
CO2 Emissions in Ontario’s Electricity System

Executive Summary

The closure of all coal generation plants by 2015 will reduce CO2 emissions in Ontario’s electricity sector by 79 per 
cent. The presence of industrial wind plants in Ontario’s electricity system does not make any contribution to this. 
Ontario is already a leader world-wide in the use of renewable energy and the minimum percentage use of fossil fuels 
in electricity production. There is no reason for industrial wind implementation in Ontario.

Introduction

This is based on an article that was published in the Wellington Times on October 15, 2008.

The intended audience is Ontarians, who are being misled into thinking that Ontario is lagging in renewable energy 
use for electricity production, and that Europe is a leader to be emulated. Clearly this is not the case. Political pledges 
by current European governments to increase wind capacity in the future should not be taken seriously. Those living 
outside Ontario can benefit from understanding the considerations described here. 

In particular, the misconception that wind power provides about 20 per cent of electricity consumption in Denmark is 
not the case. This is further dealt with in the article “Denmark”. Within existing technologies, especially current grid 
structures, the maximum that any country, state or province can withstand in terms of electrical energy (watt-hours, 
versus watts) is about 5 per cent. See the article “Limitations to Wind Penetration”. Any significant amount above this 
will result in the electricity system becoming unmanageable to the detriment of all users and interconnected countries, 
states or provinces. Additionally, cost considerations become prohibitive. This is illustrated in the article ”Germany – A 
Case Study”. 

CO2 Emissions in Ontario's Electricity Production

According to the OPA, the removal of our coal plants by 2015 will reduce CO2 emissions in Ontario’s electricity 
system from 33 to 7 million tons of CO2 per year, which is a 79 percent reduction. This is an achievement that other 
industry sectors would be hard pressed to match.

It is possible to model what is happening. The following tables show the generation portfolios in place for 2008 and 
projected for 2015, including electricity production by plant type and related CO2 emissions (at the point of 
generation).

Table 1 – The source of CO2 emissions in Ontario’s generation systems in 2008

Plant Type 2008
Installed 
Capacity

(MW)

2008
Electricity 
Production

(MWh)

2008
CO2 Emissions

(million tons of CO2)

Nuclear 11,400 65,000,000 0
Hydro 7,800 34,000,000 0
Coal 6,400 28,000,000 30
Gas 5,400 7,000,000 3
Wind 700 2,000,000 0
Other Renewables 100 500,000 0
Totals 31,800 136,500,000 33
Effect of 
Conservation

1,000 7,000,000 0

Total Without 
Conservation

32,800 143,500,000 33



Table 2 – The source of CO2 emissions in Ontario’s generation systems in 2015

Plant Type 2015
Installed 
Capacity

(MW)

2015
Electricity 
Production 

(MWh)

2015
CO2 Emissions

(million tons of CO2)

Nuclear 11,600 66,000,000 0
Hydro 8,700 38,000,000 0
Coal 0 0 0
Gas 12,200 16,000,000 7
Wind 3,200 6,000,000 0
Other Renewables 400 2,000,000 0
Totals 36,100 128,000,000 7
Effect of 
Conservation

3,800 27,000,000 0

Total Without 
Conservation

39,900 155,000,000 7

A few comments on these numbers.

 By 2015, the percentage contributions to electricity production are 5 per cent for wind (about the same level 
for Germany, Spain and Denmark today), 36 per cent for all renewables and 87 per cent for non-fossil fuel. 
This is a profile that countries in Europe with high wind implementations would envy. Ontario is in the 
fortunate position of being a model, not a laggard, and more to be coveted than criticized. Here are the 
profiles as percentages of total electricity generation:

Table 3 – Comparisons with European Countries with High Wind Implementations

Percent of Electricity 
Production

Ontario 
2008

Ontario 
2015

Germany 
recent

Spain 
recent

Denmark 
recent

Wind 1% 5% 5% 7% 17% (6%)
All Renewables 27% 36% 14% 19% 23% (12%)
Fossil Fuel 26% 13% 60% 61% 77% (77%)

Note that the numbers do not add to 100 per cent. Nuclear production has not been included (it can be 
calculated by subtracting the totals of All Renewables and Fossil Fuel from 100) except for Denmark, which 
has no nuclear. Although the numbers shown for European countries are recent and not projected, it is very 
unlikely that they will change materially by 2015. It should be obvious why they have to excessively promote 
wind energy.

Denmark is a special case because its exports/imports of electricity are very large and variable. The 
production percentages shown are four year averages and exceed domestic demand by 13 per cent, largely 
because of high net exports of wind production. The percentages in brackets show domestic use, which is the 
basis for proper comparison to the other countries. For more details see the article “Denmark’.

 Quadrupling the wind component will not eliminate the 2015 emissions, as an equivalent amount of gas plant 
capacity would have to be provided.

 The low electricity production for gas plants, relative to other conventional generation means, is due to the 
fact that they are used, in part, for peaking requirements and in this role operate for only a small per cent of 
the time. The large increase in gas is to contribute to building reserve margins (capacity), which were not 
previously adequate, and to provide shadowing backup for wind plants (production). 

 The changes in wind electricity production in MWh between 2008 and 2015 cannot be directly compared to 
the changes in its installed capacity because of reduced capacity factor considerations. The wind capacity 
factor will deteriorate as Ontario’s wind capacity increases and matures, as has been experienced elsewhere.



So what replaces the coal plant capacity of 6,400 MW producing 28 TWh? A TWh equals 1 million MWh. Is it wind? 
No. By 2015 there will be an increase of 2,500 MW in wind producing an increase of 4 TWh. You will note that gas 
plant capacity and production increases by 6,800 MW and 9 TWh over the same period, and combined with wind 
produces only 13 TWh, which is just 46 per cent of the 2008 coal production. This ignores that some gas plant 
production is used for peaking requirements.

However, this is not an accurate picture, because when acting as wind shadowing backup, the gas plants produce 
more CO2 emissions than in normal operations. This increase is 15-45 per cent, depending on a number of factors. It 
appears that the OPA has used the typical, simplistic approach to CO2 emissions, which ignores this. Taking this into 
account shows that emissions will be reduced to just over 8 million tons. The 7 million tons that the OPA reports is, in 
effect, the emissions that would result if wind were not present and the gas plants were allowed to operate normally, 
and with a different mixture of gas plant type. The presence of wind is actually adding over 1 million tons of CO2 
emissions from the gas plants, so wind cannot be considered as making any contribution at all. Adding more wind 
would make this worse.

Conservation reduces the need for 27 TWh of electricity compared to the coal plant production of 28 TWh. In 
summary, conservation in conjunction with a small contribution from gas plants, and assuming no wind presence, 
achieves the replacement of the coal plants with the minimum of CO2 emissions.

There is some play in these numbers, but pushing them around will not affect the results materially.

A further interesting angle is in a report by a Wall Street journalist based in Frankfurt commenting on the fact that wind 
plants increase the need for gas in Europe and do not reduce a country’s gas imports. Energy self-sufficiency was 
one reason for looking to wind power, and this is not working. As the Texas billionaire, T. Boone Pickens, has 
considerable gas assets, the journalist goes on to suggest that the resulting increase in the need for gas generation 
may be an important part of Pickens promoting wind plants in the US. Considering the subsidies for his proposed wind 
plants, it’s a “double win” financial play for him.

Comments

What is obvious is that, without the projected conservation levels being achieved, the coal plants could not be 
eliminated unless additional gas production (watt-hours) was used, or nuclear capacity (watts) was made available. 
As stated, increasing wind capacity will only make the situation worse.

Finally, the picture of what is one of the major drivers for any country, state or province to implement industrial wind 
capacity starts to emerge. It is a heavy reliance on fossil fuel, largely coal, electricity generation. Looking to wind to 
alleviate this is an act of political desperation, cloaked in the guise of “saving the planet”. It is doubly questionable for 
any country, state or province that is not so dependent on fossil fuel for electricity production to be implementing 
industrial wind plants. The second major driver is concern about being overly dependent on other countries for energy 
supplies. For more information see the article “What It’s All About”.

Nothing on this site is to be taken as opposition to small scale, individual residence, farm, business or institution or 
small community installations of wind power along with complementary solar capabilities and battery storage, or the 
direction of funding to research and development of renewable energy technologies.



Appendix A – Update to Some Main Document Tables

Summary

Since publishing page D, which was based on models that I had created for electricity production information, I 
obtained the actual numbers from the Ontario Power Authority Integrated Power Supply Plan (OPA, IPSP). One of the 
main differences is that my model balances to demand (after transmission losses about 9 per cent) and the OPA 
numbers balance to electricity production before transmission losses. 

Other variations are:

 OPA nuclear production is higher using a capacity factor of 85 per cent, which is not unreasonable, given 
nuclear plant performance world-wide. I chose a more conservative 69 per cent.

 I made up the difference in conservation, which provided a 16 per cent reduction to projected demand. In the 
IPSP, conservation provides only 11 per cent.

 The OPA gas production is higher than I expected. I set the gas production amount in 2015 to produce the 
same CO2 emission levels as the IPSP claims. My assumptions for CO2 emissions per MWh are one ton for 
coal, 0.4 tons for CCGT and 0.6 tons for SCGT. As shown in Table 3, it is not easy to see how the projected 
low level of CO2 emissions at 7 million tons annually can be achieved at the IPSP’s higher levels of gas plant 
production.

 For wind, I used a 20 per cent capacity factor and the IPSP uses 28 per cent. For the early years the IPSP 
level is appropriate, but when wind plant implementations mature and become more extensive, experience 
with capacity factors elsewhere are at the lower amount.

As stated in the main document, there is some play in the numbers provided, but robust conclusions can be drawn. It 
is arguable that my model, with higher conservation and lower nuclear production, is more desirable. It has the benefit 
of higher conservation targets, requiring additional conservation programs. If for some reason the more ambitious 
targets are not met, then the nuclear capacity can make up the difference. However, I cannot ignore the IPSP 
numbers and they must be analyzed. That is the purpose of this appendix.

The details that now follow do not materially change the content of the main document, except for comments about 
what is actually doing the work of displacing the coal plants. In the IPSP projection, conservation is contributing just 
over 50 per cent to this. So, arguably, coal plant replacement is still not possible without the conservation levels being 
achieved. My conservation levels provide about 80 per cent of the needed replacement amount.

Updated Tables

A comparison of the two projections shows some further interesting considerations. The two are shown together in 
Tables 1 and 2, which correspond to the same tables in the main document. For ease of direct comparison, I have 
increased the individual plant type production in my model for transmission losses.

Table 1 Update – Comparison for 2008

2008 My Model OPA 
Plant Type Electricity 

Production 
(MWh)

% CO2 
(million 

tons)

Electricity 
Production 

(MWh)

% CO2 
(million 
tons)

Nuclear 71,500,000 46% 0 83,000,000 49% 0
Hydro 37,000,000 24% 0 35,000,000 21% 0
Coal 31,000,000 20% 30 29,000,000 17% 27
Gas 8,000,000 5% 3 15,000,000 9% 6
Wind 2,000,000 1% 0 3,000,000 2% 0
Other 
Renewables

500,000 0% 0 500,000 0% 0

Totals 150,000,000 33 165,500,000 33
Effect of 
Conservation

7,000,000 4% 0 4,000,000 2% 0

Total Without 
Conservation

157,000,000 100% 33 169,500,000 100% 33



Table 2 Update – Comparison for 2015

2015 My Model OPA
Plant Type Electricity 

Production 
(MWh)

% CO2 
(million 

tons)

Electricity 
Production 

(MWh)

% CO2 
(million 

tons)
Nuclear 73,000,000 43% 0 85,000,000 49% 0
Hydro 42,000,000 25% 0 39,000,000 22% 0
Coal 0 0% 0 0 0% 0
Gas 17,500,000 10% 6 22,000,000 13% 7
Wind 6,500,000 4% 0 8,000,000 5% 0
Other 
Renewables

2,000,000 1% 0 2,000,000 1% 0

Totals 141,000,000 6 156,000,000 7
Effect of 
Conservation

27,000,000 16% 0 19,000,000 11% 0

Total Without 
Conservation

168,000,000 100
%

6 175,000,000 100
%

7

The remaining difference between the two projections can be closed with higher nuclear production in my model.

In both cases, the conservation levels shown are after naturally occurring efficiency gains (about 6 per cent) that do 
not involve more aggressive government programs.

To reflect the IPSP production numbers, Table 3 in the main document should be adjusted as shown in the following 
Table 3. There is no substantial change to the overall picture. Note that the percentages shown are after the effects of 
conservation.

Table 3 Update – Adjustment to Table 3 in Page D for IPSP Production Levels

Percent Electricity 
Production

Ontario 
2008

Ontario 
2015

Germany 
recent

Spain 
recent

Denmark 
recent

Wind 2 5 5 7 17 (6)
All Renewables 23 31 14 19 23 (12)
Fossil Fuel 27 14 60 61 77 (77)

Coal Plant Replacement

What now displaces the coal plants? Remember that it is the increase in production or conservation since 2008, not 
the final total 2015 production by plant type that should be counted. This was an oversight in the main document when 
looking at conservation’s contribution. The IPSP conservation level can handle only 52 per cent of the coal production 
versus 80 per cent for mine. Back to the OPA projection, assuming most of the gas production increase and all wind 
are used the coal plant displacement role, their distribution is, 21 per cent gas, 17 per cent wind (assuming a 
generous capacity factor of 28 per cent) and other 10 per cent. Other increases can be taken to handle the overall 
growth.

However, this calculation base on the electricity generated does not provide the whole story, and the effect on CO2 
emissions must also be looked at. The conclusion will be that, without higher conservation levels than the OPA is 
planning, the coal plants cannot be replaced with the CO2 emissions levels reported, and wind is making no 
contribution.

Attachment 1 to this appendix shows details of CO2 emissions for a number of scenarios.



Attachment 1 to Appendix A

Introduction

Given that the main purpose in closing the coal plants is to reduce CO2 emissions, the following is a more detailed 
analysis of CO2 emissions under different conditions, which are:

 An evaluation of the OPA’s IPSP projected CO2 emissions as shown above in the main document.
 Projected CO2 emissions taking into account transmission losses for my model, that is, the actual production 

at the plant level, which is the correct basis. This is shown under the heading “Adjustments to Table 1.1”.
 Projected CO2 emissions if wind plant capacity is not increased above the 2008 level of 659 MW.

Assumptions

Assumptions for these analyses are:

 Percent of CCGT:SCGT in wind shadowing backup mode is 25:75
 Percent of CCGT:SCGT in normal production mode is 75:25
 Loss of efficiency for both types is 10 per cent (conservative)
 Increase in CO2 emissions for CCGT in wind shadowing mode is 20 per cent and for SCGT is 30 per cent
 Wind capacity factor in 2015 is 20 per cent
 In wind shadowing backup mode, the gas plants are operating about one-half of the time in normal production 

mode, that is, during periods of low wind production.
 Assumptions of CO2 emissions are coal plants, 1 ton per MWh, SCGT plant 0.6 tons per MWh and CCGT 

plant 0.4 tons per MWh.

Evaluation of the OPA’s IPSP Projected CO2 Emissions

Table 1.1 starts with the IPSP baseline emissions for 2008 and projections for 2015 on lines 1 and 2. Lines 3 and 4 
are my model’s “simplistic” baseline and projections for CO2 emissions calibrated to the above CO2 emissions 
assumptions for each plant type. Line 5 is my model’s assessment of 2015 CO2 emissions taking into account the 
effects of the inefficient use of the gas turbine plants. This table is the basis for the information shown in the main 
document.

Table 1.1 – Basis for CO2 Emissions Shown in Page D

Scenario Gas Turbine 
Electricity 
Production 

(MWh)

Total Electricity 
System CO2 

Emissions in 2015 
(except where noted)

Comments

OPA IPSP projection 
(2008) – baseline for 
other comparisons

15,000,000
33 million tons (2008)
(including coal plants)

Comprised of CO2 emissions of 
27 million tons for coal and 6 
million for gas

OPA IPSP projection
(2015) 22,000,000 7 million tons

It is difficult to see how this 
could be 7 million tons at this 
level of gas production

My projection (2008) –
baseline 7,000,000

33 million tons (2008)
(including coal plants)

Comprised of CO2 emissions of 
30 million tons for coal and 3 
million for gas

My projection using usual 
simplistic calculation of 
CO2 emissions (2015)

16,000,000 7 million tons
This was one point of calibration 
for my model

My projection allowing for 
inefficient use of gas 
turbine plants in wind 
shadowing backup mode

16,000,000 8 million tons

This was my claim of what it 
should be, not using simplistic 
calculations



Adjustments to Table 1.1

Table 1.2 shows the updated CO2 emissions for my projection based on including transmission losses on the first 
line, and for the gas production levels reported in the IPSP, on the second. Both show increases over that shown in 
the main document.

Table 1.2 – Adjustments to CO2 Emissions 

Scenario Gas Turbine 
Electricity 
Production 

(MWh)

Total Electricity 
System CO2 

Emissions in 2015 
(except where 

noted)

Comments

My projection allowing for 
inefficient use of gas turbine 
plants in wind shadowing 
backup mode and transmission 
losses

17,500,000 9 million tons

This corrects my 
earlier amount to allow
for transmission losses

My model’s calculation of CO2 
emissions using OPA IPSP 
projection of gas MWh

22,000,000 11 million tons
Compare this to 7 
million tons in Table 
1.1, line 2

Projected CO2 Emissions by 2015 if Wind Plant Capacity is not Increased Above the 2008 Level

An interesting variation is what happens to CO2 emissions if the increase in wind plant production from 2008 to 2015 
is removed from the electricity mix, and gas turbines (largely CCGT) are used to make up the difference. My model 
shows the results contained in Table 1.3.

Table 1.3 – Calculation for CO2 Emissions Based on Not Increasing Wind Above 2008 Level

Scenario Gas Turbine 
Electricity 

Production (MWh)

Total Electricity 
System CO2 

Emissions in 2015 
(except where noted)

Comments

My model 18,400,000 9 million tons
IPSP 23,000,000 11 million tons

This shows that there is no increase in CO2 emissions if further wind plants are not implemented beyond the 2008 
levels. This also means that the many other issues surrounding the deployment of industrial wind power, including 
impact on neighbouring properties, safety, noise and health issues, impact on the natural environment including flora 
and fauna, divisiveness created within communities, impact on property values and other aspects of rural economies, 
such as tourism are all needless.

In summary, conservation at the level I originally projected, in conjunction with a small contribution from gas plants, 
and assuming no further wind plant implementations beyond the 2008 level, achieves the replacement of the coal 
plants with the minimum of CO2 emissions.


