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1. INTRODUCTION 
 

Our electricity consumption is ever rising, but many (European) countries aren’t eager to permit the building of 

new fossil-fired power plants because of the concern about the global environment, nor are they willing to have 

new nuclear plants within their borders due to safety concerns. In Belgium, existing nuclear power plants even 

have to shut down in the following years. (Wathelet, 2012) To fill the electricity needs, many European countries 

go for renewable resources because of the “20-20-20” targets. (European Commission, 2014) This causes an 

electricity production that is spread over the whole country, while it used to be centralized: a few power plants 

that provide power to every consumer. Nowadays, the consumers can become producers themselves. 

Unfortunately, the electricity grid is decades old and is designed to let electricity flow in one direction. 

(Wathelet, 2012) (European Commission, 2013) 

 

 
Figure 1. From centralised to decentralised energy production. (European Commission, 2006) 

 

Moreover, with the rising use of electricity, the current grid will reach its limits sooner or later. If the electric car 

breaks through, this limit will be reached rather sooner than later, as each car often consumes as much electricity 

as a house. (Cattaneo, Ferchow, Schulze, & Koch, 2013) 

 

Another more important problem with renewables is their fluctuating power outcome. We can’t choose how 

much power they deliver, but the grid needs to be stable at all times in order to prevent harm (to the economy, to 

human lives...). (Hodge, 2012) The demand for electricity has always been a fluctuating process with a few times 

a day a peak demand, but it was predictable and manageable. Now that the production is no longer fully 

controllable, it becomes more difficult to keep the grid stable. The problems are the same in Belgium: a shortage 

of supply when the demand is at its highest and too much production (because of a non-reducible capacity) when 

demand is at its lowest. (Wathelet, 2012) 

 

We believe that smart grids can be part of the solution. An explanation about what smart grids are and how they 

might help, can be found in the next chapter. Secondly, the current state of implementation will be discussed. 

After that, we will discuss smart grids considering the ecological, economic, social and political impact. We’ll 

end this paper making our statement. 

 

 
Figure 2. Actual power grid architecture. (Siddiqui, Zeadally, Alcaraz, & Galvao, 2012) 
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2. SMART GRID TECHNOLOGY 
 

At this moment, researchers all over the world are looking for a viable energy solution. This solution involves a 

complete review and modification of the current electricity grid, transforming it to a, so-called, smart grid.  

 

Nowadays power supply is being tuned to the needs of society. This implies controlling the output of just a few 

power plants according to the demand for electricity. Because of the new regulations, these power plants will 

gradually be replaced by lots of smaller, yet greener alternatives. This causes a shift towards decentralized power 

production. Every consumer will become an active player, who is able to both consume and produce electricity 

(a prosumer). (Clastres, 2011) 

 

Renewables are subjected to weather conditions and consequently don’t produce energy in a continuous way. 

This means that the energy supply will be rather capricious and therefore demand should be tuned to supply, 

instead of the other way around. To achieve this, every power consumer, prosumer and producer will have to be 

part of the smart grid. This new grid will add a lot of intelligence by installing sensing equipment along the 

transmission lines. Besides, two-way communication, from the utility to the customer and vice versa, will be 

available. This allows users to control their usage (or production) in real time, leading to a more efficient use of 

energy. (U.S. Department of Energy, 2014)  

 

Knowing the exact amount of energy available on the grid, household appliances, including your electric car, 

could then decide to postpone a certain task in order not to overload the grid (or start a task to use excessive 

available energy). Taking the current use of the grid in mind, it will be possible to change the way of billing, 

going from one or two fixed rates to a dynamic way of price setting. This implies cheaper energy during off-peak 

moments. (Clastres, 2011) 

 

The smart grid technology is a beautiful example of just-in-time delivery. All the energy that is produced should 

also be consumed, the sooner the better. The new grid will have to be resilient, adding more efficiency and 

reliability, in order to reduce outages to a bare minimum. (The Institution of Engineering and Technology, 2013) 

 

 
Figure 3. Traditional versus new emerging electricity value chain (Ricci, et al., 2012) 
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3. EXISTING TECHNOLOGIES  
 

Across the world, there are many research projects about the use of smart grids. One of the projects in Belgium 

is called Linear, focusing on the residential application. They are currently testing four different business cases, 

mainly in relation to intermittent power caused by renewables. The first one studies the behaviour of the 

participating families using six different prices each day. These rates depend on the expected sun, wind, demand 

and offer. The second one studies the real-time switching on and off of electric devices to keep the grid balanced. 

The third case is about the local transformer, an apparatus that changes the voltage of the electrical energy. In a 

residential area, the transformation is from 10 kV to 230 V (the voltage at which most residential devices work). 

The goal is to balance the local grid by matching the demand with the offer from local production (from for 

example photovoltaic panels). This way, the transformer is less loaded and thus doesn’t need to be replaced to 

handle peak loads. Furthermore, it will have an increased lifespan. The local balancing of offer and demand is 

also applied for the last case: regulating the voltage on the local grid. (Linear, 2014) 

 

 
Figure 4. Installation of a smart meter (Légère, 2012) 

 

Smart meters will replace the current electricity meters in all our houses. It’s an important component of a smart 

grid. The smart meters used today, like in the Linear-project, already have quite some functionality. It not only 

keeps track of how much energy is consumed or produced, but it also measures the load distribution over the 

different wires of the grid. Furthermore, it measures the grid voltage and the reactive power and, very important, 

it sends all this data to the grid operator. The clients can also access some of this data to keep track of their 

consumption. The smart meter also makes it possible to charge different rates for each kWh of electricity. To 

benefit from the different rates, the consumer has to check the rates himself and decide when to draw power 

from the grid. (VREG, 2014) 

 

 

4. DISCUSSION 
 

Without global warming, air pollution and the depletion of and dependence on fossil fuels, renewables wouldn’t 

have been introduced so fast as today. It is for the achievement of the government’s 2020 and 2050 carbon 

reduction targets that a new kind of electricity grid is urgently required. So the first reason to implement a smart 

grid is an ecological one: making sure that the renewable energy gets its place in the energy mix and that its 

potential is fully exploited. (The Institution of Engineering and Technology, 2013) 

 

A smart grid is expected to boost performance, providing a more stable, reliable, robust and yet flexible network. 

(SmartGrids - European Technology Platform, 2013) Even though the investment to obtain to a smart grid is 

huge, the payback is even bigger. (Reuters, 2011) The flexibility will make sure that the grid is ready for future 

challenges, to start with the increasing amount of intermittent generation. (The Institution of Engineering and 

Technology, 2013) As said before, keeping the right balance between production and consumption is critical, 

otherwise, blackouts might occur. In 2003, a major blackout left 50 million people in the USA and Canada 

without electricity, costing an estimated six billion dollar. (ELCON, 2004) It doesn’t even have to be a big 

breakdown to cause damage. In Germany, the voltage once weakened for just a millisecond, causing 12.300 

dollar of damage to equipment in an aluminium factory. (Institute for Energy Research, 2013) If a power outage 

would somehow still occur, sensors in the grid immediately communicate this to an intelligent system, and 

appropriate measures are taken in order to prevent a domino-effect leading to a blackout. Certain switches are 

then automatically operated in order to keep as many customers provided with electricity and isolating the 

problem. This is referred to as self-healing capabilities of the grid. There are no longer operators involved to 
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decide what must be done to reroute the electricity. (U.S. Department of Energy, 2014) The remote monitoring 

control is not only useful in case of an outage. It also helps to detect problems early on, and maintenance can be 

targeted where it is most needed, increasing the reliability and lowering costs. (The Institution of Engineering 

and Technology, 2013) Furthermore, a smart grid makes it possible to optimally use the current infrastructure. 

Using demand response, the peak load becomes smaller, avoiding the need for new network capacity and 

reducing the need for costly peaking power plants. Efficient energy steering also reduces the carbon impact of 

the grid itself by minimizing losses due to transportation.  (The Institution of Engineering and Technology, 

2013) (Farhangi, 2010) (Siemens, 2014) 

 

 
Figure 5. Averaging electricity consumption by shaving peak demands. (Linear, 2013) 

 

Consumers can also profit from the smart grid. When you have an electric vehicle, for example, you can plug in 

to the grid no matter where, and due to the grids intelligence and communication, it is known who to bill for the 

reloading of the car battery. (Cattaneo, Ferchow, Schulze, & Koch, 2013) But you can also gain some money 

when plugging your electric car into the grid. With smart grids, it is likely that real-time pricing of electricity is 

introduced. When production is high, you can cheaply recharge your car. When demand is high, you can help 

stabilize the grid by selling some of the electricity store in the car battery and get paid for it. The same pricing 

system would also be used in houses, similar to the Linear-project. It is possible to let devices (like a dish 

washer) wait to start until the demand and thus the electricity price is low. You are rewarded for helping to shave 

peak load (or you pay more when you don’t). (Clastres, 2011) (The Institution of Engineering and Technology, 

2013) (U.S. Department of Energy, 2014) For people with for example solar panels, these smart meters can be a 

drawback, because they deliver power together with all the other solar panel owners and thus get paid less. To 

benefit the most from the varying prices, the customers should be as flexible as possible with their energy use, 

which brings us to the next part. 

 

Besides ecological and economic consequences, smart grids will also entail a certain social impact. Let’s 

consider, for example, privacy. With those smart grids, huge amounts of customer related data will be generated 

on a daily basis. Analysing these data-clusters may reveal very specific information, such as how many people 

are living together in a certain household, when do you unplug your electric car to go for a ride, what’s their 

shower pattern, etc. A few questions come to mind. Which authority will manage this information and will those 

data be sold to other third parties who ask for it? When these details fall into the wrong hands, even personal 

security could be in danger. Fortunately, actions can be taken to prevent this. At this instance, researchers are 

developing so-called “Smart Grid Privacy Architectures” in order to protect the consumers. (Siddiqui, Zeadally, 

Alcaraz, & Galvao, 2012) 

 

Assuming that all privacy issues can be solved, people still have to be convinced about the advantages of such a 

smart grid. First of all, the smart grid demands certain flexibility from its users. What about older or disabled 

people for instance? Sensitization will therefore be necessary. This will ensure a proper and persistent use of this 

new technology. (Heffner, 2011) 

 

Unrolling these smart grids, requires a solid regulation. That’s where politics take over the stage. Within the 

European Commission a special task force was created, known as the Smart Grid Task Force (SGTF). This task 

force will guide the European Commission on both policy and regulatory matters, in order to coordinate the 

gradual implementation of the Smart Grid. (SmartGrids - European Technology Platform, 2013) 

 

The energy market used to be a real monopoly. There were just a few big companies dividing the power (which 

can be taken literally). Nowadays the energy market has opened up, allowing more initiatives and thereby 
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encourages competition. This is the so-called “Third Energy Package”, which is supposed to give room to the 

new kinds of energy grids. (Ricci, et al., 2012) 

 

 
Figure 6. Smart grid architecture. Compare with figure 2, which is the current situation. (Siddiqui, Zeadally, Alcaraz, & 

Galvao, 2012) 

 

5. CONCLUSION 
 

Considering the increasing demand for electricity and the increasing offer from renewables, is it almost 

impossible to stick with the current grid. Measures have to be taken to ensure a stable, reliable and robust grid 

and that’s why smart grids will find their way into society. All the effort put into research, like the Linear-

project, states this idea. It is no longer a question whether the investment is necessary, it’s rather of question of 

how the implementation will take place without cutting the power, and when it will take place. The economic 

interests are too big to let the grid fail. There are some concerns about for example security, but like with all new 

technologies, solutions will be found. That’s why we believe smart grids will be part of all of our futures. 
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