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Energy policy must meet three fundamental goals:

1.energy security –sufficient, reliable, dispatchable 

2.energy costs must be stable, affordable 

3.environmental security must be maintained

Energy policy today is focused on climate change,
which is misguided, at best. 



HOW TO COMPARE COSTS AMONG ENERGY PRODUCTION 
TECHNOLOGIES?

Primary energy is almost entirely - heat. 
Our civilization runs on a variety of heat engines. We burn coal, NG, oil, fission uranium to 
produce heat to do work. That is fundamental.

Electricity is high quality energy, but is secondary- or even tertiary, energy. Electricity must be 
created, usually for immediate consumption. Limited storage is possible, e.g. in batteries or as 
pumped hydro-, but storage incurs losses of energy. 

Variable renewable energy (VRE) primarily uses solar heat to produce electricity. 
This leads to the waste of electricity: i.e. using heat to produce electricity to produce heat to 
boil water.  It is better to burn NG to boil the water directly.

LCOE, the ‘levelized cost of (electrical) energy’, is often used to compare the costs of producing 
electricity or energy  via VRE with base energy, but LCOE includes only selected components of 
the cost.  LCOE, thus, avoids specifying the full cost of electricity (FCOE), just as the CPI avoids 
specifying the true cost of inflation.

Here, we will look at the Full Cost of Electricity (Energy) and define the variables .



Full Cost of Electricity must include:



Capacity Factor (CF) = measured output/nameplate capacity 

Coal/NG

Dependent on weather and season Scavenging         Sum to ~5% 

The measured CFs mean that 3-4X more nameplate PV/wind must be installed to meet average demand. 

Result : multiply cost/area/number of components by 3-4 to get FCOE compared with LCOE.



USA total primary energy consumption 2021: 97 quads (1 quad equals 293 TWh) 
https://www.statista.com/topics/833/energy-consumption = 28,421 TWh/annum which equals (28,421/8766) TW = 
3.25 TW.
The area of the USA is 8.1 x 106 km2, or ~3 million mi2 excluding Alaska, or 8.1 x 1012 m2,
This means: 
Total USA power consumption/km2 averages 0.4 MW/km2 or 0.9 MW/mi2of total area.

Data and analysis show that ~1 MW/km2 can be achieved from wind and ~10 MW/km2 can 
be achieved from PV, at the best sites.

The total area required for wind farms to yield the average annual power demand of the 
USA then is:   3.25 million km2 or  (3.25 km2 /2.72 km2 /mi2) = 1.2 million mi2.

The total area required for PV parks to yield the average annual power demand of the USA 
is, correspondingly, 325,000 km2, or 120,000 mi2.  

MEETING AVERAGE DEMAND GUARANTEES DAILY GRID COLLAPSES.
Measurements show peak power (PP) (https://www.eia.gov/todayinenergy/detail.php?id=15051 ) is 1.8X 
average power and a dynamic reserve (DR) of 20% is required for maintenance/failed 
system elements.  The areas above must now be (1.8 x1.2) = 2.2 times larger, wind farms = 
7.15 million km2 or 2.64 million mi2 and PV Parks = 715,000 km2 or 264,000 mi2. 

This area is 3.1X the area of Utah - 85,000 mi2

https://www.statista.com/topics/833/energy-consumption
https://www.eia.gov/todayinenergy/detail.php?id=15051


Power has not reached the consumer yet. The power quoted above is power produced “at the 
power plant”. Power must be conditioned and then transmitted to the grid/consumer.

For Wind, electricity generation is ac, but too poorly regulated to insert into the grid, so it is 
rectified at summing stations,  then inverted at the proper phase and transformed to a high 
voltage for transmission. Typical rectification and inversion losses are 20% while 
transforming/transmission losses are typically 10%. The power plant must increase its output 
by 1.3X to meet these additional losses.  The wind farms has now grown to 9.3 million km2 or
3.4 million mi2. The area of the USA is 3.1 million mi2.

PV Parks area = 715,000 km2 or 264,000 mi2. For PV parks, electricity generation is dc. The 
output is inverted and voltage transformed for transmission, a loss factor of 0.3X.  
The PV parks are now 930,000 km2, or 342,000 mi2 or 4X Utah

At these sizes, peak power demand and dynamic reserve are met.

BUT ( there is always a but), efficiency degradations of wind and PV occur at known rates, and 
the backup requirements caused by the erratic and seasonal variability are NOT included. 

Additional electricity production (area) must be provided in both instances for storage, 
entailing further conversion losses of the backup to meet energy demand when the renewable 
energy is not available and to compensate for the decline in efficiency with time (see below).



60,000

•
1            5             9           13           17          21           25          29th year  

• • 
•

•

•

•

•
Ea

ch
 fo

ur
 y

ea
r i

nc
re

m
en

t o
f P

V 
ar

ea
 (i

n 
km

2 )

USA Build out of PV to match PEAK + DR POWER by 2050; not including 
provision for backup.        Total area = 4X area of Utah

960,000

480,000

240,000

120,000

30,000



Lifetime of Wind Turbines onshore is ~15 years: 25% decline of 
output in 15 years, http://dx.doi.org/10.1016/j.renene.2013.10.041

Wind turbines offshore decline  ~50% in 15 years @ 4.5% per 
annum. https://www.manhattan-institute.org/dismal-economics-offshore-wind-energy

These declines require continual replacement of 7% of the 
wind fleet per year or ~240,000  mi2 annually in perpetuity 
and proportionally faster offshore.

Short lifetime of wind and solar installations  
due to aging and wear. 

The red-orange areas have a better than 3:1 
chance of having too little or too much wind 
at the same time. Blue areas are 
anticorrelated and over 10,000 km distant 
(6000 miles). https://www.diva-
portal.org/smash/get/diva2:721570/FULLTEXT01.pdf

For PV:  http://dx.doi.org/10.1016/j.renene.2015.10.006

https://www.diva-portal.org/smash/get/diva2:721570/FULLTEXT01.pdf
http://dx.doi.org/10.1016/j.renene.2015.10.006


Backup is required for both wind and PV. The two renewable energy sources are somewhat 
anti-correlated, but not sufficiently to backup each other (Renewable Energy, 87, 96-110 (2016)).

Time of day 
load winter-
summer

Backup for PV is a diurnal, as well as a seasonal 
requirement. The power demand curve is shown at the 
right. The grey area is the PV area to provide for storage 
at night and is included above. This cost is in FCOE 
estimates, but not in LCOE. The PV area specified meets 
the peak and DR requirement for USA energy. 

Over half the energy must be stored 
for use when the sun sets every day. In 
terms of Li-ion batteries, the annual 
output of 110 Gigafactories (GFs) is 
required for one night’s storage, and 
an additional 220 GFs’ output for each 
additional cloudy day. 

As commonly occurs for Germany, two weeks of ~NO wind would require a backup of 45 
TWh for electricity only, compared with a GLOBAL production presently of 0.5TWh of Li-ion 
batteries, today’s best technology, or 10 Gigafactories. Such backup does not exist.



The current global silicon production could yield 26,000 km2 of solar panels annually (7.5x 
106 kg silicon ÷ 0.29 kg/m2). The full build out of PV-USA, alone, requires nearly twice the 
global annual production of silicon.  Silver demand for PV has been reduced to a minimum, 
and no durable substitute is known. Over 3.5 tons of silver is required for PV panels per 
km2, or nearly 3 million tons of silver is required for the PV-USA, or more than 100 years 
production at the current global rate of 27,000 tons annually. Neodymium for wind electric 
generators, copper for windings and transmission infrastructure, iron for towers, masts, 
balsa wood for turbine blades, and much more are completely unprecedented. 
Then, as you see below, huge masses of worn out wind turbine blades (life of 6-8 years), PV 
panels, every component of the system should be recycled, but NO provision yet exists. 
These mining, fabrication, and recycling costs are missing from the LCOE estimates, but not  
from FCOE. Early leaders in renewable energy are paying a price for incomplete analysis.





Many are concerned with destruction of birds and bats, but what of insects? It is the smaller species near the base 
of the food web which are often ignored, despite great potential damage to the ecology. Indeed, the greatest harm 
to the ecosystem and to humans may occur due to insect losses. Like birds, insects migrate to find favorable terrain 
to breed. Trieb (2018) estimated insect fatalities for Germany based on Sandia data for insect residues on wind 
turbine blades, see below. The quoted study estimates 25 trillion insects killed annually. 
The analysis also concluded that WT efficiency losses due to insect residue on rotors would reach 50%.  Insect 
erosion effect may contribute to the measured,  but of ‘unknown’ origin, energy production deficit of 27% in  
German Wind farms. (https://doi.org/10.1371/journal.pone.0211028).



IPCC AR6 (2021) Warming Target is for 2100 AD 1.5°C, Such global warming could trigger multiple 
climate tipping points, according to https://doi.org/10.1126/science.abn7950-Sept.2022

Air temperature changes at 2 m height above the sea surface- day-night averages

Climate Heating Effects of wind turbines!

AFTER https://www.cell.com/joule/pdfExtended/S2542-4351(18)30446-X



Investment in renewable energy stopped 
increasing in 2010. The increases are seen in 
energy consumption: bEVs and heat 
pumps… Graph from Bloomberg, 2021

Investment in coal 
produced 8X the return 
compared with 
investment in renewable 
energy



Fossil fuel/nuclear power plants produce 1000 MW/km2.

This is 100-1000 times more power per square kilometer 
than erratic renewable energy provides.

Which means the citizens can have space in which to 
recreate, enjoy nature, and not be in thrall to an 

inadequate energy production technology.



The following slides were 
added in response to 
questions posed by the 
committee



CURRENT ELECTRICITY PRICE 
IN UTAH:  11$/MWh

Germany:  475$ /MWh

a ratio of 33:1

What is the likely cost to a Utah customer for electricity and the total 
cost of NetZero 2050?

Bullet 10, above, showed that over 5 $trillion was expended to produce 3% of global primary 
energy. The total cost for NetZero 2050, then would be 33X larger:165 $Trillion-or more!



Decarbonization means carbon capture utilization and sequestration 
(CCUS).  Does that make sense?



Can H2 replace hydrocarbon fuels?
Wind/PV → electricity → electrolysis of H2O → H2 → electricity for many purposes

Diesel and H2 must be extracted, processed, stored, transported, and consumed.

1. Extraction - diesel→ pumped crude oil ; - H2 → electrolysis from H20 (~70%)
2. Processing –diesel→ refinement  ; H2 → compression/liquefaction –energy intensive
3. Storage-Shipping → long term- diesel – tanker-freighter ;                                                         

short term only- H2 → cryogenic tanker with loses.
4. Consumption: ICE – 56% efficiency best today; H2 → fuel cell 60-70% efficiency
5. The NetZero 2050 schedule calls for 435 Mt of H2 by 2045, equal to ~3BTOe, but in 2021 

global fossil fuel consumption was ~12 BTOe (Our World in Data), This constitutes 75% 
shortfall in primary energy and approximates the medieval energy intensivity and its 
standard of living.

Research in progress
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