different relationships between the power 
companies and the banking/venture capital communities. The whole issue of financing 
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this project is unknown at this time. What kind of incentive would entice industry to pour 
Trillions of dollars into this long term rollout? Could governments offer incentives? But in 
today’s world where austerity and low taxes are the mantra of the day, Governments are 
more or less broke with declining tax bases and corporate accounts are full of ‘dead 
money’.  Therefore it is not at all clear where the financing will come from. 

• Corporate longevity will require new kinds of corporations that are built from their 
articles on up to last 65+ years to manage any aspect of this huge, lengthy, project build-
out and its subsequent perpetual maintenance demands.  

 

Comments 
 
Well there you have it dear reader. We have used today’s numbers and a simple compounding 
algorithm to start the build-out small, and end big, over a period of 65 years. 
  
What we haven’t mentioned is the increase in projected world power supply to around 25 TW by 
the year 2040 or so. We are introducing it only now because we wanted to use today’s numbers 
in the paper … that is, to use numbers that are data rather than speculation. But now is the time 
to speculate. If all the new projected 10 TW of power supply will be renewables then the industrial 
and install capacity model we have built above must be increased by a factor to account for an 
extra 10 TW of renewable build-out and install in just 26 years. So we have two programs of 
industrial and install capacity going in parallel; one we have discussed and the other more 
aggressive program, more in less than half the time.  
 
For those who believe that impediments to these two projects are just political, we salute your 
enthusiasm. For us, we believe we have serious cause to rethink any optimism we have about 
the viability of these two projects. Even if we trim off 50% of the 10 TW of extra power supply 
needed because of efficiencies we have achieved, in the next 25 years or so we have to account 
for a 7 TW project over 65 years and a 5 TW project over 25 years hitting our industrial / 
installation base at the same time. 
 
The more we look at the numbers we feel this whole project is somewhat optimistic in its outlook 
for success. We are skeptical at this time of writing that anything even close to this industrial 
output can be maintained if we use renewables alone. 
 
In our opinion after toiling over these numbers for more than a month now, we see only one way 
out. And it is nothing more than a gamble at this point in time.  A chance only … 
 
From our analysis, Capacity Factor is the key along with power density, that is, power output 
divided by the size of the generator. Generator size is key to its survival in high energy 
meteorological events plus a huge advantage when it must be shipped into a remote community 
… think mining towns on the artic circle. A large Capacity Factor means quite literally, the 
investment in generation gets more ‘bang for the buck’ over the lifetime of the generator and as 
well it can be used for base load generation which only fossil plants can provide. High Capacity 
Factor is beneficial for investors which means they will like the ROI enough to buy into the deal.  
 
So when analyzed using several points-of-view, it seems to us that the numbers reinforce the 
idea that small nukes should form the backbone of our non-carbon rollout of new generation. 
They leverage the industrial abilities we have honed over 50 years of aircraft production and they 
fit our existing industrial models i.e. factory assembled, field installed. 
 
Nukes or not we understand from our numbers that this challenge we face over the rest of the 
century is a ‘crap shoot’.  
 
The dice, in our view, are loaded against us. 
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Conclusion 
 
If we leave the reader with one idea from this paper it is this; contrary to what people say about 
renewables replacing fossil carbon sources of power, it is not JUST a political problem. This 
whole replacement process if successful will take generations to accomplish in a calm, stable 
world. Unfortunately, the world is going in the other direction on all fronts of human endeavour. 
So any idea that we can somehow carry out a successful project that may be beyond both our 
present and future capabilities, against a background of chaotic and sometimes nasty events, 
seems to be dubious to us.  
 
We see the energy imbalance the earth currently has with space as THE problem for humanity to 
solve. In fact, we state categorically that if this problem were solved, the complexity of all other 
problems we face as a species would be dramatically reduced. 
 
Rational Man 
 
We have outlined in the broadest terms the grand project that will/should dominate the rest of the 
21st C. In many ways this project can be understood as Humankind’s great quest for survival.  
 

 
 

We used the word ‘should’ because, knowing the science, any rational person would not want to 
be part of a problem which eventually, inexorably leads to the end of civilization as we know it. 
We have assumed throughout this entire paper that humankind is rational, that is, humanity will 
respond to this unprecedented existential crisis in a rational way.  
 
The picture above has huge emotional qualities attached to it. In it, the earth has been made 
anthropomorphic and so has the gun. The earth embodies all the qualities of the natural world, 
the support mechanisms, processes and physical stuff if you will, that underlie all life on the 
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planet. The gun and hand represent the forces we have unleashed upon the world, literally 
terraforming it into some kind of natural environment foreign to us and ultimately, foreign to our 
survival as a species.  
 
We disagree with the interpretation of the artistic message presented above in one important and 
fundamental way. We do not see the gun threatening the world as implied in the art. Humanity 
cannot now nor ever ‘threaten’ the planet’s existence. Only much larger cosmic forces have the 
potential to do that … like our sun going into a nova state, evaporating the oceans and leaving 
the earth a cinder ball. 
 
We interpret the art on a larger scale than just what is confined to the canvas. We interpret the 
face and the hand as being part of the same entity. Humanity is part of this earth in every 
possible way of measuring that fact. There is nothing that humanity can do that is ‘un-natural’, 
that is we must obey all natural laws; we have no choice. Humanity is now and in the future part 
of nature. So our interpretation of the art is that humankind and the civilization it thrives within, is 
in the process of dying by its own hand … facing suicide not by killing nature … which is absurd 
… but by killing the ability of the natural world to support humanity … which is not absurd, it’s 
quite probable. 
 
The great project outlined above requires, above all else, the response to this human induced 
suicide be rational.  
 
However, we know from our science, history, philosophy, social sciences and lately from our 
investigations into the inner workings of the human brain using the new fMRI technology that 
humanity is not rational. “From our science” is an interesting phrase to use in light of the attacks 
upon science we are seeing from many quarters including religion and politics. We read the 
arguments which diminish the authority of science because of conflicting belief in the case of 
religion, or conflicting ideology, in the case of politics. Either way belief trumps knowledge. 
 
In a paper presented to the Society for Personality and Social Psychology in California, January 
2006, Drew Weston, author of the book, “The Political Brain”, said the following: 
 

“We derive pleasure from irrationally sticking with beliefs against evidence … There are 
flares of activity in the brain’s pleasure centers when unwelcome information is being 
rejected … activity spiked in the circuits involved in reward, a response similar to what 
addicts experience when they get a fix.” 

 
David Hume (1711-1776) expressed a similar sentiment, 
 

 “Reason is and ought to be the slave of the passions.” 
 
The bottom line is that emotions always win in a struggle with rationality. In the tension between 
scientific knowledge and belief from whatever source, beliefs will win on an individual scale and, 
on the political scale, they will triumph in the form of ideology and reinforcing propaganda. 
 
The implications for the struggle humanity faces during the rest of this century are profound. It 
looks like the epic project we plot out above must be matched with an equally epic project which 
leverages human emotions or at least deals with human irrationality in some way to support this 
project. 
 
In short, there is as much work to do ‘in ourselves’ as there is to build energy harvesters ‘in the 
world’. It seems that these two efforts cannot be separated. To have a chance for civilization’s 
survival after the 21st C we have to complete two separate but intimately related projects, one 
‘without’ in the world, and the other ‘within’, our collective soul.  
 
It will be humanity’s physical and spiritual struggle for the Ages. 
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"If we knew what we were doing, it would not be called research." 
- A. Einstein 
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