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Preface

If someone had been put into a deep freeze during the FDR administration and revived today, most of what he would see would be greatly altered from what it was in his previous life and many things - TV, credit cards, computers, wireless, etc - would be completely foreign. But one thing would be totally familiar – the way we use and buy electric power. The central power station and monthly meter-reading model still defines how most of us relate to electricity. But, like the old “Ma Bell” telephone monopoly, things are about to change and radically. 
Traditional sources of electric power - coal or gas-fired plants, hydro-electric, and nuclear – all have several things in common: they are very centralized, they produce power on demand, and their power outputs can be adjusted on the fly as required to meet global changes in demand. Additionally, electric power consumption has always been bound to a fixed property location with all power flowing through site-specific meters. While all of these features remain the rule rather than the exception today, we are on track to relegating them to the dustbin of technological history, but completing that evolution will require the deployment of a final part of the equation: the Smart Grid. 
What is a Smart Grid?

Before examining why a Smart Grid will play such an important role in our power future, we should first know what it is. The “Smart” simply refers to the ability of the grid to send and receive real time information between the devices consuming power and the utility. While that is a basic concept, the implications are enormous. Currently the only information a “dumb” grid supplies to the utility is instantaneous global current use and monthly consumption of each of its metered sites. What it does not know is the instantaneous consumption of any given client and for sure it doesn’t know the details of any client’s consumption pattern – what devices are demanding what power or at what times that power is demanded. The dumb grid just sees bulk instantaneous demand and each site’s consumption for the month – the meter acts as a “demark” point behind which all detailed information is lumped into one gross “bottom line” total. In addition to “flying blind” from an information point of view, a dumb grid is “read only” – it knows the gross consumption of each of its users, but it can do nothing to intervene in or optimize usage patterns. Nothing has changed in these respects since the inception of metered power over a century ago.
Background

Well, you might say, it’s been working just fine for about a century, so what’s the big rush to fix what doesn’t seem to be broken? Truth be known, it hasn’t been working all that great, but we overlook its weaknesses because we have simply made up for them by building in and profligately using excess capacity. With cheap coal and little care about emissions, that has been the economic and expedient approach. Grids (generation plants and transmission capacity) are sized to meet peak loads (typically hot summer days with maximum air conditioning use) with some margin and expected growth over time factored in. Since the dumb grid is both “flying blind” and lacks any ability to control demand, far more excess capacity must be in place (to compensate for the “dumbness” of the grid) in order to assure that shortages will not occur. That excess capacity comes at a cost, is probably not used (that’s the definition of “excess”) and remains in place year round even when off-peak demand is low enough that this excess becomes “gross excess” and therefore gross added cost. Our electricity use has been cheap and consistent enough that the cost of the inefficient added capacity has been borne with negligent pain to consumers. While this added cost (in dollars as well as in emissions) is becoming increasing unacceptable, those added costs are not what is driving the move to “Smart Grids.” Rather it is the changing nature of how we make and consume electricity that will drive the traditional grid into obsolescence. 
The green revolution that has been gaining great momentum in the last decade has resulted in an increasing addition to our traditional grid of “renewable” power sources. These are principally solar and wind power, the bulk of which are intermittent and only somewhat predictable. From a power management perspective, this discontinuous quality makes these new resources a completely different beast from the predictable and controllable traditional sources of coal, gas, hydro, and nuclear. While we well know when daylight occurs, we do not know when clouds will reduce solar outputs. And as for the wind, while it can in theory blow day and night, in fact the availability of on-shore wind is very erratic and difficult to predict (offshore wind, while more expensive to deploy, provides more power overall and more importantly, more regular and predictable power). As a result of these qualities, the overall benefits of deploying these technologies is muted – traditional generation facilities cannot be taken off line watt-for-watt as green power is added. If wind or solar included energy storage, then such benefits could be realized – a megawatt of green energy could directly replace a megawatt of coal for instance. Unfortunately storage of green energy is generally prohibitively expensive and therefore not in yet place (apart from labs or small demonstration projects). And as long as our grid remains dumb and passive, this will always be the case – the full potential of green power generation will never be realized. 
The Smart Grid Revolution

Enter the Smart Grid. Smart Grids are implemented by replacing all traditional “dumb” meters with meters that contain a clock (for time-of-day and day-of-week use information), can relay real-time data (via an Internet connection) to the utility’s computers, can “see” into the customer site and know what devices are drawing how much power second by second, and finally can reduce the power delivered to those devices based on client permissions and grid conditions (demand and supply). In other words, smart meters allow for continuous, real-time, second-by-second demand side management (DSM) of electrical consumption. Take an entire grid and outfit it with smart meters and voila, you have a Smart Grid. The most trivial result is that never again would we here radio and TV announcements telling us to turn off all “non-essential” appliances on hot summer days – the Smart Grid would have that base covered in spades. 
With Smart Grid, the customer would give the utility permission (this is optional – the customer could refuse this) to control the power consumption of certain specified devices. For instance, topping off the maximum temperature of the electric hot water might not be needed at 2 PM in most houses on a hot summer day, so the utility could be allowed, when necessary due to peak demand, to turn the water heater off for a time so that it doesn’t add to aggregate peak demand. Ditto air conditioners, clothes dryers, and other discretionary (as defined by the consumer) appliances. In return for allowing utility control of one’s appliances, the consumer would receive a credit or reduced rate, thereby sharing in the economies realized. 
In addition to the automated control that smart metering makes possible, the clock also provides an incentive the consumer to take control of daily electric use by planning when certain actions will take place. The obvious example is to shift clothes drying and other non-time-sensitive, power-intensive consumption to off-peak hours. The meter’s clock makes time-of-day (TOD) rate differentials a cinch to implement and track. Electricity would be cheapest at night and dearest in the afternoon, with seasonal adjustments adding to the daily fluctuations. The purpose of these differentials is to drive consumers to voluntarily shift their discretionary demand to lower cost off-peak hours. That alone would go a long way towards reducing the increasingly expensive peak carrying capacity – a tremendous savings. 
But it gets better. Smart Grid will be an essential contributor to grid efficiency in the coming years as a revolutionary new use of electric power comes on line – plug-in hybrid (or all-electric) vehicles. If, as expected, these vehicles start to be sold in the millions, that will cause a “paradigm shift” in grid demand and more to the point, in grid dynamics. Presumably these vehicles would be plugged in most of the time when the vehicle is not in use, meaning at night for sure (which is great because that’s when the utility has the most spare capacity due to lower demand) but also in the day, including during times of peak summer demand as well. But that is exactly what we don’t want – millions of car batteries adding to demand during peak times. There are only two ways to prevent the coming tsunami of plug-in vehicles from overwhelming the grid’s peak capacity – rely on people to leave the cars unplugged during peak times or have the Smart Grid do that automatically. Only the latter option has any hope of working, and more – working optimally. So while the grid will blissfully recharge these cars most of the time, at peak times it might turn them off, and better yet, reverse the normal relationship by tapping into their batteries to provide power to the grid (again only with the owner’s permission). This is new functionality that is completely impossible with the traditional grid. The beauty of this is that the car would act as the very storage capacity needed to make the new renewable but intermittent generators economically efficient and would do so distributed across the network, thereby eliminating any need for added transmission capacity from central power stations. This solves the wind and solar energy storage problem for free!  The car batteries are already purchased for the purpose of powering the car, but when the car is parked these thousands or and soon millions of batteries, rather than just sitting there doing nothing, will serve as a “smart buffer” that will eek out every possible efficiency from the grid. They will absorb all of the intermittent power that wind and solar farms will pump out, and feed power back to support peak demand when needed. All of this functionality is the sole result of the capability of the Smart Grid, dynamically directing energy flows as an orchestra conductor synchronizes the musicians. 
If electric car owners are providing this value to the overall grid, what’s in it for them? After all, if the utility is tapping into their batteries and benefitting from that use, shouldn’t the owners be compensated? Car owners will benefit from this arrangement as follows: they will almost always charge their cars at night when rates are low and then sell that power back to the utility only during peak times when rates are higher, thus making a profit for helping the utility reduce its costs. Like any well-designed business model, everyone wins with Smart Grid functionality. 
Conclusion

Information allows software to control complex processes in real time and has become the focal point of everything we do. It’s no accident that the world’s richest man got that way via the software business. The proliferation of information processing and automated control based on information flows, essential to all of our transportation, manufacturing, industrial, financial and every other sector of our economy, is what would be the biggest surprise to our hypothetical frozen man from the 1930’s. If he were to arrive today, one of the few things he would be right at home with would be our electric power model. But within a few short years that model too will go the way of the hand-crank car engine as Smart Grids are rolled out. And as more and more intermittent technologies (solar-Stirling engine, ocean power, micro-hydro, etc) the need for complicated handling scenarios will only increase, and Smart Grids, a little known technology still in its infancy, will become every bit as essential as the home PC. Apologies to Reggie Jackson, but the Smart Grid will truly be “the straw that stirs the drink.” 
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