	
	

	[image: image1.png]leading
next generation

Backasm




	TechNews


Becta | TechNews

Networks – TN Jan 2010 

Analysis: Smart grids and smart meters v2_0
[TN1001, Analysis, Networks, Wireless, Energy, Green, Smart devices]

At a glance

· Electricity transmission grids were designed as distribution systems and do not readily take account of variable sources of renewable energy and 'micro-generation'.
· The UK Government has sanctioned investment in 'smart meters' that show consumers the real-time cost of their electricity and gas consumption.

· Smart meters are expected to be installed in all 26 million UK households by 2020.

· Combining smart meters with real time telecommunications will allow energy suppliers to create a smart grid, providing consumers with demand-led energy pricing.

· Changes in consumer behaviour and installation of smart appliances should lead to demand smoothing, improving the efficiency of the whole network.

· A significant number of standards must be agreed or adopted to build a comprehensive smart grid infrastructure.
The smarter grid
The electricity grid originally developed as a set of regional distribution networks connected by high power transmission lines to shift surplus capacity to where it was required. The 'smart grid' concept concerns the application of much greater computer automation to the distribution networks and accommodating new, flexible power generation capacity, some of which will be owned by consumers. 
The smart grid must account for a number of significant trends, including:
· More effective use of existing generation capacity through demand management.
· Reduction in national carbon emissions.

· The introduction of major new sources of supply, especially solar and wind generated electricity.
· The transfer of energy between counties in other times zones where peak demands do not coincide.
· The international potential for energy transfer from regions where (for example) solar production capacity is in excess of national needs.
· The rise of micro-generation, whereby consumers sell surplus energy back to the grid from privately owned solar and wind generators.
The demand management side of the grid will be supported by the introduction of 'smart meters' and supporting technologies. These will allow consumers to see real-time data on their energy use and automatically control home appliances to take advantage of lower price energy outside of peak periods - so-called 'demand smoothing' and 'demand-led' pricing.

Smart grids must not only be more efficient and resilient, but need to be 'hardened' against possible cyber-security attacks. Many of the features of such networks have yet to be agreed internationally, but groups like the IEEE and the US National Institute of Standards and Technology (NIST) are working on the necessary standards.

The drive towards more efficient power use and reduction in carbon emissions also encompasses gas distribution and other critical networks, such as water supply.

Smart meters
Smart meters, which show real time gas and electricity consumption in monetary units, will need to provide two-way communication between supplier and consumer:
· The supplier needs real-time data to configure the network so that energy is most efficiently routed to where it is required and (potentially) to make adjustments to pricing according to demand.

· The consumer may want to see the current cost of power in order to decide whether to use a particular appliance.
In this scenario, the energy supplier can make much more fine-grained pricing decisions than (for example) the off-peak pricing of 'Economy 7', based either on historical data, or real-time measures of demand and generation capacity. Real-time data would be much preferred, as it could account for net inflows of energy (for example) from a wind farm in blustery conditions.

Smart meters would have other benefits, not least more accurate energy bills. The suppliers would no longer need to employ meter readers and consumers would always receive up-to-date bills rather than estimates.

The Department of Energy and Climate Change (DECC) has announced that all 47 million domestic UK gas and electricity meters - in 26 million properties - are to be converted to smart meters by 2020. The meters will be standardised, so consumers will be able to change supplier, and will be fitted by the supplier. According to BBC News, meters are expected to cost £340 per household, which can be added by suppliers to energy bills over a period or charged as a single fee. However, the suppliers are expected to absorb some of the outlay due to reduced meter reading costs and some estimates suggest changes in consumer behaviour resulting from better pricing information could reduce annual bills by as much as £100. Trials to date have only demonstrated household savings of £28 per year.
In a separate report, BBC News states that smart meters will be fitted for all large businesses within five years (where not already present) and introduced to all small businesses by 2020. This should benefit educational establishments that have not already had such meters fitted.
Considerable detail still needs to be agreed about the meters themselves, as well as their installation. A key decision will be the radio protocol or other communications channel used to pass information back to energy suppliers. It cannot be assumed that all consumers will have a broadband connection or that they will be happy for a small fragment of their monthly allowance (where applicable) to be used for this data.
The most viable alternative appears to be some form of Wi-Fi or low power wireless mesh network (see TechNews 11/09) that communicates with hubs installed by the suppliers, although mobile networks could also be used. In the longer term, powerline networking, which superimposes a high frequency data signal on the normal 50Hz alternating current, may be possible, but this would require all kinds of new telecommunications equipment to be installed at electricity substations and elsewhere upstream of consumers' meters. This issue will be even more acute in rural areas where landline connections are poor, mobile towers sparse and radio signals attenuated by difficult terrain. A Gartner blogger has raised the longer term implications of these decisions, as the lifespan of metering systems is expected to be much greater than that of the wireless technologies that underpin many consumer devices.
Smart consumers
Smart meters alone are quite a 'blunt instrument', as they only show gross consumption, not the contribution of each device. While some consumers may be happy to turn devices on and off to observe their net effect, others may not be willing to make this effort over the long term, especially as the motivation recedes when economic growth picks up again.
Ofgem (the UK Office of the Gas and Electricity Markets) has already been investigating smart meters as part of its Energy Demand Research Project. The latest report suggests that consumer interest may not be sustained, so intelligent monitoring and control systems may be required in order to release the anticipated savings. Consumers found the presentation of data problematic, especially where gas consumption was shown in cubic meters rather than converted to the kilowatt-hours (kWh) shown on power bills. (The precise energy content of gas varies, so the conversion can only be readily carried out retrospectively.) Further, when judging the effect of changes to heating regimes, users need to take account of variable factors such as weather conditions and the number of people in the house.
A variety of home energy monitoring systems is already on the market. These gather data directly from devices, producing summaries and allowing a degree of wireless automation or remote control using the internet or text messaging. Examples include EnergyHub, Plogg and Tendril systems. These integrate a range of devices, including smart meters, thermostats and heating controls, and 'smart' sockets that report energy consumption using low power ZigBee wireless networking. Google's charity arm has made its online PowerMeter energy monitoring application, which integrates with AlertMe and services from some of the UK energy suppliers, publicly available. Microsoft also has a trial Hohm service online.
Concerns have been raised by some campaigners about the privacy implications of detailed energy monitoring. (See this article on Physorg.com.)
Smart appliances
Many appliances do not need to be run on a strict schedule, so they could contribute to the smart grid. For example, a tumble dryer could be set to use energy when demand is low, even switching on and off every few seconds according to local wind generation capacity. BusinessGreen.com reports that manufacturers are already developing 'smart' dryers and fridges.
There are no generally adopted standards for controlling smart appliances. A simple system could rely on slight changes in the frequency of electricity supplies, informing appliances whether prices were currently high or low. However, giving consumers greater control through inexpensive home automation systems would require widespread agreement on control and communication protocols - proprietary lock-in generally hinders the growth of such potentially large market segments.

A longer term contributor may be power storage in the batteries of electric cars. So-called vehicle-to-grid (V2G) systems charge batteries during periods of low demand, but draw this back down during peak periods, if the owner has not used the vehicle. Such distributed storage could become significant, but it is seen to be 20 or more years away from commercialisation.
Smart learners
Smart meters create a number of learning opportunities beyond environmental education and citizenship. The technologies used could provide a range of concrete examples for students to explore in regard to sensing and control systems, as well as real world problems to underpin exercises that develop understanding of modelling.
The smart future
Creating a smart grid will drive significant market growth in the relevant sectors, as nations face up to dwindling fossil fuel stocks and the effects of climate change. Many governments are already funding large development programs for smart grid technologies. Much of the investment will be in the interests of grid owners and energy suppliers, as it will reduce both capital expenditure and operating costs over the medium to longer terms. Energy is not the only resource that can benefit from smart technologies - IBM has been reported by CNET.com to be looking at improving control systems for water grids.
Considerable effort may need to be made by both government and industry to inform consumers and to sustain their interest. It might be easy to explain the benefits in pure financial terms, but the perceptions and behaviour of consumers need to be changed.  Engagement is more likely to be maintained where consumers can set operating parameters but leave automated systems to make real time decisions about energy consumption.
The global economic realities mean that a 'smart energy' future is almost inevitable. However, clear standards must be agreed and many technical developments completed before most of the promised savings can be realised. 
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