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“BALLPARKING” THE COST OF ELECTRIFICATION
EXECUTIVE SUMMARY
The Trudeau government has adopted the aspirational goal of reducing Canada’s
greenhouse gas emissions to “net zero” by 2050 and is now seeking to enshrine that target
in legislation so it will legally bind all future federal governments in Canada. The goal of
completely “decarbonizing” the economy would require the elimination of oil, natural gas
and coal from the fuel mix, essentially taking away about 83% of our current sources of
supply and replacing them almost entirely by electricity generated by renewable energy
sources. The key question that one must answer to determine the financial costs and
implications of this are therefore related to the consequences of total electrification.
In this article, I offer a rough estimate of the costs to the Canadian economy of total
electrification using a methodology and data borrowed from a similar study published in
the United States. I hope that illustrating just the order of magnitude of the costs will help
to illustrate for the average person, now probably unconcerned about what climate policy
will mean to his or her life, how large the impact may be.

What Total Electrification Means

Total electrification means converting the entire Canadian economy to use electricity as a
fuel. This includes all appliances in residential and commercial buildings, all furnaces, all
transportation uses in every mode, and all other uses. For purposes of analysis, it includes
assuring that 100% of the existing and new demand for electricity is met with renewables
plus electricity storage. As no other energy sources would be used, it would mean
abandoning the infrastructure now used to produce, transport and process oil, natural gas
and coal; these would become “stranded assets”.

To calculate the costs of such a transition, we need access to estimates of the costs of
different electricity generation options and of the different electricity-consuming
applications, such as equipment and vehicles. This analysis is based upon the data from the
United States Energy Information Administration (EIA). It also included estimates of the
costs to satisfy peak loads that may occur in a weather event or other emergency.
There are four generic types of costs to be considered:
•
•

The costs of replacing current electrical generation facilities with renewable energy
and related storage facilities
The costs of electrifying the industrial, commercial, residential and transportation
sectors of the economy
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•
•

The costs of prematurely retiring the “stranded assets” or fossil fuel production,
transportation and processing plants and related infrastructure that would no
longer be used
The deadweight losses of forgoing the income from development of existing fossil
fuel resources

Overall, the estimates of the cost of electrifying the United States economy range between
$18 trillion and $29 trillion in “first costs”.

Translating U.S. cost data into probable costs for Canada requires one to make some
assumptions. If the costs of complete electrification in Canada are directly proportional to
the current patterns of energy demand by fuel and sector, then the costs of electrification
would be at least 15% of those in the United States. That would place the costs of
electrification at somewhere between U.S. $2.7 trillion (Cdn $3.6 trillion) and U.S. $4.35
trillion (Cdn $5.9 trillion). That does not include the stranded assets costs or the
deadweight losses which, based on the value of the oil sands alone, would appear to be at
least $9 trillion.

The cost to electrify the U.S. economy would translate into annual cost increases of at least
U.S. $5,000 per household, paid directly and indirectly. Annual consumer expenditures for
energy would roughly double. Translating this into Canadian dollars and adding 15%
would mean that the added cost per Canadian household would be $7,760 per year. This, of
course, excludes the cost to the economy for the stranded assets and the deadweight losses.
It is also a national average; the costs to households in Alberta, Saskatchewan and
Newfoundland and Labrador would be much higher.

To this one might add the non-monetized costs such as the loss of consumer preference, the
increased risks to energy security and reliability and the increased vulnerability of the
energy system to disasters.

A central premise of those who foresee complete decarbonization of the global economy is
that all of the economic sectors and services whose energy needs are now met by fossil
fuels can be electrified. Yet, today the technologies needed to make this feasible do not exist
outside the laboratory, if there. That is especially the case in the transportation sector,
where the high energy density of oil products makes them the ideal source of motive
power. With currently available technology, there is no way to switch to the use of
cellulosic ethanol, to have hydrogen vehicles, to electrify commercial aircraft for passenger
or freight movement, or to electrify commercial trucking. While it is technically feasible to
electrify passenger rail and even freight rail systems, the costs of replacing existing
locomotives, cars and infrastructure are in the trillions of dollars, and no privately-owned
and operated rail company would accept the risks. To claim that this could be accomplished
within a few decades is simply beyond the pale of belief.
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The Trudeau government has adopted the aspirational goal of reducing Canada’s
greenhouse gas emissions to “net zero” by 2050 and is now seeking to enshrine that target
in legislation so it will legally bind all future federal governments in Canada. This has
naturally increased the desire of many people to know what would be the cost of such a
transformation of Canada’s economy, and indeed whether it is even feasible.

The goal of completely “decarbonizing” the economy would require the elimination of oil,
natural gas and coal from the fuel mix, essentially taking away about 83% of our current
sources of supply and replacing them almost entirely by electricity generated by renewable
energy sources. The key question that one must answer to determine the financial costs
and implications of this are therefore related to the consequences of total electrification.

Image licensed from Shutterstock.

It is remarkable that the government of Canada has adopted the zero emissions goal
without carrying out a serious analysis of the either the costs or the benefits of attaining it.
To be sure, such an analysis is not easy. It requires sophisticated economic modelling tools
and a very large amount of data on costs and energy supply and demand technologies. I

have access to only some of the information required, so I will offer only a “ballpark”
analysis based upon similar work done by Thomas Tanton in the United States. 1

The estimates I will provide should be regarded as perhaps indicative of the orders of
magnitude of the costs that would be incurred. I make no claims to accuracy, only to
offering illustrations that are better than what we have received from governments to date. Page | 5
The cost estimates are almost certainly conservative, for reasons that I will explain. Their
advantage is that they will help to illustrate for the average person, now probably
unconcerned about what climate policy will mean to his or her life, how large the impact
may be.

What Total Electrification Means

Total electrification means converting the entire Canadian economy to use
electricity as a fuel. This includes all appliances in residential and commercial
buildings, all furnaces, all transportation uses in every mode, and all other uses. For
purposes of analysis, it includes assuring that 100% of the existing and new demand for
electricity is met with renewables plus electricity storage. As no other energy sources
would be used, it would mean abandoning the infrastructure now used to produce,
transport and process oil, natural gas and coal; these would become “stranded assets”.

To calculate the costs of such a transition, we need access to estimates of the costs of
different electricity generation options and of the different electricity-consuming
applications, such as equipment and vehicles. The Tanton analysis relied upon the data
from the United States Energy Information Administration (EIA). It also included estimates
of the costs to satisfy peak loads that may occur in a weather event or other emergency.

Derivation of the Capital Cost Estimates

The Tanton analysis assumed that universal electrification is implemented overnight in
2020. This simplifies calculations and avoids forecasting future interest rates and relative
price escalation. The impacts of learning and mass production on future costs of
renewables, electric vehicles, batteries and energy efficiency technologies are subsumed
within capital costs based on recently published data, mostly from the U.S. Department of
Energy. Tanton took the EIA data on energy consumption by economic sector and
converted that to British Thermal Units (Btu). He then divided that by what it would take to
satisfy the Btu requirements with electricity in kilowatt-hours (at the rate of 3400 Btu=1
kWh). He then converted the kWh to kilowatts of generation capacity required to produce
the annual kilowatt-hours. Finally, he used EIA data on the capital costs of building the
required electricity generation capacity by renewable energy sources.
His analysis sought to develop estimates of the capital costs to be met by renewables for:
1

Thomas Tanton, Cost of Electrification: A State by State Analysis and Results, October 2020

•
•
•
•

all current electricity generation requirements
additional transmission and distribution needed
additional storage requirements
the electrification of current energy demand for the industrial, commercial,
residential and transportation sectors

He broke these costs down by State and sector.

The Tanton analysis estimated the total installed cost for converting the U.S.
electricity generation system to renewables to be about U.S. $2.8 trillion, just to meet
existing loads.

Gasoline and diesel fuel consumption in the U.S. is about 455 million U.S. gallons per day.
Using DOE technology data, Tanton estimated the cost to transition completely to
electric vehicles would be between U.S. 560 billion and U.S. $1.4 trillion. That does not
include the additional consumer costs of owning electric vehicles, such as replacing
batteries, nor the costs of constructing and installing the recharging technology.
In the United States as in Canada, natural gas is the residential and commercial heating fuel
of choice. The household-level investment needed to replace natural gas use with
electricity is about U.S. $1.6 trillion. Completing the deep energy retrofits on every
existing commercial building would cost about U.S. $9 trillion.

Tanton’s approach can be criticized for being too simplified, but the main result of this is
that he probably significantly under-estimates the costs of electrification. For example,
there are significant technological and economic barriers to electrifying most
transportation modes. Tanton’s simplified approach was to calculate the electricity
equivalent of the present fuel consumption by mode. In other words, he ignored, for the
sake of simplicity, the many technological and economic factors that make infeasible
electrifying much of transportation. For off-road vehicles such as tractors, trains, and
construction equipment the estimated cost of replacement is U.S. $415 billion. For
aviation, Tanton’s equation for converting the fuel used into electricity equivalents
produced an initial cost estimate of U.S. $550 billion. His estimated infrastructure cost
of providing shore-based electricity for marine vessels is U.S. $200 billion.
Overall, he estimates the cost of electrifying the United States economy to range
between $18 trillion and $29 trillion in “first costs”.
To put that in context, U.S. GDP is estimated to have been U.S. $21.44 trillion in 2019.

Beyond the Capital Costs

That, however, is just the beginning of the decarbonization costs.
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There is an immense and difficult-to-quantify cost of stranded assets that would suffer
from premature write-downs, devaluations, or conversion to liabilities. This would apply to
both private and publicly-owned assets. Examples include existing investments in oil and
gas production, in pipelines, in refineries and in mines, as well as the public infrastructure
that serves and provides access to these facilities. The sunk costs of distribution pipelines
Page | 7
alone would be about U.S. $200 billion.

There would also be massive “deadweight losses”, which is the reduction in overall benefits
to society from the loss of tax revenues and other non-market factors. For the natural gas
industry, one analysis shows the deadweight losses expected from moving to net zero
emissions (i.e. leaving it in the ground) would be U.S. $58 trillion. 2

Non-Monetized Costs

Losses that could not be easily calculated in dollar terms include the loss of consumer
preference, the increased risks to energy security and reliability and the increased
vulnerability of the energy system to disasters.

Consumers, left to their free choices, would not readily accept paying for much higher
energy costs and having much more limited choices as to the fuels, vehicles and
technologies that they could buy. Tanton does not speculate concerning which policy
instruments governments would use in pursuit of their emissions-reduction goals. The use
of taxes would drive energy prices higher, but still leave some degree of choice in the hands
of business and consumers. The availability of new technologies cannot assure widespread
dissemination in the face of consumer resistance. Governments may try, for example, to
promote by subsidy the sale of electric vehicles (EVs), but that may continue to meet strong
resistance in the face of consumer concerns about EVs’ cost, driving range, reliability in
cold weather and the availability of recharging stations. Governments may prefer that
people all live in densely-populated urban areas with limited lands available for traditional
family homes, but consumers will “vote with their feet” and choose to live far outside the
urban boundaries.
Historically, major energy transitions, in which a new source of energy rises from initial
market penetration to become a major source of energy supply, have taken fifty to seventy
years. 3 It is clear that achieving the transition involved on a much faster schedule would
require that governments exercise strong central planning and control of the economy and,
in many cases, nationalize the industries involved. If governments centrally plan to
require use of the “socially desirable” energy sources, this would mark a loss of
fundamental freedoms and of the benefits of choice that consumers have long
valued. It is difficult to estimate the cost of losing one’s economic freedoms.
Wind and solar energy, the main renewables favoured by governments and some interest
groups, are inherently vulnerable to interruption due to weather or lack of sunlight. As has

2
3

Thomas Tanton, ibid
Vaclav Smil, Energy Transitions: History, Requirements, Prospects. Praeger. Santa Barbara, Ca. 2010

been demonstrated several times in jurisdictions with a high percentage of wind and solar
electricity generation, temporary reductions in output sometimes occur when demand for
electricity is high, requiring the use of more reliable backup generation, often fueled by
natural gas. An absolute ban on the use of fossil fuels would leave consumers much
more vulnerable to the costs and inconveniences of intermittency (i.e. brownouts
and blackouts). Even if the economy were completely electrified using a diverse portfolio
of generation sources, the risk would persist of blackouts and brownouts due to weathercaused disruptions to the transmission and distribution systems, and the effects would be
far more pervasive than any blackouts previously experienced in Canada. Homes could be
left without power for several weeks.

The above 2017 excerpt of the Alberta Electric System Operator (AESO) power generation statistics shows a
period of 4 days with no wind generation whatsoever. A ballpark analysis by an Alberta power generation
expert suggests that “The cost to provide enough storage for one cold winter day in Alberta would be C$69
billion. Unfortunately, this wouldn’t be nearly enough. We would need weeks, if not months, of storage to
maintain a reliable grid. The costs would be in the C$100’s of billions if not trillions of dollars.”

Similarly, a diverse energy supply provides increased resiliency in times of disaster or
conflict. Electrical energy systems are vulnerable to supply interruptions due to extreme
weather events, prolonged hot or cold weather, sabotage or problems with transmission
and distribution lines. An electro-magnetic pulse (EMP) is a short burst of electromagnetic
energy. Such a pulse's origin may be a natural occurrence or man-made and can occur as a
radiated, electric, or magnetic field or a conducted electric current, depending on the
source. A large and energetic EMP can induce high currents and voltages in the victim unit,
temporarily disrupting its function or even permanently damaging it. A powerful EMP can
also directly affect magnetic materials and corrupt the data stored on media such as
magnetic tape and computer hard drives. The damaging effects of high-energy EMP have
led to the introduction of EMP weapons, from tactical missiles with a small radius of effect
to nuclear bombs designed for maximum EMP effect over a wide area.
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In 1989 a Coronal Mass Ejection
(CME), or geomagnetic storm, often
visually represented as a ‘solar
flare’, knocked out power to six
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million people in Quebec for nine
hours. Massive transformers were
‘fried’ in some locations. These are
not ‘off-the-shelf’ products that can
be quickly or easily replaced.

Leaving the entire population vulnerable to increased security of supply risks due to
excessive reliance on one set of energy supplies runs contrary to every lesson of
energy policy learned in the last century.

Comparing the United States and Canada
There are enough similarities between the American and Canadian economies that one can
draw some reasonable implications from the analysis of the costs potentially incurred for
decarbonization in both. Notably, the technologies used for energy production and
consumption are broadly the same, as are the per capita incomes, although the U.S. income
is higher. There are some other factors that make a direct comparison either more or less
credible. While a common rule of thumb in comparing Canada and the United States is to
consider Canada’s economy to be 10% of the U.S. one, that is based on the fact that U.S.
population and GDP historically were about ten times larger than Canada’s. The relevant
point of comparison in this case is probably the total energy consumption in each country.
According to the EIA, United States energy consumption in 2019 was 100.2 quadrillion
British thermal units (Btu).
https://www.eia.gov/energyexplained/usenergyfacts/#:~:text=In%202019%2C%20total%2
0U.S.%20primary,or%20about%20100.2%2
0quadrillion%20Btu.&text=In%202019%2C
%20the%20electric%20power,sold%20to%
20the%20other%20sectors

The most recent figure for Canada published by Canada’s Energy Regulator (CER) was 14.9
quadrillion Btu.
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/provincial-territorial-energy-profiles/provincial-territorial-energyprofiles-canada.html

IEA – Canadian Total Energy Consumption by Source

Thus, Canada’s energy consumption, and overall vulnerability to the costs of
decarbonization, is probably closer to 15% of that of the United States.
The patterns of primary energy consumption among
fuels are also generally similar between the two
countries. According to CER, end-use by fuel in 2017
was divided among refined petroleum products
(41%), natural gas (36%), electricity (17%, based on
a range of generation energy sources), biofuels (6%)
and others (1%). Primary energy consumption
shares by fuel are roughly similar in the United States.
Petroleum accounts for 37% of U.S. primary energy
demand, natural gas 32% and coal 11% for a fossil
fuel total of 80%, very close to the share held in
Canada.
Source: CER Fig. 7 End use demand by fuel (2017)
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End-use energy demand by sector differs between the two
countries. According to the EIA, U.S, energy demand is
split among the sectors as follows: industrial (32%),
transportation (28%), residential (21%) and commercial
(18%). End use energy demand in Canada in 2017 was
divided among industrial (52%), transportation (23%),
residential (13%) and commercial (12%) uses. The
industrial sector is thus far more important in its share of
energy use in Canada, and thus far more vulnerable to
increased costs from electrification.
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Source: CER Fig. 7 End use demand by sector (2017)

Electricity generation by fuel is quite different
between the two countries. Hydroelectricity accounts
for 61% of power generation in Canada, followed by
nuclear energy (15%), natural gas (9%), coal (8%)
and renewables (wind, solar and biomass) at 6%.
Generation of electricity in the U.S., in contrast, is
predominantly based on natural gas (38%) and coal
(23%), followed by nuclear energy at 20%,
hydroelectricity at 6.6% and renewables 11.4%. In
short, Canada’s electricity generation system is
already substantially “decarbonized”, with zeroemission sources already providing 82% of total
generation, while zero-emission sources account for
only 37% of U.S. total generation. Consequently, the
costs that would be entailed in “transforming” the
electricity generation system in Canada to zero
Source: CER Fig. 2 Electricity Generation by fuel type (2017)
emissions would be far less proportionately than in
the United States, but the costs of changing total energy consumption in the industrial,
commercial, residential and transportation sectors would be roughly similar.

The fossil fuel industries play a far more important role in the Canadian economy than they
do in the United States. According to Natural Resources Canada, the petroleum industry
accounts for 5.3% of Canada’s GDP. 4 Oil and gas extraction alone accounts for about 2.2%
of Canada’s GDP. It is difficult to find comparable figures for the United States; two per cent
of GDP is attributed to “mining”, a general category that includes upstream (i.e. exploration
and production) of oil, gas and coal. The significance of this is that the “stranded assets”
costs to Canada of eliminating the oil and gas industry would be much higher
proportionately than in the United States, and possibly two to three times as high. I
4

Energy Fact Book, 2019-2020, Natural Resources Canada, July 2019

could find no current estimate of the value of the investment already sunk in the Canadian
oil and gas industry.

To get a general idea of the potential
value of the deadweight losses, one
might consider that the oil sands alone Page | 12
include 165.4 billion barrels of proven
oil reserves. 5 At today’s depressed
international oil prices of about $45
per barrel, that amount of oil if
produced would be worth $7.4
trillion. Canada’s conventional oil
reserves are now about 4.7 billion
barrels, so if produced at current
Source: NRCan Energy Factbook
depressed prices they would be worth
Cdn $212 billion. Our conventional natural gas reserves are 542 trillion cubic feet; if sold at
the current Henry Hub price of U.S. $2.85 per thousand cubic feet, that would be worth U.S.
$1.3 trillion (Cdn $1.76 trillion). Canada’s proven and recoverable coal reserves are 6.6
billion tonnes. As of October 2020 the futures price for coal traded internationally was U.S.
$59 per tonne. If all Canada’s coal were sold at that price, it would be worth U.S. $323
billion (Cdn $436 billion).

Source: NRCan Energy Factbook

Another consideration is the roles that the fossil fuel industry plays in trade. Canada is a
major exporter of all energy products. According to the CER, in 2018 oil and gas exports
worth $101 billion represented 82% of the value of Canada’s total energy exports, which
equates to about 17% of total exports. The United States is a net importer of energy, but its
increasing exports of oil and natural gas have considerably improved the net energy trade
balance since 2014. In 2019, the total value of U.S. exports was $2.5 trillion, of which

5

Oil Sands Facts and Statistics, Government of Alberta, 2020

exported oil constituted $101 billion, or 4.4%. If decarbonization resulted in the sharp
reduction in hydrocarbon production and exports in both countries, Canada’s trade
balance (and the value of the Canadian currency) would be three to four time more
vulnerable than that of the United States.
Translating Tanton’s data into probable costs for Canada, therefore, requires one to make
some assumptions. If, as I noted previously, the costs of complete electrification in Canada
are directly proportional to the current patterns of energy demand by fuel and sector, then
the costs of electrification would be at least 15% of those in the United States. Using
Tanton’s figures, that would place the costs of electrification at somewhere between
U.S. $2.7 trillion (Cdn $3.6 trillion) and U.S. $4.35 trillion (Cdn $5.9 trillion). This
does not include the stranded assets costs or the deadweight losses which, based on
the value of the proven reserves alone, would appear to be about $9.4 trillion.
A cost of Cdn $3.6 trillion is equal to $95,000 for every person in Canada. A foregone
income of Cdn $9.4 trillion is equal to almost Cdn $250,000 per person, or one
million dollars for a family of four.
Tanton estimated that the impact of spending U.S. $18-29 trillion to electrify U.S. economy
would translate into annual cost increases of at least U.S. $5,000 per household, paid
directly and indirectly. Annual consumer expenditures for energy would roughly double.
Translating this into Canadian dollars and adding 15% would mean that the added
cost per Canadian household would be $7,760 per year. That, of course, excludes the
cost to the economy for the stranded assets and the deadweight losses. It is also a national
average; the costs to households in Alberta, Saskatchewan and Newfoundland and
Labrador would be much higher.

Costs per Avoided Ton of Emissions
Tanton calculated the avoided cost of emissions broken down by state and economic
sector. He found a wide variation by state, ranging from U.S. $300 to U.S. 10,000 per ton. It
is common practice in the U.S. to estimate the value of the social cost of carbon (intended to
represent the present value of the global environmental damages avoided by climate
change measures) at about U.S. $40 per ton. In almost every sector in every state, the cost
of electrifying significantly exceeded the purported value of the emissions reduction. In
other words, electrification is not a cost-effective means of reducing carbon dioxide
emissions.
Of course, if one questions the theses that human GHG emissions are causing global
warming and/or that collective international action is likely to significantly reduce
emissions, then the social benefit of reduced emissions in Canada is more likely to be zero.
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The Show Stoppers
While this article is primarily about the timetables required to
achieve a total energy transition, it would be inappropriate to
omit some discussion about the feasibility of the transitions
proposed. The public may perceive the changes that proponents
of decarbonization seek as small and incremental, the equivalent
of turning down the thermostat, putting on a sweater in cold
weather, or taking the bus rather that driving to work. Casting
the transition in terms of a percentage or two of change every
year tends to reinforce such perceptions. Vaclav Smil in his
book entitled Energy Transitions: History, Requirements,
Prospects presents the changes in technology and
infrastructure required to decarbonize the world’s economy
to be extraordinarily challenging and expensive; he describes the idea that this can
be done in a few decades as a “grand delusion”.

Source: Sovacool 2016 Image shows the rate of transition/adoption of new energy generation or development of technology.

In his book, Smil did not address one major barrier, which is often referred to as the effect
of decarbonization policies on the distribution of economic benefits and burdens within
society. Promoting wind and solar energy may increase incomes for the companies and
countries that produce these technologies (now, mostly in China), but policies that
undercut the viability of oil, natural gas and coal production and fossil-fuel-based power
generation impose large losses on the regions and communities where that production
occurs. In a country like Canada, a government that chooses to pursue global
environmental benefits (if any) from forcing decarbonization would have to justify severely
harming the resource-based economies of western Canada, Newfoundland and Labrador
and the North, as well as energy-intensive industries across Canada. I have argued
elsewhere that such policies may pose a threat to Confederation. 6
6

Robert Lyman. Can Canada Survive Climate Change Policy? The Friends of Science, May 10, 2017
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A central premise of those who foresee complete decarbonization of the global
economy is that all of the economic sectors and services whose energy needs are now
met by fossil fuels can be electrified. Yet, today the technologies needed to make this
feasible do not exist outside the laboratory, if there. This is especially the case in the
transportation sector, where the high energy density of oil products makes them the ideal
Page | 15
source of motive power. With currently available technology, there is no way to switch to
the use of cellulosic ethanol, to have hydrogen vehicles, to electrify commercial aircraft for
passenger or freight movement, or to electrify commercial trucking. While it is technically
feasible to electrify passenger rail and even freight rail systems, the costs of replacing
existing locomotives, cars and infrastructure are in the trillions of dollars, and no privatelyowned and operated rail company would accept the risks. To claim that this could be
accomplished within a few decades is simply beyond the pale of belief.

Conclusion

Like every emission reduction target that has been set since 1990, the goal of “net zero”
GHG emissions by 2050 is very unlikely to be met. Unfortunately, that does not mean that
governments will avoid imposing extremely costly measures, especially in the OECD
countries where most of the emissions growth is not occurring. If governments in Canada
are to be dissuaded from doing so, it is essential that the average citizen become far more
aware of the costs and their implications. This article offers a rough start at estimating
them. I hope others will add their efforts to the task.
The world uses 3 cubic miles of
oil-equivalent energy every
year – one of those cubic miles
of energy is a cubic mile of oil.
The cover image of “Why
Renewable Energy Cannot
Replace Fossil Fuels by
2050” shows the number of
equivalent alternative forms of
energy to replace a CMO of oil.
“To obtain in one year the
amount of energy contained in
one cubic mile of oil, each year
for 50 years we would need to
have produced the numbers of
dams, nuclear power plants,
coal plants, windmills, or solar
panels shown here.”
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