WHAT YOU REALLY NEED TO KNOW ABOUT
RENEWABLE ENERGY
(THAT THE PEMBINA INSTITUTE WON’T TELL YOU)

PART A: PEMBINA’S EVALUATION OF SOLAR
ENERGY IS WRONG
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AUGUST 2020
PEMBINA
INSTITUTE
CLAIMED…



“There are significant opportunities to supply the majority of
Alberta households and industries with reliable, cheap, and clean
electricity,”



“With the falling costs of solar and wind energy, our electricity
sector has entered a new reality where renewable generation is the
most economical source of new electricity generation for the
province.”



Lots of media outlets also make claims of ‘cheap wind and solar’.

SOUNDS GREAT. TOO BAD IT IS WRONG.



Based on the Pembina Institute paper,



they do not understand the physical and market operations of Alberta’s electric power
system:



they provided incomplete analyses that ignore critical details, they cherry-picked data,



they failed to acknowledge the massive and ever-increasing implicit subsidies that
Albertans are providing to wind and solar generators,



and they ignored the crucial role played by fossil-fueled (“FF”) generators—the very
generators that many green-energy advocates love to hate—in allowing wind and solar
generators to operate in the first place.



For readers not familiar with the term, “cherry-picking” refers to highlighting data
that supports one’s case while hiding or ignoring data that does not.

Rose-colored spectacles
are not reality. Image licensed from

Shutterstock

WHAT’S WRONG WITH PEMBINA’S
ROSY PICTURE OF RENEWABLES?

THE REALITY OF
RENEWABLES IS
NOT SO ROSY



Pembina’s evaluation of solar energy for
Alberta fails because:



the number of Alberta homes that can be
reliably served by solar energy alone is zero,



southern Alberta solar resources are not
equivalent to those in Miami or Rio de Janeiro



paying for the energy storage needed to turn
solar generation into a reliable electricity
source using today’s technology would put the
purchase of electricity beyond the financial
reach of most Alberta families.

Fernando Tomás from Zaragoza, Spain, CC BY 2.0
<https://creativecommons.org/licenses/by/2.0>, via Wikimedia Commons

Five electricity standards
for power generation:
• abundant
• affordable
• reliable
• scalable
• flexible

Pembina Institute is
advocating for
generation that does not
meet any of these
standards.

ELECTRICITY STANDARDS FOR
MODERN SOCIETY

https://spectrum.ieee.org/energy/renewables/to-get-windpower-you-need-oil

INCONVENIENT TRUTHS – WIND AND SOLAR
REQUIRE MASSIVE AMOUNTS OF FOSSIL
FUELS

PEMBINA HAS A NUMBER OF LOBBYISTS
INFLUENCING NATIONAL POLICY

PEMBINA’S LOBBYISTS ARE ACTIVE IN
ALL THESE AREAS

GOVERNMENT FUNDING TO PEMBINA

FOREIGN FUNDING TO PEMBINA TO
EDUCATE AND ‘BUILD A CLEAN ENERGY
FUTURE’

IF GROUPS RECEIVE
TAXPAYER FUNDING,
SHOULD THEY NOT BE
REQUIRED TO BE
ACCURATE IN POLICY
PROPOSALS?

Image licensed from Shutterstock

HALF A TRUTH
IS A WHOLE
LIE



On page 1 of its report, Pembina states that
wind farms secured through the Alberta
government’s Renewable Electricity
Program will generate enough electricity to
power 555 000 homes.



On page 3, Pembina asserts that 100 000
MWh is enough to power 15 700 Alberta
homes for an entire year



These claims are examples of the halftruths that pervade green-energy advocacy

WHY IT’S A
HALF TRUTH



Producing a sufficient amount of energy over the
course of a year solves only half the problem of
providing a reliable supply of electricity.



To solve the other half, the energy must be
delivered when and where it is needed.



To see how (obviously) critical the other half is,
imagine that a meal service company promised to
meet your food needs for all of last year.



If it delivered way too much food in the summer,
about the right amount of food in the spring and
the fall, and way too little food in the winter, it
might well have delivered enough food over the
whole year—



but in no sense did the company meet your
nutritional needs, especially if it occasionally
delivered no food at all for days at a time.



Pembina acknowledges that storage is required in a “clean energy portfolio,” the
authors conspicuously fail to consider that the energy storage needed by solar
generators today is in the form of fossil fuels and is paid for, not by those generators (as
should be the case), but by Alberta ratepayers through one of several implicit subsidies
that renewable generators receive.

TAXPAYERS SUBSIDIZE “FREE” ENERGY

PEMBINA’S RENEWABLE POTENTIAL
MAPS FROM THEIR REPORT
https://www.pembina.org/reports/renewable-energy--what-you-need-to-know.pdf Note: This image was not in the
livestream, but better illustrates the style of presentation of Pembina’s claims.

SOUTHERN ALBERTA’S SOLAR
RESOURCES NOT EQUIVALENT
TO MIAMI OR RIO DE JANIERO




Figure 1 is a map of the photovoltaic power potential in North America.
Southern Alberta’s potential, which lies in the 1400 to 1600 kWh/kWp
range, is well below the 1900 to 2100 kWh/kWp that is available in
parts of Arizona, New Mexico, Texas, and north-central Mexico. In
fact, the map and its legend show that southern Alberta solar is no better
than middle-of-the-pack. Pembina’s own map not only misleadingly
claims that southern Alberta solar resources are “excellent,” it extends
that claim to include a large swath of land east of Lake Winnipeg and
into northwestern Ontario whose solar potential is as low as 1300
kWh/kWp, even though it excludes much of the land to the north and
east of that swath that has that same potential. Doing so exaggerates the
geographic extent of the best solar resources in the country.
https://solargis.com/file?url=download/North%20America/NorthAmerica_PVOUT_mid-size-map_156x138mm300dpi_v20180611.png&bucket=solargis






“kWp” means “kilowatts peak,” the rate at which a solar array
generates power at peak performance. “kWh/kWp” refers to the kilowatthours of energy produced in a year for each kW of peak-output capacity.

ROUGH EQUIVALENCE
OF SOLAR P-V
INSUFFICIENT


With respect to Miami, many comparisons are possible because
solar systems can be configured in many different ways and can
be placed in many different orientations relative to the path of the
sun across the sky. If we assume identical arrays with two-axis
tracking, a Miami system produces ~15% more energy on an
annual basis than one in Medicine Hat. If south-facing rooftop
solar is assumed, then a Miami system produces about 25% more
energy.
Two-axis tracking allows the solar panels to track
both the north-south and east-west movements of the sun across
the sky, thereby maximizing the conversion of the available solar
energy into electricity. However, two-axis arrays are more
expensive than fixed or single-axis arrays, and tracking is not
applicable for rooftop installations.




The US National Renewable Energy Laboratory’s
PVWATTS web application (PVWatts Calculator (nrel.gov))
produces a value of 8567 kWh for a PV array in Miami, assuming
the default array configuration except for the use of two-axis
tracking. The corresponding value for Medicine Hat is 7363
kWh.






With two-axis tracking replaced by the default rooftop
mount with 20° tilt, the Miami value is 6209 kWh and the
Medicine Hat value is 4914 kWh. (See the preceding endnote.)



Any comparison between southern Alberta and Rio de Janeiro, a city whose metropolitan
area contains more than 12 million people, whose population density is ~2700/km2 compared
to Calgary’s 272/km2, and where per capita electricity use is 2400 kWh/year versus Canada’s
13 085 kWh, would be even less useful.



And while the words “Rio” and “Miami” conjure up images of warm, sunny beaches in the
minds of readers—likely as intended by the Pembina report’s authors—both cities are
subjected to heavy cloud and a lot of rain during their summers. The reference Pembina
provides to support its Rio/Miami claim is no longer available, so we cannot comment on the
basis for it. In the end, however, it is much like the one that says “this renewable plant can
serve 10 000 homes:” it may be true in a very narrow sense, but it is not true in any practical
or economic sense.



In the end, Pembina’s claim that solar resources in southern Alberta are like those in
Miami and Rio de Janeiro is unsupported by facts, is irrelevant, and is (at best)
misleading.

ALBERTA IS NOT RIO DE JANIERO
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This chart shows: (i) monthly solar output as a solid line with markers; (ii) monthly electricity demand as a dashed line; (iii) monthly energy surplus (+) or shortfall (−) as
columns; and (iv) the cumulative energy surplus or shortfall at the end of each month as a shaded area.

GREATER SEASONAL VARIATION OF SOLAR ENERGY AT HIGHER LATITUDES
SHOWS WHY SIMPLY COMPARING ANNUAL ENERGY PRODUCTION
BETWEEN SOLAR ARRAYS IN DIFFERENT PARTS OF THE WORLD IS
MEANINGLESS
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Eliminating fossil fuels would require, among other things, that we convert home heating systems, water
heaters, and cooking appliances from natural gas to electricity.



Since the average Alberta home uses 100 GJ of natural gas each year, the conversion would add almost
28 000 kWh per year to the average home’s electricity consumption.



The vast majority of the new demand will appear in the winter: based on residential natural gas usage
data for 2015-2019 from the Alberta Energy Regulator, December and January each account for 15% of
annual gas consumption, while June, July, and August are each under 3%.



These numbers translate into roughly 4200 kWh/month of incremental electricity use in the winter and
approximately 700 kWh/month in the summer.



Adding the monthly increments to the 614 kWh per month assumed above, scaling up the solar array to
29 kW to rebalance the annual energy supply and demand, and recalculating the monthly and cumulative
shortfalls gives Figure 5.



The cumulative shortfall now reaches 7260 kWh, which is 13 times larger than before the conversion,
while the cumulative surplus reaches 6340 kWh, which is eight times larger than before.

THE PROPOSED CONVERSION OF NATURAL GAS HOME HEATING TO
ELECTRICAL HEATING

Monthly or Cumulative Energy [kWh]

FUTURE MEDICINE HAT –
NO FOSSIL FUELS
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This chart shows: (i) monthly solar output as a solid line with markers; (ii) monthly electricity demand as a
dashed line; (iii) monthly energy surplus (+) or shortfall (−) as columns; and (iv) the cumulative energy surplus
or shortfall at the end of each month as a shaded area.

Figure 5: This chart is the same as
Figures 3 and 4 except that it’s for
“future Medicine Hat,” where the
residential use of fossil fuels is
assumed to have been eliminated.
The anti-correlation between solar
generation and electricity demand
is obvious. Caution must be used
when comparing this chart to
Figures 3 and 4: the vertical scales
here is much different than on the
other two charts.



Today, most consumers’ energy surpluses and shortfalls are managed through connections to
their respective power grids, which in both Florida and Alberta are supplied largely by FF
generators.



Shortfalls are covered by importing power from the grid, while surpluses are managed by
exporting power to it.



Now, let’s assume our two customers believe Pembina’s claim that solar is among the
cheapest forms of new generation and decide to try disconnecting from the grid to save
money and to eliminate their own use of fossil fuels.



Let’s also assume they decide to use batteries to supply their electricity when the sun is not
shining, as many renewable energy advocates believe they can do today.



According to United States - U.S. Energy Information Administration (EIA), Florida’s
electricity comes from coal (15.6%), natural gas (64.0%), petroleum (1.1%), renewables
(4.3%), and nuclear (15.1%).

PEMBINA IGNORED THE HUGE COST OF THE ENERGY STORAGE NEEDED
FOR SOLAR GENERATION.

NOTE: This slide was not
in the live stream –
viewers may want to see
Alberta’s power
generation by source.
Screenshot was taken
about 15 mins before
the live stream began.
This AESO information
updates every 15 mins.
The output of the various
sources and the import
or export to the
Interchange fluctuates
with demand, weather
conditions,
maintenance and
unexpected down
times. Alberta is
powered by natural gas
and coal.
http://ets.aeso.ca/ets_web/ip/Mark
et/Reports/CSDReportServlet

ALBERTA’S POWER GENERATION BY
SOURCE



Miami customer (flat consumption)



her battery must be charged to 146 kWh on January 1st to avoid having an energy shortfall
(i.e., lights out) period in February



requires a solar-and-batteries system that can store 422 kWh, which is about 17 days’ worth
of consumption.



Medicine Hat customer (flat consumption)



the battery must initially be charged to 560 kWh. It must therefore be capable of storing
560 + 780 = 1340 kWh, or about 66 day’s worth of consumption.



These numbers refute the notion that solar energy systems require only a few days’ worth
of backup storage to get through cloudy periods, and comparing the two locations further
negates the claim that solar resources in southern Alberta are equivalent to those in southern
Florida.



This number is based on the assumption of infinitely flexible batteries with no round-trip
losses. In reality, losses of about 10% can be expected.

DAYS NEEDED FOR BATTERY STORAGE



Miami



The cost of batteries for the Miami customer would be 550 × 422 = C$232 100. (Since the
cost of the solar panels is small compared to the cost of batteries, we will assume they’re
free.) If her system never needs maintenance, if her batteries last a rather optimistic 10 years
without degradation, and if she can borrow money at zero interest, her annual cost would be
about C$23 000; dividing by 9312 kWh/year, that’s roughly C$2.50/kWh.



Medicine Hat



The Medicine Hat customer’s batteries would cost 550 × 1340 = $737 000, and under the
same assumptions his cost would be $73 700 per year or $10/kWh. This compares to the ~17
cents/kWh ($1253/year for 7368 kWh) that Alberta residential consumers spend today for
electricity (including energy, transmission, and distribution charges, administration fees, and
taxes). The absurdity of this result hits home when we realize that, since the median after-tax
income in Alberta in 2019 was $72 500, most Albertans would be unable to buy the amount
of electricity they use today even if they stopped buying food.



So, Pembina’s claim that “our electricity sector has entered a new reality where renewable
generation is the most economic source of new electricity generation for the province” is
categorically wrong

COST OF BATTERY STORAGE

 The

already-huge mismatch between reality and Pembina’s claim will become even larger if a
gas-to-electricity conversion is forced on consumers.

 If

the Medicine Hat customer were to convert his natural gas consumption to electricity and
scale up his solar array to match his annual energy demand (assuming he has the roof space to
do so), rather than 1340 kWh of storage he would need 13 600 kWh.

 That’s

about 70% of the storage capacity of TransAlta’s WindCharger battery facility (shown
here under construction), and it would cost more than $7 million at the assumed $550/kWh.
But even that number is too low because we have yet to account for the batteries’ round-trip
energy losses and capacity degradation over time, the electrification of transportation, or the
additional storage that would be needed in colder-than-average or cloudier-than-average years.
As for the idea that the batteries in electric vehicles can help, most personal EVs store
100 kWh or less, a miniscule fraction of what would be needed.



Varcoe: TransAlta set to flip switch on Alberta's first large-scale battery storage project,
using technology from Tesla | Calgary Herald The project received a $7.7 million grant from
Emissions Reduction Alberta using money collected through the carbon dioxide levy on
industrial greenhouse gas emitters.

NATURAL GAS TO ELECTRICITY ABSURD

> $700 000

Canadian Dollars per Year

$72 500

$23 000
$2046

$73 700

CAN WE AFFORD TO
LISTEN TO PEMBINA
INSTITUTE’S ADVICE?


Figure 6: The cost of: Alberta home
electricity and natural gas today;
Miami solar & batteries electricity
today; Medicine Hat solar &
batteries electricity today; and
Medicine Hat electricity after
converting from natural gas.
Alberta’s 2019 median family
income is shown for comparison
purposes. If we drew it at full
height, the rightmost column would
reach to about the top of the
previous page.



On page 4 Pembina states, “Combined with other technologies such as energy storage
and demand-side management, wind and solar can contribute to a clean energy
portfolio that can provide a reliable supply of electricity to the grid at all times.”



This sounds wonderful, but in the absence of much more information, it’s a hollow
statement. Would Pembina consider that we have a reliable grid if the cost of a wind,
solar, and storage power system to the average homeowner is $10/kWh, or even
$1/kWh, with the demand destruction that those prices would entail?



Is using smart meters to turn off the power to tens of thousands of homes, businesses,
schools, shopping centres, seniors’ homes, and hospitals an acceptable form of “demand
management” when storage has been exhausted, the sun has set, and wind generation is
producing at just a few percent of its installed capacity?

WHAT ABOUT DEMAND
MANAGEMENT?

https://www.auc.ab.ca/Pages/current-rates-electric.aspx



An obvious question is, if solar generation is absurdly expensive when all costs are
considered, how could it be that solar farms are being built at a fairly rapid pace in
Alberta today?



As we alluded to above, there are two main reasons.



First, FF generators are still allowed to exist, and they provide the energy needed when
the sun is not shining (and/or the wind is not blowing) at a tiny fraction of the cost of
batteries.



Second, both residential and commercial solar generators in Alberta are beneficiaries of
massive, growing, and mostly hidden subsidies that make solar projects economic for
their owners but off-load large costs onto consumers. We explore these points in
upcoming parts of our rebuttal to Pembina

WHY IS SOLAR GENERATION BEING
BUILT IN ALBERTA?

1.

Claims like “this solar facility can provide enough energy to serve 10 000 homes” are
misleading because having enough energy, by itself, does not lead to a reliable, yearround supply of electricity for Alberta homes.

2.

Pembina’s claims that southern Alberta solar resources are “excellent” and “equivalent
to those of Rio de Janeiro and Miami” are based on cherry-picked comparators. While
solar energy is indeed more plentiful in southern Alberta than in most of Canada, it is
no better than middle-of-the-pack when seen in a global context. Pembina could have,
but for obvious reasons did not, compare southern Alberta to Phoenix, Arizona or El
Paso, Texas. In addition, the seasonal variation of solar energy in Medicine Hat results
in storage requirements that are much greater than those in Miami.

IN CONCLUSION – MIAMI TO MEDICINE
HAT COMPARISONS INVALID



As we move further away from the equator, solar energy’s seasonal variation gets larger
and electricity demand tends to shift from summer-peaking to winter-peaking.



In Alberta the winter peaks will become vastly larger if consumers are forced to convert
from natural gas heating to electric heating.



The changes to supply and demand that occur as we move to higher latitudes increase
the amount of storage needed to turn solar generators into reliable energy sources.



In Alberta, the needed storage is not just that required to get through a few cloudy days,
but rather that required to get through the October-to-March solar energy shortfall.



This amount of battery storage is not economically feasible for Alberta families.

POWER GENERATION IS COMPLEX –
BATTERIES ARE NEEDED FOR MORE THAN
‘JUST A FEW DAYS’ OF STORAGE

READ THE FULL
REPORT
https://blog.friendsofscience.org/2021/06/14/what-you-really-needto-know-about-renewable-energy-that-the-pembina-institute-wonttell-you/

https://blog.friendsofscience.org/2021/04/25/the
-true-cost-of-wind-and-solar-electricity-inalberta/

https://blog.friendsofscience.org/2018/11/18
/in-the-dark-on-renewables-rebuttingdeloitte-insights-and-climate-reality/

https://blog.friendsofscience.org/wpcontent/uploads/2020/06/WHY-RENEWABLEENERGY-CANNOT-REPLACE-FOSSIL-FUELS-BY2050-FINAL-2.pdf

RELATED REPORTS
https://blog.friendsofscience.org/2
019/06/28/the-ontariogovernment-climate-legacy/

https://blog.friendsofscience.org/2020
/11/26/renewable-energy-outlook-to2025-the-inconvenient-facts/





Friends of Science Society is an independent group of earth, atmospheric and solar
scientists, engineers, and citizens that is celebrating its 19th year of offering climate science
insights. After a thorough review of a broad spectrum of literature on climate change,
Friends of Science Society has concluded that the sun is the main driver of climate change,
not carbon dioxide (CO2).
Friends of Science Society
P.O. Box 23167, Mission P.O.
Calgary, Alberta
Canada T2S 3B1
Toll-free Telephone: 1-888-789-9597
Web: friendsofscience.org
E-mail: contact(at)friendsofscience(dot)org
Web: climatechange101.ca

ABOUT

https://friend
sofscience.or
g/index.php
?id=160

