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As reported by Global News on Dec 10 [1], the Village of Carmangay, Alberta has completed “a solar farm project that will 
produce nearly 150 kW of power and is expected to save the Village more than $13,000 annually.” The project, which will 
produce more than enough electricity for the village (population 261), has been touted as producing “net zero” carbon diox- 
ide emissions. This is a nice project for the people of Carmangay. Unfortunately, Global didn’t report the full picture. The 
rest of the story is that the project is heavily subsidized by the Alberta and federal governments—in other words, by taxpay- 
ers and all Alberta electricity consumers (“the Rest of Us”), and that the actual reduction in CO₂ emissions is small and 
comes at a high cost. 

 
Carmangay’s solar energy is much more expensive than electricity from the grid. In a press release on December 8 
[2], the Village of Carmangay stated that the total cost of the project was $380,000 and that it will produce 213,765 kilowatt- 
hours (kWh), or about 214 megawatt-hours (MWh), of direct current electricity per year for an expected project life of 25 
years. “Direct Current” or “dc” energy is like the energy you get from a car battery. However, the power grid uses alternat- 
ing current or “ac” energy like the power in your house. For energy from a solar farm to be compatible with use on the 
power grid, it must be converted to ac energy. Converting energy to ac energy produces energy losses in the order of 10 
percent, so the output of the project is approximately 193 MWh ac. If we make the favourable-to-solar assumptions that 
there is no performance degradation, no downtime for maintenance, no fixed operating or maintenance costs and no varia- 
ble operating costs for the life of the project, the total cost of Carmangay’s solar energy is equal to the $27,000 annual cost 
of a 25-year, $380,000 loan at 5%, divided by 193 MWh, or $140/MWh = 14.0 ¢/kWh. By comparison, the average whole- 
sale price in Alberta’s competitive electricity market in 2020 was $46.72/MWh = 4.7 ¢/kWh. While this comparison is inter- 
esting, it does not tell the full story. 

 
Wind and Solar must be 100% backed up by conventional generation. Alberta’s power system must be able to reliably 
supply customers at all times, and since the annual maximum demand for electricity across the province typically occurs 
after sunset on cold winter evenings when solar power is not available, we cannot eliminate any of the conventional genera- 
tion that backstops solar generation. The same reasoning holds true for wind power, as the wind does not always blow dur- 
ing maximum demand periods. 

 
The Carmangay solar project’s electricity is seven times more expensive than the gas-fired electricity it is displac- 
ing. The fact that wind and solar generation must be 100% backed up by conventional generation means that Carmangay’s 
solar project does not eliminate any of the fixed costs of conventional generation. Moreover, as we retire existing coal plants 
and add more intermittent and highly variable renewable generation to the grid, the need for flexible and efficient gas-fired 
generation will only grow. Therefore, the “full story” economic comparison is between the total costs (fixed plus variable) of 
the solar electricity and the variable costs (only) of the gas-fired electricity that we could be using instead. For example, 
based on data from the United States Energy Information Administration (EIA) [3], a modern gas-fired combined-cycle power 
plant (such as the recently completed Shepard plant on the east side of Calgary) burns 6.8 gigajoules (GJ) of natural gas 
per MWh of electricity produced. At the 2020 average delivered natural gas cost of $2.25/GJ [4], the fuel cost would be 
$15.30/MWh. Adding the EIA’s $3.50/MWh for variable O&M costs, we get a total variable cost of $18.80/MWh or just under 
2 ¢/kWh. Thus, solar energy from the Carmangay project at 14 ¢/kWh (see above) is about seven times more expensive 
than the electricity it is displacing. While proponents of green energy claim that wind and solar are now less expensive than 
conventional generation, this is simply not true when all costs are considered. 

 
Stated another way, at current pricing, the total cost of power generation from a solar project in Alberta must be considerably 
less than 2 cents per kWh to be economic. 

 
Wind and solar projects impose other costs on the grid not accounted for here. What about possible savings on 
transmission or distribution wires costs? No such savings are likely, for three main reasons. First, the cost of the existing 
wires is essentially fixed, so to the extent the Carmangay project allows the village to avoid wires costs, they must be paid 
by other Albertans. Renewable generation can sometimes reduce the need for wires, but only in very rare and well-con- 
trolled circumstances. Second, additional wires must be built to connect wind and solar projects to the provincial power grid. 
Third, the variable nature of renewable energy can impose costs on other generators on the grid. More detail on the fact 
that renewable generators like the Carmangay project will increase the cost of generation, transmission and distribution is a 
subject for a later post. 

 
Carmangay’s solar project is economic for the village because the rest of us are paying most of the cost. The Vil- 
lage’s press release states that the solar power system is expected to produce an annual savings of about $13,400 based 
on 2019 electricity prices, and that grants from a number of federal and provincial sources made the project viable and have 
reduced the payback period for the Village to between 14 and 15 years. It also states that the payback period will be re- 
duced further when electricity rates climb. But a saving of $13,400 per year for 15 years has a present value of only 
$139,000 (at a 5% discount rate), which comes nowhere near to covering the original cost of the plant.  The remaining 
$241,000 of capital costs are paid for by the rest of us. Considering Carmangay has a population of 261, this comes to a 



subsidy of $920 per person. (A similar subsidy for all Albertans would cost $4 billion.) Regarding the notion that the pay- 
back period will be even lower when electricity rates climb, it is notable that the main driver of increased electricity rates in 
Alberta will be the forced integration of more renewable generation under federal and provincial climate policies. 

 
The cost of the CO2 emissions reduction far outweighs the environmental benefit. As noted above, the fuel gas sav- 
ing resulting from the solar project is 6.8 GJ per MWh. The 193 MWh/yr generated by the project will therefore result in a 
fuel saving of 1,310 GJ per year. The emission rate from natural gas is very close to 0.05 tonnes per GJ [5], so the CO2 
reduction resulting from this solar project amounts to 66 tonnes per year. At an amortized capital cost of $27,000 per year 
less the variable operating cost saving of the gas turbine ($18.80/MWh x 193 MWh/yr = $3,620 per year), the CO2 emis- 
sions reduction comes at a cost of $350 per tonne (($27,000 - $3,620)/66). 

 
There are several measures of the benefit of reducing CO2 emissions. The benefit of removing a tonne of CO2 from the at- 
mosphere is termed the Social Cost of Carbon (SCC). There have been many studies evaluating this benefit with a wide 
range of outcomes. The average SCC of peer reviewed studies is $39 per tonne [6]. Two other measures for the benefit of 
removing CO2 from the atmosphere are the Carbon Tax at $40/tonne (as of April 1, 2021) [7] and the market value of carbon 
offsets, which are currently trading for $24/tonne [8]. It appears that the cost of the Carmangay Solar Project far outweighs 
the environmental benefit. The CO₂ emissions and environmental damage resulting from the mining, manufacturing and 
eventual disposal of the solar panels for this project is significant and must also be considered when evaluating the merits of 
any solar project. 

 
This is all a very high price to pay so that the Village of Carmangay can boast they are electrically net-zero. They could 
have made the same claim (and saved the rest of us a lot of money) just buying $24/tonne carbon offsets for a total price of 
only $1,580/yr, or $22,000 for the 25 year life of the project. 

 
The Carmangay Solar Project makes no sense financially or environmentally. The December 8 press release states 
that the Village of Carmangay “has taken a major step forward in progressing as an environmentally and financially sustaina- 
ble municipality.” But as we have seen, financially, the solar plant produces electricity that is much more expensive than 
electricity produced by efficient gas-fired power plants and is only viable because of grants, subsidies, and other forms of 
taxpayer and ratepayer support. Environmentally, the benefit of Carmangay achieving an electrically net zero status is far 
outweighed by the cost, and is not in any way sustainable. So, while the project may appear to be environmentally and fi- 
nancially sustainable for the village, it is not sustainable for Albertans collectively. 

 
The Carmangay solar project may be good for the people of Carmangay, but it is terrible for the rest of us. And these facts 
represent the rest of the story, which was not reported by the media. 
 
---------- 
 
Addendum: 
In response to an on-line comment which suggested using a Municipal Borrowing Rate to assess the Carmangay 
Solar Project, I agree that Municipal Government borrowing rates for existing debt are in the order of 2 to 2.5%, however it is 
incorrect to use this value as a discount rate for the project.  Having said that, even if 2.5% discount rate is used, the 
Carmangay Solar Project would still no make sense financially or environmentally.  
 
Municipal Government borrowing rates are low because the risk of government defaulting on their loans is small.  Government 
borrowing is traditionally used for essential goods and services such as health care, police and roads which are not competing 
against other alternatives.  Taxpayers have no option.  They must use and pay for these services.  
 
Government borrowing is typically not project specific and is funded with 100% debt and 0% equity.   Carmangay probably did 
not borrow new money specifically for the Carmangay Solar Project therefore it is not possible to assign a specific cost of 
borrowing for this project.  A riskier project investment, such as the Carmangay Solar Project, competing against, and at the 
same time, depending on, private sector power generation, levers off the lower existing government weighted average cost of 
capital (WACC).  WACC addresses the risk of past projects and does not consider the future underlying risk of a new project.  
This future risk falls on the taxpayer.  If the project does not perform as expected over the life of the project, taxes will 
increase.  Private sector projects are funded with a combination of debt and equity with the equity holders taking the project 
risk/reward ahead of the lender.  The taxpayer in a government project essentially takes the place of an equity holder in a 
private project.  The hurdle rate which a company uses to evaluate the return required to justify the risk of proceeding with a 
new investment is called the discount rate. 
 
Some of the risks the Carmangay Solar Project project faces are: 
 
- Capital cost risk.  Although this cost is now known, it wasn’t at the time of project approval. 
- Operations and maintenance risk.  Risk that the electrical output of the project does not meet performance 
expectations, and/or the system requires more maintenance than assumed.  This is assumed to be covered under the 
contractor’s warranty, however there is the risk of default by the contractor. 
- Regulatory risk.  Risk that power not consumed by Carmangay can no longer be sold to the grid on a priority basis 
and/or at the assumed price under current regulation. 
- Competitive risk.  The project economics assume that power from the Carmangay Solar Project will be less expensive 
than from the grid (or other alternatives) over the life of the project. 
- Retirement obligations.  The cost of disposal of the solar panels at the end of the project life. 
 
These risks are not unlike the risks of large scale utility wind and solar power generation projects. The EIA (page 9) uses a 



discount rate of 5.9% with a 40% debt, 60% equity split in it’s assessment of utility scale wind and solar projects in the US.  
This 5.9% discount rate is representative of the free market cost of capital for large scale utility power generation projects.  A 
marginal discount rate of 5% was used in the Carmangay Solar Project analysis as a conservative reflection of the underlying 
risk of the project. 
 
Marginal risk is the key concept.  The Carmangay Solar Project is small and therefore it’s impact on the electricity rates and 
taxes for Carmangay and Alberta will be small, but if Alberta proceeds with its plan for a large number of big solar (and wind) 
projects connected to the grid, the impact on Alberta electricity rates and taxes can be very large, as was the case with the 
Ontario Government's venture into wind and solar power which, according to the Auditor General of Ontario, from 2006 to 
2014, Ontarians unwittingly subsidized their “green" energy plan to the tune of $37 billion from the Global Adjustment fees on 
their power bills.   
 
Notwithstanding the reasoning for using a discount rate of 5%, the key messages from the Carmangay Solar Project analysis 
are not materially changed if a 2.5% borrowing rate is substituted for the 5%. 
 
 - Carmangay’s solar energy would be 2.3 times more expensive than electricity from the grid vs 3 times as stated in the 
analysis. 
- The Carmangay solar project would be 5.6 times more expensive than the grid generation it is replacing vs 7 times as stated 
in the analysis. 
- Carmangay’s solar project would be economic for the village because the rest of us are paying such a large share of the cost 
- $165,000 of the $380,000 capital cost vs $241,000 of the $380,000 capital cost as stated in the analysis. 
- The cost of the CO2 emissions reduction far outweighs the environmental benefit.  The cost would be $260 per tonne 
vs $350/tonne.  The benefit of CO2 reduction would remain unchanged at somewhere in the range of $24 to $40 per tonne. 
 
The use of the Municipal borrowing rate as a substitute for the discount rate would simply be another subsidy for the 
Carmangay Solar Project.  No matter how you cut it, the Carmangay Solar Project makes no sense financially or 
environmentally. 
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