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Introduction 
 
As defined by the Microgrid Exchange Group, “A microgrid is a group of interconnected 
loads and distributed energy resources (DER) within clearly defined electrical boundaries that 
acts as a single controllable entity with respect to the grid. A microgrid can seamlessly 
connect and disconnect from the grid to enable it to operate in both grid-connected or island- 
mode.” (Microgrid Exchange Group). In general, microgrids have 4 key components: 
distribution generation source (solar PV, wind, microturbines, and/or generators), energy 
storage, control systems to ensure safe operation, and an interconnection switch to tie the 
microgrid to the macrogrid. 
 
Until recently, the market for microgrids has been limited to remote areas, islands, and 
military sites, which tend to have extremely high fuel transportation costs. In these systems, 
energy storage devices are essentially UPS systems providing engine support to diesel 
generators or natural gas gen-sets. Batteries store energy while the generator is operated at 
maximum efficiency and provide energy when the generators are turned off. Batteries make it 
possible, therefore, to use smaller generators that are lighter and easier to transport - 
important for temporary military installations. Batteries also make it possible to operate 
existing generators run more efficiently, requiring significantly less fuel to be transported to 
remote locations like cell towers and lowering maintenance costs. Studies by battery 
companies Deeya and Saft have shown that a hybrid approach can reduce a genset’s run time 
to less than 6 hours a day, and result in fuel savings up to 50-75%. If applicable, energy 
storage devices may also provide renewable firming. Energy storage is an essential 
component to make these systems compatible, predictable, and able to be dispatched when 
needed. 
 
Energy storage is neither a source of generation nor a consumer of electric energy (other than 
losses internal to the particular system, which is measured as round trip efficiency), but it can 
be both at certain times. It can function as a generator with limited energy (during the 
discharging mode) and as a load during the charging mode. The fact that energy storage has a 
limited energy content creates a significant challenge to the planning process. Similar to a 
generator, energy storage injects electric power into the transmission or distribution system as 
needed for reliability or peaking purposes. 
 
There are detailed assessments and forecasts for energy storage technology and the benefits 
that certain end users will gain by adopting it. The following table provides a sample list of 
end users and benefits. 
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Energy storage can be instrumental to integrate renewable energy technologies on the rapidly 
evolving smart grid. Energy storage could be applied to time shift renewable energy from off-
peak generation to on-peak times. Time shifting of renewable energy can also reduce 
transmission bottleneck potential by storing the energy close to the end user or by using 
underutilized transmission paths at night. The latter raises the overall capacity factor on the 
lines involved. This 3also has the potential to increase overall revenues for transmission 
providers who might not be able to carry the same renewable energy at peak load hours, 
causing the energy to be dumped or sold at lower value market. 
 
The great environmental impact as well as scarce and limited reserves of the fossil fuels led 
to the increasing use of the renewable energy sources. Microgrids have recently emerged as a 
new paradigm for future power systems because they can host multiple renewable energy 
resources in local distribution systems and also can supply reliable electric power to 
customers. State-of-the-art power electronic interfaces of distributed resources in microgrids 
can enhance the control capability of the microgrids against disturbances and uncertainties of 
the grids. Therefore, microgrids can be defined as autonomous power networks that can act as 
a controllable unit in power systems. 
 
The technical and economic benefits of microgrids can provide leverage for the expansion of 
microgrids in power systems. For example, microgrids can supply ancillary services to power 
grids such as voltage support, harmonic compensation, and power reserve margin 
supplement. In this sense, this paper focuses on the demand response (DR) program where 
microgrids can provide economic profits from the energy market. Normally in DR programs, 
the grid operators require fast load reduction within a certain amount of time. However, 
instant power interruption makes customers suffer monetary losses and lost opportunity costs. 
If the microgrid operators could manage their distributed energy resources in a smarter way, 
load reduction and financial losses can be minimized. 
 
In the future smart grid environment, energy storage can potentially deliver multiple benefits 
that will enhance grid performance, operability and security together with reducing energy 
production and delivery costs. The many functions of energy storage include its ability to: 

• offset additional need for peak generating capacity 
• enhance optimal operation of existing generation facilities 
• integrate intermittent renewable energy technologies 
• provide ancillary services such as load following, area regulation and spinning reserve 
• reduce transmission congestion 
• defer transmission and distribution upgrades and provide an alternative to inflexible 
• lumpy transmission and distribution capacity additions 
• support and enhance demand response resources. 

 
Energy storage mitigates some of the current and future challenges that grid operators face to 
improve the overall economics of the infrastructure while reducing the overall carbon 
footprint and providing reliable services. Specifically, the challenges include managing peak 
demand, resolving transmission line congestion, and integrating renewable energy technology 
in a climate of financial risk adversity that will limit new transmission construction. Another 
challenge or barrier for the market acceptance of energy storage is the fact that most 
stakeholders have limited knowledge about the value of energy storage technology, 
compounded by the fact that grid operators are unclear of how to control it to maximize the 
entire value of this new technology. 
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This document provides an overview of the developed software module for energy storage 
elements in a micro-grid. This software module is a part of a generic environment for 
simulation and testing of the micro-grid environment, suitable for supplying the residential 
users with clean but also reliable source of energy, which hosts the SOFIA framework. 
 
Related work 
 
Over the last decades, significant research and development has been conducted to improve 
cost and reliability of energy storage systems. Relatively little work has focused on 
engineering tools for integrating energy storage into existing or future electric grids and only 
a few software tools partially address the needs for placement, sizing, and overall control 
strategies of stationary energy storage within a smart grid infrastructure. During the system 
analysis, an exhaustive investigation was performed in search for the software systems with 
the similar objective as well as an appropriate simulation platform potentially suitable for the 
development of the software module for energy storage elements in a micro-grid. A 
comparative analysis has been undertaken of the following state of the art applications: 

• HOMER - computer model that simplifies the task of evaluating design options for 
both off-grid and grid-connected power systems for remote, stand-alone, and 
distributed generation  applications; (NREL-National Renewable Energy Laboratory, 
USA) 

• Hybrid2 software package - a user friendly tool  performing detailed long term 
performance and economic analysis on a wide variety of hybrid power systems; 
(RERL- Renewable Energy Research Laboratory, USA) 

• RETScreen - International Clean Energy Project Analysis Software is a unique 
decision support tool developed to evaluate the energy production and savings, life-
cycle costs, emission reductions, financial viability and risk for various types of energy 
efficient and renewable energy technologies; (CAN)  

• HOGA- Hybrid Optimization by Genetic Algorithms is a simulation and optimization 
programme for Hybrid Renewable Systems for generation of electrical energy (DC 
and/or AC) and/or Hydrogen; (SPA)… 

 
Battery storage model 
 
Batteries are modeled with following parameters: voltage, capacity, roundtrip efficiency, 
minimum charge. Apart from energy consumption patterns, battery dimensioning will be 
performed regarding loss of load probability (LOLP) factor, which presents power failure 
time period divided buy a given period of time. One more aspect, that should be carefully 
revised when dimensioning a battery, is the fact that batteries must not be discharged too 
deeply and for a long time in order to extend their lifetime 
 
For the purposes of the battery storage modelling, a well known Kinetic Battery Model is 
utilized. This model considers the battery as a two-tank system where the first tank reflects 
the amount of the instantly available energy and the second provides the chemically bound 
energy. Furthermore, the utilization of this model was also influenced by the fact that it 
enables the use of any desired time-step, thus providing the opportunity to run the model in 
different time-frames. 
 
In order to calculate the amount of the energy present in the battery, the following formulas 
are used: 
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where Qend is the total amount of energy at the end of the time step (kWh), Q1 is the 
available energy at the beginning of the time step (kWh), Q2 is the bound energy at the 
beginning of the time step (kWh), Q1,end is the available energy at the end of the time step 
(kWh), Q2,end is the bound energy at the end of the time step (kWh), Q is the total amountof 
energy in the battery in the beginning of the time step (kWh), P is the power into (positive) or 
out of (negative) the battery bank (kW), Δt is the length of the time step (h), c is the battery 
capacity ratio and k is the battery rate constant [h-1]. 
 
Simulation of energy storage elements 
 
The software module for energy storage elements in a micro-grid enables performance and 
behavior analysis, prediction, and optimization of storage alternatives and their combinations, 
facilitating both design and retrofit of energy sourcing in buildings. The actual roll of energy 
sourcing elements within a typical RET configuration can be seen in the following figure. 
 

 
RET configuration example 
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Mathematical models for Energy storage modules were developed based on various sources 
of information. The simulation is energy oriented; meaning that what is expected after the 
simulation is the energy into/out from, or within each module as a function of time 
(preferably hourly). The simulation runtime input data are specified through the web-
application templates such as power input characteristic curves given by manufacturers, etc. 
It should be noted that the models use the same variables as the real-time monitoring 
parameters from wireless sensors. In this way, simulation and real-time data can be compared 
after installation for the verification and updating. One way to do this comparing is to use the 
hourly battery state of charge which is one of the outputs of the simulation. 
 

 
Battery state of charge 

 
Conclusion 
 
Modern energy needs have caused the firm introduction of renewable energies, which is 
bringing about a profound change in the energy model as we know it. Distributed generation 
gradually replacing centralised generation and the ever greater capacity for low cost efficient 
accumulation offer great advantages both in energy efficiency, by not having to transport it, 
and in the rational use of resources in each place. Collectively, energy storage, distributed 
generation, and microgrids will drive the evolution of energy markets over the next few 
years. These technologies will increase the adoption of the smart grid, and spur new markets  
for software and systems that integrate these technologies into modern and future energy 
systems. 
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This document presents an overview of the developed software module for energy storage 
elements in a micro-grid. The presented software module is a part of a generic environment 
for simulation and testing of the micro-grid environment, suitable for supplying the 
residential users with clean but also reliable source of energy, which hosts the SOFIA 
framework. 
 



Review of technical solution 
SOFTWARE MODULE FOR ENERGY STORAGE 

ELEMENTS WITHIN A MICRO-GRID 
 

 
This technical document presents the software module for energy storage elements within a 
micro-grid. It includes various storages of both electric and thermal energy and a connection to 
the power grid, thus enabling the full blown functionality of the micro-grid simulator (µGS) 
within SOFIA framework. 
 
Having in mind the stochastic nature of the renewable energy sources, such as sun and wind, it 
was necessary to resolve the problem of energy storing in micro-grid, in real-time, in order to 
provide for continuous supply of both electrical and thermal energy to the user. This document 
provides the model of storages that integrates all the elements and actually fulfils this objective. 
 
The software module for energy storage elements in a micro-grid  provides the user with 
considerable flexibility, while enabling performance and behavior analysis, prediction, and 
optimization of storage alternatives and their combinations. The developed module facilitates 
both design and retrofit of energy sourcing in buildings. It allows significant extensibility and 
customization, to support upgrades and customization for individual utilities and to give any 
vendor the ability to sell value-added portions of the interface that are unique to their equipment. 
It is a tool that is easy to use but contains sufficient detail to make justifiable decisions. It is 
capable of selecting the preferred type of storage technology, and its capacity and location for 
optimal placement and functionality on the electric grid. Eventualy, it helps users optimally 
determine the characteristics of the most appropriate energy storage for the simulated micro-grid. 
 
 
 
 
 
Dr. Panayiotis Philimis  Dr. Eng Nikos Sakkas 

 

 

 

 

 
CNE Technology Ltd 
Democratias 5 
Ergates Industrial Estate 
2643 Ergates 
Cyprus 

  
Apintech Ltd 
1, Souliou str. & Kalavriton 
15344 Gerakas 
Greece 

 






	Introduction
	Conclusion

