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Presenter
Presentation Notes
This is rather speculative, and I would prefer it if you checked with me before citing it – I hope to make updates available as I think further about these issues.
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It was the best of times,

Shaded area shows the range of fossil fuel generation costs
Source: IRENA (2018) Renewable Power Generation Costs in 2017, Figure 2.14
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It was the worst of times
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Presenter
Presentation Notes
The declining share prices, like the declining costs of renewable generation, are driven by the increasing amounts of capacity installed around the world, and particularly in Europe
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German Energy Prices:      
The Merit Order Effect
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Presenter
Presentation Notes
This shows the average wholesale price of electricity in Germany falling below the average cost of gas once the amount of renewable capacity became too great.



Is there a problem in theory?
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Presenter
Presentation Notes
The theoretical paradigm in which an energy-only market can recover costs for the correct amount of capacity still holds…
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Presenter
Presentation Notes
This shows the original situation before renewable entry, with prices high enough to cover total costs



The long-run adjustment

Demand and Supply
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Presenter
Presentation Notes
Effectively, demand curves shifted to the left, so prices fell.  



The long-run adjustment
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Presenter
Presentation Notes
Prices would rise again once capacity leaves the market, but early closures imply losses…
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Capacity and Load
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Presenter
Presentation Notes
Here’s the original equilibrium capacity mix, with vertical lines showing the running times at which adjacent types of generator have equal costs
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Capacity and Load
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Presenter
Presentation Notes
The dotted lines show the load-duration curve and the amounts of capacity before renewables entered the market, while the dashed lines show the amounts of capacity that are optimal for the (solid) post-renewable load-duration curve.



What are the investment 
signals in practice?
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Presenter
Presentation Notes
In practice, returns may be too risky for some investors, or the risk may drive up the cost of capital, which is going to be increasingly important for capital-intensive low-carbon generators
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Load, PV Output and Prices
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Presenter
Presentation Notes
This shows that solar output in the middle of the day depressed prices, but that they rose overnight and as the sun was setting, because more expensive plants had to run instead for a relatively short residual peak around 8pm.  (This is just a graph showing correlation, but Bushnell and Novan have a full econometric analysis to determine causation.)

http://dx.doi.org/10.1049/iet-rpg.2014.0101
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Output-weighted prices

13Source: ElectricInsights.co.uk

Relative to time-weighted price

Is this price high enough, 
given low load factors?

Will these prices win the race with costs?

Presenter
Presentation Notes
This shows the average revenue of solar generators in Britain falling significantly as the level of capacity increased; the average revenue of fossil plants rose as their output was becoming more concentrated in the periods of higher residual demand.  There is no strong trend in the average price received by wind generators, but it is (just) less than the time-weighted average.
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Risks to generators
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Presenter
Presentation Notes
This shows the results of a modelling exercise to assess the risks facing generators in a high-renewable market (actually only about 35% of energy from wind and solar), giving the coefficient of variation of output and of the money available after variable costs to compensate for capital costs (including depreciation and return on investment)



The case(s) for two markets
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• “Design the future around multiple power markets”
• “clearly-defined, separate markets for variable power and 

dispatchable power”
– Liebreich (Bloomberg New Energy Finance, 2017, p.2, p.3)

• “Separate markets for different sorts of power (‘on 
demand’ and ‘as available’) at both producer and 
consumer ends”
– Keay and Robinson (Oxford Inst. Energy Stud., 2017, p.1)

Must zero-MC power kill cost recovery?

© Imperial College Business School

How to stop contamination
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Presenter
Presentation Notes
Some recent UK reports suggested that we needed separate markets for renewable and conventional power



Two types of electricity?
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Presenter
Presentation Notes
But do we really need two markets – at the moment of delivery, all the electrons are the same…
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Coal, Gas and Oil, versus Wind and Solar

Variable Generators (x2)
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Presenter
Presentation Notes
Can you tell which output comes from the “variable” generators?
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Variable Generators (x2)
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Availability-led Demand-led

Presenter
Presentation Notes
Most generators are now “variable”, but some are demand-led and some only generate when the weather makes their “fuel” available



• Demand-led generators
• Fossil, biomass, storage
• Mix of capital and 

variable costs
• Call Options reflect these 

characteristics
– Availability fee ≈ fixed cost
– Exercise price ≈ variable 

cost

• One-way Contracts for 
Difference with a Pool

• Availability-led generators
• Wind and solar PV
• Capital costs dominate 

and
• (Exclusive) Put Option 

gives control to the seller
– Availability fee ≈ fixed cost
– Exercise price ≈ variable 

cost

• “Availability CfD” might be 
invented for a Pool?

© Imperial College Business School

Two kinds of contracts
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• Feed-in Tariffs are a Put Option without the optionality
– High exercise price makes it worthwhile
– Seller takes the output risk

• Two-part (full) Output Contract partly replicates it
– Lower exercise price would reflect marginal cost
– Fixed fee to cover generator’s fixed cost

• Based on ex ante estimate of output potential?

© Imperial College Business School

Availability-led contracting
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Retailer procures separately

Who holds the contracts?
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Availability-led 
Generator

Retailer Customers

• Availability risk split between retailer and availability-
led generator, depending on exercise price

• Demand-led generator faces little risk

“Output Contract” or “Availability CfD”

“Call Option” or CfDDemand-led 
Generator

• Demand-led generator faces little risk
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Availability-led generator buys back-up

Who holds the contracts?
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Availability-led 
Generator

Demand-led 
Generator

Retailer Customers

• Availability risk carried by availability-led generator
• Demand-led generator and retailer face little risk
• Is this Helm’s “Equivalent Firm Power” auction?

- Cost of Energy Review, 2017

“Forward sale, “Call Option” or CfD

“Call Option” 
or CfD

• Is this Helm’s “Equivalent Firm Power” auction?
- Cost of Energy Review, 2017
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Demand-led generator buys cheap when it can

Who holds the contracts?
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Availability-led 
Generator

Retailer Customers

• Availability risk split between availability-led and 
demand-led generators, depending on exercise price

• Demand-led generator faces little risk

“Output Contract” or 
“Availability CfD”

Forward sale, “Call Option” or CfDDemand-led 
Generator

• Retailer faces little risk
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Risks to the industry
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Presenter
Presentation Notes
“Generator rents” are the returns for capital costs referred to earlier…
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Risks to the industry
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Presenter
Presentation Notes
A higher strike price for the “availability CfD” reduces the variability in the retailer’s purchase cost between windy and less windy years, but raises the risk to the wind generator…



• Forward sales and CfDs fix volume; marginal purchases 
at spot price

• Call Options should not be exercised if spot price is lower 
than exercise price; extra purchases at spot price

• Pool plus CfD makes sensible choices more “automatic”

© Imperial College Business School

Pricing in the short term
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• Energy (before real-time)
• Balancing energy (real-time)
• Reserve
• Inertia or Fast Response

Don’t only study Energy Economics
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How many markets?
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Presenter
Presentation Notes
This slide makes the point that while economists tend to concentrate on the bulk energy (kWh) sales that are easiest to model, other essential aspects of the electricity market are becoming more important and need to be included in our research.



Thank you

r.green@imperial.ac.uk
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