
The Smart Grid and Smart Metering: will they really benefit the consumer?

Bryan Leyland  MSc, FIEE(rtd), FIMechE, FIPENZ.

Leyland Consultants

bryanleyland@mac.com  www.bryanleyland.co.nz

EEA Conference & Exhibition 2011, 23-24 June 2010, Auckland

Abstract

Worldwide, huge amounts of money are being spent on the “smart grid” and “smart metering”. Much is promised and the expectations are very high. While the costs are real, the tangible rewards are hard to identify and when analysed they do not seem to be all that great.

To a large extent the enthusiasm for these technologies rests on the $4.5 billion worth of “stimulus money” bestowed on them by President Obama and various directives by the European Union. It has caused an unseemly rush by various segments of the electricity industry to grab as much of this money as they can regardless of any possibility of a major benefit to consumers.

“Smart metering” is driven overseas by the expectation that it will enable large-scale household demand side management. But in New Zealand, we have a perfectly good ripple control system that could easily be combined with a modern multi-rate meter to give virtually all the advantages of smart metering without the high cost and without any security risk.

It is obvious that to maximise the benefit the power system, any load reduction must be predictable. With a ripple control system, consumer’s loads are managed by the lines companies or the retailers. If this is done–and it is no more than a reversion to what we once did–the benefits could add up to a saving of 200 MW spinning reserve and at least 500 MW of peak load control. To maximise the benefit from smart metering, lines companies or the retailers must control the load.

Because we already have a ripple control system for managing peak demand, smart metering must be paid for almost entirely by the reduction in meter reading costs. But one way or another smart metering will impose additional costs on consumer. 

I conclude that any benefits that accrue from demand-side management using smart meters will be no more than what could be achieved easily by using a modern ripple control system to manage demand and frequency excursions.
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Introduction
Before we examine the technology, and the potential rewards and problems, we must first define what we’re trying to achieve.

Smart grid

According to the United States Department of Energy the objectives are:

1.
Enabling informed participation by customers 

2.
Accommodating all generation and storage options 

3.
Enabling new products, services, and markets

4.
Providing the power quality for the range of needs in the 21st century economy

5.
Optimizing asset utilization and operating efficiently

6.
Addressing disturbances through automated prevention, containment, and restoration

7.
Operating resiliently against all hazards.

To me, these have always been the objective of any grid. Possibly, the first objective could be regarded as new. But there does not seem to be anything new or revolutionary about any of them. 

Although not mentioned specifically by the DOE, accommodating new renewable energy technologies such as wind and solar and wave power are often considered to be an objective of the smart grid. If that is the case it will require a lot of new lines and grid connection points and it will certainly add to the already high cost of these technologies. Overseas, none of these technologies are competitive with conventional sources of power and all of them are the recipients of huge direct and indirect subsidies including free grid services. So if this is an objective, then it is certainly a very expensive one with no possibility of a return in the foreseeable future.

At the EESA Conference in Hobart in April 2011, Professor Felix Wu of The University of Hong Kong described the sort of system that will be needed to cope with the problems introduced by large scale wind and solar power. It was a system of enormous complexity, managing huge amounts of data and it represented a huge security risk. It also assumed that people would be willing to adapt their lifestyle to a varying power supply. Yet it would be less effective in reducing CO2 emissions than a change from coal to gas to to large or small nuclear reactors. For sure, it would be much more expensive.

According to Mark Levinson

The smart grid has the potential to bring the United States a more stable, economical, and environmentally friendly electrical system. Unfortunately, it is far from the unalloyed plus portrayed to the public. The cost will be high: Although the economic stimulus program approved by Congress last year included $4.5 billion to help create the smart grid, the full build-out will cost at least a couple of hundred billion dollars more. The potential savings will justify the cost only if the smart grid brings sweeping changes in the way consumers use and pay for electricity. But these changes have the potential to saddle them with unnecessarily high prices, force them to bear unnecessary risks, and make their local utility company an uninvited participant in the intimate details of their everyday lives. These potential changes deserve a thorough airing before the United States commits to such large investments in the name of smartness.

So I conclude that the “smart grid” is a new name for what we have always done and the justification for the new name is largely based on the expectation of getting “stimulus money” for what would be done anyway or for uneconomic grid enhancements in the name of “fighting climate change”. 

Smart metering

To establish what the objectives are I trawled the Internet and found the “European Smart Metering Landscape Report”. It listed what each country was doing and what their objectives were. For many countries, the objective was “to comply with EU directives.” In some cases, cost benefit analyses had been carried out and, in most cases, they showed a negative benefit.

The only country I found with a clear set of objectives was Ireland. Its objectives were as follows
:

· Energy Efficiency
· Peak Load Management
· Support Renewable and Micro Generation
· Enhanced Competition and Improved Consumer Experience
How many of these are of obvious benefit to the consumer? While there is no doubt there will be some benefits, can the high cost be justified? How many of the claimed benefits are attempts to fix the serious problems existing in the electricity market? Given that most new renewable and micro generation is very expensive and unpredictable, is its integration really a benefit to the electricity system and the nation as a whole?

The only conclusion I can draw is that many countries embarking on “smart grids” and “smart metering” are doing so in the blind conviction that it would be beneficial and without a clear idea of all the implications of what they are doing. Demand-side management is about the only significant objective that carries the possibility of a reasonable return on expenditure. The costs are in the range of billions of dollars. One way or another, these costs will finish up with the consumers. There is no convincing evidence of substantial overall benefits and no discussion as to whether the objectives could be met in other ways. 

Others point out that there are major problems.

Smart metering

New Zealand seems to have jumped on the smart metering bandwagon even though ripple control of storage hot water heaters and other loads made us a world leader in demand-side management. Overseas its touted major advantage is for domestic peak load control. And, as everyone in New Zealand knows, the potential is large. But we have had ripple control technology for more than 50 years so we don’t need a new technology that, at its best, might be as effective but less secure than the existing ripple control system. So the major economic benefit claimed for “smart metering” does not apply in New Zealand.

I believe that retailers have taken up smart metering largely because the electricity “reforms” effectively destroyed the motivation that the old Supply Authorities had to make the best use of the ripple control system. The decision that Transpower charges should be passed through directly to the consumers means that lines companies do not benefit from minimising Transpower peak demand charges. All the lines companies derive a percentage of their revenue–sometimes a large percentage–from energy charges so it is not in their interests to shed load if prices spike or if there is a peak demand that their own system can easily handle. So the only reason they have for utilising ripple control is to limit the load on any part of their system that cannot carry the full demand. Having the lines companies responsible for the ripple injection and not responsible for the relays is also a massive disconnect in the system. If you cannot manage it, you cannot be sure that it will work when needed.

Similarly, retailers have no inducement to make best use of the system. In a perfect world, they would be managing their demand every time the prices spike. But the ripple relays are not tagged to whichever retailer happens to be providing each consumer so they cannot do this. Even if they could do it, their motivation is likely to be driven by their particular supply contract and not by a desire to minimise spot prices–an action that would be, most definitely, to the benefit of all consumers and the nation. Instead, we start oil fired or gas-fired peaking plant. This is nothing short of crazy.

What is smart metering?

“Smart metering” means anything from simple remote meter reading to highly sophisticated systems with two-way communication that allow the consumer to control when appliances will be used in order to minimise electricity charges. The latter is not currently available and it will have to wait many years until protocols are developed and new appliances are manufactured–and then purchased–with the necessary interface. 

As far as I can make out, the smart metering systems in New Zealand all cater for remote meter reading. Some of these do this at one hour intervals. In most cases, the consumer is able to access this data over the internet. Many of them provide for remote disconnection and re-connection. One lines company has even purchased smart meters that incorporate ripple control channels. I would regard this as a truly smart move.

It seems that all the retailers are using different systems. It is claimed that some at least are set up so that if the consumer changes retailers, the other retailer can access the metering data. But whether or not they will be able to carry out all the clever things that they can do with their own meters, seems to be quite uncertain. I would have to assume that it cannot be done.

An alternative remote meter reading system is “drive-by” reading where an operator drives along the street and his handheld unit reads the meter using short range radio. It has the advantage that the operator can immediately pick up abnormalities such as a house being obviously inhabited yet having a low meter reading or another that appears to be unoccupied and yet has a high meter reading. Because transmitters are low powered and only send data once a month, drive-by metering can be extended to water and gas meters equipped with battery powered radios. In this way, one person can read all three meters.

Smart metering is a rapidly evolving technology so we can expect that many meters will be technologically obsolete long before they have reached the end of their lives. So we can expect a lot of changing of meters–all at the consumers direct or indirect expense.

Smart metering also requires that each retailer handles an enormous amount of data. 100,000 consumer records of one hour data is something like 72 million data records per month. Managing, storing and processing this data does not come cheap. All consumers will share the cost, even though only a few might use the data.

Demand side management

Effective demand-side management is the great hope of the smart meter proponents. This is where the big savings accrue. The problems faced by the smart metering proponents seem to be quite large.

Firstly, to be of real use to the lines companies and the power system, the load reductions over peak demand periods must be predictable.
 To do this, you need to be really sure that the majority of your consumers will “play the game” and set up their electric water heaters–and any other device that is compatible–to be off over expected critical demand periods. Because critical demand periods cannot be predicted in advance–and, with over 600 MW of wind power they will become even more difficult to predict–they will need to program their appliances to be off every evening–and maybe morning as well–for three or four months of the year. But even this may not be sufficient because price spikes can happen at almost any time in the day and many seem to be unpredictable. On most occasions the load shedding will not be providing any benefit so to make the system work, consumers must be exposed to very high price spikes when the spot price is high. 

But if very high prices are passed onto consumers during peak demand periods, those who have elected not to join in will be paying much more for using electricity in exactly the same way as they did before. They will not be pleased! 

One rational approach is to sell electricity at, for instance, low, normal and high rates using a simple multi-rate meter. But if this is done, and only a proportion of the people subscribe to be multi-rate metering, the remainder will be getting the benefits of cheaper electricity as a result of other peoples load management without having any of the disadvantages. So we have a major “free rider” problem.

Then we have the fact that all water heaters purchased in New Zealand are required by regulation to be large and to be heavily insulated. This regulation was imposed purely to allow the use of ripple control to manage water heater demand.
 So, on one hand, we force everyone to carry the cost of installing a more expensive water heater than they might otherwise need without also imposing an obligation to make use of the facility it provides.   (An obligation is necessary because of the “free rider” problem.) 

So the inevitable conclusion is that electric storage water heaters continue to be a wonderful way to manage the demand and a compulsory system is a key part of the deal. That is why the most that “smart meters” could do is come close to what we had before the electricity reforms.

There is another “public good” aspect of this that needs to be considered. Virtually all of the ripple relays made since about 1998 are equipped to switch the water heater off if the frequency drops below a preset limit. Once the frequency has returned to normal, they wait for a random period of between 5 and 15 min before switching back on. The benefit to the system and to all consumers if these relays were universally employed and armed, would be very large indeed.

If, for instance, the relays were set to shed water heaters over a range of 49.7 to 49.2 Hz, up to 600 MW of load could be shed very rapidly in the event of a drop in frequency.
 For various reasons, the system operator could only use about 200 MW of this. So this facility would save 200 MW of fast interruptible load and spinning reserve. Because much more than that would always be available, there would be no need for Transpower to be reassured that every armed relay actually operated and actually shed some load. Because the interruption to water heating would not be longer than 20 min, no one would notice what had happened. So at no cost or inconvenience of any sort to the consumer, the system–and hence the consumer–would save hundreds of millions of dollars every year in the procurement and provision of reserve capacity. Similarly the ripple control system can be used to shed load and avoid high prices when a transmission line is constrained because of maintenance or because there are insufficient reserves. It would also eliminate the need to operate hydro turbines as partially loaded spinning reserve, a practice that is inefficient and often damages the turbines.

People often object to making things like this compulsory because, they say, the customer should have the right to choose. But the precedents for limiting consumer choice are well established. Firstly, many people are connected to feeders that will be switched off in the event of a major under frequency incident. This is absolutely necessary to preserve the integrity of the system. The consumers have no choice as to whether or not their house is switched off. Then there is also the compulsory requirement for large insulated storage water heaters. And there was, briefly, a requirement that we stop buying incandescent lamp bulbs. These represent a much greater infringement on the consumers rights than does the invisible use of their water heater for load and frequency management.

Consumer acceptance

Underlying the enthusiasm for demand-side management using smart meters, is the assumption that a majority of consumers will take part and continue to do so. This is a key assumption. But is it justified?

What we are talking about is discretionary expenditure. The question is “Will consumers take the trouble to manage their load given the small–and often zero–benefit that will accrue to them?” There is no doubt that this will happen initially and it may also happen in households that are cash strapped or other households that have a techno-freak teenager or adult. But we are talking about the majority of households. So it is worth while looking at other examples of discretionary expenditure. 

Communication is an ideal one because the communication costs of an average household are similar to the cost of electricity and much of a household’s communication expenditure is discretionary. Very easily, fewer texts could be sent, calls could be shorter or deferred to a lower cost period and a lot less junk could be downloaded from the Internet. As far as I can make out, it doesn’t often happen. People prefer flat rate telephone calls and cellphone contracts that have “free” minutes and “free” texting. As another example, how many people walk instead of driving to the nearest dairy to collect the milk they forgot to buy on the way home or think twice about having a second beer while watching the news on TV?

The inevitable conclusion is that consumer managed load reduction will be uncertain, unpredictable and will bring limited benefits to the power system and to consumers as a whole.

If, on the other hand, consumers elect to have the retailer control their load for them, then there is no difference between this and an advanced ripple control system.

Security

There is very general agreement that security is a major problem. While it might not be possible to do much harm if someone is able to intercept meter readings, there is a possibility of major disruption if a hacker is able to take control of switching consumers on and off and of load shedding and restoration. The more sophisticated the system gets, the more ways there will be to hack into it and there will be more opportunities to do serious damage.

The ripple control system, on the other hand, is inherently secure. The ripple injection equipment is contained within a zone substation and requires more than 50 kW of power. If someone hacked into the lines company’s SCADA system, they could control the ripple system. But if they did hack into the SCADA system with evil intent, why bother with ripple control? Why not shut down the whole system?

Conclusion

The “smart grid” is, in reality, a simple continuation of what has been going on for years. Perhaps the only new thing is that, maybe, it gives an opportunity to coordinate distributed generation. But the explosion in distributed generation that many people expect is driven entirely by subsidies and by fears of dangerous man-made warming. I believe that the present level of subsidy is unsustainable and, due to natural processes, the world is entering a period of cooling.

“Smart metering” is driven overseas by the expectation that it will enable large-scale household demand side management. This is seen as a major justification and, it appears, the major source of income. But in New Zealand, we have a perfectly good ripple control system that could easily be combined with a modern multi-rate meter to give virtually all the advantages of smart metering without the high cost and without the security risk.

No matter which way we go there is no doubt that to maximise the benefit the power system, the load reduction must be predictable. That means that consumer’s loads must be controlled by the lines companies or the retailers. If this is done the benefits could add up to a saving of 200 MW spinning reserve and at least 500 MW of peak load control.

The conclusion has to be that, unless smart metering is paid for almost entirely by the reduction in meter reading costs, additional costs will be imposed on consumer. Any benefits that accrue from demand-side management will be less than what could be achieved by using a modern ripple control system to manage demand and frequency excursions. This would benefit everyone.

Appendix

Irish Policy objectives for the introduction of smart metering

Since 2007, the Irish government has a National Smart Metering Plan in place. The National Smart Metering Programme in Ireland has the following strategic objectives (CER, 2010a, 16):

Energy Efficiency

· Encouraging end-use energy efficiency via enhanced information and pricing signals to combat climate change and reduce pollution;
Peak Load Management

· Reduce demand for peak power, with consequential electricity generation savings and improved security of supply, through pricing signals such as Time of Use tariffs;
Support Renewable and Micro Generation

· Assist in achieving of Irelands stated national targets for renewable generation (40% by 2020) by facilitating demand response solutions that will complement increasing levels of intermittent wind generation on the electricity system.
· Facilitate the wider take up of micro generation (via export measurement function of smart meters).
Enhanced Competition and Improved Consumer Experience

· Promote competition in the electricity retail market by enabling electricity suppliers to create innovative pricing arrangements that can be offered to consumers to support the efficient use of electricity, such as Time of Use electricity tariffs.
· More accurate billing of customers with the elimination of estimated billing.
· Support more timely and efficient switching by customers.
· Support more flexible and diverse service offerings to consumers from suppliers including potential for expanding prepayment offerings.
· Empower consumers to make better decisions regarding their energy use by providing them with accurate, detailed and more frequent information on their energy consumption and costs.
· Improve change of supplier process through auditable timely final meter reading.
· Improved Network Services
· Improve services to customers in areas such as power quality, fault monitoring and meter reading.
· Prevent theft and measure losses more accurately.
· Become a key component of a 21st century smart electricity network for Ireland. 
· Provide a potential platform to support national targets on Electric Vehicles
· Improved load forecasting and network planning, possibly leading to deferment of infrastructure expansion costs.
� Is the Smart Grid Really a Smart Idea? Marc Levinson � HYPERLINK "http://www.issues.org/27.1/levinson.html" ��http://www.issues.org/27.1/levinson.html�


� See the appendix for the detailed list


�  Smart meters, are a prime example of an unnecessary and expensive change that will provide little in the way of consumer benefit. They do, of course, provide utilities and energy marketers and government with a host of new tools, which is why they’re being sold in the policy arena. That plus the fact that makers just want the consumer to pay for something that isn’t (yet) cost effective explains the extracurricular (political) push. Add to all this the government’s insistence–encouraged by intermittent renewable developers lobbying efforts and billions in “stimulus” funding–and the momentum is hard to overcome.


The energy utilities want the meters to send price signals that change as generation costs change. By charging you more during high-usage “peak” times (e.g. hot days) they hope to persuade you to shift your usage to “off-peak” evenings and weekends, as many consumers now do with long-distance phone calls, when generation costs are lower. Of course, after a few days the inconvenience of getting off the couch every hour to read the new signal and turn on or off appliances, may lead people to the conclusion that the savings are not worth the effort. It might be smarter, and more effective to install additional generation capacity that can actually perform on those hot days.


� HYPERLINK "http://www.gridunlocked.com/2010/07/16/are-smart-grids-without-consumer-motivation-really-a-smart-idea/" ��http://www.gridunlocked.com/2010/07/16/are-smart-grids-without-consumer-motivation-really-a-smart-idea/�


� Many lines companies have given up offering water heating into the Interruptible Load market because of the System Operator’s requirement that they should be able to verify the load shed.


� It is worth noting that a 3 kW 250 litre electric water heater costs about $2000 installed. There are smaller cheaper options available that would be more energy efficient because they would incur much lower standing losses.


� The same technology can also be used to reset the thermostat on heat pumps by 1° or 2° or to  unload the air conditioning systems in large buildings for between five and 15 min.
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