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Abstract: The future of energy supply and consumption is through a Smart Grid system. This is accomplished by
updating the existing grid by inclusion of a new system encompassing metering, communications and control
technologies. Therefore new strategies are needed to provide an optimised power system that includes not only
energy from distributed resources, such as renewable energy, but also facilitates customer participation in
maximising power system efficiency and reliability. Smart grids have the potential to contribute positively in
achieving energy efficiency, conservation and carbon emissions targets. This paper discusses the financial
benefits and technological challenges in adopting a smart grid with distributed energy resources.

I. Introduction

Electricity is part of our everyday life, and we take it for granted. For over hundred years coal and other fossil
fuels have been used to produce the electricity we use every day. The electricity grid is a network of power lines
and sub-stations that carry electricity to homes and businesses. In many areas this grid often relies on a single
power source and doesn’t provide detailed information on usage; causing electricity demand projections difficult
to manage. Today the electricity grid has problems, it needs updating and also it is running near capacity.
Furthermore enhancing power capacity in line with consumption is neither feasible nor advisable. Also if power
lines break, due to extreme weather, or when power plants cannot produce enough power then blackouts can
occur; which in severe circumstances can cause fatalities. These problems were addressed in the past by
building new power plants. But now, bearing in mind the volatility of energy supply and global pollution due to
carbon emissions, there is a need to work towards sustainability and reduce our dependence on fossil fuels by
using a smarter grid.
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Figure 1. Traditional Electricity Grid
Figure 1 shows a sketch of the traditional electricity grid that is reliant on robust connectivity of transmission
and distribution lines to ensure steady flow of energy supply to the consumer. With the ever increasing energy
demand, particularly from emerging economies, such as India and China, it is projected that global energy
consumption is expected to rise by 41 percent from year 2012 to 2035 [1]. Therefore the question of finding
efficient and sustainable ways to manage energy demand is more relevant than ever. Hence there is a need to
replace the existing energy grid with a smart grid [2]. In essence, the smart grid manifest itself by adding
sensors and software to the existing grid, such that it will give utilities and individuals’ new information that
will help them understand, react and minimise impact on supply due to sudden variations in demand [3].
Consider a scenario where a tree falls on a power line and consequently one thousand homes loses power. In the
current grid — utility employees often physically reroute power or repair the faulty lines, both of which are time
and resource consuming exercises. With the smart grid, sensors and software are used to detect and immediately
reroute the power around the problem. This remedy has the ability to limit the power loss issue to fewer homes.
One other reason for introducing the smart grid is that the price of electricity varies throughout the day, through
different tariffs, though this may not be evident through meters installed in our homes. However, the cost of
electricity is expensive at peak hours and cheap during the night where load is minimal. With new smart meters
installed at home, there is a real possibility to run certain appliances at specific times at night, when electricity is
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cheap. This provides more control on energy bills and also prevents supply problems at peak load hours.
Consequently, dependence on new power plants can be reduced in future energy projections. The smart energy
grid also facilitates new ways of deploying renewable energy in to the system, in that power generation can be
distributed across multiple sources, leading to a more stable and efficient energy system. It is this ability to
communicate and manage electricity supply/demand that makes the grid smarter; leading to efficient power
management. Hence, introduction of smart energy grid will help manage our energy bills, mitigate carbon
emissions and help the economy, by simply making an informed decision on how we use our electricity.
I1. The smart meter

A smart meter is a two way communication device that provides real time information on energy usage in a
dwelling and relays that information to the energy supplier or utility company.

Figure 2. Embedded ICT required in a smart meter

This information is used for tariff purposes, better load projection and other business insights. Figure 2 displays
a conceptual understanding of a smart meter based on the IEEE-1547 standard. This meter shows a fusion of
energy technology with information and communication technologies. The IEEE-1547 standard provides a
detailed understanding of Interconnecting Distributed Resources (DR) with Electric Power Systems (EPS) [4].
Furthermore, if the smart meter is connected to a smart energy monitor, that provides information on energy
usage volume for each major domestic appliance, and also energy tariffs based on consumption thresholds, then
the end user has more insight and control on how the energy is being consumed.
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Figure 3. Smart energy monitor

Figure 3 shows a smart energy monitor provided by a utility company such as British Gas Plc to the domestic
user [5]. The deployment of this energy meter is still in the test phase and yet to be rolled out on a large scale. It
is envisaged that utility companies in the United Kingdom will gradually move away from the passive energy
meter to the smart meter with integrated energy monitor that has many built-in applications for closer energy
monitoring, control and budgeting [6]. In future, this smart energy monitor could easily be integrated on a
mobile device such as a smart phone or tablet as an application, for mobility and ease of use. One aspect that is
yet to be implemented on a larger scale is the decentralisation of energy production, where a diversified set of
energy sources are fully integrated into the grid with appropriate monitoring and load-balancing.
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I11. Future vision of a smart energy grid

As mentioned earlier, the world energy demand is projected to increase by 41 percent in year 2035, and the
biggest rise in demand will come from emerging economies such as India and China. But the consumption of
fossil fuels is having a negative impact on global environment, along with uncertainty in supply caused by
conflicts and political instability. We therefore must contemplate a smart energy generation, storage, distribution
and management system that cater for our future energy needs. Figure 4 depicts a futuristic but realizable smart
energy grid [7], which contains seven domains, interconnected by secure communication (solid lines) and power
flows (dotted lines).
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Figure 4. Smart grid interconnection of domains

The above figure shows that all information flow pertaining to energy usage is monitored by the ‘operations’
domain. This is accomplished by strategically positioning of smart monitoring devices throughout the grid.
These devices (smart meters) are used to gather all kind of statistics, be it consumer or market data. The
‘operations’ domain is communicating with ‘bulk generation’, ‘transmission’, ‘distribution’ and ‘consumer’
domains. Information from these domains helps understand availability of energy and how it is distributed and
consumed. Furthermore, connection with the ‘market’ and ‘service provider’ (utilities) domains facilitate
market opportunities (buying/selling power) and energy tariff bands for residential and commercial clients. This
enables accurate system models and consequently more reliable and efficient energy grid. In the following we
shall present a closer look at opportunities offered by the smart energy grid.

A. Electricity-Heat Cogeneration

As a starting point society needs to upgrade the conventional fossil fuel power plants with that of Combined
Heat and Power (CHP) plants. The CHP plants have about 95 percent energy efficiency as compared to the
conventional power plants with energy efficiency on average at 38 percent [8]. This is because conventional
power plants waste massive heat energy when producing electricity. This wasted heat could be used to heat
residential homes or assist in industrial processes. Furthermore transmission losses could be reduced by building
CHP plants near to the consumer, and not in centralised locations as we witness today. So efforts are required to
(i) move from conventional power plants to CHP plants and (ii) replace large centralised power plants to smaller
decentralised CHP plants to reduce energy transmission losses.

B. Multi-faceted energy generation

Although fossil fuel power plants and domain specific CHP plants will continue to play a central a role in
energy production; there is a need to diversify energy generation. The Scandinavian countries have taken the
lead in wide spread off-shore wind farms, solar PV systems and geothermal energy production, both for
electricity generation and district heating [9]. So in essence energy is produced everywhere by diversified
sources depending on location and transported in every direction. As renewable energy generation becomes
economically viable, this process will intensify and reduce the current dependence on conventional energy
production.

This effort of injecting electricity generated from renewable energy into the power grid has significantly reduced
the Scandinavian countries dependence on fossil fuels; and Denmark has set a target to become fully
independent from fossil fuels by 2050 [10].

C. Intelligent dwellings

The future of residential homes will consist of ‘intelligent’ houses, where residents will be able to control
energy consumption easily, conveniently and intelligently. For example, air-conditioning, heat pumps, freezers,
refrigerators, washing machines and tumble dryers will all be controlled intelligently. The user could use an app
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on the mobile phone to schedule operation of an appliance depending on the price of electricity. Also the gas-
fired boiler would be replaced with an intelligent electrical heat pump. There would be a widespread use of
electrical vehicles, for which charging would be done overnight when demand is low and consequently cheaper
electricity. Electricity and heat consumption will also change in these houses as insulation would be much
better.

Most people would start producing their own energy from renewable resources, such as PV cells on roofs or
wind energy, heat pumps or micro CHP plants fuelled by Hydrogen tanks in the house basement. This would
further lead to competitiveness amongst utility companies and consumers would buy electricity when cheap and
sell back to the grid when demand would be high and thus electricity would be expensive. The important change
is that we now have a two-way electricity supply, with distributed supply, where some power is generated from
renewable resources and facilitating overall robustness of the grid in case of power outage.

D. The intelligent power system

In order to realise the transformation to a smart grid, a strong power system is needed. This power system must
contain certain elements namely, (i) flexible production (ii) a robust power grid and (iii) demand response
mechanism.

First, focus will be on generating electricity based on renewable resources. However when the sun is blocked by
dense clouds or wind is not blowing, then backbone power stations will be required for power generation. These
power stations should be able to quickly ramp their output up or down, to ensure power production and
consumption always balance.

In the long term, these power stations need not generate electricity on fossil fuels alone, and can easily be
replaced by, or converted into, plants running on biomass or biogas. Importance should also be placed on storing
the excessive renewable energy, produced under favourable conditions, in large storage facilities for later use.
Second, a strong power grid is needed to transport large amount of renewable energy from where it is produced
to where it will be consumed. This aspect is particularly relevant when harnessing the power of off-shore wind
farms [11]. A strong power grid ensures that energy is produced where it is cheap and consumed where it is
needed, and where it has the highest value. This will also result in stronger international ties between trans-
border energy suppliers.

Third, the demand response mechanism will also be changed. Energy will not only be produced when it is
required, but consumed when it is plentiful and cheap. Since electricity is the most perishable commaodity in the
world, in that it must be consumed the second it is produced, unless adequately stored. Therefore we must
change our habits of consuming energy to the times of day when there is a surplus and the power grid is not so
heavily loaded.

One way to optimise consumption is to store electricity in the form of heat, using heat pumps, in district heating
plants. This idea is particularly useful in Northern Europe, where nations use huge amount of energy to heat
homes and in industrial processes.

Surplus and cheap electricity could also be used to produce hydrogen in safe tanks in the basement or yard of
the house. Later when demand is high, this hydrogen could be used to produce electricity and heat using fuel
cells in a micro CHP plant [12], before purchasing electricity from the grid. Also this surplus energy could be
sold back to the grid when price is high.

The future Smart Grid is an energy system that is intelligent, offering production, transport, load management
and consumption of energy. Where, future “PROSUMERS” will be both producers and consumers of electricity
at the same time using the smart grid.

Figure 5 depicts a future residential energy “prosumer” who consume energy through district Heat and national
electricity grid but also produce energy through Solar PV, wind turbines and a microCHP resources. This is the
future scenario of electricity generation and consumption that is aspired, where energy flows in both directions
as per requirement.
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Figure 5. Intelligent homes both producing and consuming electricity
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IV. Conclusion

In this paper we have discussed the challenges that must be overcome to fully benefit from the energy grid.
These challenges include technological challenges, business and financial challenges as well as societal norms
of using energy. In terms of technological challenges, the current and conventional electricity production must
be reviewed in which a greater heterogeneity of energy resources that can be accommodated. These resources
must have higher focus on renewable energy; even if the initial implementation costs are high. Also importance
must be placed on developing flexible and changing technologies that are required to build interfaces between
technology components. This technological advancement will assist mitigate carbon emissions and help cap
global pollutions. In terms of business incentives and financial viability, it is important to communicate the
value proposition of a smart grid deployment. Each stakeholder must be made aware of the end goal and the
benefits that it will bring. This may not always be easy as the financial risks and rewards can change business
plans for smart grid investments. However, most of the uncertainties and risks can be quelled by building strong
regulatory body and develop incentive schemes for both businesses and consumers. A fundamental change in
societal norms is needed to implement policy objectives, which may include affordability of introducing
renewable energy, sustainability of energy supply, and changing of consumption patterns. Therefore the
consumers must be on board for understanding and accounting for the benefits of the smart grid. Furthermore,
incentive mechanisms for job creation and development of a technically skilled workforce are essential for
advancement. These steps will help move the world towards a sustainable future.
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