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A smart grid delivers electricity from suppliers to consumers using two-way digital technology to 
control appliances at consumers' homes to save energy, reduce cost and increase reliability and 
transparency. It overlays the electricity distribution grid with an information and  metering system. 

Such a modernized electricity network is being promoted by many governments as a way of addressing 
energy independence, global warming and emergency resilience issues. Smart meters may be part of a 
smart grid, but alone do not constitute a smart grid. 

A smart grid includes an intelligent monitoring system that keeps track of all electricity flowing in the 
system. It also incorporates the use of superconductive transmission lines for less power loss, as well 
as the capability of integrating renewable electricity such as solar and wind. When power is least 
expensive the user can allow the smart grid to turn on selected home appliances such as washing 
machines or factory processes that can run at arbitrary hours. At peak times it could turn off selected 
appliances to reduce demand. 

Goals 

In principle, the smart grid is a simple upgrade of 20th century power grids which generally 
"broadcast" power from a few central power generators to a large number of users, to instead be 
capable of routing power in more optimal ways to respond to a very wide range of conditions, and to 
charge a premium to those that use energy during peak hours. 

Respond to many conditions in supply and demand 

The events to which a smart grid, broadly stated, could respond, occur anywhere in the power 
generation, distribution and demand chain. Events may occur generally in the environment, e.g., clouds 
blocking the sun and reducing the amount of solar power or a very hot day requiring increased use of 
air conditioning. They could occur commercially in the power supply market, e.g., customers change 
their use of energy as prices are set to reduce energy use during high peak demand. Events might also 
occur locally on the distribution grid, e.g., an MV transformer fails, requiring a temporary shutdown of 
one distribution line. Finally these events might occur in the home, e.g., everyone leaves for work, 
putting various devices into hibernation, and data ceases to flow to an IPTV. Each event motivates a 
change to power flow. 

Latency of the data flow is a major concern, with some early smart meter architectures allowing 
actually as long as 24 hours delay in receiving the data, preventing any possible reaction by either 
supplying or demanding devices. 

Provision megabits, control power with kilobits, sell the rest 

The amount of data required to perform monitoring and switching your appliances off automatically is 
very small compared with that already reaching even remote homes to support voice, security, Internet 
and TV services. Many smart grid bandwidth upgrades are paid for by over-provisioning to also 
support consumer services, and subsidizing the communications with energy-related services or 
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subsidizing the energy-related services, such as higher rates during peak hours, with communications. 
This is particularly true where governments run both sets of services as a public monopoly, e.g. in 
India. Because power and communications companies are generally separate commercial enterprises in 
North America and Europe, it has required considerable government and large-vendor effort to 
encourage various enterprises to cooperate. Some, see opportunity in providing devices to consumers 
very similar to those they have long been providing to industry.[ Others, are data integrators rather than 
vendors of equipment. While the AC power control standards suggest powerline networking would be 
the primary means of communication among smart grid and home devices, the bits may not reach the 
home via BPL initially but by fixed wireless. This may be only an interim solution however as separate 
power and data connections simply defeats full control. 

What a smart grid is 

The function of an Electrical grid is not a single entity but an aggregate of multiple networks and 
multiple power generation companies with multiple operators employing varying levels of 
communication and coordination, most of which is manually controlled. Smart grids increase the 
connectivity, automation and coordination between these suppliers, consumers and networks that 
perform either long distance transmission or local distribution tasks. 

 Transmission networks move electricity in bulk over medium to long distances, are actively 
managed, and generally operate above 100kV. 

 Local networks traditionally moved power in one direction, "distributing" the bulk power to 
consumers and businesses via lines operating below. 

This paradigm is changing as businesses and homes begin generating more wind and solar electricity, 
enabling them to sell surplus energy back to their utilities. Modernization is necessary for energy 
consumption efficiency, real time management of power flows and to provide the bi-directional 
metering needed to compensate local producers of power. Although transmission networks are already 
controlled in real time, many in the US and European countries are antiquated by world standards, and 
unable to handle modern challenges such as those posed by the intermittent nature of alternative 
electricity generation, or continental scale bulk energy transmission 

Modernizes both transmission and distribution 

A smart grid is an umbrella term that covers modernization of both the transmission and distribution 
grids. The modernization is directed at a disparate set of goals including facilitating greater 
competition between providers, enabling greater use of variable energy sources, establishing the 
automation and monitoring capabilities needed for bulk transmission at cross continent distances, and 
enabling the use of market forces to drive energy conservation. 

Many smart grid features readily apparent to consumers such as smart meters serve the energy 
efficiency goal. The approach is to make it possible for energy suppliers to charge variable electric 
rates so that charges would reflect the large differences in cost of generating electricity during peak or 
off peak periods. Such capabilities allow load control switches to control large energy consuming 
devices such as hot water heaters so that they consume electricity when it is cheaper to produce. 
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Peak curtailment/leveling and time of use pricing 

To reduce demand during the high cost peak usage periods, communications and metering 
technologies inform smart devices in the home and business when energy demand is high and track 
how much electricity is used and when it is used. To motivate them to cut back use and perform what 
is called peak curtailment or peak levelling, prices of electricity are increased during high demand 
periods, and decreased during low demand periods. It is thought that consumers and businesses will 
tend to consume less during high demand periods if it is possible for consumers and consumer devices 
to be aware of the high price premium for using electricity at peak periods, this could mean cooking 
dinner at 9pm instead of 5pm. When businesses and consumers see a direct economic benefit of not 
having to pay double for the same energy use to become more energy efficient, the theory is that they 
will include energy cost of operation into their consumer device and building construction decisions. 
See Time of day metering and demand response. 

According to proponents of smart grid plans,[who?] this will reduce the amount of spinning reserve that 
electric utilities have to keep on stand-by, as the load curve will level itself through a combination of 
"invisible hand" free-market capitalism and central control of a large number of devices by power 
management services that pay consumers a portion of the peak power saved by turning their devices 
off. 

Platform for advanced services 

As with other industries, use of robust two-way communications, advanced sensors, and distributed 
computing technology will improve the efficiency, reliability and safety of power delivery and use. It 
also opens up the potential for entirely new services or improvements on existing ones, such as fire 
monitoring and alarms that can shut off power, make phone calls to emergency services, etc. 

US and UK savings estimates and assumptions behind them 

One United States Department of Energy study calculated that internal modernization of US grids with 
smart grid capabilities would save between 46 and 117 billion dollars over the next 20 years. As well 
as these industrial modernization benefits, smart grid features could expand energy efficiency beyond 
the grid into the home by coordinating low priority home devices such as water heaters so that their use 
of power takes advantage of the most desirable energy sources. Smart grids can also coordinate the 
production of power from large numbers of small power producers such as owners of rooftop solar 
panels — an arrangement that would otherwise prove problematic for power systems operators at local 
utilities. 

The above vision makes two assumptions. First, that they will act in response to market signals and 
there needs to be some sort of telecommunications network. In the UK, where consumers have for 
nearly 10 years had a choice in the company from which they purchase electricity, more than 80% 
have stayed with their existing supplier, despite the fact that there are significant differences in the 
prices offered by a given electricity supplier. End users may be less responsive to price signals than 
proponents of Smart Grids think. Second, in the case of the telecomms aspect of Smart Grids, this 
ignores the possibility of bringing autonomy to a given appliance. Various companies (such as RLTec) 
have developed low cost systems which allow products to react to network fluctuations (usually 
network frequency). This type of control is called "dynamic demand management". A feature of DDM 
being that, it is low cost, needs no telecomms network and is available now. Of course these are not 
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points which proponents of a "power telecomms network" may wish to hear about or indeed see 
propagated. 

Although there are specific and proven smart grid technologies in use, smart grid is an aggregate term 
for a set of related technologies on which a specification is generally agreed, rather than a name for a 
specific technology. Some of the benefits of such a modernized electricity network include the ability 
to reduce power consumption at the consumer side during peak hours, called Demand side 
management; enabling grid connection of distributed generation power (with photovoltaic arrays, small 
wind turbines, micro hydro, or even combined heat power generators in buildings); incorporating grid 
energy storage for distributed generation load balancing; and eliminating or containing failures such as 
widespread power grid cascading failures. The increased efficiency and reliability of the smart grid is 
expected to save consumers money and help reduce CO2 emissions. 

 

Smart grid functions 

Before examining particular technologies, a proposal can be understood in terms of what it is being 
required to do. The governments and utilities funding development of grid modernization have defined 
the functions required for smart grids. According to the United States Department of Energy's Modern 
Grid Initiative report, a modern smart grid must: 

1. Be able to heal itself 
2. Motivate consumers to actively participate in operations of the grid 
3. Resist attack 
4. Provide higher quality power that will save money wasted from outages 
5. Accommodate all generation and storage options 
6. Enable electricity markets to flourish 
7. Run more efficiently 
8. Enable higher penetration of intermittent power generation sources 

Self-healing 

Using real-time information from embedded sensors and automated controls to anticipate, detect, and 
respond to system problems, a smart grid can automatically avoid or mitigate power outages, power 
quality problems, and service disruptions.[citation needed] 

As applied to distribution networks, there is no such thing as a "self healing" network. If there is a 
failure of an overhead power line, given that these tend to operate on a radial basis (for the most part) 
there is an inevitable loss of power. In the case of urban/city networks that for the most part are fed 
using underground cables, networks can be designed (through the use of interconnected topologies) 
such that failure of one part of the network will result in no loss of supply to end users. A fine example 
of an interconnected network using zoned protection is that of the Merseyside and North Wales 
Electricity Board (MANWEB). 

It is envisioned that the smart grid will likely have a control system that analyzes its performance using 
distributed, autonomous reinforcement learning controllers that have learned successful strategies to 
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govern the behavior of the grid in the face of an ever changing environment such as equipment 
failures. Such a system might be used to control electronic switches that are tied to multiple substations 
with varying costs of generation and reliability.  

Consumer participation 

A smart grid, is, in essence, an attempt to require consumers to change their behavior around variable 
electric rates or to pay vastly increased rates for the privilege of reliable electrical service during high-
demand conditions. Historically, the intelligence of the grid in North America has been demonstrated 
by the utilities operating it in the spirit of public service and shared responsibility, ensuring constant 
availability of electricity at a constant price, day in and day out, in the face of any and all hazards and 
changing conditions. A smart grid incorporates consumer equipment and behavior in grid design, 
operation, and communication. This enables consumers to better control (or be controlled by) “smart 
appliances” and “intelligent equipment” in homes and businesses, interconnecting energy management 
systems in “smart buildings” and enabling consumers to better manage energy use and reduce energy 
costs. Advanced communications capabilities equip customers with tools to exploit real-time electricity 
pricing, incentive-based load reduction signals, or emergency load reduction signals. 

There is marketing evidence of consumer demand for greater choice. A survey conducted in the 
summer of 2007 interviewed almost 100 utility executives and sought the opinions of 1,900 
households and small businesses from the U.S., Germany, Netherlands, England, Japan and Australia[. 
Among the findings: 

1. 83% of those who cannot yet choose their utility provider would welcome that option 
2. Roughly two-thirds of the customers that do not yet have renewable power options would like 

the choice 
3. Almost two-thirds are interested in operating their own generation, provided they can sell 

power back to the utility 

And as already noted, in the UK where the experiment has been running longest, 80% have no interest 
in change (source: National Grid). 

The real-time, two-way communications available in a smart grid will enable consumers to be 
compensated for their efforts to save energy and to sell energy back to the grid through net-metering. 
By enabling distributed generation resources like residential solar panels, small wind and plug-in 
hybrid, smart grid will spark a revolution in the energy industry by allowing small players like 
individual homes and small businesses to sell power to their neighbors or back to the grid. The same 
will hold true for larger commercial businesses that have renewable or back-up power systems that can 
provide power for a price during peak demand events, typically in the summer when air condition units 
place a strain on the grid. This participation by smaller entities has been called the "democratization of 
energy"—it is similar to former Vice President Al Gore's vision for a Unified Smart Grid. 

Resist attack 

Smart grid technologies better identify and respond to man-made or natural disruptions. Real-time 
information enables grid operators to isolate affected areas and redirect power flows around damaged 
facilities. 
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One of the most important issues of resist attack is the smart monitoring of power grids, which is the 
basis of control and management of smart grids to avoid or mitigate the system-wide disruptions like 
blackouts. The traditional monitoring is based on weighted least square (WLS) which is very weak and 
prone to fail when gross errors (including topology errors, measurement errors or parameter errors) are 
present. New technology of state monitor is needed to achieve the goals of the smart grids. 

High quality power 

Outages and power quality issues cost US businesses more than $100 billion on average each year. It is 
asserted that assuring more stable power provided by smart grid technologies will reduce downtime 
and prevent such high losses. 

Accommodate generation options 

As smart grids continue to support traditional power loads they also seamlessly interconnect fuel cells, 
renewables, microturbines, and other distributed generation technologies at local and regional levels. 
Integration of small-scale, localized, or on-site power generation allows residential, commercial, and 
industrial customers to self-generate and sell excess power to the grid with minimal technical or 
regulatory barriers. This also improves reliability and power quality, reduces electricity costs, and 
offers more customer choice. 

 Enable electricity market 

Significant increases in bulk transmission capacity will require improvements in transmission grid 
management. Such improvements are aimed at creating an open marketplace where alternative energy 
sources from geographically distant locations can easily be sold to customers wherever they are 
located. 

Intelligence in distribution grids will enable small producers to generate and sell electricity at the local 
level using alternative sources such as rooftop-mounted photo voltaic panels, small-scale wind 
turbines, and micro hydro generators. Without the additional intelligence provided by sensors and 
software designed to react instantaneously to imbalances caused by intermittent sources, such 
distributed generation can degrade system quality. 

Optimize assets 

A smart grid can optimize capital assets while minimizing operations and maintenance costs. 
Optimized power flows reduce waste and maximize use of lowest-cost generation resources. 
Harmonizing local distribution with interregional energy flows and transmission traffic improves use 
of existing grid assets and reduces grid congestion and bottlenecks, which can ultimately produce 
consumer savings. 

Enable high penetration of intermittent generation sources 

Climate change and environmental concerns will increase the amount of renewable energy resources. 
These are for the most part intermittent in nature. Smart Grid technologies will enable power systems 
to operate with larger amounts of such energy resources since they enable both the suppliers and 
consumers to compensate for such intermittency. 
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Features 

Existing and planned implementations of smart grids provide a wide range of features to perform the 
required functions. 

Load adjustment 

The total load connected to the power grid can vary significantly over time. Although the total load is 
the sum of many individual choices of the clients, the overall load is not a stable, slow varying, 
average power consumption. Imagine the increment of the load if a popular television program starts 
and millions of televisions will draw current instantly. Traditionally, to respond to a rapid increase in 
power consumption, faster than the start-up time of a large generator, some spare generators are put on 
a dissipative standby mode. A smart grid may warn all individual television sets, or another larger 
customer, to reduce the load temporarily (to allow time to start up a larger generator) or continuously 
(in the case of limited resources). Using mathematical prediction algorithms it is possible to predict 
how many standby generators need to be used, to reach a certain failure rate. In the traditional grid, the 
failure rate can only be reduced at the cost of more standby generators. In a smart grid, the load 
reduction by even a small portion of the clients may eliminate the problem. 

Demand response support 

Demand response support allows generators and loads to interact in an automated fashion in real time, 
coordinating demand to flatten spikes. Eliminating the fraction of demand that occurs in these spikes 
eliminates the cost of adding reserve generators, cuts wear and tear and extends the life of equipment, 
and allows users to cut their energy bills by telling low priority devices to use energy only when it is 
cheapest. 

Currently, power grid systems have varying degrees of communication within control systems for their 
high value assets, such as in generating plants, transmission lines, substations and major energy users. 
In general information flows one way, from the users and the loads they control back to the utilities. 
The utilities attempt to meet the demand and succeed or fail to varying degrees (brownout, rolling 
blackout, uncontrolled blackout). The total amount of power demand by the users can have a very wide 
probability distribution which requires spare generating plants in standby mode to respond to the 
rapidly changing power usage. This one-way flow of information is expensive; the last 10% of 
generating capacity may be required as little as 1% of the time, and brownouts and outages can be 
costly to consumers. 

Greater resilience to loading 

Although multiple routes are touted as a feature of the smart grid, the old grid also featured multiple 
routes. Initial power lines in the grid were built using a radial model, later connectivity was guaranteed 
via multiple routes, referred to as a network structure. However, this created a new problem: if the 
current flow or related effects across the network exceed the limits of any particular network element, 
it could fail, and the current would be shunted to other network elements, which eventually may fail 
also, causing a domino effect. See power outage. A technique to prevent this is load shedding by 
rolling blackout or voltage reduction (brownout).[citation needed] 
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Decentralization of power generation 

Another element of fault tolerance of smart grids is decentralized power generation. Distributed 
generation allows individual consumers to generate power onsite, using whatever generation method 
they find appropriate. This allows individual loads to tailor their generation directly to their load, 
making them independent from grid power failures. Classic grids were designed for one-way flow of 
electricity, but if a local sub-network generates more power than it is consuming, the reverse flow can 
raise safety and reliability issues. A smart grid can manage these situations.[citation needed] 

Price signaling to consumers 

In many countries, including Belgium, the Netherlands and the UK, the electric utilities have installed 
double tariff electricity meters in many homes to encourage people to use their electric power during 
night time or weekends, when the overall demand from industry is very low. During off-peak time the 
price is reduced significantly, primarily for heating storage radiators or heat pumps with a high thermal 
mass, but also for domestic appliances. This idea will be further explored in a smart grid, where the 
price could be changing in seconds and electric equipment is given methods to react on that. Also, 
personal preferences of customers, for example to use only green energy, can be incorporated in such a 
power grid 

 
 
 
 
________________________________________________________________________ 
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