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Abstract

Electricity both shares features with and differs from other energy sources. Like other public utilities, such as gas and water, its final distribution is over shared infrastructure, and its consumption is “infinitely” variable, so there are special demands on end use metering. Unlike other utilities and energy sources, the electricity we use is essentially unstorable, so there are very demanding needs for its continuous availability. These features, and limitations of current technologies, place severe constraints on the design of markets for electricity trading and retailing. In addition, growing and severe carbon constraints will (we must all hope) encourage a major shift in the energy sources used to generate electricity, and so will increase the strains to be managed. One of the shifts is to renewable generation, where it is nature that sets the current ambient conditions for generation, and not us – hence the “ambient” generation of the title.

It is clear that the “demand side” will have to fully participate in bridging the gaps opening up in electricity system control. Yet, by conventional wisdom and experience, electricity demand is particularly inelastic, and unresponsive to market signals. How can we change this?
This paper puts forward a rich set of technology and market concepts that, taken together, seem to offer scope for electricity market designs that overcome current limitations, enhance quality of supply, enable broader competition, support decarbonisation of the transport fleet, and provide us all with additional convenience and control over our energy lives.

Several of the concepts depend upon some unique and remarkable features of the electricity system frequency. Most of us think of our 50Hz or 60Hz signal as being constant, but is continuously fluctuating a little bit. Like markets, it is indicating imbalances in supply and demand, and, like markets, providing feedback to many systems that keep the system stable. At present, the feedback is primarily to large generators, which change their output up or down to bridge the imbalance.

The same signal is also available to our appliances, in particular fridges, which can listen to the same signal, and, since they have some discretion as to when they turn on or off, can do so in response to the frequency. In effect, their store of coolth is used to stabilise the system frequency. The paper presents results showing this effect.

With millions of fridges providing buffering or storage in this way, there is less need for generation to respond quickly (within seconds) so there is more time for considered, distributed and market oriented decision-making to address the imbalance that has arisen. Others [1-3] have considered how “real time” pricing can do this, and the stabilised frequency may be able to play a role in such markets.
The earlier market concepts restricted themselves to “real time”; to the Now. Yet much decision-making about consumption of electricity (and nearly all about generation) requires a concept of the future. Activities are more efficient if planned, and, once a schedule is committed, many have reduced flexibility. This is true of domestic appliances, such as laundry machines and dishwashers, where users are more interested in the time of completion than the actual time of operation. A growing and potentially very large market for electricity is likely to be electric vehicles, where users will often not care when it is charged, so long as it is ready in the morning.

It is proposed to do this using a “price curve” stretching from Now into the indefinite future, but with greater definition in the near future. Ideally, it is continuously variable, so as to avoid the aberrations arising at price boundaries [4], but, so long as the price period is small enough, the period can be a design decision. 

Also a design decision is the geographical scope of a price curve. How big (or small) should be the area where it applies.

The price curve is broadcast by one or more market makers, usually a retailer (or, in electricity jargon, a supplier). These players will trade in wholesale markets; anticipate the elasticity of demand (including that of intelligent appliances) and choose a price curve that will make them a profit. As their knowledge becomes greater, e.g. from an improved wind forecast, they can rebroadcast their price curve.

The price curve may also be used as the basis for buying small scale generation output, albeit at a lower price than consumption.

For the consumer, or rather their devices, they can now optimise their consumption, using electricity at the lowest possible cost in line with the set deadline. 

For the meter, the price curve is used to calculate the cost of consumption during each (potentially very small) period. Instead of the centre calculating the bill, the meter does it without the need for two way or fine period data communications. Sophisticated meters may also be able to “fix” with an appliance a future price for a fixed future consumption profile. Some meters may even be able to choose the retailer who offers the best deal for their expected consumption profile.

The paper enlarges on these concepts, and explores the implications for the design of future electricity markets. Key consequences seem to be:

1. Significant portions of electricity demand can be shifted to times when electricity is plentiful, often at nigh or when the wind is strong or the sun is shining. This can be profitable for consumers as well as retailers, and reduce the need for expensive peak generation. 

2. Competitive retail electricity prices could approach marginal costs. Opportunities for discriminatory pricing may be reduced.

3. Some redefinition of the “commodities” or contracts traded in wholesale markets.

4. Reduced need for central control of the system and the “real time” markets. Greater scope for distributed generation, as well as demand, to participate.

5. Reduced risk for all parties, and a redistribution of risk and insurance to parties better able to manage it.
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