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Abstract 

The paper examines the effects on the wholesale price of electricity in the Province of Alberta due to the 

transitions from coal-fired to natural gas fired generation.  A broad range of data was compiled including a 

significant amount of primary data from the Alberta Electric System Operator as well as over 70 other 

sources.  We hypothesized that this transition will be supportive of long-term power price growth in 

Alberta.  We also theorized that this transition would increase the volatility in the market place.  Today, 

there doesn’t exist an accurate long-term pricing model therefore, we have analyzed the data collected using 

positivist and qualitative approaches.  We have provided analysis and results to our question and 

determined that the main drivers of supply and demand in the Province’s power supply are primarily 

economic and regulatory.  We determined that supply would be driven by the forced retirement of up to 

60% of the Province’s generating facilities; new plant economics based on market pricing and costs 

development and operations.  We also determined that natural gas generation increases volatility due to 

increase commodity price uncertainty, increased versatility of dispatch strategies, and high operating costs 

as compared to coal.  Our findings determine that the long-term price effects will be supportive of long-

term power price growth and increased peak price volatility.  Any changes in the cost of GHG credits in the 

Province will also have a significant impact of the price of power due to its added cost to coal generation.   
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1. Introduction 

This paper will examine the effect of the current and ongoing switch from coal to natural gas as the primary 

source of electrical generation in the Province of Alberta, Canada. 

The Alberta Electric System Operator “AESO” (2014) has forecast that the Province will need 7,000 

megawatts of new power generation by 2022 — and about 5,000 MW of that new demand is expected to be 

due to the retirement of coal-fuelled power plants.  Growth combined with a shift toward cleaner gas fired 

generation means a 51% increase in new generation will be required by 2022.  This shift in generation is 

likely to have a significant effect on how future power prices our forecast.  Given the large capital 

requirements for new generation, the substantial increases in new generation required, and the long life of 

these assets it is critical for generators to have confidence in their price forecasting ability.  The basis for 

this paper is determination of the effects of the shift toward natural gas in the Alberta generation market 

will have on prices and forecasting methodology and drivers.  

The migration from coal to natural gas is primarily due to concerns over global warming caused by green 

house gas emissions.  ‘This concern led to Alberta’s Specified Gas Emitters Regulation (SGER) that is due 

for renewal in 2014’ (Dyer 2013).  ‘The Alberta Government is currently considering revisions to the 

regulation and will likely increase the cost of GHG emissions further. ‘Increased GHG restrictions in the 

SGER would improve social license to operate for sectors, such as the oil sands, that face continued 

scrutiny of environmental performance.’ (Sopher and Francis 2013) 

It is anticipated that this regulation, which currently requires large industrial emitters, including power 

generators, to reduce emissions by 12% over 2003 levels, will significantly increase the cost to comply, 

currently at a cost of $15 per ton and a plan to increase the rate to $40 per ton is being promoted by 

numerous groups and is under serious consideration by the Alberta Government.  

The new regulation has increased the cost of existing Alberta coal generation to the point where a 

significant number of large base load generating stations will be decommissioned over the next 10 years 

being replaced primarily by combined cycle natural gas fired generation that is much cleaner then the 

current coal generation. 
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Currently there has not been any significant research on the price impact that this transition will have on the 

wholesale price of power in the Province.  As the price of power has a substantial effect on the economy 

and standard of living it is an important question to be answer. 

In addition, the Federal Canadian government implemented new rules illuminating the construction of a 

new coal-fired power plant after July 1, 2015, unless it is equipped with carbon-capture and storage (CCS) 

technology. Plants built before 1975 have to be decommissioned by the year 2020, and any plant built after 

1975 would have to be decommissioned by 2030, unless equipped with carbon-capture and storage. 

Currently, government and industry participants and academics have produced research in the following 

areas of power production:  

 Supply and demand, 

 Effects on global warming, 

 Costs of different power technologies, 

 Cost of source fuels and supply curves. 

The missing piece, at least in the Alberta market place, is the effect of price.  The afore mentioned research 

will be examined and used along with supply and demand forecasting models to determine the likely effect 

on the price of power.  As Alberta is a deregulated market, prices are based on supply and demand 

economic models.   

A discussion of supply and demand models and research previously done in other markets will be examined 

in order to help determine the appropriate approach for developing a pricing model that can then be used to 

determine the price effects of switching from stable low cost coal to the more volatile cost of natural gas.   

‘The power market can change relatively quickly. Just over 20 years ago Alberta produced almost all of its 

power from coal. The figure is now 54 per cent.’ (Cooper 2014) 

This 17% (figure 1.1) shift from coal to primarily natural gas will have an impact on the price of power in 

the Province.  This important development will effect businesses and individuals to the extent that they use 

power.   

Various factors effecting the price of power will be examined including supply and demand issues given 

Alberta is a deregulated marketplace, expected growth of the Alberta power market, and regulatory and 

technological forces.   
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Figure 1-1 AESO (2012) LTO update generation capacity and mix comparison 

2. Industry Background 

Unlike most power markets, the Alberta market is a deregulated market place where power generation in 

purchased on a bidding system (principals of supply and demand) operated by the Alberta Electric System 

Operator (“AESO”). Typically in other jurisdictions power is purchased under long-term contracts by 

governments or government agencies.   

The AESO acts as the spot market for power.  Power is bid into the system by producers a minimum of two 

hours in advance in one-hour increments at a quantity and price they will produce (between $0 and $999).  

The automated trading system sorts the bids from lowest to highest price called the energy market merit 

order.  It is then match to demand with the lowest prices being select first.  The AESO then accepted bids 

until supply meets demand.  Prices are calculated in one minute increments call the system marginal price. 

The pool price is the average margin price for the preceding hour.  Producers receive the marginal price for 

the hour regardless of their bid price. 

There are several basic types of producers; base load, peaking, wind and to a limited extent hydro and solar.  

Base load producers bid in low and running continuously 7/24, they are price takers.  They are primarily the 

large scale generators primarily coal fired, gas cogeneration and hydroelectric plants.  With the large lower 

cost high volume producers it is more efficient to run 24 hours per day irrespective of price as the lead 

times and cost of starting and stopping these types of facilities is high.  It is more economical to run the 

plants continuously.    Peaking providers adopt a scarcity-pricing strategy only producing when energy 
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demand is high thus receiving a high price per Mw/hr produced.  This type of production can be started and 

stopped efficiently and quickly at very little cost, but at a higher generation cost. 

The operational characteristics of generating assets are the primary determinant of the bidding strategy 

employed and in turn the revenue each asset generates.   

Peaking generation technologies achieve greater operational flexibility than base load generation, but at 

higher cost. 

The gas-fired combustion turbines used in peaking generation can halt and restart operation without 

incurring high costs, but cost more to operate. This higher cost of generation is reflected in higher offer 

prices. High-priced peaking generation will only be dispatched to run during periods of high demand, after 

lower-priced generation has been completely dispatched. 

 

Figure 2-1  Average annual Alberta electricity pool prices and installed capacity 

Currently coal-fired plants produce the largest source of base load generation (figure 2-1 illustrates Off-

peak or base load prices vs On-peak prices).  With concerns over greenhouse gas emission ever increasing 

the higher emission levels versus gas-fired generation has created a shift toward more and more gas fired 

plants.  How will this shift effect the system marginal price of power in Alberta?  Given the large capital 

requirements for new generation, the substantial increases in new generation required, and the long life of 

these assets, it is critical for generators to have confidence in their price forecasting ability.   
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The basis for this paper is determination of the effects of the shift toward natural gas in the Alberta 

generation market will have on prices and forecasting methodology and drivers.  This paper will provide 

insight into the effect of the shift from coal to natural gas on the price of power in the Alberta marketplace.  

It will also, in a more general sense, help develop a framework for development of price forecasts in the 

Alberta market. 

3. Aims, Objectives, and Research Question 

The ultimate goal of this paper is to identify the key elements which influence the price of power in Alberta 

in order to determine the effect of moving away from coal fired generation to natural gas fired generation.  

This is an extremely important question to everyone in the Province as it a basic necessity for individuals 

and a key cost of production for many industries in the Province, especially the oil and gas industry, which 

is the Province’s key economic driver.  In order to achieve our aim, it was necessary to obtain background 

on the current and future electric generation market in Alberta, supply and demand and pricing issues of the 

Alberta electric system, gas and coal markets, and the current regulatory environment in Alberta and 

Canada.  As the Alberta electric generation market is based on supply and demand and free of government 

interference (other the environmental and safety regulations) free enterprise theories were used as the basis 

for our hypothesis.  That is, our conclusions will be based on market efficiencies and the profit motive of 

the industry participants. 

The main objectives will include: 

Objectives Research Questions 

Determining the key drivers of supply and demand for 

power in the Province. 

What are the key determinants of 

power supply and demand in 

Alberta? 

Determining the long-term supply and  demand issues of 

coal and natural gas as fuel sources as it relates to power 

generation and the effect on pricing. 

 

How does the long-term availability 

and committee pricing forecasts 

affect the price of power?   
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Determining the effect the transition form coal to natural 

gas fired generation will have on the wholesale price of 

power and the likely pricing outcomes. 

What effect will the transition of 

power generation toward natural 

gas away from coal have on the 

long-term price of power? 

Determine the shift, increase or decrease, on the current 

power supply and demand curve in the Province.  

Will there be changes in the supply 

and demand curves in the Province, 

and if so to what effect? 

Determine impact of the current regulatory Environment. What effect will the regulatory 

environment have on the price of 

power, given GHG and 

environmental concerns are 

fostering new regulations? 

Table 3-1  Objectives and research questions 

1.1. 3.1 Research Rationale  

As Alberta is a market based system, the wholesale sale price of power, supply and demand are the primary 

drivers of power pricing in the Province and therefore our objectives are focused on effects to supply and 

demand in the Province.  “Canada’s electric power industry has been one of the mainstays of Canada’s 

economy, providing low-cost power to residents and business”. (The Conference Board of Canada 2011) 

The information derived by our objectives will be used to determine the answer to achieve our aim;  

"What effect will the shift from coal to natural gas fired electricity generation in Alberta have on the price 

of the Alberta Electric System Operator’s system marginal price of electricity?"   

We hypotheses that while there is adequate supply of natural gas to replace coal, natural gas has higher 

volatility in its pricing and will therefore add increased volatility to the price of power.  As well, this shift 

will increase the demand for gas in the Province and thereby putting upward pressure in the price gas.  This 

will increase the input cost for an increased segment of the Province’s power supply. Secondly, the 

replacement of coal-fired plants with gas fired requires large capital commitments that won’t be made 
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unless power price increase from current levels.  We would expect moderate long-term price appreciation of 

power and increased short-term volatility.  Construction risk, or construction delays, could lead to outages, 

effecting the supply side of the price curves, this combined with the reduced supply should plants be retired 

and not replaced will put upward pressure on long-term prices and to that extent will insure the retired 

plants will be replaced but only as the price of power rises to the point where the net cash flow from 

generation provides a satisfactory financial return to the supplier.  Finally, as a fuel source, natural gas 

facilities allow for more flexibility in a plant operators dispatch strategy as the start-up costs and time are 

lower then those of coal fired plants.  In fact, a number of coal fired plants have fixed price take or pay 

contracts and are located at the base of the coal mining facility, leaving very little operational flexibility, 

however the larger capital commitments up front and long-term, typically the life of the facility, fix price 

coal contracts mean their operational costs are considerably lower the gas fired plants.  In other words, the 

system will be loosing a substantial amount of low cost based load generation. 

Achieving our aim will allow the government, business, and other stakeholders to better understanding the 

effects of the transition from coal to gas-fired generation will have on the long-term wholesale price of 

power and identify issues and likely outcomes of this transition. 

4. Literature Review 

In order achieve our aim: "What effect will the shift from coal to natural gas fired electricity generation in 

Alberta have on the price of the Alberta Electric System Operator’s system marginal price of electricity?" a 

critical review of the main research done on the topic.  This review will provide insight into any existing 

gaps in current forecasts and enhancement of the author’s knowledge on the subject.  This review will cover 

existing government research, private sector research and academic research.  Saundars (2009:61) states 

‘for some research projects you will use the literature to help you to identify theories and ideas that you will 

test using data. This is known as a deductive approach.’  This is the approach we have used.  Our research 

identified several case studies (please note that there are two case studies in the Literary Review, Adyin’s 

US. Northeast power market study and Cooks California power market study both of which are highly 

referenced below), private and corporate documents, which present ideas on and theories, which attempt to 

answer or clarify our aim and several of our research questions.  This secondary research is then compared 

to the primary research prepared by either the Federal or provincial governments in Canada or federal and 

state governments in the U.S. in section 6, Research, Analysis and Discussion.  This research is primarily 

basic market direct data such as price histories, supply and demand of the market etc.  

Before we begin, here is an introduction to the two case studies used throughout this review: 
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4.2 Coal Plant Retirements, Feedback Effects on Wholesale Electricity Prices (Aydin 2013). 

The Brattle Group conducted a case study on the likely effects of the retirement of coal fired generation in 

the Eastern United States PJM Interconnection (PJM) (Aydin et al 2013).  Although the situation in the PJM 

market differs from that of the Alberta market in a number of areas: 

 Retirements are not regulated outright, but emission standards are pushing up the costs, 

 Different supply side mix of generation, 

 Much larger market size, 

 Different regulatory environment, and more. 

It will give a good indication of what can be expected although the magnitude of the outcomes is likely to 

be higher in the Alberta market due to forced retirements and heavier concentration of coal fire plants.  As 

well, the feedback mechanism outlined in the report is likely to be transferable in methodology if not out 

right.  Natural gas trades on a North American based market and although the cost of coal is lower in 

Alberta their linkages will remain similar.  Understanding the PJM market will help in calculating the likely 

impact on the price of power in the Alberta market due to the transition of coal to natural gas. 

The Brattle Group report also relates effects in to the PJM Western hub forward prices in the summer of 

2012 as a basis for comparison although forward prices are only available to 2016. The outcome learned in 

the study will be transferable to the Alberta market. 

4.3 The Future of Electricity Prices in California: Understanding Market Drivers and Forecasting 

Prices to 2040 (Cook, 2013). 

“This report aims to explain the most important drivers of electricity prices in California and review current 

forecasts for retail prices for the next 20-30 years.” (Cook, 2013) 

Although the California market is very different from the Alberta market in terms of types of generation and 

regulator focus it is deregulated and will help us to understand market drivers, which can be carried and 

transferred to the Alberta market.  The California market obtains 60% of its generation from natural gas.  

This will help us understand the effect the price of gas will have as Alberta migrates from coal to natural 

gas, as it’s primary fuel source.  California’s generation needs are expected to grow due to population 

growth and the retirement of aging plants.  It is anticipated the natural gas fired generation will be the 

primary source of new generation.  Like Alberta, California has carbon tax or cap and trade legislation.  

Unlike Alberta however, they also have a renewables mandate requiring 33% of the generation in the State 

to be from renewable sources.  The effective on retail prices from this legislation is currently unknown; 



 

Not for distribution without written consent of Genalta Power.  

Copyright - Craig Parsons 2015, All rights reserved 16 

however, increasing power prices is supportive of the requirement to implement new renewable 

technologies and investments in efficiency programs.  Like our the case study, the outcome learned in the 

study will be transferable to the Alberta market. 

4.4 The Main Determinants of Power Supply and Demand in Alberta Their Effects 

‘In microeconomics, supply and demand is an economic model of price determination in a market. It 

concludes that in a competitive market, the unit price for a particular good will vary until it settles at a point 

where the quantity demanded by consumers (at current price) will equal the quantity supplied by producers 

(at current price), resulting in an economic equilibrium for price Supply and demand are fundamental 

concepts of economics.’  (Braeutigam 2011). 

‘In a competitive market, basic principles of supply and demand determine the price and quantity sold for 

goods, securities and other tradable assets. The market for a particular commodity can be regarded as a 

collection of entities (individuals or companies) who are willing to buy or sell it. Under the assumption that 

the market is competitive, continuous interaction between suppliers and demanders establishes a unique 

price for the commodity.’ (Mankiw 1998) 

As the Alberta wholesale power market is based on a free market auction process, which is managed by an 

independent third party, the AESO, prices are determined by supply and demand.  According the AESO 

Long-Term Outlook Update (2012) demand is driven by economic activity, GDP and population growth.  

Cook (2013) also determines conservation and efficiency to be drivers on the demand side of the curve.  

The supply side is support producer economics and regulations.  Aydin (2013) and Cook (2013) both report 

prices driven by commodity prices, regulations, generation mix, producer economics (margins) and market 

demand.   

The Conference board of Canada “CBC” is a non-profit applied research organization in Canada.  They 

specialize in economic trends as well as public policy issues.  While this study provides a more national 

look at the power industry it did confirm the research data provided by the AESO later in this document.  

The CBC outlines Alberta power market and statistics ‘Most consumers do not purchase power under long-

term contracts beyond three years, and only about 25 to 30 per cent enter into contracts, (CBC 2011) which 

is a very important factor in determining price effects in the power market.  They also describe the system 

of scarcity pricing, which allows prices to rise to a cap of $1,000 per hour. Scarcity pricing allows 

companies a material opportunity to be rewarded for their risk-taking and bring new investment into the 

market.  CBC also stats: 

http://en.wikipedia.org/wiki/Microeconomics
http://en.wikipedia.org/wiki/Economic_model
http://en.wikipedia.org/wiki/Price_determination
http://en.wikipedia.org/wiki/Market_(economics)
http://en.wikipedia.org/wiki/Perfect_competition
http://en.wikipedia.org/wiki/Unit_price
http://en.wikipedia.org/wiki/Good_(economics)
http://en.wikipedia.org/wiki/Economic_equilibrium
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‘At the time of writing, an additional 735 MW of new plants are under construction, with 13,798 MW under 

development or proposed. Seventy-five per cent of the projects under development are natural gas’ (CBC  

2011).  The CBC further supports the transition to natural gas as at the writing of the CBC paper the new 

Federal regulation (discussed later) requiring the retirement of coal plants hadn’t been put in place.  

 

Table 4-1 Alberta generation projects, by energy source (CBC 2011) 

The table above shows a number of new planned projects.  Our research shows that investment in wind, 

coal and nuclear power will not be economic under current and forecast regulatory and market economic 

conditions. 

The Brattle Group conducted a case study on the likely effects of the retirement of coal fired generation in 

the Eastern United States PJM Interconnection (PJM) (Aydin et al 2013).  Although the situation in the PJM 

market differs from that of the Alberta market in a number of areas: 

 Retirements are not regulated outright, but emission standards are pushing up the costs, 

 Different supply side mix of generation, 

 Much larger market size, 

 Different regulatory environment, and more. 

It will give a good indication of what can be expected although the magnitude of the outcomes is likely to 

be higher in the Alberta market due to forced retirements and heavier concentration of coal fire plants.  As 
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well, the feedback mechanism is likely to be transferable in methodology if not out right.  Natural gas trades 

on a North American based market and although the cost of coal is lower in Alberta the linkages will 

remain similar.  Understanding the PJM market will help in calculating the likely impact on the price of 

power in the Alberta market due to the transition of coal to natural gas. 

The Brattle Group report also relates effects in to the PJM Western hub forward prices in the summer of 

2012 as a basis for comparison although forward prices are only available to 2016.  Now that the framework 

is set lets look at the outcome of the study and the potential translation to the Alberta market. 

 ‘We find that two factors are approximately equally important in feedback effects: (1) the reduction 

of electric supply (shift to the left in a conventional supply curve depiction) from retirements, and (2) the 

increase in gas demand resulting in higher gas prices. Because the producers in both power and natural gas 

markets will respond to those changes, the magnitude of both of these effects will attenuate after 5 to 10 

years with new entry. We project the changes in energy prices to be bigger in on-peak hours than in off-

peak hours, but this will also depend on other factors, as discussed later. The increased energy margins 

could cover the costs of a modest portion of coal plant emission control technologies of coal plants in 

PJM’s MAAC region (at around $100-200/kW), but they are unlikely to be enough to radically alter the 

extent of overall plant retirements.2 With higher gas prices driven by increased gas demand, the total 

present value of the incremental energy margins for non-retiring coal plants could reach $300/kW.’ (Aydin 

et al 2013) 

 The supply curve (figure 4-1) illustrates that in the US PJM market supply is sufficient in the short to 

absorb a 15% coal retirement scenario with minimal effect on pricing although do to the supply curve 

shifting to the left, with generation retirements, the illustration show that peak prices are reached sooner and 

therefore escalate to higher values. 
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Figure 4-1  Near-term impact of coal plant retirements on energy supply curves (PJM MAAC 2015) 

 

Figure 4-2  Long-Term Impact of Coal Plant Retirements on Energy 

Figure 4-1 and 4-2 reflects the forecast price curve in both short and long-term scenarios.  The current 

supply capacity is sufficient to absorb a 15% capacity reduction with minimal impact on price during off 

peak and on peak hours, however the shift to the left would create price spikes marginally sooner then 

would otherwise occur.  The long-term outlook in more favorable in that the price estimates are essentially 

equal although this is dependent, as previously discussed, on the economics of new plants being attractive 

and encouraging new developments.  Economics will be driven by the cost of fuel and the price of power as 

well as the technologies chosen.  The dispatch cost of coal and CC gas are about equal at $35-$40 /MWh 

based on $3 MMBtu for coal and $6MMBtu for gas, based on appropriate heat rates for each.  However the 
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heat rate of CT gas plants is higher pushing the relative cost per MWh to $60 which would if CT is used to 

replace the majority of coal plants it would potential push the price of power up significantly as generators 

would not dispatch power until the price was over $60 MWh plus fixed cost and profit.  Keeping in mind 

the capital costs of constructing CT gas is less then CC gas this is a real possibility.  The Brattle (2013) 

study concludes: 

 ‘Overall, we estimate that retiring 15% of existing coal capacity by 2015 would increase on-peak 

prices by $3-4/MWh between 2015 and 2020, with price effects declining to $1/MWh by 2025. The off-

peak prices would increase by approximately $1.5/MWh.’ (Cook 2013) “This report (THE FUTURE OF 

ELECTRICITY PRICES IN CALIFORNIA: UNDERSTANDING MARKET DRIVERS AND 

FORECASTING PRICES TO 2040) aims to explain the most important drivers of electricity prices in 

California and review current forecasts for retail prices for the next 20-30 years.” (Cook 2013) 

Although the California market is very different from the Alberta market in terms of types of generation and 

regulator focus it is deregulated and it will help us to understand market drivers which can be carried 

transferred to the Alberta market.  The California market obtains 60% of its generation from natural gas 

(figure 4-3).  This will help us understand the effect the price of gas will have as Alberta migrates from coal 

to natural gas as it’s primary fuel source.  California’s generation needs are expected to grow due to 

population growth and the retirement of aging plants (figure 4-4).  It is anticipated the natural gas fired 

generation will be the primary source of new generation.  Like Alberta, California has carbon tax or cap and 

trade legislation.  Unlike Alberta however, they also have a renewables mandate requiring 33% of the 

generation in the State to be from renewable sources.  The effect on retail prices on this legislation is 

currently unknown; however, increasing power prices is supportive of the implementation of renewable 

technologies and investments in efficiency programs. 



 

Not for distribution without written consent of Genalta Power.  

Copyright - Craig Parsons 2015, All rights reserved 21 

 

Figure 4-3  California generation shares, 2012 (source EIA, Electric Power Monthly, February 2013) 

 

 

Figure 4-4  California in state electric generation by generator vintage and fuel type 2011 

The California market prices operate on the same Dutch auction (figure 4-5) systems as Alberta although 

participants bid in a day in advance not the two hours required in Alberta. 
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Figure 4-5  California power auction process (source: Warwick 2002) 

Given that natural gas is the primary source of energy for generation power prices are sensitive to the price 

of natural gas. 

“As a result of the auction process, electricity suppliers generally submit bid prices that are equal to their 

operating costs6 and the price of electricity in the wholesale market ends up being driven entirely by the 

operating costs of the marginal generator. 

Given the existing generation mix in California, the marginal generator is almost always a natural gas 

power plant. 

As gas prices increase, the operating costs (and thus bids) of natural gas power plants will also increase, 

which will shift the purple line in figure 4-6. 

Because this is the region of the supply curve where demand intersects (represented by the black dashed 

lines), this shift will result in an increase in the price of wholesale power. 

When we consider that system load will continue to increase and the majority of new plants being planned 

in the near future are natural gas, it seems reasonable to expect this situation to continue so that natural gas 

prices will be a primary driver of wholesale electricity prices for the foreseeable future.” (Cook 2013) 
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Figure 4-6  California wholes electricity supply curve (source: Dynegy 2012) 

4.5 The effect of commodity pricing (natural gas and coal) on the wholesale price of power.  

Power generation requires a fuel source, whether it be wind, solar, natural gas, coal, or nuclear or hydro.  

Any substantial change in the primary type of generating facilities will be impacted by the cost of the fuel 

for that facility.  Some fuels are free or close to it by have very high capital cost, others have lower capital 

cost but have a higher production costs.  Our aim is to determine the effect of the change from coal-fired 

plants to natural gas fired plants in Alberta.  The price of fuel, its volatility, and long term security will have 

a ripple effect on the entire industry as it will effect, generation input costs, capital costs (high or lower risk 

of price stability effects cost of capital), different fuels have allow for different dispatch strategies that can 

also effect prices.  “The three most important drivers of California electricity prices over the next few 

decades are likely to be the price of natural gas, the price of emission allowances  in the cap and trade 

program, and the costs associated with achieving the RPS target of 33% renewable electricity supply by 

2020.” (Cook 2013)   

The AEO (2014) Early Release Overview provided data in the US energy market place.  As coal and natural 

gas are available for delivery via transport throughout North America the prices are based on continent wide 

supply and demand issues and as large scale liquefied natural gas facilities are developed, international 

factors will also need to be considered.  Projections in the Annual Energy Outlook 2014 (AEO 2014) 

Reference case focus on the factors that shape U.S. energy markets through 2040.  There research provided 

supply and demand data and forecasts for the U.S. Energy market used in our outcomes and are analysis in 

the Research, Analysis and Discussion section of this document.  Aydin (2013) and Cook (2013) both 

discuss the relationship of power pricing to the price of natural gas.  
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The conclusion of the Battle Group report ‘Coal Plant Retirements: Feedback Effects on the Whole Sale 

Electricity Prices: 

We find that future energy prices can be quite sensitive to large, roughly concurrent changes in the power 

supply curve such as the wave of potential coal plant retirements often projected for the next few years. In 

eastern PJM, relative to forward price and market conditions prevailing in the summer of 2012, the induced 

price increases could be a few dollars per MWh or more, due to impacts on the supply curve and gas 

demand. (As of the end of October 2013, gas forwards were about the same as in summer 2012, but PJM-

West forwards were about $5/MWh lower. Therefore, price impacts of retirements could be larger than a 

few dollars relative to the most recent PJM-West forwards.) The impacts of the supply shift and the increase 

in gas demand have similar magnitudes, and we expect both effects would attenuate after 5-10 years due to 

markets responding to higher prices by adding new resources. 

For the PJM MAAC region we evaluated, we project the changes in energy prices without accounting for 

any potential gas price increases to be $3-4/MWh in on-peak hours versus $1-2/MWh in off-peak hours. 

These resulting increased energy margins in 2015 through 2020 for coal-fired plants could cover the costs 

of modest emission control technologies at around $100-200/kW, but are not enough to substantially alter 

the likely extent of overall retirements. However, with gas prices also increasing, the rise in energy prices 

could be $9-11/MWh on-peak and $5-6/MWh off-peak, having a total present value of increased margins 

for non-retiring coal plants exceeding $300/kW. This could be enough to influence (and reverse) some 

retirement decisions, if known with high confidence that very little of that effect was already impounded 

into forward prices. However, it is more likely that a portion of it is implicit in forward expectations, so the 

feedback range is more indicative of the uncertainty in how prices will evolve with final retirement 

decisions than it is a strict source of potential value. 

The energy prices in other regions might be more or less sensitive to these feedback effects, especially the 

supply shifts. For example, in coal-heavy regions like MISO, retiring the same percentage of coal plants 

would translate into a larger share of total capacity across all fuel types and technologies. However, it may 

not necessarily result in bigger price effects if the supply curve is relatively flat. The magnitude of the price 

effects and the value of increased energy margins related to coal plant retirements in a region would depend 

largely on several key regional factors such as the shape of the supply curve, projected pace of reaching 

capacity supply-demand balance, expected mix of new resources, and regional fuel prices. 

In addition to energy price impacts of coal plant retirements, we have made a qualitative assessment of 

impacts on capacity prices. The first effect would be to reduce the total supply of capacity in that region 
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until replacement resources come online, hence reducing the reserve margins. This would tend to increase 

the capacity prices in the short/medium-term. The second effect of retirements would be to decrease net 

CONE in capacity markets as a result of the higher energy prices. This would tend to decrease the long-run 

equilibrium price of capacity until the energy price impacts of retirements disappear. 

While it is not clear how much, if any, of these effects are already reflected in current forward prices, the 

price effects are large enough to be a material risk factor for plant economics in the first decade of coal 

plant retirements. Similar impacts and uncertainties surround possible future broad changes in the supply 

mix, such as could occur if existing coal plants face strong GHG reduction obligations under the emerging 

EPA regulations, or if a significant block of nuclear power plants in the same region of the country should 

shut down due to poor ability to recover fixed costs under a low gas price regime.’ (Aydin, 2013) 

This case study does an excellent job of analyzing the effects of coal retirements in the PJM market.  Main 

differences that should be noted between Alberta and the PJM is that the retirement in the Alberta market 

will be much greater eventually up to 60% of capacity over the long-term (30-40 years) but also higher over 

the next 10-20 years, likely 20%-30% of coal plants will be retired, much more then in the PJM.  Also, the 

increasing demand in the Alberta power market will also put upward pressure on demand during this period 

of coal plant retirement.  The overall energy mix in the Alberta market will more concentrated toward gas 

generation in the long-term as compared to the PJM, meaning it will be more susceptible to gas price 

movements and dispatch strategies that are more likely to create higher price volatility due the more cost 

effective startup and shutdown capabilities of gas to coal.  

The cost of natural gas is a critical factor in determining the future cost of power particularly as more 

production transitions to natural gas as its source energy.  The Brattle (2013) case study ran price sensitivity 

on gas prices with the following results. 
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Figure 4-7  Energy Price Effects due to 15% Coal Plant Retirements in PJM MAAC Under 

Different Gas Prices (including Replacement Capacity to Maintain Planning 

Reserve Margins)  Source: Cook 2013 

They ran base case, consistent with Henry Hub 2012 futures pricing, at $5-6MMBtu, a low case at $3-

4MMBtu and a high case at $8-10MMBtu (figure 4-7).  As expected, under the low case profile there is 

very little impact on the price of power as the less efficient coal plants are retired and replaced with more 

efficient gas.  Under the high price scenario, which is unlikely due to the extent that new shale gas is being 

brought on stream , ‘We estimate that if 15% of existing coal capacity retires in 2015 under such high gas 

prices, then the on-peak energy prices would increase by $5-6/ MWh in the following five years or so, with 

the price effects declining to $2/MWh by 2025. The results for the off- peak prices are more sensitive to gas 

prices and they are persistent over time with price increases at approximately $6-7/MWh range for both 

near-term and the long-term forecasts. This is due to the increased gap in dispatch costs of coal and gas 

plants.’ (Aydin et al 2013) 

Analysis on the type of plant replacement was also conducted.   
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Figure 4-8  Energy Price Effects due to 15% Coal Plant Retirements in PJM MAAC 

Assuming Different Types of Replacement Capacity (including Replacement 

Capacity to Maintain Planning Reserve Margins) source: Cook 2013 

The type of plant retirement is important to the study results.  The base case assumes a 50/50 split between 

CC gas and CT gas.  If replacement leans toward the less capital intensive CT gas then longer-term effects 

on power prices with be positive.  In the near term the effects on pricing is minimal due to sufficient 

capacity but over the longer term when new plants are required the price effect would be $3.50MWh or 

more (figure 4-8). 

Power prices in California are effected by a complex regulatory and market environment that includes a 

variety of participants. Prices in California are determined by many factors such as economic growth in the 

economy, fuel prices, operating and maintenance costs, the willingness of investors to invest in new plants 

and equipment, technological developments and environmental regulations. 

The UC Davis report reviewed the interdependencies of the power market and the effect on the price of 

electricity.  Also reviewed were existing forecasts and methodology and what future prices will be under 

different scenarios. 
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‘The three most important drivers of California electricity prices over the next few decades are likely to be 

the price of natural gas, the price of emission allowances  in the cap and trade program, and the costs 

associated with achieving the RPS target of 33% renewable electricity supply by 2020.’ (Cook, 2013) 

Recent advances in hydraulic fracturing technology have resulted in an increase in natural gas supply 

lowering the price of natural gas over the past four years. The duration of the decreased gas pricing will 

have significant impact on electricity prices.  Gas prices have firmed up to the $4.00 / MMbtu range in the 

last 12 months up from the $3.00 / MMBtu range over the previous period. The effect of California’s 

Renewable Portfolio Standards on electricity prices is mixed. Research suggests that at the original 20% 

level RPS had a minor effect on prices. The data from the GHG Calculator (figure 4-9) indicate that 

achieving the new 33% RPS target may have a much greater impact on pricing. 

 

Figure 4-9  Project change of power price under various assumptions Source: EIA 
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The cap and trade program has only just started and forecasts of future prices of allowances remain very 

uncertain, with a very wide of values ranging from $8-213 per metric ton. 

‘Forecasting long-run electricity prices is an incredibly difficult task that is rife with uncertainty regarding 

assumptions about key variables and this uncertainty is borne out in the results of the two models that were 

compared. EIA’s most recent Annual Energy Outlook (2013) projects relatively modest electricity price 

increases in the range of 1.9-3.4% per year during the period 2013-2040, while work done by E3 (the 

GHG Calculator) anticipates higher growth rates of between 3.5-6.3% per year from 2008 to 2020. The 

GHG Calculator indicates that prices will increase more slowly in PG&E, SCE, and SMUD territories, but 

increase much more rapidly in LADWP territory. 

Neither model accounts for any impact that may  be associated with the shutdown of the San Onofre 

Nuclear Generating Station in southern California. The AEO has the advantages of being newer and more 

detailed, but doesn’t allow for modeling combinations of scenarios and also has a recent history of 

underestimating price increases 

The GHG Calculator was made specifically for California and considers a lot of customization in the 

situations that are illustrated (counting higher emanation remittance costs and the production of a "most 

pessimistic scenario" situation), yet is a great deal less complex and is based on more seasoned information 

that may not exactly reflect the flow reality. It appears likely that wholesale electricity prices in California 

will continue to rise, incentivizing homeowners and businesses to make long-term investments in power 

saving technologies. 

The next few years will provide insight regarding what the future price of carbon allowances will be as a 

longer history will provide some history and how much the large-scale renewable projects will cost be as 

utilities comply with the RPS and how these costs will effect power prices. 

New investments in renewable generation and energy efficiency will be greatly effected by price changes 

by in California and other jurisdictions caused by new regulations.  These changes will greatly effect the 

generation mix is changed and ultimately the cost of power to millions of people and business that consider 

electricity a necessity.’ (Cook 2013) 

The long-term price effect of increasing used of natural gas in power generation. 

‘We find that future energy prices can be quite sensitive to large, roughly concurrent changes in the power 

supply curve such as the wave of potential coal plant retirements often projected for the next few years.’ 
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(Adyin, 2013).  Pfeifenberger (2013) states that conditions are favorable for natural gas generation 

investments while coal and wind investments remain uneconomic without government subsidies.   

Pfeifenberger also reviews other drivers of power pricing including commodity pricing, regulations, 

generation mix and historical trends.  He goes on to conduct substantial analysis on these drivers.   

Reductions of GHG emissions is a primary driver of regulation forcing the transition away from coal in 

electricity generation.  EDC Associates prepared a report for the Independent Power Producers Society of 

Alberta entitled Trends in GHG Emissions in the Alberta Market, Impact of fuel switching to natural gas, 

that studies the effect of the current regulations on the power industry.  

Both Gaves (2014) and EDC and Associates (2013) research papers on GHG regulations provide extensive 

data and propose a variety of conclusions that where extensively weighted in our conclusions and they tied 

directly to our research aim.  Some of their research concludes: 

 Alberta power demand will continue its steady growth, 

 Generation will need to double between 2013 and 2050, 

 The relative cost of input fuels, capital costs, and emission intensities for various types of 

generation will lead to a dramatic increase in natural gas fired generation, 

 Coal generation will decrease dramatically in 2019 and 2029 due to mandated plant retirements, 

and other findings. 

KPMG provides research focused on the renewable generation industry in Alberta with insights include 

significant load growth will continue, gas will provide the majority of new generation, prices will remain 

supportive of new investments in generation.  However, they feel that solar and wind could provide a viable 

source in the near future.  We differ in there research as we estimate the current price of power to be below 

the threshold where wind and solar are economic without government subsidies, which in Alberta are not 

available.  We feel given the resource development nature of the Province and the abundance of natural gas 

it is not likely the government will, in the near future, invest heavily in wind or solar and with the 

economics for natural gas generation providing a higher return on investment private capital is not likely to 

invest either. 

To a large extent coal retirements the study are projected to be greatly effected by the price of natural gas.  

The study estimates approximately 67GW of coal capacity is expected to be retired over the next 5 years, if 

the price of gas were to drop by $1/MMBtu that number would increase to 127GW or alternatively if it 

were to increase by $1/MMBtu it would decrease to 28GW.  That is an approximately 40-50% swing 

depending on the price scenario.  This would indicate that the speed of retirements is very dependent on the 
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price of gas at least in the short term. In Alberta there is a mandated retirement of 50 years from 

commencement of commercial operations, which does put a cap on the length retirements, can be delayed.  

This analysis also reflects the extent that increased cost of carbon emissions could potentially increase the 

rate of retirements in Alberta.  The rate of retirements in the PJM equals 8-11% of total capacity, which is 

significant given the fairly short time frame of 5 years.   

 

Figure 4-10  Supply curve used to estimate energy prices (PJM MAAC, 2015) 

‘To assess the price effects of potential coal plant retirements, we compared the results for a system without 

any coal plant retirements to the results for a system with various levels of retirements considering the 

replacement capacity that may be needed to maintain the required reserve margins. 

Our model creates supply curves on a monthly basis, using monthly fuel prices and generation outage 

schedules. It assumes that the energy imports and exports would remain constant at recent historical levels, 

using average monthly data for on-peak and off-peak periods. It does not analyze the transmission flows 

and locational price differences that could be seen due to congestion. For load, our model starts with an 

hourly shape from a recent historical year and scales it up (or down) to match weather-normalized load 

forecast. As part of our validation effort, we used our model to project energy prices for PJM’s MAAC 

region in 2013. We estimate the average prices to be about $42/MWh for on-peak period, and $33/MWh for 
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off-peak period. These results generally line up with the futures prices traded for the PJM-West hub as of 

summer 2012.’ (Aydin et al 2013) 

In regions with deregulated auction markets where the supply and demand are matched based on the lowest 

cost supply being used first you would expect the long-term capacity price to equal the net cost of new 

entry, that is the annualized costs of capital and fixed costs net of expected margins from sale of power and 

ancillary services.  In the short run prices may be above or below the equilibrium prices due to short-term 

factors such as seasonal commodity price movements or periods of brief surplus or shortages.  As the PJM 

is a similar market to the Alberta market as they both are deregulated auction markets we would expect 

similar results to occur in Alberta. 

“Retirement of coal plants would have two major effects on capacity prices. First, retirements would reduce 

the total supply of capacity in that region until replacement resources come online, hence reducing the 

reserve margins. This effect will tend to increase the capacity prices in the short/medium-term. Second, 

retirements would increase the energy prices (as discussed above) and therefore increase the revenue offsets 

in the determination of net CONE. This effect decreases the long-run equilibrium price of capacity until the 

energy price impacts of retirements disappear.” (Aydin, 2013) 

The figure below illustrates conceptually the retirement case and no retirement case and the effect on 

capacity prices over time; of course, there are many other factors that influence the capacity and price in the 

power market that are not reflected in the figure. Initially, the figure reflects, the capacity market being in 

excess supply, therefore the capacity price is lower than the net cost of new entry. ‘The blue line shows a 

possible time path for capacity prices to increase over time to reach long run equilibrium assuming no coal 

plant retirements. The gray line shows the likely impact of coal plant retirements in the short and long run. 

Initially, the coal retirements would increase the capacity prices as a result of tightening supply conditions, 

and reduce the time needed to reach long- run equilibrium. But the retirements may also decrease the net 

CONE as a result of pushing up the energy prices; hence, the equilibrium price of capacity could be lower 

than the case with no coal retirements.’ (Aydin, 2013) The figure illustrates the effect that retirements could 

have on supply and demand over time, which is critical in understanding the Alberta market as well.  
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Figure 4-11  Illustrative Impacts of Coal Plant Retirements on Capacity Prices 

4.6 Will there be changes in the supply and demand curves in the Province, and if so to what 

effect? 

Pfeifenberger (2013) states that Alberta will require approximately 530MW of new generation per year 

between 2013 and 2029 indicating a strong growth on the demand side of the curve and that it will be 

supportive of power pricing. 

Adyin (2013 p.1) ‘describes the causes and magnitudes of feedback effects of coal plant retirements on 

short and long term wholesale prices of electricity.’  Specifically Adyin considered the impact on the supply 

curve and its effect on long-term power pricing in the region.  His analysis of the U.S. Northeast is analyzed 

in detail here in and provide in sight into what can be expected in Alberta.  He presented a feedback model 

that is instrumental in our analysis.  It provided a framework from which to examine how different inputs 

and outputs interrelate.   
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Figure 4-12 Power pricing feedback model   source: Brattle Group 

4.7 What effect will the regulatory environment have on the price of power, given GHG and 

environmental concerns are fostering new regulations? 

As changes in regulations are key to aim of this report we review the relevant Federal and Provincial 

legislation regarding effecting the shift in power production from coal to natural gas.  These documents 

include: 
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4.7.1 Alberta regulation 33 

This legislation set up the existence of the Climate Change and Emission Management Corporation, 

which handles both confirmation of credit, offsets and manages investment of funds, emission taxes.  

The corporation provides grants to projects that mitigate GHG’s. 

4.7.2 Power Purchase Agreements Legislation 

This legislation was enacted to provide the current produces fix price power contracts when the 

Province transition from a regulated system to a market based system.  The majority of these contracts 

are set to expire during 2020-2021. 

4.7.3 Alberta Specified Gas Emitters Regulation 

This regulation under the Climate Change and Emissions Management Act can best by summarized by the 

Alberta Government Annual Summary: 

‘The Specified Gas Emitters Regulation came into force on July 1, 2007 and is an important step in 

delivering on Alberta’s 2008 Climate Change Strategy. The new requirement for large industry to reduce 

their emissions intensity by 12 per cent is mandated under a regulation in the Climate Change and 

Emissions Management Act.  

The Specified Gas Emitters Regulation requires all facilities in Alberta emitting over 100,000 tonnes of 

carbon dioxide equivalent (CO2e) per year to reduce their emissions intensity by 12 per cent below a 

baseline based on 2003-2005 emissions and production. New facilities, or those facilities that began 

operation on or after January 1, 2000 and that have completed less than eight years of commercial 

operation, are required to reduce their emissions intensity by two per cent per year starting in their fourth 

year of commercial operations. The reduction obligation for new facilities ramps up by two per cent per 

year until the ninth year of commercial operations when a 12 per cent target is reached. Facilities have 

several options to meet their emissions intensity reduction targets:  

 Improve facility operations and efficiency.  

 Pay $15 per tonne of CO2e into the Climate Change and Emissions Management Fund, which 

creates a pool of resources to enable additional projects or technology aimed at reducing 

greenhouse gas emissions in the Province or aiding adaptation to climate change.  
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 Purchase emission offset credits generated from projects not subject to the Specified Gas 

Emitters Regulation. These credits must be from Alberta-based projects that occurred after 

January 1, 2002.  

 Purchase emission performance credits from facilities that are subject to the Specified Gas 

Emitters Regulation. Some facilities may have reduced their emissions intensity beyond their 

target and may want to sell any extra reduction as a credit.’  (Government of Alberta, 2008) 

4.7.4 Federal Coal Fired Electricity Regulation. 

The essence of these regulations enacted in 2012 state that all coal fired plants must either provide for the 

permanent sequestration of GHG’s or retire the facility within 50 years of that facilities start of commercial 

operations.  Current technology is currently not economic for the capture and sequestration of GHG’s 

emitted by coal fired plants.  Therefore all the coal fired plants in Canada will have to be replaced or retired 

by 2062 or early depending on date of first commercial operation.  This is a directed driver of supply loss to 

the Alberta market, although the effects won’t be felt for another 10 years and then plant retirements will 

occur yearly until 2062.   

4.7.5 Environment and Sustainable Resource Development “ESRD” Alberta  

Understanding the regulatory environment in critically important to understanding the drivers behind the 

shift from coal to natural gas as the primary fuel source for power generation as it has been the main driver 

to date.  The ESRD provides regulation in the following areas: 

Emissions trading programs 

The Emission Trading Regulation (Alberta Regulation 33 / 2006) encourages power stations to reduce 

their nitrogen oxide and sulphur dioxide emissions prior to mandatory improvements required in their 

Environmental Protection and Enhancement Act industrial approvals. 

Baseline Emission Rates 

An FTP site provides access to baseline emission rate applications submitted to Alberta Environment 

and Sustainable Resource Development by power station operators. 

For more information on the emission trading program contact emissiontrading@gov.ab.ca or visit the 

Emissions Trading Registry website. 

Emissions from Coal-fired Electric Power Generation Plants 

http://www.qp.alberta.ca/1266.cfm?page=2006_033.cfm&leg_type=Regs&isbncln=9780779769872
ftp://ftp.gov.ab.ca/env/ESET/
mailto:emissiontrading@gov.ab.ca
http://www.environment.alberta.ca/apps/etr/
http://www.ccme.ca/assets/pdf/hg_monitoring_protocol_e.pdf
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Alberta Environment and Sustainable Resource Development will implement the new air emission 

limits for nitrogen oxides and sulphur dioxide through 10-year approvals. These approvals also cover 

monitoring and waste handling systems. 

Existing limits apply until the end of a facility's design life. Facility operators must then either retrofit to 

meet the new standards or acquire emissions credits. 

New units must meet standards in force at time of construction. Standards will be reviewed every five 

years, to encourage continuous improvement. (http://esrd.alberta.ca/air/management-

frameworks/emissions-management-and-albertas-electricity-sector/managing-air-emissions-in-the-

electricity-sector.aspx) 

The review of documents provided by the ESRD provided detailed information into regulations effecting 

the power generation industry.  Many of the environmental standards have been in place for a sustained 

period of time and will not influence pricing considerations beyond their current effects.   

 

Figure 4-13  ESRD emission standards framework 

However the Alberta’s Specified Gas Emitters Regulation that went into effect in 2007 has had an effect on 

the cost of generation in the Province.  Essentially a $15/ton tax on C02 emissions what implemented on 

facilities generating more the 100,000 tons per year.   

This program funds the Province’s Climate Change and Emission Management Corporation “CCEMC”.  

“The CCEMC invests money from large-scale emitters into clean technology projects, the kind that may — 

in fact — change the world.  (http://ccemc.ca).  

http://esrd.alberta.ca/air/management-frameworks/emissions-management-and-albertas-electricity-sector/documents/7837.pdf
http://esrd.alberta.ca/air/management-frameworks/emissions-management-and-albertas-electricity-sector/documents/7837.pdf
http://ccemc.ca/
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The regulation is up for review in 2014.  Many including the Pembina Institute are calling for the cost of 

carbon to increase from the currently level of $15/ton to $40/ton (Glave 2014), this would likely accelerate 

coal retirements, however, we have assumed, along with other research we’ve review that such an increase 

would happen over time long period of time in order to mitigate the effects.  It does remain a risk factor not 

modeled in our analysis.  

A review of these sources all of which were published in the last 3 years provides insight in to the Alberta 

power market and the factors that influence the price of power.  Of particular note was that all the articles 

support the forecast of a dramatic reduction of coal fired generation in favour of natural gas.  The 

documents also support, although not directly stated but in terms of information provided, that the market 

growth combined with the transition to natural gas will be supportive to higher and more volatile power 

prices.   

The California carbon cap and trade system requires cuts in emission by emitters of 25,000 metric tons of 

CO2e.  Initially allowances are given to emitters and then allowances reductions are made over time.  

Facilities that don’t fall within the limits must purchase credits from emitters that have met the target and 

have credits for sale or trade.  The program is far more complex and has several phases but for our purposes 

it is important to understand the effects of increased carbon regulations on the price of power.   It is very 

likely that added costs of compliance will be passed through to the wholesale customer.  This will greatly 

effect the marginal producer and increase the price they will require before delivering power to the grid. 

‘In 2010, the Economic and Allocation Advisory Committee (EAAC) for ARB reviewed several studies 

using a variety of models that estimate the price  of allowances under different scenarios and found 

predicted allowance prices for 2020 ranging from $8 per metric ton of emissions (2007 dollars) all the way 

up to $213 per metric ton’. (Cook, 2013) This unknown cost of the program adds considerable uncertainty 

to the California market and intern delays to potential net new power production. 

The second regulatory factor that could effect the cost and type of generation deployed in California is the 

Renewables Portfolio Standard “RPS”. 

‘California’s RPS was originally adopted in 2002 with the goal of achieving 20% renewable electricity by 

2010 and was subsequently updated in 2007 so that 33% of electricity sales must come from renewable 

sources by 2020. 

Technologies eligible for California’s RPS include photovoltaics (PV), solar thermal electric, wind, certain 

biomass resources, geothermal electric, certain hydroelectric facilities, ocean wave, thermal and tidal 
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energy, fuel cells using renewable fuels, landfill gas, and municipal solid waste conversion, not the direct 

combustion of municipal solid waste.’ (Cook, 2013) 

To date twenty studies have been completed around the country with results indicating that will likely be 

minimal impart on power pricing, with some reports reporting slightly higher and others slightly lower. 

‘Broadly, there are two types of forecasting approaches used to model electricity prices. The first group 

includes models that are generally referred to as “engineering models.” These models typically contain 

detailed data on generating plants, loads, and the transmission system that is used to match supply to 

demand and produce hourly, location-specific prices.’ (Hamm and Borison 2006). 

To the extent that the data provides an accurate depiction of the real-world electricity system, engineering 

models can produce very accurate forecasts. The major problem with this type of model is that it requires 

projections for inputs that are themselves very uncertain, including technology, fuel prices, electricity 

demand, and the configuration of the electric system. 

In short, these models are capable of generating very accurate forecasts if we get the details of the future 

electric system right, but as we move further out ( more then a few days) into the future, it becomes less and 

less likely that this will actually be the case. 

The second approach contains models known as “econometric” or “finance” models. This approach 

generally specifies a statistical relationship between electricity prices in different periods (i.e. hours, days, 

months, or years) and then uses historical price data  (or price futures data) to forecast future prices. The 

advantage of financial models is that using data from markets inherently contains information from a 

variety of different sources. 

Econometric models can also be specified that incorporate data on other variables that are thought to effect 

the price of electricity so that relationships between those variables and price can be estimated. 

‘The primary problems with financial and econometric models are that they do not capture fundamental 

changes in the electricity system that may occur and  can also produce results that are heavily influenced 

by unique events in the past that are unlikely to be repeated (such as the CA electricity crisis in 2000-

2001).’ (Cook, 2013) 

The EIA’s 2013 Annual Energy Outlook (AEO) proves the most recent through power price forecast for the 

California market.  There forecast falls under the engineering model discussed above, which simulates the 

production, imports, conversion, consumption, and prices of energy out to 2040, subject to assumptions on 
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macroeconomic and financial  factors, world energy markets, resource availability, behavioral and 

technological choice criteria, cost and performance characteristics of energy technologies, and 

demographics.   

 

Table 4-2    Project change of power price under various assumptions 

The table 4-2 shows the project escalation of power prices based on various assumptions.   The results vary 

significantly depending on the scenario and illustrate the difficulty in long-term forecasting of power prices.  

The table 4-3 illustrates the accuracy of power forecasts and that the AEO has historically under estimated 

(10% to 20%) the long-term price of power.  It is also important to note that the longer away from the 

forecast date the less accurate the forecast with forecast accuracy diminishing after only one to two years.  

When using forecasts it will be important to take in to account, when possible, forecast methodology and 

forecasters track record.  In this case study the analysis have taken the in to account and increased their 
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forecasts based on past performance. 

 

Table 4-3  Comparing electricity price projections in the AEO Reference case to actual prices 

 

 

Figure 4-14  Power price changes based on gas and GHG price changes 

4.8 Case Study Insights 

The case studies we reviewed in detail here although are in different in location and to a certain extent 

circumstance they do help to identify trends and price drivers that are transferable to the Alberta market.   

The first key driver, which is the main cause of the large swing in generation away from coal and toward 

natural gas, is green house gas or GHG regulations.  The added cost of burning coal in the form of carbon 
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emissions is adding significant costs and some jurisdictions, including all of Canada, have mandated the 

illumination of coal fired generation unless the carbon emissions can be greatly reduced or in Canada 

captured and stored.   

Secondly, it is apparent that the move toward natural gas as a fuel source will add volatility, as producers 

will have more flexibility in determining their power generation strategies and fuel price volatility will 

increase power pricing.  IE, the have the ability to withhold production should prices fall and only bring it 

on when it makes since to do so.  This adds price stability at the lower end of the price curve but also can 

create shortages as demand increases, which push prices up.  This flexibility in dispatching is creating new 

opportunities of producers but is also creating uncertainty for investors and banks as prices, in some cases, 

are higher only due to supplier dispatch strategies withholdings supply to increase returns and not 

necessarily true market supply and demand issues. 

4.9 Summary of Literature Review and Research Gap 

In preparation of this report over 70 documents and databases where reviewed.  The major sources have 

been documented and we have identified the main drivers of power pricing.  Although the daily power 

prices can be very volatile the long-term 7x24 power price has remained and is forecast to remain stable and 

growing.  Research has identified that a transition to natural gas will occur and have an effect on power 

pricing in the Province with those drivers and effects being identified.  Currently there doesn’t exist any 

academic research the effect of these changes on the price of power in the Province. Currently any accurate 

academic pricing models are only able to forecast short term power pricing. 

Buzoian (2012) in an academic research paper, attempted unsuccessfully to create a dynamic supply and 

demand model that would estimate the price of power.  Buzoian was one of several research paper reviewed 

that were unable to quantify and directly calculate the future price of power. Cook (2013) reported that the 

US Energy Information forecast of California’s power prices was consistently underestimated by 10-19% 

since 1998.  There currently exists a gap in proven methodology for the estimation for the long-term price 

of power and in particular there no academic research on the Alberta cost of power. 

The methodology to answering the aim of this paper; "What effect will the shift from coal to natural gas 

fired electricity generation in Alberta have on the price of the Alberta Electric System Operator’s system 

marginal price of electricity?" is outlined in chapter 5. 
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5. Methodology 

We have utilized a Positivist approach in this report.  The fact that we can look back at history and see the 

effect of similar events makes this an appropriate approach.  Saunders et al (2009) describes this approach 

in terms of phenomena that you can observe will lead to the production of credible data.  In support of this 

approach we have collect and reviewed a substantial amount of data and conducted quantitative analysis to 

reach our conclusions.  Saunders et al (2009) describes the following characteristics of Positivist approach: 

 Only observable phenomena can provide credible data and facts.  

 Focus on causality and law like generalizations, reducing phenomena to simplest elements. 

 Research is undertaken in a value-free way, the researcher is independent of the data and maintains 

an objective stance. 

 Highly structured, large samples, measurement, quantitative, but can use qualitative.  

We used this method to research existing data and theories and third party conclusions and analysis.  We 

used raw data both historical and future forecast data, as well as public market futures data as sources of 

raw data from which to test findings and draw conclusions.   

We used deductive reasoning or a top down approach as part of our methodology.  That is we knew that 

supply and demand theory would explain price movements of power in the Alberta market and we needed 

to drill down to more specific answers.  We therefore built our research methodology on by first looking at 

basic research on the Alberta market.  The researched some power texts to build a framework from which to 

dive deeper until finally hitting the actual detailed information that identified key drivers of power pricing, 

based on our thesis that coal is going to be replaced by natural gas.  We also used primarily used 

quantitative research methods to systematically review and analyze our research data.  As our research aim 

is to answer "What effect will the shift from coal to natural gas fired electricity generation in Alberta 

have on the price of the Alberta Electric System Operator’s system marginal price of electricity?", 

the quantitative approach was quite appropriate as the data, variables, and results are all measured, tracked 

and reported using consistent scale, time lines, and methodologies. 

5.1 Summary of Research Philosophy. 

Conventional Theory Identified current theories and forecasts of current 

power pricing forecasts 
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Developed Hypothesis  The will be a shift is supply side economics in the 

power generation industry due to the current 

transition from to natural gas generation.  This shift 

will be bullish for long-term power prices and 

create increase short-term volatility. 

Testing of Hypothesis Test hypothesis, data collection, research, and 

analysis both qualitative and quantitative and 

conducted interviews with industry experts for 

background and conventional wisdom.  

Proof of Hypothesis  Proved and quantified the hypothesis. 

 

5.2 Data Collection 

Saunder et al (2009) says ‘the different categories of literature resources represent the flow of 

information from the original source.  Often as information flows from primary to secondary to tertiary 

sources it becomes less detailed and authoritative but more easily accessible. Recognizing this 

information flow helps you to identify the most appropriate sources of literature for your needs.  

Some research projects may access only secondary literature sources whereas others will necessitate 

the use of primary sources.’ 
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Figure 5-1  Literature sources available 

The majority of the research was primary with some use secondary data for background and theoretical 

information.  Much of the data review and or used in the source reports where derived from primary market 

data whether it be the hour price of power, or the historic cost of coal and natural gas.  Direct review of 

government regulations and legislation was conducted to insure accuracy, as regulations are the key driver 

of the transition from coal to natural gas.   

A number of confidential reports where obtained from Genalta Power Inc. which are not presented here due 

to a required confidentiality agreement.  The material was reviewed and provide excellent background 

material, but was not used as a basis for our conclusions due to the lack of transparency by not being able to 

present the data herein. 

Virtually all of the data considered in this report was obtained using archival research, which Saudars et al 

(2009) describes as ‘use of administrative records and documents as the principal source of data.  

Much of this data was obtained by the AESO, US EIA, Statistics Canada, and other government and 

quasi-governmental agency and the public market exchanges that are highly regulated and held 

under strict scrutiny to insure information presented is accurate.’ 

‘Case study refers to a strategy for doing research, which involves an empirical investigation of a 

particular contemporary phenomenon within its real life context using multiple sources of 

evidence.’(Robson 2002 :178).  We sourced several case studies in our research, two of which tightly 

correlated to both the research topic and market under examination. 

As all of the data collected was done so over the Internet or through written publications there are no 

ethical issues to review. 
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The risk or drawback of using the archival research strategy is that there isn’t always the availability of data 

to provide the answer to the research questions because the data was likely collected for different purposes.  

In our case the majority of data was collected as raw data.  The majority of research we access was designed 

to answer different questions then the research questions we have posed. This leaves the possibility that the 

data may be miss interpreted by the secondary, or primary authors or within this report. 

6. Research, Analysis and Discussion 

It should be noted that the author is the Executive Vice President of an independent power producer in 

Alberta.  He has extensive dealings in all areas of power production in the Province and makes daily 

decisions on the economics of the industry and the corporations power development projects.  A number of 

interviews have also been conducted with industry participants including senior members of the following 

relevant organizations some of who provide material for this report and they include: 

o EDC and Associates, 

o AESO, 

o Capital Power, 

o Genalta Power, 

o KPMG,  

o Alberta Utilities Commission, 

o SRED Alberta, 

o Alberta Treasury Branches, 

o First Calgary Financial. 

Although these discussions were largely undocumented, they did provide background and support to the 

answering of our research question.   

The Alberta Electric System Operator provided the majority of the core data.  ‘They are responsible for the 

safe, reliable and economic planning and operation of the Alberta Interconnected Electric System (AIES).’  

(http://www.aeso.ca/ourcompany/ourCompany.html).  

The AESO publishes to yearly documents that whose data was widely review and used through this 

document, AESO 2013 Long-Term Outlook Update and the 2013 Annual Market Statistics.  The AESO 

projects power demand to increase by 2.6% until 2032 (AESO, 2012) driven primarily buy oil sands 

development and related activity and forecast population growth.  Our forecast of coal retirements is based 

on data provided by the AESO regarding timing of retirements due to Federal Government regulations 

(describe later) and industry economics.  The AESO, as well as others, forecasts these retirements will be 

http://www.aeso.ca/ourcompany/ourCompany.html
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replaced primarily by natural gas (AESO Market Statistics, 2013).  This data as well other data contained 

here in provided by the AESO is the best source available, as the system operation has the most complete 

access to information regarding the power industry in Alberta. 

Also, with the consistent publication of these reports on a yearly basis we confirmed consistence of 

information from year to year.  That is we reviewed 2011,2012, and 2013 (the last publication) to insure 

that information and forecasts of supply and demand remained consistent.   

6.1 Main Determinants of power Supply and Demand in Alberta and Their Effects 

Using the Brattle Group (Aydin et al 2013) Feedback Loop we have identified the following drivers of price 

caused by coal plant retirements: 

 Increased demand for natural gas affecting the price and in turn the input gas costs for 

generation. 

 Reduced demand for coal, lower the cost of coal and possibly making capital expenditures 

required to meeting coal generation environmental standards. 

 The capital and operating costs of new plants effects the availability of new supplies coming on 

stream to replace retiring plants and meet growth in demand. 

These drivers where analyzed and quantified by our primary AESO data contained here in.   

Electricity supply is effected by input prices, for this study coal and natural gas as the primary fuels in 

Alberta, cost of new power generation, and capacity price of both gas and coal-fired plants.  It should be 

noted as well, natural gas trades on a North American wide trading system, so prices are determined by the 

over all supply and demand in North America and can also be affected by pipeline constraints in some 

areas. 

The extent to which prices are effected will depend on a number of factors including the number and 

capacity of retirements, the timing of those retirements, the types of plants that are built in comparison to 

what is replaced: base load, peaking or other variation.  Other factors not represented here are changes in 

the nature and cost of transmission, addition new technology, and potential regulatory changes not in 

existence today. 
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Figure 6-1  Monthly electric and gas prices in Alberta 

 

Figure 6-2 NGX Natural Gas Actual Futures Price 2014-2024, on Aug 15, 2014 

The data provided by the AESO (2013) presented about graphically illustrates both the historic volatility of 

power pricing and pricing, and that the AESO view shows power pricing become more tied to the price of 

natural gas.  Their forecast of future gas prices is also supported by current market data sourced from actual 

NGX gas futures reported on August 15, 2014. 

6.1.1 Supply and Demand 

The AESO expects peak demand to hit 18,194 MW by 2032 (AESO 2012 Long-Term Outlook Update), 

that is a 7,595 MW (72%) increase from the 10,599 MW peak demand in 2012 or a 3.58% yearly increase 
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(figure 6-3).  Demand is driven by Alberta’s growing 

oil and gas sector and in particular the energy intensive 

oil sands development.  Population is also forecast at 

2.3% over the next 20 years (AESO, 2013) The AESO 

estimates that 6,190 MW of new capacity will be 

brought on to meet this demand and another 6,810 

MW by 2032.  This is bullish on pricing given in a free 

market the capital will not be available to construct the 

additional generation if pricing isn’t supportive of an economic return on investment.  The AESO estimates 

that natural gas will make up the majority of the 

additions bringing to total gas-fired balance to 53% by 

2022. (AESO 2013) 

 

 

6.1.2 Economic Drivers of Supply and Demand 

Forecasts are supported by strong population and economic drivers the following economic drivers: 

 

Figure 6-4 Estimated and projected components of growth in Alberta 1972-2041 

Figure 6-3 Expected Alberta Generation Capacity 
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 Expansion of Alberta’s population will continue over the projection period, the population of 

Alberta is expected to grow by roughly 2.2 million people, representing an average annual growth 

of about 

 1.6%. This is slightly slower than the 1.7% experienced over the previous 30 year period (1983 to 

2013). Alberta’s population is projected to reach the 5 million mark in 2025, surpass the 6 million 

mark in 2038 and be around 6.2 million in 2041.  (http://finance.alberta.ca/aboutalberta/population-

projections/2014-2041-Alberta-Population-Projections-Highlights.pdf) 

 Significant capital investment, $200 billion Oil sands development and spin off industry.  Coal plant 

retirements 3700 MW over the next 20 years. 

 GDP growth 2.7% = 3.6% demand growth over next 10 years. 

All of these factors will substantially increase the demand for power (figure 6-7) 

 

Figure 6-5  Alberta historic and installed capacity breakdown 
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In addition to the load requirements a 15% reserve is required to maintain a stable power grid. 

The figure 6-8 illustrates the need for new generation in order to meet the current projected demand. The 

Alberta electricity market will require a considerable amount of new generation in order to meet demand.  

As previously stated the Alberta market is transitioning from a primarily coal based electricity generation 

market to one based on natural gas (see AESO Generation Outlook graphic).  This transition is driven by 

the Federal Governments carbon regulations, which mandate the elimination of coal-fired plants which are 

not fitted with expensive carbon capture system.  We have made the assumption that this transition will take 

place given current regulations and available technologies. We will attempt to determine at what economic 

price investors would be willing to invest in the new required generation since currently the Alberta market 

is an open trading system free of government interference as it relates to wholesale power generation and 

sale/purchase.  

In order understand the anticipated effect this shift will have on the price of wholesale power we will need 

to examine the general economics of the Alberta power market. 

Both the Aydin and Cook reports as well as other data in the literary review report similar supply and 

demand drivers although both the case studies review show different magnitudes of retirements based on 

their circumstances.  Alberta’s circumstances are fairly straight forward based on mandatory regulatory 

retirements, however the pace of retirements could be accelerated by either regulatory changes like an 

increase in the cost of GHG emissions. 

Figure 6-6  AESO generation outlook 
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6.1.3 Outlook for Future Power Prices and Investor Returns 

As previously discussed, Alberta will require significant investment in power generation assets over the 

next several decades.  Without solid financial returns it is very unlikely new investments will be made. 

These returns will be driven by plant costs, both fixed and variable, and the price of power in the Province.  

The first we will look at prices based on current prevailing heat rates and costs of gas, coal and carbon.  

These costs multiplied by the plants heat rate determine the fuel costs of generating, then add the fixed and 

variable O & M costs, cost of capital, and a risk adjusted return and you’ll get the required price of power to 

meet market demand.  That is supply will only be added to the extent the demand (price) is sufficient to 

cover all the mentioned costs.   

 

Figure 6-7  Projected gas prices 

The price of natural gas (figure 6-9) is based on actual historic pricing until 2013 and the then current 

futures price of gas going forward.  If we assume economic theory of efficient markets to be true then the 

futures market should be an excellent proxy for future commodity prices given the size, scope, and liquidity 

of the natural gas market. Unfortunately, the Alberta power market is not large enough or liquid enough for 

an efficient futures market to exist.  The current power futures market only sees minimal trading out a few 

months and is non-existing more then a year out.  As for the projection of coal and carbon prices we used 

the AESO current cost of coal at $1.56/GJ increasing with inflation and carbon at $15 per ton going to $20 

per ton in 2018. 

30 

Figure 11 

Projected Gas Prices 

 
Sources and Notes: 

 Historical gas prices from Ventyx (2013). Exchange rates from Bank of Canada (2013). 

 AECO C outlook estimated based on December 2012 Henry Hub futures and monthly average 2009–2012 basis discounts; 

increased with inflation after 2023. 

 

The current cost of emitting greenhouse gases in Alberta under the Specified Gas Emitters 

Regulation is at most $15/tonne of CO2e for 12% of output for large emitters.  To project power 

prices and forecast generator operating costs, the AESO has asked us to assume that the price 

will remain at the current level of $15/tonne until 2018, and then increase to $20/tonne 

thereafter.  

We assume coal prices consistent with an AESO estimate of current mining costs at $1.56/GJ, 

increasing with inflation.
46

   

2. Projected Future Power Prices 

To assess the market’s ability to attract new generation investments over the coming decades, we 

project energy prices based on expected future natural gas and carbon prices consistent with 

recently-observed market conditions.  As in our previous market review, our approach is to 

calculate the hourly heat rate duration curve for historical years and use these historical market-

heat rate duration curves to project market prices consistent with forecasts of future natural gas 

and emissions prices.  To understand the sensitivity of this projection to prevailing market 

conditions, we project prices based on a range of conditions from historical years. 

                                                 
46

  We note that mining costs vary widely between locations and coal quality and tend to increase with the 

maturity of the field as extraction becomes more difficult.   
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Figure 6-8  Historical and projected market prices 

If market heat rates remain consistent with those of the past several years only a gradual increase in power 

price is projected.  Prices would have to be in the 85+ intervals to encourage construction of new plants 

based solely on current heat rates and projected commodity prices.  This is caused by the low estimated rise 

of natural gas prices in future years, which in turn leads to low power prices.   In our estimation, based on 

heat rate price calculation alone, the supply of new generation would be out stripped by demand over the 

next several decades as retirement of coal plants begins.  The future price of power will need to factor in the 

cost of new investment in order for the market supply and demand remain in relative equilibrium.  An other 

factor to consider is that the large coal plants and likely to be replaced by large combined cycle natural gas 

plants, which provide base load generation due to the cost of startup and shut down.  This means that they 

are need improved median or average 24 hour pricing to be profitable.  Alternatively should a smaller 

distributed generation model be adopted operators could then cycle down plants when prices are low and 

bring them on only during high price periods.  This would further increase the volatility that exists in the 

Alberta market. 
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Figure 12 

Historical and Projected Market Prices  

(Projection Based on 2009–2012 Market Heat Rates and Scarcity Conditions) 

 
Sources and Notes: 

 Calculated based on 2009–2012 average heat rates and baseline natural gas and carbon prices. 

 

The projected price duration curve for 2020 based on 2009–2012 average heat rates and scarcity 

pricing patterns is shown in Figure 13.  The figure also shows projected prices based on the 

2011–2012 and 2009–2010 market heat rates as high and low ranges, respectively.  We believe 

this range reasonably reflects uncertainty about generators’ future offer behavior, load 

conditions, reserve margins, and system conditions.  The range shows that using the high 2011–

2012 market heat rates and scarcity prices results in higher projected prices at the top end of the 

duration curve, while prices at the lower end of the curve are very similar.  Average projected 

prices in 2020 are $78/MWh in the base case using 2009–2012 heat rates, while the projection 

based on 2011–2012 heat rates yields an average price of $93/MWh and the 2009–2010 based 

projection yields an average price of $61/MWh. 
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Both the PMJ and California forecast reports results similar to the AESO confirming that the now current 

conventional wisdom is that natural gas will be the primary replacement form of generation and prices will 

be greatly influenced by the price of natural gas. 

6.2 Coal plant retirements: 

Both the Alberta and the Canadian federal government have existing carbon reduction legislation that will 

affect plant economics and intern retirements over the next 20 years (figure 6-4). The Federal Carbon 

Standard for Coal Generation will phase out all coal generation in Canada without CCS.  

“The federal regulation was passed in September 2012, and requires coal plants to meet a strict performance 

standard of 420 tonnes of CO2/GWh, consistent with the emissions rate of natural gas combined cycle 

units. It will apply to any new units coming online after July 2015, and to existing units after their 50th 

operating year.” (Canadian Government 2012)   

 

The new legislation insures no new coal plants can be built without expensive CCS, and that existing units 

will gradually be forced to retire. This legislation will effect all the current coal fired plants in Alberta, and 

will force the gradual retirement of the fleet based on age, which will last several decades. This gradual 

retirement should allow for market participants to gradually replace the existing coal fired plants with 

natural gas fired alternatives, assuming the economics make sense in Alberta’s free energy market.  

Economic and supply and demand issues will be discussed in subsequent sections. 

‘Alberta’s Specified Gas Emitters Regulation went into effect in 2007, requiring emissions reductions from 

all Alberta facilities outputting more than 100 kT of CO2e annually.8 These facilities were assigned a GHG 

emissions intensity reduction target of 12% below their baseline output established over 2003–2005.9 For 

electric generators, this target is a requirement to reduce the quantity of CO2e emitted per MWh produced. 

To comply with the regulation, facilities can improve the efficiency of operations to reduce per-unit output 

by 12%, contribute $15/tonne of CO2e to the Climate Change Fund, purchase offset credits for CO2e 

Figure 6-10 Projected installed capacity in Alberta 

2012 

Figure 6-9  Projected installed capacity in Alberta 2022 
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emissions, purchase performance credits from other Alberta GHG emitters that exceeded their reduction 

targets. As we discussed in the 2011 report, this regulation does not create a resource adequacy concern.’ 

(AESO, 2013) 

 

Figure 6-11 Assumed coal generation retirements 

6.2.1 Coal Retirements Summary 

4,300MW of coal generation power purchase agreements will be expiring in December 2020.  This could 

create a large simultaneous retirement of coal generation. 

Current margins of existing coal plants exceed their fixed costs, should economics remain the same, large-

scale retirement is unlikely. 

Federal regulations forcing retirement of coal plants after their 50th year of operation. 

The age of Alberta’s existing coal plants mean retirements will occur gradually between 2020 and 2035, 

again should economics remain consistent with today’s metrics. 

The economics change considerably if the cost of carbon where increased from the current $15/ton.  We 

believe a gradual increase is likely to occur in or around the 2016 time frame although the government has 

not made any indication of what the new costs will be upon exploration of the current program in 2014.  

They have indicated that an updated price will be considered. 

6.3 Source Fuel Markets and the Effects on the Wholesale Price of Power 

The figure below illustrates the volatility in the power pricing in Alberta. 
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Figure 6-12  Monthly electric and gas prices in Alberta 

This volatility in the short run in caused by excessive demand requirements caused by environment 

conditions and or supply outages cased either by plants being down due to maintenance or other issues, and 

transmission outages both of which remove supply from the system shifting the left increasing prices.  The 

longer-term price effects are primarily driven by the transition to primarily natural gas as a fuel source and 

the associated costs of that transition.  The graph illustrates the fact that the Alberta system operator 

believes that based on their experience the long-term price of power will rise steadily as it is thought to be 

tied to the price of natural gas more and more as plants are retired.  The Pembina Institute’s study “Power to 

Change”(Glave, 2014) estimates power prices to 

Figure 6-13  US petroleum and other liquid fuel 

supply by source, 1970-2040 

 

Figure 6-14  Electricity generation by fuel 1990-2040 
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increase to $95 to $101 on average by 2023 which is consistent with the AESO’s forecast and both where 

completed independently providing confirmation. 

The price of coal in 1949 was $36.14 per short ton and was $32.56 per short ton in 2011 in real terms (US 

EIA 2014).  Although there were fluctuations in prices over that period for various reasons that fact remains 

the coal has remained a very cost effective fuel source and is actually 10% less expensive in real terms then 

it was 64 years ago.    They also report that natural gas will over take coal as the primary source energy for 

power generation.  The figures (6-10 through 6-17) for the US EIA, Annual Energy Review 2014 provide 

insight in to the US fuel supply market.  The US accounts for the vast majority of energy used and North 

America and is the primary driver of energy demand. 

 

Figure 6-16  U.S. primary energy consumption by fuel 1980-2040 

 

Figure 6-17  U.S. petroleum an other liquid fuels supply, 1970-2040 

 

  

Figure 6-15  Electricity generation from natural 

gas and coal 2005-2040 
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The situation in the US indicates total energy consumptions shifting slightly toward natural gas primarily 

from Petroleum products but they do anticipate like in Alberta that natural gas will increasingly be used as 

the primary fuel source.  They also predict that the US energy supply picture will remain well supplied by 

improved production techniques in horizontal drilling and hydraulic fracturing.  The US energy metrics are 

consistent with those in the Alberta market.  IE, sufficient supplies of gas, however, prices moves due to 

environmental and transmission effects causing short-term price movements but generally supportive as a 

relative low cost, plentiful source energy.   

6.3.1 Heat Rate (a measure of generating margin) 

The figure below shows the distribution of hourly energy prices and market heat rates for each of the last 13 

years. “The market heat rate is the ratio of the hourly energy price to the daily natural gas and emission 

prices, and can be interpreted as energy prices that are normalized for changes in natural gas and emission 

costs.” (Brittle Group 2013)  The figure illustrates the distribution of hourly and prices and heat rates over 

the period and illustrates the increase in power pricing volatility over the past two years.  It also shows 

increase profitability over the same period as illustrate by increasing heat rates.  The increase volatility and 

heat rates are also shown to be occurring at the top end of the pricing curve.  That is bottom 50% has 

remained fairly stable, which is comprised of primarily coal plants which are price takers given the high 

startup and shut costs.  The ability to quickly and economically bring gas fired plants on and off is allowing 

market participants great flexibility in determining when the off power for sale thus increasing the 

volatility. 
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Figure 6-18 Historical market heat rate duration curves 

The market duration heat curve figure above further illustrates the point that the primary driver of market 

validity is occurring in the top 15 to 20 percent of hours. 

The MSA (Market Surveillance Administrator – monitors the Alberta power market for the AESO, 

government and participants) had already noted in its second quarter report that the change in the 

relationship between price and scarcity was driven by a shift in offer behavior with an increase in economic 

withholding, stating that the data suggested that “there has been a shift in offer behavior in the past two or 

three quarters. The output analysis indicated that in the majority of these hours, economic withholding 

through increasing the offer prices of large volumes of energy, particularly by Participant C, was an 

important driver.” (See MSA (2011a), p. 17.) 

Market Surveillance Administrator (2011c) Offer Behavior Enforcement Guidelines For Alberta’s 

Wholesale Electricity Market. January 14, 2011. Retrieved from 

http://albertamsa.ca/uploads/pdf/Consultations/Market%20Participant%20Offer%20Behaviour/D 

ecide%20-%20Step%205/Offer%20Behaviour%20Enforcement%20Guidelines%20011411.pdf 
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The MSA confirms our observations that additional flexibility of increasing gas fired generation combined 

with the desire for producers increase profitability is encouraging producers to with holder generation when 

prices are low and only bring it to market when prices are higher.  MSA (2011) also reported that the supply 

cushion over the period was consistent with previous periods further supporting the thesis that shortages 

where created by participant withholding rather then shortages of capacity (table 6-1).   

 

Table 6-1  Mean prices at varying levels of scarcity 

The increased profitability is an encouragement for firms to bring on new generation and reduce the cost of 

power in the market place.  It also encourages companies with forced coal retirement obligations to build 

new plants to replace the plants being retired.  However, given the increased profitability is driven by 

participant behavior and not fundamental changes in supply and demand, investors might be unwilling to 

invest capital in an already adequately supplied market which would then further increase volatility.  Given 

the large capital requirements and long payback periods of large combined cycle power generating 

facilities, this is a real potential outcome given the real risks of investing in a deregulated market driven 

industry.   

6.4 Costs and Operating Costs of New Facilities in the Alberta Market (required to meet 

demand of retiring plants) 

Evaluation of fixed and variable operating costs (table 6-2) is also required in order to understand the 

Alberta power market and in determining what the effect of the transition from coal to natural gas will be.  
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Table 6-2  Updated fixed costs and operating parameters for new generating plants 

The above table illustrates the capital and operating costs of various power assets operating in Alberta.  The 

capital costs use an after-tax weighted average cost of capital of 8%.  The O and M costs and heat rates are 

based on AESO’s estimate of these costs as of 2012.  In order for new investment to occur cost of capital 

and fixed operating and maintenance costs “FOM” must be lower then the firms required rate of return.  For 

example, the executive vice president of Genalta Power (an Alberta based independent power producer) 

stated that the minimum return threshold on cash invested must be greater then 13.5%, which equates a 

leveraged (after project financing) return of 30+ percent. That means Genalta Power would not invest in 

new generating facilities if project economics didn’t generate a 13.% rate of return. 

6.4.1 Historical Margins Compared to Fixed Operating Costs 

To determine if retiring coal plants will be replaced by new generation we need to determine if it is 

profitable to do so, if not corporations will not invest capital in new generation.  For this analysis we used 

analysis completed by the Brattle Group (2013) for the AESO.  They used as many generators as possible in 

the Province but did exclude some plants where there where inconsistencies in the data or that where the 

plants where uneconomic under Transmission Must Run contracts.   

Figure 6-19 shows the operating margins compared to fixed costs over the past decade for the various types 

of units currently in the Province.  The figures show increasing profitability of the last several years 

primarily driven by increased peak price caused by the change in dispatch behavior from 2011 and 2012 

that was previously discussed.  Natural gas fired generation also benefited from decreased natural gas prices 
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over the last year, which also illustrated the volatility of returns based on the commodity price of gas.  This 

price decrease has not been maintained through 2014, and creates uncertainty around the input costs of coal 

fired generation as compared to coal plants which have long-term fix price contracts typically for the life of 

the plants.  This added level of risk increases the returns required by plants built using natural gas as a fuel 

source.  Although Coal plants and wind plants saw increasing margins as well, they didn’t not see the same 

level of increase as did the natural gas fired technologies.  However, coal fired plants remain profitable 

therefore with increased carbon or capital costs in the near to medium term it is very unlikely that the coal 

plants will be retired before they are mandated by Federal Legislation. 
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Figure 6-19 Historical operating margins vs. fixed costs 

The results also indicated that in today’s current power price environment that coal and wind investments 

are not profitable, therefore as coal plants are retired due to current legislation they will be replaced with 

natural gas fire plants which given todays technology and costs are more profitable then the alternatives. 
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7. Conclusion 

The goal of this paper is to answer: "What effect will the shift from coal to natural gas fired electricity 

generation in Alberta have on the price of the Alberta Electric System Operator’s system marginal price of 

electricity?" 

Our initial thesis was that the price of power in Alberta will have gradual upward trend, however, it is likely 

to experience greater seasonality and volatility in part due to the change in source energy as gas has higher 

price volatility then coal.  Upward pressure will also be caused by strong demand growth as well. 

The research presented in the paper is supportive of our initial thesis of long-term steady price growth in the 

Alberta market.  Given the size of the Alberta market, short term, one to two year price cycles may occur 

due to supply losses and/or additions as one large facility coming on or off stream creates a large shift on 

the supply side of the price curve.  Economic considerations are supportive of long term increasing load 

requirements (in the 3% range over the next 20 years).   

The regulatory environment, with new federal legislation, Reduction of Carbon Dioxide Emission from 

Coal-Fired Generation of Electricity Regulations 2012, and the Alberta’s Specified Gas Emitters Regulation 

Act which went into effect in 2007, is also supportive of increasing prices as they are, in essence, taxing 

current coal generation and forcing their retirement and placing increased demand on new development of 

natural gas fired generation (35% shift between 2011 and 2032 from coal to other sources, primarily natural 

gas). 

The shift to natural gas has seen a change in producers’ dispatch flexibility and strategies particularly over 

the last few years creating more volatility in the power market and higher frequency and magnitude of peak 

prices. 

4,300MW of coal generation power purchase agreements expire in December of 2020. With the increased 

cost of regulation some of these plants would become uneconomic should power prices decrease 

substantially from current levels.  Therefore if prices were to decline, the marginal coal produces would 

decommission their facilities reducing supplies and increasing the price of power for the remaining 

producers.   

Demand growth and future retirements mean new capital needs to be attracted to the industry.  Without new 

investment power, prices will rise substantially.  It is our feeling that current prices provide a stable and 

attractive investment environment and any price decreases will reduce capital investment and in a growing 
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demand market will create supply scarcity and be supportive of increasing prices.  The current cost of a new 

combined cycle project is $153kW-y and the current operating margin is approximately $250kW-y which is 

supportive of new investment in the Province.   

We reviewed two comprehensive case studies conducted in the US in similarly deregulated markets 

although both have different regulatory drivers (one in the northeast and one in California) they both 

forecast coal retirements and transition to natural gas being supportive of increasing power prices, although 

in California there is also a requirement to transition a third of their generation into the renewable market, 

being primarily wind and solar, but in order to meet the regulations a substantial transition to natural gas is 

also required.  The US northeast study has the lightest regulatory requirements as compared to California 

and Alberta, but is still supportive of our findings.   

The main areas of review in order to achieve our objectives were: 

 Determining the key drivers of supply and demand for power in the Province. 

o Key drivers of demand are economic and population growth.   

o Key drivers of supply are economics of power generation and government regulations. 

 Governmental regulations forcing the retirement of coal fired power plants. 

 Economic and population growth. 

 Power generation economics / profitability. 

 Determining the long-term supply demand issues of coal and gas as a fuel sources as it relates to 

power generation and the effect on pricing. 

7.1 To summarize our findings: 

1 While gas is currently stable and is forecast to be plentiful over the next 20 years, compared to coal 

supplies and logistics (pipeline concerns), it adds to the risk profile of a power plants fuel input, 

although this is likely a marginal effect over the next 10 years at least. 

2 On average Alberta will need 500+MWh of new generation per year for the next 20 years. 

3 Current supply is only sufficient for the next 2-3 years, and then new generation currently not already 

in development will need to be added to the pipeline. 

4 New supply will only be provided if new project economics are sound.  This requires stable and 

increasing pricing expectations in order for the required new supply to be developed. 

5 Stable but increasing base load (7 X 24) power prices but increasing severity and frequency of peak 

prices. 

6 Increase in the number of peaking plants that take advantage of the greater frequency of peak price 

spikes. This is due to the increased flexibility of gas generation and the change of dispatch strategies 

that natural gas production allows. 
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7.2 The impact of the current regulatory Environment on the wholesale price of power 

The shift to natural gas is directly correlated to the regulatory changes in the Alberta market.  There remains 

a level of uncertainty and the potential for accelerated retirement of coal plants should the Alberta 

Government increase the current price of carbon on large emitters.  This legislation is currently up for 

review.  A substantial increase would increase the rate of change and very likely increase the above noted 

effects exponentially due to the long lead-time and investment considerations that are required in 

developing new power generating facilities.  It is our view, based on our research, that the government is 

well aware of the in pact of a large change would have, and that any changes would need to be implemented 

over an extended period of time. 

7.3 The Effect on the Wholesale Price of Electricity in the Province of Alberta 

Overall we see a well-functioning power market, with continuation of adequate supply and stable but 

gradually rising prices, which is supportive of long-term project development. 

Our forecast is presented below and is based on our forecast price of natural gas (used AECO futures 

pricing as of Sept. 5, 2014) and average market heat rate over the past 13 years.  Our forecast estimates the 

7 x 24 peak price and marginal price that would be required by producers. 

 

Figure 7-1  Forecast of AESO Average Spot Wholesale Price of Electricity 

Are forecast is supportive of new generation development above the marginal price of electricity.  Below 

the marginal price it is very unlikely new generation would be built based on the economics presented in 

figure 6-19 and throughout this report. 
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