
  

Abstract—Recently, significant advances in renewable 

energy generation have made it possible to consider 

consumers as prosumers. However, with increase in 

embedded generation, storage of electrical energy in 

batteries, flywheels and supercapacitors has become 

important so as to better utilize the existing grid by helping 

smooth the peaks and troughs of renewable electricity 

generation, and also of demand. This has led to the 

possibility of controlling the times when stored energy from 

these storage units is fed back to the grid. In this paper we 

look at how energy resource sharing is achieved if these 

storage units are part of a virtual power plant.  In a virtual 

power plant, these storage units become energy resources 

that need to be optimally scheduled over time so as to 

benefit both prosumer and the grid supplier. In this paper, 

a smart energy resources allocation algorithm is presented 

for a virtual power plants using genetic algorithms. It is also 

proposed that the cause of battery depreciation be 

accounted for in the allocation of discharge rates. The 

algorithm was tested under various pricing scenarios, 

depreciation cost, as well as constraint. The results are 

presented and discussed. Conclusions were drawn, and 

suggestion for further work was made.  

Keywords—Prosumers; Battery; Virtual Power Plant (VPP); 

Genetic Algorithm (GA); Smart Grid.  

I. INTRODUCTION 

The driving goals for the use of energy storage in the 
electricity grid is to promote the usage of renewable energy, 
improve grid reliability through the provision of peak and off-
peak services etc. and also to provide a cost effective means for 
grid operation [1], [2], [3], [4].  

There is an ongoing global restructuring of electric power 
utilities [5], [6]. This is changing the electric power utilities from 
its usual vertically integrated form to a form with a much 
liberalized market [5], [6], [7]. Therefore, opportunities are 
created in the electric power market for the energy consumer. 
With these emerging market opportunities, it is envisaged that 
the consumer role could change to that of a prosumer. The 
prosumer role involves both energy consumption and energy 
production. As the consumer role changes to that of a prosumer, 
energy storage becomes an important part of the prosumer. With 
energy storage, a prosumer can buy energy from the grid at a 

 
 

lower cost during off-peak period, and then sell the energy back 
to the grid at high prices during peak period. 

In Africa, countries are adopting renewable energy into their 
energy mix. In some countries such as Nigeria, Liberia, etc. there 
are large number of standby gasoline or diesel generators that 
provide electricity when the grid is unable to provide. Battery 
storage may be a way forward for African countries that are keen 
to adopt the use of renewable energy. The UK government has 
made energy storage a key strategy in its aim to move towards 
decarbonizing its energy supply. Renewables play a key part in 
this. In this paper we propose an environment in the future in 
which domestic consumers have batteries embedded in their 
houses, together with renewables. For such systems, it is 
essential to know when to utilize the batteries. With differential 
pricing within the day ahead power market, it is important to 
control the energy transactions. This paper proposes the use of 
genetic algorithms to optimize the energy transactions in a local 
community, where a virtual power plant is based.   

Prosumer participation in the power market is done through 
a third part agent called the virtual power plant (VPP). This is 
because the energy required by the bulk power system when it 
purchases energy is large, and cannot be provided by a single 
prosumer. A VPP is an aggregator and a business entity that 
aggregates large numbers of small unit of prosumer’s energy 
resource like battery storage, photovoltaics, micro combine heat 
and power etc. VPP uses the aggregated unit to participate in the 
power market of the bulk power system on behalf of the 
prosumer. The financial reward for both the VPP and the 
prosumer is important, if both entity are to remain participant in 
the power market. A proper pricing scheme and coordination of 
the prosumer’s energy resource are required to achieve 
maximum reward for both entities.  

 The concept of domestic energy consumer using battery 
energy storage to participate in the power market was proposed 
by Kempton [8]. Work on  different energy management 
strategy for dealing with  battery electric vehicle has been done 
by these authors [9] [10] [11], [12]. These strategies are also 
applicable to virtual power plants, and could be used by a 
prosumer who wishes to have his battery embedded in his house.  

There are four main power markets in which domestic 
energy consumer could participate using battery storage. These 
includes; baseload power market, peak power market, regulation 
service power market, and spinning reserve. Base load power 
market requires the provision of energy round the clock to meet 
grid’s minimum energy demand. Peak power market requires 
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