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Executive summary

!e Ontario Green Energy and Green Economy Act (herein the GEA) was 
passed in May  with the purpose of addressing environmental concerns 
and promoting economic growth in Ontario. Its centerpiece is a schedule of 
subsidized electricity purchase contracts called Feed-in-Tariffs (FITs) that pro-
vide long-term guarantees of above-market rates for power generated by wind 
turbine farms, solar panel installations, bio-energy plants and small hydroelec-
tric generators. Development of these power sources was motivated in part by 
a stated goal of closing the Lambton and Nanticoke coal-fired power plants. 

!is report investigates the effect of the GEA on economic competi-
tiveness in Ontario. It focuses on three questions: () Will the GEA mater-
ially improve environmental quality in Ontario? () Is it a cost-effective plan 
for accomplishing its goals? () Are the economic effects on households and 
leading economic sectors likely to be positive? !e answer to each question 
is unambiguously negative. !e specific findings of the report are as follows.

1 It is unlikely the Green Energy Act will yield any environmental improve-
ments other than those that would have happened anyway under policy 
and technology trends established since the 1970s. Indeed, it is plausible 
that adding more wind power to the grid will end up increasing overall air 
emissions from the power generation sector.

As of , air quality in Ontario had improved considerably compared to the 
s, and showed no tendency to be getting worse. A confidential  cost-
benefit analysis for the provincial government, often cited by the Province 
as a defence of the GEA, in fact predicted that the closure of the coal-fired 
power plants would yield such tiny effects on air quality as to be unnotice-
able in most places. 

Because of the fluctuating nature of wind and solar power, adding renew-
able capacity to the grid requires additional backup power from natural gas 
plants. Because Ontario currently has a surplus of base-load generating capacity, 
further additions to base-load in the form of wind or solar power may require 
removing a nuclear plant from operation and replacing it with a combination 
of renewable and gas-fired generation, yielding a net increase in air emissions. 
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2 The plan implemented under the Green Energy Act is not cost e&ective. 
It is currently 10 times more costly than an alternative outlined in a con-
'dential report to the government in 2005 that would have achieved the 
same environmental goals as closing the coal-'red power plants.

!e province’s continued reliance on the confidential  “DSS” analysis in 
defence of the GEA is misleading since that report did not consider or rec-
ommend use of wind or solar energy as a replacement for coal. !e analysis 
by DSS Management Consultants actually shows that a relatively low-cost 
retrofit option for the coal plants was available that would have yielded envi-
ronmental improvements (including reductions in greenhouse gases) effec-
tively equivalent to those of closing the plants, at about one tenth the current 
cost of the GEA, and one seventieth what it will cost if the Province follows 
its stated plans to completion. 

The focus on wind generation is especially ine)cient because pro-
duction peaks when it is least needed and falls o& when it is most needed. 
Surplus power is regularly exported at a considerable 'nancial loss. On 
average, due to daily and seasonal wind patterns in Ontario, a % increase in 
wind power production coincides with a % reduction in consumer power 
demand. Eighty percent of Ontario’s generation of electricity from wind 
power occurs at times and seasons so far out of phase with demand that the 
entire output is surplus and is exported at a substantial loss. !e Auditor-
General of Ontario estimates that the province has already lost close to 
$ billion on such exports. Data from the Independent Electricity System 
Operator shows Ontario now loses, on average, $, per operating hour 
on such sales, totaling $ million annually. !e loss rate will continue 
to grow with every new wind turbine installation because the mismatch 
between the timing of wind-powered generation and Ontario electricity 
demand is structural. 

!e wind-power grid is also inherently inefficient due to the fluc-
tuating nature of the power source. Output of Ontario’s wind turbines is 
below one fifth of rated generating capacity about half the time, and below 
one third of the rated capacity about two thirds of the time. Because of the 
unreliability of output, 7MW of rated wind energy are needed to provide 
a year-round replacement of 1MW of conventional power generating cap-
acity. Consequently, the cost of achieving the provincial targets for renewable 
energy in the coming years will be much higher than currently acknowledged. 

3 The Green Energy Act will not create jobs or improve economic growth in 
Ontario. Its overall e&ect will be to increase unit production costs, dimin-
ish competitiveness, cut the rate of return to capital in key sectors, reduce 
employment, and make households worse o&. 
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!e claim by the government of Ontario that , jobs will be created by 
the GEA was a guess without any basis in formal analysis, and the Province 
has since admitted both that the vast majority of any GEA-related jobs will be 
temporary and that the figure of , does not account for offsetting perma-
nent job losses caused by increases in the price of electricity under the GEA. 

Electricity costs for large users in Ontario were moderate compared 
to surrounding jurisdictions as recently as , but have since risen almost 
to the highest level in our comparison group. Further price increases of % 
to % are forecast, in large part to pay for costs incurred under the GEA. 
!ese will result in Ontario being at or near the top end of North American 
electricity costs over the next few years. Such price increases, were they to 
occur, would strongly affect the unit cost of production in mining and manu-
facturing and, to a smaller extent, forestry. I estimate they will drive down the 
rate of return to capital in manufacturing in Ontario by %, in mining by 
about %, and in forestry by about .%, leading to a net loss of investment 
and employment in the province. 

Provincial efforts to shield these industries through energy subsidy pro-
grams only transfer the costs onto households, who are already dealing with 
increases in the price of residential electricity because of GEA-related initia-
tives. !ere would also be uncertainty as to whether the Province will remain 
committed to such subsidy measures in the face of its ongoing budget deficit. 
!ere are additional costs to households in regions afflicted with new wind 
turbine installations arising from lost property values, degradation of the rural 
environment, and increased health and stress problems. Were these to be 
taken into account, the overall cost burden of the GEA would be even higher. 
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 1 Introduction

!e Green Energy and Green Economy Act (herein the GEA) was passed in May 
 with the purpose of addressing environmental concerns and promoting 
economic growth in Ontario. Its centerpiece is a schedule of subsidized electri-
city purchase contracts, called Feed-in-Tariff rates (FIT), that provide long-term 
guarantees of above-market rates for power generated by wind turbine farms, 
solar panel installations, bioenergy, and small hydro generators. !e Province 
of Ontario has stated that the GEA was motivated by three goals:  reduction of 
greenhouse gas emissions, reduction of criterion air contaminants by replacing 
coal-fired power plants with renewable power generation, and job creation 
(AGO, : ). Environmental and Economic Consequences of Ontario’s  
Green Energy Act shows that the GEA will impair competitiveness and job 
creation in Ontario. It also shows that the GEA will not yield meaningful 
reductions in air pollution, and that much less costly approaches to achiev-
ing the same environmental goals could have been taken, and that this was 
known prior to the Act’s introduction. 

Section . sets the context of the GEA by showing that Ontario air 
quality had already improved dramatically in most respects between  
and . !e only area in which progress was slow was ground-level ozone, 
but Section . shows that the provincial government was informed in  
that closing the coal-fired power plants would have only a minuscule effect 
on this, and a comparable outcome could have been obtained by complet-
ing the installation of relatively low-cost scrubbers on the power plants. 
Combined with purchase of carbon-offset credits, this approach would have 
yielded an outcome statistically identical to closing the power plants, for well 
under $ million per year, about one tenth of the pro-rated costs currently 
being incurred under the GEA. Section . shows that the embrace of wind 
turbines for power generation in Ontario is intrinsically inefficient since 
the technology operates well below rated capacity, and  tends to produce 
power when it is least needed, requiring it to be exported at a substantial 
loss. Hence, the planned expansion of wind energy under the GEA is highly 
cost-inefficient and will, if pursued, raise the costs to provincial households 
another seven-fold. 
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Section  examines the competitiveness impacts on Ontario, showing 
that if the projected electricity price increases go through, the rates of return 
to capital in manufacturing and mining will be impaired, leading either to 
capital flight and job losses, or requiring the province to make a costly com-
mitment to subsidies, neither of which are in the public interest.
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 2 The Green Energy Act and  
Ontario’s Air Quality

 2.1 Air quality trends in Ontario since the 1960s

Air quality in Ontario is measured by a network of  monitoring stations 
operated by the Ministry of Environment (MOE).¹ Some of the MOE records 
also go into the federal National Air Pollution Surveillance (NAPS) system, 
which has archived records since . !e earliest MOE record is a Sudbury 
sulphur dioxide (SO) series spanning  to  (another Sudbury location 
began in  and continues to the present). A downtown Toronto record 
extends from  to the present. As shown in 'gure 2.1, SO levels in these 
archives exhibit a dramatic decline, especially in Toronto, and daily readings 
now are typically  to  parts per billion (ppb). SO is now only monitored 
at five locations in Ontario.

Figure 2.2 shows the MOE and NAPS data for Total Suspended 
Particulates (TSP) and Particulate Matter smaller than  microns (PM), 
both measured in μg/m³. TSP were measured up to . Except for a spike 
near the end of the sample, levels had fallen in half by  compared to 
the s, generally hovering around the Ontario clean-air standard of  
μg/m³. PM was measured for two years in Ontario around the turn of the 
century and the levels were much lower than that, through TSP is a broader 
category than PM. 

Carbon monoxide (CO) is often mentioned as an air pollutant of con-
cern because it is lethal in high doses but, as 'gure 2.3 shows, levels in Toronto 
declined steadily from  to the end of the record in , and in Sudbury 
it was always quite low. !is is especially noteworthy since CO is mainly 
associated with motor vehicles and the number of cars on the road grew 
every year of the sample. CO is only measured in four locations in Ontario 
now and rarely exceeds one part per million (PPM), well below the clean-air 
standard of  ppm. 

 1 Hourly readings are posted online at <www.airqualityontario.com>.
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Average ground level ozone (O) levels rose slightly from the s to 
, then remained relatively constant thereafter to the present. Average 
monthly levels have not exceeded  ppb in either Toronto or Sudbury since 
. Of more concern are the summertime peaks, since ozone formation 
occurs on hot, still days when conditions are right for the chemical reac-
tion to occur. Figure 2.4 shows the monthly -percentile levels of O in 
Toronto and Sudbury since  (in other words, the cut-off for the top % 
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Figure 2.1: Toronto and Sudbury SO2 concentrations, 1961 to the present
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Note: Horizontal line shows the Ontario most stringent air quality standard for SO2.
Sources: MOE: Ontario Ministry of Environment, unpublished data; NAPS: Environment Canada, 2012.

0
10

0
20

0
30

0
40

0

1960m1 1970m1 1980m1 1990m1 2000m1 2010m1
date

Sudbury TSP (MOE) Toronto TSP (MOE)
Toronto PM10 (NAPS)

M
ic

ro
gr

am
s p

er
 c

ub
ic

 m
et

re

Figure 2.2: Toronto and Sudbury TSP and PM10 concentrations, 1965 to 2002 
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Note: Horizontal line shows the Ontario most stringent air quality standard for Suspended 
Particulate Matter. 
Sources: MOE: Ontario Ministry of Environment, unpublished data; NAPS: Environment Canada, 2012. 
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of readings in each month). Toronto peak readings were highest in the late 
s and have declined since then. For the past seven years, they have 
remained below the Ontario standard of  ppb. Sudbury peak ozone levels 
have remained constant at between  and  ppb since , well below 
the clean air standard.
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Figure 2.3: Toronto and Sudbury CO concentrations, 1974 to the present 
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Note: Horizontal line shows the Ontario most stringent air quality standard for CO. 
Source: NAPS: Environment Canada, 2012. 
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Figure 2.4: Toronto and Sudbury O3 monthly 99th percentile concentrations, 
1974 to the present
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!e pattern of improvement in Ontario’s air quality is no secret. Every 
year, the Ontario MOE publishes its report, Air Quality in Ontario, presenting 
a detailed survey of the data and a review of trends, mainly over the previ-
ous decade.² !e  report begins, as many of the previous ones do as well, 
with the observation: “Overall, air quality has improved significantly over the 
years, especially for nitrogen dioxide (NO), carbon monoxide (CO) and sul-
phur dioxide (SO)—pollutants emitted by vehicles and industry”. !e  
report noted that: “!e provincial Ambient Air Quality Criteria (AAQC) for 
NO and CO were not exceeded at any of the ambient air monitoring locations 
in Ontario during ” (MOE, : i). Nor were -hour standards for SO 
exceeded anywhere, nor were standards for fine particulate (PM.) exceeded. 

 2.2 E&ects on Ontario’s air quality of the coal phase-out

!e Province has always focused on the goal of closing the coal-fired power 
plants as a key rationale for the GEA. For example, the foreword to the 
Provincial Long-Term Energy Plan states:

Worst of all, Ontario relied heavily on five air-polluting coal plants. 
!is wasn’t just polluting our air, it was polluting our lungs. Doctors, 
nurses and researchers stated categorically that coal generation was 
having an impact on health increasing the incidence of various respira-
tory illnesses. A  study prepared for the government found that 
the average annual health-related damages due to coal could top $ 
billion. For the sake of our well-being, and our children’s well-being, 
we had to put a stop to coal. (Ontario, Ministry of Energy, : )

In response to criticisms of the GEA in a report of the Provincial Auditor-
General the Province again pointed to the closure of the coal plants as a pri-
ority (AGO, : ).

!e Province’s reliance on the  study prepared for the Ministry of 
Energy (DSS, ) cited in the quotation above is highly misleading. For one 
thing, the report neither examined nor recommended adoption of wind, solar, 
or other renewable energy as a replacement for coal. And, more importantly, 
it ignores the most important finding of that report, which is that closing the 
Lambton and Nanticoke power plants would have extremely small effects on 
Ontario air quality. 

!is (confidential) report to the Ontario Ministry of Energy (DSS, ) 
was prepared by DSS Management Consultants using air-quality simulations 
performed by analysts at RWDI Engineering. DSS examined four scenarios for 

 2 !ey are available annually since  at <http://airqualityontario.com/press/publications.php>.
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the future of Ontario’s electricity generating system. Scenario  was the base 
case, a continuation of business-as-usual. Scenarios  and  examined differ-
ent combinations of extra nuclear and gas facilities to replace the Lambton 
and Nanticoke coal-fired power plants, and Scenario  looked at complet-
ing a retrofit of the coal plants that would entail upgrading its pollution con-
trol equipment. None of the scenarios studied considered or recommended 
investment in wind, solar, or other renewable forms of energy.

DSS found (: ) that shutting down the coal-fired power plants 
would have extremely small effects on the two air contaminants that cur-
rently determine the Ontario Air Quality Index: ground-level ozone (O) and 
PM. In the City of Toronto, shutting down the power plants would yield a 
an ozone reduction of only . parts per billion (PPB), roughly ∕ of % 
of average daily readings. !is is identical to the predicted reductions under 
the retrofit scenario. PM levels would fall by . μg/m³, essentially the same 
as the reduction under the retrofit scenario (. μg/m³) and, again, only a 
small percentage of average daily levels. !e same minuscule changes were 
projected in  locations across the province, except for Haldimand-Norfolk 
Region, in the vicinity of the Nanticoke plant, where ozone levels would fall 
by just under  ppb and PM levels by . μg/m³. 

!e report by by DSS Management Consultants used some simple 
spreadsheet calculations to attach massive health and environmental bene-
fits to these small changes, which led to their conclusion that shutting down 
Lambton and Nanticoke and replacing them with new nuclear and gas-
fired power plants would pass a cost-benefit test. !e modeling technique 
used to compute such large health effects from very small changes is rather 
implausible (see Green et al., ; McKitrick, ). For example, it relies 
on assumed health impacts from current low levels of air pollution that, if 
applied to the much higher levels observed in the past, would predict that 
more than % of all non-traumatic deaths in Ontario in the late s and 
early s were due to air pollution rather than the causes reported at the 
time (such as old age, cancer, stroke, and infectious diseases), and even in 
some cases it would predict more deaths due to air pollution than there were 
deaths from all causes. But, notwithstanding the implausible health effects 
model, the main point to emphasize is that the  report to the Minister 
of Energy clearly showed that closing the Lambton and Nanticoke coal plants 
would have very small effects on air quality, and the outcome would be effect-
ively indistinguishable from simply completing the retrofit then underway. 

An additional benefit to retaining the pre- generating fleet is that 
the province’s distribution grid is configured to support it. By shutting down 
generating capacity at existing plant sites and developing new capacity in 
locations far away from the current grid, the Province must now incur the 
costs of developing a new transmission system. Figures from the Auditor-
General’s report (AGO, : ) show that, of the $ billion in committed 
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expenditure on transmission grid upgrading, between $. and $. billion 
is related to new renewables generating capacity. !is spending would not 
have been necessary if the Province had pursued the retrofit option on the 
existing power plants. And, even with these new transmission projects, the 
majority of planned renewable power sources will still not be connected and 
will require even further spending.

 2.3 Potential growth in air emissions  
from expanding renewables 

Electricity supply is divided into base-load capacity, which comes from sources 
like hydroelectric and nuclear that deliver a fixed amount of power that cannot 
easily be adjusted up or down on short notice, and peak capacity, which can 
be scaled up and down as system demand changes through the day. Ontario 
power demand currently averages about , MW and reaches a maximum 
annual peak of about , MW. Using figures from the Ontario Power 
Authority and the Independent Electricity System Operator, the provincial 
Auditor-General projects average demand to decline to about , MW 
and peak demand to fall to about , MW (AGO, : ). Nuclear and 
hydroelectric facilities alone currently provide , MW of base-load cap-
acity (Ontario, Ministry of Energy, : –). In addition, Ontario has 
, MW of gas capacity as well as , MW at the coal-fired power plants, 
much of which is unused. !e AGO estimates Ontario will have at least , 
MW of surplus generating capacity through  (AGO, : ).

Not only does Ontario have surplus power, but it has surplus base-
load power, and this creates a problem for maintaining grid reliability as 
wind power expands. !e GEA requires the system to buy all available wind 
energy. Depending on wind conditions, there can be a surge in production 
that needs to be absorbed. As will be shown below (section .), wind power 
tends to peak when demand is at a minimum, so it either must displace base-
load production or be dumped on the export market at a loss. Currently, the 
latter is the case, but if the next phase of expansion of the wind fleet is under-
taken, the base-load capacity itself will have to be reduced, most likely by 
taking a nuclear generating unit offline. Calculations by the Ontario Society 
of Professional Engineers (Acchione, ) show that this not only inflates 
the cost of power generation unnecessarily but, since wind power must be 
nearly % matched by spinning gas-fired power as a backup in case of drops 
in wind (AGO, : ), shutting down nuclear facilities and replacing them 
with wind turbine installations will result in higher greenhouse gas and air 
pollution emissions. Consequently, further expansion of wind (or solar) power 
will work against the province’s environmental goals. 
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 2.4 Conclusions

 8 !ere has been a long-term pattern of improvement in Ontario’s air quality 
beginning at least in the s. By , most types of air contamination 
had fallen or stabilized at levels below the most stringent provincial air qual-
ity standards.

 8 While Toronto average ozone levels in the s were above those in the 
s, summertime peak ozone levels declined after  and by  were 
within the clean air standard. Summertime peak ozone levels were also 
steady or declining elsewhere in the province, as were fine particulate levels.

 8 !ere was no pattern of non-compliance in Ontario with air quality objec-
tives as of  when the Green Energy Act was introduced, nor was there 
a trend towards non-compliance.

 8 Data in the DSS report supplied confidentially to the Ontario Ministry of 
Energy in  estimates that closing down the coal-fired power plants 
would have yielded such minuscule changes to air quality as to be unnotice-
able in most locations. Nearly identical changes could have been obtained 
using conventional pollution control measures. 

 8 !e DSS report did not consider or recommend adoption of wind or solar 
energy to replace coal, hence its continued citation by the Province as a 
rationale for this decision is misleading.

 8 Further expansion of wind power in Ontario will require expensive changes 
to the transmission grid since the new generating facilities are not in the 
same locations as the current ones. About $. billion in new spending will 
be required to accommodate renewable power initiatives under the GEA. 

 8 Ontario not only has surplus power, but has surplus base-load power. 
Consequently, further expansion of wind generating capacity will likely 
displace nuclear facilities and lead to an increase in air pollution emissions 
due to the need for expanded gas-fired backup capacity to match new wind 
turbine installations. 
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 3 Cost-e&ectiveness analysis of the GEA path

 3.1 Conventional abatement as an alternative to the GEA

Ignoring for a moment the problem of surplus power, we turn to the question 
of whether switching to renewables (mainly wind) is a cost-effective strategy 
for achieving environmental improvements associated with closing the coal-
fired power plants. DSS Management Consultants () concluded that the 
average annual financial cost (in $) of maintaining and upgrading the 
existing power generating mix would be $ million over the  to  
horizon, which is $. billion in $.³ Scenario , the coal plant retrofit, 
would yield the emission reductions shown in table 3.1, and would raise the 
annual financial cost to $. billion per year. !us, for an additional $ 
million per year, continuing with the partially completed retrofit and upgrade 
of the existing power plants would have cut NOx emissions by about %, 
SO by over %, and PM by %, yielding improvements in air quality that 
were projected to be effectively the same as those from shutting down the 
plants altogether. 

Greenhouse gas costs were also considered by DSS (). !eir fig-
ures show (: –) that, if offset credits sufficient to cover annual CO 
emissions were purchased at $/tonne, the cost of the retrofit scenario would 
increase by $ million per year. !is would bring the total cost of the 
retrofit scenario up to $ million ($) per year. By comparison, the 
province is now spending far more on GEA-related options that have not 
even begun to provide the same capacity as the coal-fired power plants. In 
addition to the $. to . billion in new grid spending mentioned above, 
the Ontario government spends over $. billion annually just on the Clean 
Energy Benefit (Ontario, Ministry of Finance, : line ), which only 
provides partial relief to households to compensate for GEA-related increases 
in the cost of electricity. According to the Auditor-General of Ontario (AGO, 
), this benefit offsets about half the additional cost to households arising 

 3 !e January  All-Items Ontario CPI was . and at January  it was ., 
implying an inflation factor of ., which is applied throughout this section to convert 
$ to $.
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to date from implementation of the GEA, implying that the GEA provisions 
are already costing Ontario households over $. billion annually. !e AGO 
also estimated (: ) that by  the total cost of the Global Adjustment 
will be $. billion annually, of which about one third ($. billion) will be 
attributable to renewable energy contracts. Taking the renewable-related grid 
spending to be worth $ million⁴ annually, the foregoing considerations add 
up to just over $ billion annual costs to Ontario households from the GEA, 
more than six times the cost of the retrofit option that would have yielded 
essentially equivalent environmental benefits. 

But, the comparison is still not valid, since the renewable power con-
tracts signed under the GEA do not yield anywhere near sufficient power to 
replace the Lambton and Nanticoke plants. Due to the fluctuating nature of 
wind generation, new wind-turbine capacity must be matched almost % 
by coal- or gas-fired backup generators. Since the coal plants are slated for 
closure, this requires new gas generators to be built but, during the last elec-
tion campaign, the province canceled construction plans for two such plants 
(owing to political pressure), setting the construction process back and raising 
the eventual cost by at least $ million (Carr, , November ). Adding 
the annualized cost to the numbers so far yields a $. billion annual burden 

 4 A -year annuity at % interest yields a adjustment factor of ., so $. billion total 
divided by . implies $ million annually.

Table 3.1: Estimated reductions in air pollutant emissions (grams/kWh) 
from completing the retro)t on the Lambton and Nanticoke generating 
stations 

Generating 
Station

Generating  
Unit

NOx SO2 PM10

Lambton 1 −73% −87% −95%

2 −73% −87% −95%

3* 0* 0* 0*

4* 0* 0* 0*

Nanticoke 1 −75% −82% −95%

2 −75% −82% −95%

3 −75% −82% −95%

4 −75% −82% −95%

5 −71% −82% −95%

6 −75% −82% −95%

7* 0 −82% −95%

8* 0 −82% −95%

Note: *: units partially or completely retro+t already at the time of the study. 

Source: DSS, 2005: 55, 63.
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on households from the GEA. And this is just the tip of the iceberg. Structural 
inefficiencies associated with wind energy mean the costs of replacing the 
lost generating capacity associated with Lambton and Nanticoke are many 
multiples of those incurred so far, as is explained in the next section. 

 3.2 Structural ine*ciencies of wind energy

Figure 3.1 shows the development of wind energy in Ontario from  to 
the present, based on figures from the website of the Independent Electricity 
System Operator (IESO). !e dashed line traces out the growing total capacity 
over time, and the dot pattern shows hourly total production from installed 
wind turbines. Current total capacity is , MW. As is clear, output rarely 
gets close to installed capacity. Figure 3.2 plots a histogram of hourly output 
as a fraction of total available capacity. Over the entire period from  to 
, wind output averaged .% of rated capacity, and since  it aver-
aged .% of rated capacity. Power output was one tenth or less of rated 
capacity nearly a quarter of the time, and less than a third of rated capacity 
nearly two thirds of the time. 

!e mismatch between wind energy and demand is structural and 
unique to wind. As the AGO report noted (: ), wind turbine output 
declines in the morning while demand is coincidentally ramping up, and rises 
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Figure 3.1: Development of wind energy production in Ontario 
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in the evening as demand is winding down. Also, wind output peaks in the fall 
when seasonal demand is minimal because households are typically no longer 
using air conditioning nor have they yet started up wintertime electric heat-
ing systems. Figure 3.3 shows a scatter plot of total wind production against 
total Ontario-wide system demand. !e black line is a smoothed polynomial 
regression fit. On average, as power demand increases by %, wind production 
coincidentally declines by .%. !is is not a cause-and-effect relationship, but 
reflects the fact that wind conditions favour power generation at times that 
coincide with minimal system power demand, and vice versa. 

Closing the Lambton and Nanticoke power stations removes a 
total of about , MW of generating capacity in Ontario, and wind 
power is eventually supposed to replace about , MW (%) of that 
(Ontario, Ministry of Energy, ). To make an apples-to-apples compari-
son with the retrofit option we need to take into account the intermittence 
and seasonal concentration of wind. !e output level of a coal-fired power 
plant is not affected by seasons, and can be varied (up to the rated capacity) 
by the operator to match variations in demand. But the maximum output 
level of a wind turbine is not controllable since it depends on wind strength. 
Over the course of a year, we have seen that output averages just under % 
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of the rated output. Since , the monthly average output fraction has 
tended to peak in November at %, and reaches a minimum in July at %. 
!us, to be assured of getting a monthly average of  MW of power from 
wind turbines during any month of the year would require a minimum of . 
MW of available wind turbine capacity in November, rising to . MW in July. 
Consequently, to get , MWh from wind turbines in July would require 
installing , MW in new capacity. 

If we aim only to get , MW of wind energy averaged over the 
whole year, rather than over each month, we will need , MW of installed 
capacity, roughly ten times the amount installed to date. !e Province’s 
Long Term Energy Plan assumes that % of new renewable energy installed 
between now and  will be wind power (Ontario, Ministry of Energy, : 
figure ). Assigning this fraction to the annualized costs of renewable energy 
estimated above ($. billion) implies a current burden of $ billion annu-
ally to Ontario households. To expand this -fold from current levels, even 
if we ignore the Mississauga gas plant debacle and the costs of transmis-
sion line expansion, would imply liabilities rising to $ billion annually, to 
replace only % of the generating capacity lost with the closure of Lambton 
and Nanticoke. 

An additional problem for Ontario, as highlighted by the AGO report 
(: ) is the fact that most wind energy in Ontario is surplus to base 

Figure 3.3: Total Ontario hourly wind power output (MWh) compared 
to total system demand, 2006–2012 
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needs and must be exported at a significant loss per kWh. Figure 3.4 plots 
hourly wind production against hourly net exports of electricity since . 
Ontario is a net exporter when domestic production exceeds demand. !e ° 
line indicates the level of production below which wind output is less than net 
exports, in other words, is not needed domestically. Since , .% of the 
wind energy production in Ontario occurred at times when it was unneeded, 
in other words when at least as much power production was being dumped 
on the export market. Since , the fraction was .% and, since , it 
was .%. Because of the provisions of the Green Energy Act, the system 
operator is required to buy all available wind power at .¢ per kWh, well 
above the domestic market price, and prices received for exported power are 
typically less than ¢ per kWh (AGO, : ). !ey are even negative at 
times, meaning that the electricity-system operator has to pay other juris-
dictions to take the surplus power. !e AGO estimated (: ) that from 
 to  Ontario lost $. billion on these transactions. !e IESO data, 
using the assumption that power is purchased at .¢/kWh and sold at ¢/
kWh when exported, implies that the current wind power system imposed 
costs of just over $, per hour of operation in , and cost the Province 
$ million.⁵ !is amount must either be added to the provincial deficit or 
added to ratepayers’ bills.

!e numbers examined so far indicate that in the years leading up 
to  the province had two options for developing the power generat-
ing infrastructure, both of which would yield roughly equivalent environ-
mental benefits:

 8 complete the retrofit of the Lambton and Nanticoke generating stations and 
purchase carbon offsets at a combined cost of $ million annually;

 8 pursue the renewable power strategy under the GEA, which currently costs 
$. billion annually to supply about one tenth of the eventually intended 
level of power, and will eventually cost about $ billion annually if imple-
mented on a scale sufficient to provide -month replacement of at most 
% of the capacity lost by closing Lambton and Nanticoke. 

On a cost-ratio basis this implies the GEA path is currently ten times 
costlier than the retrofit option, and will eventually be  times costlier 
if pursued to the point of providing , MW of year-round generating 
capacity.⁶ 

 5 !e IESO has now confirmed that exports are costing it about $ million annually, and 
that these costs are passed on to ratepayers; see Spears, , February .

 6 ($.b ÷ $.b) ÷ . = .; ($b ÷ $.b) ÷ . = ..
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Summary

 8 !e  report by DSS Management Consultants routinely cited by the 
Province in defence of its decision to implement the GEA never recom-
mended renewable power. It outlined a plan based on retrofitting the exist-
ing power plants that would yield effectively identical environmental ben-
efits to phasing out coal at a cost of about one tenth of what is currently 
being spent on renewable energy.

 8 Wind power in Ontario is heavily concentrated at times of the year when 
demand is at a minimum, and declines during times when demand is rising. 
Consequently about % of Ontario wind energy is generated at times when 
there is no demand for it domestically, requiring it to be exported at a loss of 
about ¢/kWh, at an annual cost of about $ million. !e Ontario power 
system loses about $, every hour wind turbines operate.

 8 Wind turbines operate at about % of rated capacity on average over the 
year, falling to % during the peak demand periods in summer. Hence, to 
replace  MW of coal power with year-round wind power will require  MW 
of new wind capacity. 

Figure 3.4: Ontario wind power output compared to net electricity exports, 
2009–2012 
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 8 Based on the observed costs of the small amount of renewable (mainly wind) 
generation installed to date, to achieve , MW of year-round generating 
capacity from renewables will end up costing about  times the annual cost 
of the retrofit option. 

 8 !is calculation does not take into account the economic harm from higher 
industrial power costs, nor the loss of property values and quality of life 
from installation of wind turbines in rural areas. 
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 4 Economic impacts on mining, 
manufacturing, and forestry

 4.1 Lack of provincial analysis

!is section considers the economic impacts of the electricity price increases 
under the GEA. Unfortunately, the government of Ontario provides no num-
bers to compare against, since it did not conduct its own analysis prior to 
bringing in the Act. !e Auditor-General  of Ontario (AGO, ) has criti-
cized the carelessness of the process behind the adoption of the GEA:

Because the ministerial directions were quite specific about what was to 
be done, both the Ministry and the OPA directed their energies to imple-
menting the Minister’s requested actions as quickly as possible. As a result, 
no comprehensive business-case evaluation was done to objectively evalu-
ate the impacts of the billion-dollar commitment. Such an evaluation 
would typically include assessing the prospective economic and environ-
mental effects of such a massive investment in renew able energy on future 
electricity prices, direct and indirect job creation or losses, greenhouse 
gas emissions, and other variables.(AGO, : , emphasis added). 

!e AGO report goes on to say:

Billions of dollars were committed to renewable energy without fully 
evaluating the impact, the trade-offs, and the alternatives through a 
compre hensive business-case analysis. Specifically, the OPA, the OEB, 
and the IESO acknowledged that 

 8 no independent, objective, expert investiga tion had been done to 
examine the potential effects of renewable-energy policies on pric-
es, job creation, and greenhouse gas emissions; and

 8 no thorough and professional cost/benefit analysis had been con-
ducted to identify potentially cleaner, more economically produc-
tive, and cost-effective alternatives to renewable energy, such as 
energy imports and increased conservation. (AGO, : )
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!e analysis in this section attempts partially to remedy that by under-
taking a basic economic evaluation of the effects of the price increases that 
will be required to support the GEA. Other authors have also attempted to 
fill in the gaps left by the Province’s failure to provide a proper analysis of 
its own policy. Angevine et al. () reported simulations from a Statistics 
Canada Input-Output model that predicted the GEA provisions would lead 
to an overall employment drop of , to , Full-Time-Equivalent jobs 
in Ontario. !e Ontario Task Force on Competitiveness, Productivity and 
Economic Progress () estimated that each of the jobs claimed to have 
been created under the GEA would cost the province $, per worker, 
and noted that German experience with similar feed-in-tariff subsidies led 
only to short-term job creation, followed by longer term decline as the effects 
of higher electricity costs began to emerge. !e model developed in this 
section focuses on predicting the impact on unit costs and the return to 
capital should the forecast increase in electricity prices come to pass in the 
years ahead. 

 4.2 Comparison of electricity costs between Ontario  
and other jurisdictions

!e AGO report () indicates that by , the Global Adjustment will 
likely be ¢ per kilowatt hour (kWh). Since, prior to , the retail price 
in Ontario used to be about ¢/kWh, this reflects a doubling of electricity 
costs in under a decade, mitigated somewhat by an expected reduction of the 
wholesale generating price to about ¢/kWh. 

A comparison of Ontario electricity prices to those of other jurisdic-
tions shows how much the prices faced by large power users have worsened 
in relative terms. Table 4.1 lists average costs in ¢/kWh inclusive of taxes for 
Toronto, Ottawa and nine other North American cities. In , Toronto 
and Ottawa were in the middle of the range when ranked by rates for large 
power consumers and residential customers. But, by  these two cities 
had become the second- and third-most expensive after yielding the second- 
and third-largest price increases in each category.

It is noteworthy that New York was roughly twice as expensive as 
Toronto in  for medium- and large-demand power users but, by , 
the differential for medium-sized power users was just over %, and % 
for large power users. Also, the US Energy Information Administration 
points out that because natural gas prices in the United States are declin-
ing, so are electricity prices, and this trend will continue over the next few 
years (EIA, ). 

 7 A similar failure of green energy subsidies to create jobs has been noted in California; 
see Carroll, 2013, February 27. 
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Table 4.1: Comparison of electricity rates in 11 North American cities for 
residential, medium, and large consumers, 2008 and 2012

City Province Residential Medium Large 

2008 (¢/kWh)
Winnipeg Manitoba 7.38 5.70 3.55

Vancouver British Columbia 7.55 6.02 4.31

Montreal Quebec 7.69 8.02 5.05

Regina Saskatchewan 12.55 9.79 6.16

Nashville Tennessee 9.45 9.15 6.56

Toronto Ontario 11.72 10.08 8.88
Ottawa Ontario 11.14 9.98 9.09
Chicago Illinois 12.72 12.79 9.77

Edmonton Alberta 14.12 12.76 10.18

Boston Massachusetts 19.12 17.64 15.17

New York New York 22.93 20.10 16.83

2012 (¢/kWh)
Winnipeg Manitoba 8.54 6.58 3.92

Montreal Quebec 7.77 8.27 5.18

Chicago Illinois 13.60 7.98 6.12

Regina Saskatchewan 14.42 10.94 6.84

Edmonton Alberta 13.55 11.63 7.32

Vancouver British Columbia 9.42 7.92 7.38

Nashville Tennessee 10.29 9.72 7.44

Boston Massachusetts 16.45 13.00 10.45

Toronto Ontario 13.81 12.91 11.82
Ottawa Ontario 13.37 12.91 11.95
New York New York 24.54 19.52 12.88

% change
Winnipeg Manitoba 15.7% 15.4% 10.4%

Montreal Quebec 1.0% 3.1% 2.6%

Chicago Illinois 6.9% −37.6% −37.4%

Regina Saskatchewan 14.9% 11.7% 11.0%

Edmonton Alberta −4.0% -8.9% −28.1%

Vancouver British Columbia 24.8% 31.6% 71.2%

Nashville Tennessee 8.9% 6.2% 13.4%

Boston Massachusetts −14.0% −26.3% −31.1%

Toronto Ontario 17.8% 28.1% 33.1%
Ottawa Ontario 20.0% 29.4% 31.5%
New York New York 7.0% −2.9% −23.5%

Note: medium consumer: power demand = 1,000 kW; large consumer: power demand = 50,000 kW. 

Source: Hydro Quebec (2008, 2012).
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Based on projections by the AGO (), as well as a detailed analy-
sis by Sharp (), electricity costs in Ontario for users in all categories are 
expected to rise by between % and % by . !is will put Ontario’s 
cities into the most expensive category in North America, wiping out a rela-
tive cost advantage that persisted up to about . 

In an attempt to avoid these price shocks, the Province has recently 
announced a conditional subsidy program for large industrial power users 
in Ontario. !e proposal requires users to commit to substantial additional 
hiring in exchange for subsidies to reduce electricity rates. !ere are several 
problems with this proposal. First, its implementation has been repeatedly 
delayed and, like much else in the GEA, the costs have not been calculated. 
Since the province is facing a serious deficit problem as it is, there is some 
difficulty making a credible commitment to a new, open-ended subsidy pro-
gram. Second, the requirement to add unintended hiring imposes direct costs 
on firms that will, depending on how stringently they are enforced, offset 
the benefit of the subsidy. !ird, the announcement of the subsidy adds yet 
another distortion to the Ontario energy pricing mix. Feed-in-Tariff (FIT) 
rates distort the energy-supply decision by inducing excess production of 
unnecessary and costly wind power, then the Clean Energy Benefit and the 
large-user subsidy distort the consumption decision in a partially offsetting 
way. !ese price distortions waste tax revenues and create excess burdens 
throughout the economy. !e analysis in this section proceeds on the assump-
tion that electricity prices will rise by %, since the measures proposed to 
partially offset this increase in some sectors will impose other costs, and may 
only be temporary in any event.

 4.3 E&ects on competitiveness

Overall employment has been stagnant in Ontario for a decade. Figure 4.1 
shows the evolution of total industrial employment in Ontario and, for com-
parison, Alberta since . !is graph includes all employment in forestry, 
extraction, utilities, construction, manufacturing, wholesale and retail trade, 
and transportation. While employment  in Ontario remained static, in Alberta 
employment grew by about % from  to . 

!e hardest-hit sectors in Ontario were manufacturing and forestry, 
in which employment fell by % and %, respectively. Figure 4.2 shows 
employment indexes by sector since . !e job losses in forestry and 
manufacturing offset gains in other sectors. Over the  years from  to 
, total employment in Ontario grew only .%. 

Hence the situation for Ontario employers for the past  to  years 
can be described as challenging. Manufacturing was traditionally the largest 
employer in the province and as of  had almost % more employees 
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than the retail trade sector. Its decline over the subsequent  years was so 
steep that it now has a smaller workforce than the retail sector. 

!e prospect for growth in any sector depends ultimately on the return 
to investment. Basic economic theory tells us that sectors that earn high rates 
of return on capital attract investment and expand, creating new employment 
opportunities. Similarly, where the rate of return on investment declines, so 
does investment, and employment in turn stagnates or declines. To assess the 
likelihood that the GEA will lead to gains or losses in employment in manu-
facturing and other major sectors, we need to assess the likely effects on the 
return to investment. !e next section employs an econometric model to do 
this, and shows that in each of mining, manufacturing, and forestry, the rate 
of return to capital will likely fall, leading to net job losses. 
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!ese losses will be of a permanent nature, persisting as long as energy 
prices remain elevated. !e AGO report notes that, with regard to the prov-
ince’s claim that , jobs would be created by the GEA, % of them 
would be temporary construction jobs lasting at most a few years, and the 
province did not account for jobs lost in other sectors as a result of higher 
energy costs when arriving at the , figure (: –). !e AGO 
report cited studies from Europe that green-energy schemes led to job losses 
in other sectors two to four times larger than the employment gains in the 
renewables sector. !e Ministry of Energy admitted (: ) that it had 
not estimated potential job losses in other sectors, nor calculated the costs 
per renewable-energy job.

 4.4 Estimated cost e&ects of GEA on the mining, 
manufacturing, and forestry sectors

Deriving quantitative estimates of the impact of a % increase in electricity 
prices on the mining, manufacturing, and forestry sectors requires estimating 
an econometric model of input demands per unit of output, then using the 
estimated parameters to predict the effects on unit costs. Input-output data 
are available from Statistics Canada for the -to- interval, but only 
for the country as a whole, so it is here assumed that the essential features of 
the Ontario industries are captured by data at the national level. 

!e econometric modeling work is described in the Appendix (p. ). 
In general, an overall increase in unit costs can be predicted to have several 
short-run and long-run impacts. !e short-run impacts are:

 8 loss of competitiveness in national and international markets;

 8 diminished profitability in the sector;

 8 downward pressure on wages and reduced returns for investors.

!e long-run impacts derive from reduced profitability and competitiveness. 
At the margin, investment capital will exit the sector in response to a per-
manent loss in profitability. !is will reinforce the short-run losses until a 
long-run equilibrium point is reached, in which marginal operators have left 
the industry and the remaining operators are able to generate competitive 
returns for investors at the new, higher operating costs. 

An increase in the price of electricity can be expected to lead to 
decreased electricity demand, although the direct effects are unlikely to be 
large since energy demand elasticities tend to be small. !ere will also be 
cross-price effects, such that a short-run increase in labour demand might 
even be observed, since labour and energy are substitutes. However, this is 
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with reference to a preliminary outcome in which output remains constant and 
firms substitute away from the input that has become relatively more costly. 
!e second-order effect is that the overall cost of production has risen, so the 
firm’s output must fall as it gets priced out of markets at the margin. Also, with 
a reduced rate of return, capital will exit. !is will lead to reduced demand for 
labour. !e long-run effect on employment will therefore reflect the offsetting 
impacts of these changes and may, in principle, be positive or negative; but, for 
an input price shock of this size, it is very unlikely to be positive. !e elastici-
ties resulting from the estimation exercise are listed in table 4.2. 

!e largest elasticities are associated with labour demand. As expected, 
own-price energy-demand elasticities are smaller, especially in manufactur-
ing where a % increase in the cost of energy leads only to a .% reduc-
tion in demand in the short run. !e largest own- and cross-price effects on 
energy demand are in the mining sector, which suggests it will experience 
the largest unit-cost effects from an electricity price shock. !e cross-price 
effects between energy and other inputs are small across all three industries. 

To set the stage for the empirical results, I first examine some historical 
trends related to electricity and energy in manufacturing, mining, and for-
estry in Canada. Figure 4.3 shows the reduction from  to  in energy 
per unit of output by sector. !e graph is constructed so that each sector’s 
index equals . in . Each sector’s energy efficiency showed substantial 
improvements over the  years after . !e energy needed to produce a 
unit of output fell by % in the mining sector, % in manufacturing, and 
% in forestry. 

Spending on electricity as a proportion of total energy use is shown in 
'gure 4.4. !e forestry sector obtains about % of its energy from fuels, rather 
than electricity purchases, which leads us to predict that it will experience the 

Table 4.2: Own- and cross-price elasticities relating input-output ratios to 
input prices for three Canadian industries

Elasticity Mining Manufacturing Forestry

σLL −0.467 −0.345 −0.566

σLE 0.348 0.102 0.162

σLO −0.063 0.099 0.152

σEE −0.273 −0.061 −0.207

σEO 0.093 0.013 −0.029

σOO −0.012 −0.018 −0.229

Codes for subscripts: L: labour per unit of output; E: energy per unit of output; O: other inputs 
per unit of output. Each entry shows the percentage change in +rst subscript (e.g., labour per 
unit of output) resulting from a 1% change in the price of the second subscript. For instance, a 
1% increase in the price of energy would, other things being equal, increase demand for labour 
per unit of output in mining by 0.348%. Other cross-price elasticities follow by symmetry. 
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smallest unit-cost impacts of the three sectors from an increase in electricity 
prices. Mining and forestry historically spent between % and % of their 
energy budgets on electricity, but since  that fraction has fallen to % 
in the case of mining, while it was at % in the case of manufacturing as of 
the end of the sample. Hence, these two sectors can be predicted to exhibit 
larger impacts from increased electricity prices, although the final effect will 
depend on the input elasticities. 

Figure 4.5 shows the results from the econometric model. As antici-
pated, the electricity price shock will have the largest effect on unit costs in 
the mining sector, followed by the manufacturing sector, and then forestry. 
Based on the input-output characteristics of Canadian industries as of ,  
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the electricity cost increases forecast for Ontario under the Green Energy Act 
will increase unit costs of production by .% in mining, by .% in manufac-
turing, and by .% in forestry. While the vulnerability of the manufacturing 
sector is below that of mining, the two have been converging in recent years. 
!e mining sector’s exposure to a unit cost shock through major electricity 
price hikes has fallen by about half since the s, while that in manufac-
turing has held steady. 

Finally, we can compute the effect on the industry rates of return using 
a simple model of capital shares. Suppose that the cost of production c is % 
of the selling price p and the profit rate π is %, or in other words π = 0.2p 
and c = 0.8p. !en since π = p − c, we can compute the percentage change in 
profit per unit resulting from a % change in costs as follows:

%Δπ∕%Δc = ∂π∕∂c × c∕π = −c∕π = −0.8p∕0.2p = −4.

!us, in an industry with a % margin on sales, a % unit cost increase will 
lead to a − × % = −% change in the profit margin. In the same way, if the 
margin is only %, the reduction in profitability per unit from a % increase 
in unit costs is 3 × −∕ = 27%

According to the Statistics Canada Input-Output Tables (-), 
the operating surplus for Ontario forestry firms averaged % of total costs 
in  (the most recent year available), while for mining it averaged % 
and for manufacturing it averaged .%. Combining these with the unit-cost 
elasticities estimated above implies that the rates of return in forestry, min-
ing, and manufacturing will drop, respectively, by .%, .%, and .% as 
a result of a % increase in electricity prices, as shown in table 4.3.
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Summary

!e proposed modifications to the Ontario electricity system are expected to 
lead to a % increase in the price of electricity in the coming years. While 
the Province might try to cushion the blow with subsidy programs, they have 
not succeeded in doing so to date, the measures announced so far impose 
other costs (namely requirements for surplus hiring), and under conditions 
of a major deficit crisis there is diminished credibility to a long-term commit-
ment for such spending. Hence, it is worth examining the potential effects on 
major sectors of a % increase in electricity costs. !e short-run competi-
tiveness effects of this rate increase can be estimated as follows:

 8 the mining sector will experience a % increase in the cost of production 
per unit of output, manufacturing %, and forestry less than .%;

 8 based on  operating surplus rates, this translates into expected 
reductions in the rate of return to capital of .% in forestry, .% in 
mining, and .% in manufacturing.

Of particular note is the decline in the rate of return to manufacturing in 
Ontario, since this will exacerbate a long-term pattern of decline in that sec-
tor. !e overall reductions in output and employment will depend on the 
number of firms that need to exit each sector in order to bring the marginal 
rate of return back to a competitive level.

Table 4.3 Changes in unit costs and rates of return to capital in Ontario as 
a result of 50% increase in electricity costs

Percentage change in unit costs due 
to 50% increase in electricity price 

Percentage change in rate  
of return to capital

Mining +5.0% −12.9%

Manufacturing +2.7% −28.7%

Forestry +0.04% −0.3%

Source: author’s calculations (see Appendix, p. 30).
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 5 Concluding comments

From the analyses above, we can draw the following conclusions.

1 As of , air quality in Ontario had improved considerably compared to 
the s, and showed no tendency to be getting worse. A confidential  
cost-benefit analysis for the provincial government, often cited by the Prov-
ince as a defence of the GEA, in fact predicted that the closure of the coal-
fired power plants would yield such tiny improvements to air quality as to be 
unnoticeable in most places. 

2 !e plan implemented under the Green Energy Act is already  times more 
costly per year than an alternative retrofit plan examined in  that would 
have yielded the same environmental benefits as closing the coal-fired power 
plants. And, the GEA-based plan has so far only yielded a fraction of the 
electricity necessary to replace the coal-fired power plants. Expansion of 
renewables up to the scale outlined in the Long Term Energy Plan would 
make the GEA strategy  times more costly than the retrofit option. 

3 Eighty percent of Ontario’s wind power generation occurs at times and sea-
sons so far out of phase with demand that the entire output is surplus and is 
exported at a substantial loss. !e province has already lost close to $ bil-
lion on such exports and currently loses, on average, $, per operating 
hour on such sales, totaling $ million annually. !e loss rate will continue 
to grow with every new wind turbine installation, because the mismatch 
between the timing of wind-powered generation and Ontario electricity 
demand is structural. 

4 Output of Ontario’s wind turbines is below one-fifth of rated generating 
capacity about half the time, and below one-third of the rated capacity about 
two-thirds of the time. Due to fluctuating output,  MW of rated wind energy 
are needed to replace  MW of conventional power generating capacity. Con-
sequently the cost of achieving the provincial targets for wind energy in the 
coming years will be far greater than has been acknowledged or, alternatively, 
will entail relying on sources that are unreliable depending on the season. 
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5 Electricity prices for large users in Ontario are now among the highest in 
North America and are expected to increase by % to % further, in large 
part to pay for costs incurred under the GEA. As a result, the effect of the 
Green Energy Act on Ontario industry will be to increase unit costs, dimin-
ish competitiveness, cut the rate of return to capital in key sectors, reduce 
employment, and make households worse off. !e rate of return to capital in 
manufacturing will drop by about % if the projected increases in electricity 
prices are realized. !e rate of return in mining will drop by about % and 
in forestry by about .%. 

6 !e Province’s claim that , jobs will be created by the GEA was unsup-
ported by any formal analysis, and the Province has since admitted both that 
the vast majority of any GEA-related jobs will be temporary, and that the 
, figure does not account for offsetting permanent job losses due to 
electricity price increases under the GEA. Consequently, the claim has no 
basis in fact. 

7 In regions afflicted by the proliferation of wind turbine installations, there 
are additional costs to households due to lost property values, rural environ-
mental degradation, and increased health and stress problems. !ese have 
not been taken into account in this analysis but, were they to be considered, 
the overall cost burden of the GEA would be even higher.
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 Appendix Technical details of econometric model 
estimation for section 2

According to economic theory (e.g., Varian ), the function relating a 
firm’s short-run total costs C to the vector of input costs and the output level 
can be written

C = c ( p, t, y) (A.1)

where, in this case, p = {pl , pe , po} is the vector of input prices of, respectively, 
labour l, energy e, and other inputs o; t is a time index capturing technical 
progress and y is the output level. Capital is assumed to be exogenous, mak-
ing this a short-run analysis. By Sheppard’s lemma the input demand equa-
tions vi can be computed using the first derivatives of (A.) with respect to the 
corresponding prices. If we additionally assume constant returns to scale, we 
can express inputs per unit of output as functions of prices and technology:

vi ∂c(p,t)
— = ——— (A.2)
yi ∂pi

where i = (l, e, o). I used a reduced-form translog cost function to obtain the 
system

Log (l∕y) = a10 + a11 log(pl) + a12 log(pe) + a13 log(po) + a1t t + e1

Log (e∕y) = a20 + a12 log(pl) + a22 log(pe) + a23 log(po) + a2t t + e2

Log (o∕y) = a30 + a13 log(pl) + a23 log(pe) + a33 log(po) + a3t t + e3 (A.3)

where ei , i = (, , ) are the random terms. Note that the cross-price elasticity 
terms (ai j , i = (, , ), j = (, , )) form a matrix A upon which symmetry was 
imposed. Also, the restriction a1 t + a2 t + a3 t =  was imposed to be consistent 
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with the linear homogeneity property of the cost function. All variables are 
time-series but the time index is ignored for notational simplicity, as are the 
sector subscripts in (A.3). For the system (A.3) to be a valid cost function, the 
matrix A must be negative semidefinite, which can be confirmed by examining 
the eigenvalues after estimation: each one must be less than or equal to zero. 
!e estimation of system (A.3) was done using seemingly unrelated regres-
sions subject to the linear constraints mentioned above. In the estimation on 
the mining sector, two of the three eigenvalues were negative and one was 
slightly positive (.) representing a slight deviation from the curvature 
condition. In the other two sectors, the eigenvalues were all zero or negative. 
Since imposing a curvature condition on the translog removes its flexibility 
as an elasticity estimator, the slight indication of nonconcavity in the mining 
sector model was ignored. No correction was applied for autocorrelation in 
(.), so the resulting standard errors were likely biased upwards. However, 
the model was used for parameter estimation rather than hypothesis testing, 
and the least squares coefficients are unbiased even in the presence of seri-
ally correlated errors, so there was no need to address this. 

!e data were obtained from the CANSIM Input-Output accounts 
(CANSIM table -). Total spending in current dollars in each sector 
on all inputs, energy (natural gas, motor fuels, and electricity), and labour 
(wages, salaries, and supplementary income) were aggregated into the cat-
egories labour, energy, and other. Input shares were obtained by dividing 
each input category into the total nominal inputs. To obtain price indexes, 
real input quantity series (including capital services) for the same categories 
were obtained for each industry from the Statistics Canada multifactor pro-
ductivity accounts (CANSIM table -). !ese were turned into index 
form by dividing through by the  value, then the nominal input series 
were divided by the quantity index. !is series in turn was normalized so 
the  value equals , and this was used as the price index. !e technology 
index t was defined as the year. Real output series were also obtained from 
the multifactor productivity accounts. !is yielded a complete set of data for 
estimating the system (A.3). 

Because (A.3) is in log-log form, the coefficients in A, denoted ai j , are the 
elasticities relating, respectively, labour, energy and other inputs per unit of 
output to the respective prices. !ese estimates are listed in table 4.2. I denote 
the input-per unit output term using capital letters (e.g., L = l∕y). !e unit cost 
function can be written as the sum of prices times optimized input levels:

  c (p, t) = pl L* + pe E * + po O *

where * denotes the local optimum value. Differentiating this expression with 
respect to pe gives
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∂c a12
 pl

 L* + a22 pe E* + a23 po O*

— = ——————————— + E* (A.4)
∂pe pe

Equation (A.4) can be converted into elasticity form σc p e by multiplying by 
pe ÷ c, yielding for each sector a measure of the percent change in unit costs 
resulting from a % increase in the price of energy. !is is converted into an 
estimate of the variable d j, which is the percentage increase in unit costs of 
production in sector j resulting from a % increase in the price of electricity, 
by multiplying σc p e by the nominal share of electricity in energy expenditures 
(denoted we l), times :

 d j50 = 50 × w je l × σ jc p e (A.5)

where we have added the superscript j to each term to emphasize that this is 
a sector-specific estimate. 
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