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To study lithium-ion batteries (LIBs) efficiency, the researchers conducted many tests through statistics 
techniques. However, few research papers and reports on real experimental data of LIBs and ultra-
capacitor for DST appear in the literature, because the experimental data are big and complicated. 
HORIZON and iSolutions launched the ANEBAS-G project to analyse, estimate, and predict energy 
demand using the new framework for optimal control of electrical energy storage and energy balance in 
the smart grid context given forecasts and uncertainty. The framework involves a renewable energy 
source, an energy storage unit and three end users in a small Greek village. The data for this project 
come from experimental data of lithium-ion battery and ultra-capacitor of the dynamic stress (DST) 
condition. The exchange of energy is time- and season-dependent and based on the load priority. 
 
ANEBAS-G is a new step in developing innovative technological frameworks for the management of 
small-scale smart grids. It aims at contributing to addressing the challenges associated with one of 17 
Sustainable Development Goals (SDGs), SDG#7, by ensuring access to affordable (guaranteeing the 
minimization of financial losses of the stakeholders involved), reliable (assuring the continuity of the 
energy supply), sustainable (improving access to clean energy, helping reduce greenhouse gas emissions 
and the carbon footprint of the energy sector), uninterrupted and sufficient energy for all. 
 
HORIZON, as an energy company, can benefit from the new framework by leveraging its application in 
real smart microgrids and so, create new opportunities. 
 
 

Development of a conceptual model of experimental smart grid 
environment. A set of use-cases scenarios.  
The concept of a smart grid refers to a microgrid that uses ICT algorithms for the smart control of the 
energy flow.  In the current project, the smart grid consists of five “components”: one renewable 
source, one energy storage unit and 3 energy users. The idea is that the energy needs of the users are 
“covered” from the renewable source and the storage plant in the maximum possible level. Due to the 
physical difficulty of constructing a new actual grid among the components, they are connected to the 
Main Grid and the energy flow is measured and managed with meters, so as to find the balance though 
net metering. This project focuses on developing a new framework for the optimum control of the 
energy flow in the smart grid. 

All “components” are considered to be located in Agkistro, a small, touristic village in Serres region, in 
North Greece. The renewable source is a PV park and the storage unit is a Li-ion battery system, both 
located in Horizon’s premises in an owned land a few kilometres away from the village. The energy users 
are three hotels located in the village. 

Agkistro is a touristic village due to the existence of thermal springs and hamam, therefore there are a 
lot of hotels and rooms to rent in the area. There is increased visitor traffic in winter, spring & fall 
months, whereas there is reduced traffic in summer months, because hot water is not preferred during 



hot days. Accordingly, there is increased visitor traffic during the weekends, in contrast to the rest 
working days of the week. 

The PVs are considered as a stochastic energy source, due to their total dependence on sunshine, 
therefore, a lot of variations are noted in the energy production. Peak production takes place in months 
with lot of sunshine but not very high temperatures, that is April- May, September - October. The 
efficiency of the panels drops during summer, as heat affects unfavourably their production, and finds 
its lowest point in winter months – December / January / February, when there are not many hours of 
sunshine. 

Due to the stochastic behaviour of the energy source, storage is necessary for the cases that energy 
production will not be enough to cover the energy needs. Therefore, the battery should be able to 
provide extra energy when needed, so as to ensure the maximum possible coverage of needs with 
renewable energy. In worst case scenario where neither energy from the PV nor from the battery is 
enough, energy should be provided by the main grid and the balance would be found through net 
metering. On the contrary, when there is enough energy from the PVs and/or the battery to cover the 
needs of the end users, any excess energy should be provided back to the main grid, compensating in 
that way the energy that was previously absorbed from it to fully cover the energy needs of the end 
users. Smart meters should define the energy flow in each case, according to the needs. 

Based on the above assumptions, the cases of energy flow in the smart grid are clearly presented below. 

Case 1. 

Production > Consumption 

In this case, when the produced energy from the PVs is more than the demanded energy for 
consumption, then, the excess energy goes: a) to charge the battery, if it is not already fully charged, or 
b) to the grid, if the battery is already fully charged. 

 

 

Case 2. 

Production < Consumption 



In this case, when the produced energy from the PVs is less than the demanded energy for 
consumption, then, the energy is recovered: a) from the battery, if it is charged, or b) from the grid, if 
the battery reaches its lowest point of available energy. 

 

4. T2: Set up of the load demand and system potential 
The tables below present the sizing of the smart grid components: the energy source, the storage unit 
and the end users. 

Energy 
production 

Power 
 

Energy 

PV 150 KW 350-1000 kWh/d 
ESS* 180 KW 500 kWh/d 

  

*The energy storage system (Li-ion battery) should be charged up to 80% and not drop below 20%, 
according to the system’s specifications. 

We consider that the peak loads in the hotels take place between 07.00-20.00 and the min loads 
between 20.00-07.00.  

Energy 
consumption 

(loads) 

Peak Loads 
 07.00-20.00 

Min Loads 
20.00-07.00 

 
 Power Energy Power Energy 
Hotel 1 5.6 kW 90 kWh/d 1.5 kW 30 kWh/d 
Hotel 2 18 kW 270 kWh/d  3.5 kW 170 kWh/d  
Hotel 3 18 kW 270 kWh/d 3.5 kW 170 kWh/d 

 

 

5. T3: Development of the ANEBAS-G framework.  



As it was mentioned in our proposal, the ANEBAS-G project directly contributed to Europe 2020 strategy1 
providing innovative solutions and generating competitive advantages for the European energy market 
by bringing a new level of independence and flexibility in energy delivering.  

A new framework is devoted to control the produced and stored energy and providing the optimal 
strategy for energy balance in the network. We evaluated a new strategy and LIBs regulation algorithms, 
analysed different policies to charge-discharge the LIBs, control the energy flow and balance the network. 
Proposed solution compared to two lower bounds, which do not use forecasts and the theoretical upper 
bound using data based. The proposed algorithms are used to investigate the influence of certain 
parameters of the battery.  

The overall process comprises three main steps described below: 

• Data preparation 
• Algorithms development  
• Case study experimenting and testing  

6. T4: Experiments and tests  

6.1. Data description 

For this study, synthetic electric grid data have been used to define the load and renewable production 
profiles presented in Case studies mentioed above.   
To estimate the solar electricity production of a photovoltaic (PV) system in particular region, PVGIS a free 
online solarenergy tool implemented by the JRC (Joint Reseach Center) from the European Commission's 
in-house science services was used. 
We used PVGIS-SARAH satellite data for the period 2016-2017 for the region showed in the figure 1. 
The following parameters have been set: 

Latitude (decimal degrees): 41.393 
Longitude (decimal degrees): 23.401 
Date range: 01.01.2016 – 31.12.2016 
PV Slope: 34 deg. (optimum) 
PV Azimuth: -4 deg. (optimum) 
Nominal power of the PV system (c-Si) (kWp): 150.0 

 
In our context, electrochemical storage, more precisely - lithium batteries, was used for energy storage. 
In general, the lifetime of a batery relies on two mechanisms, calendar and cycle ageing. In order to limit 
the number of equations while keeping a good level of accuracy, the model the lifetime of the battery 
with the Ah-throughput method2 was used. The results of the required/excess power are presented in 
Table 6. Due to the power exchanges limitations with the main grid that have been set, the batery enables 
to reduce peak demand from 6:00 to 14:00 for the median profile (fig.8). 

 
1 https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-
%20EN%20version.pdf  
2 Henrik Bindner et al., (2005) Lifetime Modelling of Lead Acid Batteries, Risø-R-1515, ISBN 87-550-3441-1.  

https://re.jrc.ec.europa.eu/pvg_tools/en/#TMY
https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf
https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf


 
Fig.1 Screenshot of the terrain for which the calculation was made 

 
Table 1 shows the time ranges for which the calculations were made. We have analyzed 7 different 
cases in total. All of them were provided in the supplementary excel file.  
 
Table 1. Cases date ranges  

Case *Date ranges 
1 04:10:00 28.05.2016 - 23:10:00 30.05.2016 
2 04:10:00 13.01.2016 - 23:10:00 15.01.2016  
3 04:10:00 23.09.2016 - 23:10:00 25.09.2016 
4 04:10:00 27.03.2016 - 23:10:00 29.03.2016 
5 04:10:00 07.05.2016 - 23:10:00 09.05.2016 
6 04:10:00 27.01.2016 - 23:10:00 29.01.2016 
7 04:10:00 02.09.2016 - 23:10:00 04.09.2016 

 
*A period of 3 days is optimal (for initial data), because we can observe the full charge-
discharge cycle of energy storage system (ESS);  
**:10:00 – PVGIS-SARAH time. 



Tables description 
Table.2 

Table 
number 

Description Data/parameters can be changed 

3 Energy consumption Yes 
4 Produced PV energy Yes 
5 Available micro grid power (if we using only PV); 

values greater than zero - excess power, less 
than zero - required power 

Auto; calculating by eq.1 

Fig.7 Input parameters table for scenario Yes;  
description on the fig 2 

6 ESS states and MG load table; 
Required/excess power for 3-days period 

Auto; columns description in Fig. 3; 
algorithms description in Appendix A 

 
 

                              𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =  𝑇𝑇𝑇𝑇𝑇𝑇 –  𝐴𝐴𝐴𝐴𝑃𝑃𝑇𝑇,                                                                             (1) 
 
where AMGP - available micro grid power, TEC - Total energy consumption (table 1), PPVE - produced PV 
energy (table 2). 
 

All initial ESS parameters can be changed in the input table: 

 
Fig.2 Input parameters table description 

 
The input parameters must satisfy the condition:  

𝑇𝑇𝑐𝑐  ∗  𝑆𝑆𝑆𝑆𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚(%)  <=  𝑇𝑇𝑐𝑐  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠                                                             (2)

User
Please include the parameters you asked for (maximum permissible load on the ESS 180 kWthe maximum charge power of the ESS 90Kw)and revise ALL tables and calculations accordingly.



Appendix A shows the algorithms that describe the calculations in Tables 6. Figure 3 shows the assignment of algorithms to table columns. 

 
 

Fig. 3 Tables 6 columns description for supplementary excel file. 

 

ESS state of charge can be calculated by equitation: 

𝑆𝑆𝑆𝑆𝑇𝑇 =   𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑡𝑡 / 𝑇𝑇𝑐𝑐 ∗  100    (3)



Description of ANEBAS-G framework  
 
An ESS states emulator has been developed to operate under the conditions presented in the conceptual 
model. Below, the basic parameters of the framework are presented. 
 
 

• The loads should be covered by energy produced from the RES (PVs). If it is not enough, then from 
the ESS, provided that SOC > SOCmin. If this is not enough either, then from the Main Grid. 

• Any excess energy from the RES should charge the ESS up to SOCmax 
• Any further excess energy, when the SOC = SOCmax, should be driven to the Main Grid 

 

An example of input data and results obtained is presented below.  

 

Table 3: A fragment of energy consumption data for hotels 1,2, 3 during May  

 

 

User
You should include the hours in the table according to peak and min loads, so as for the reader to understand why these numbers are there.



 

Figure 4: Visualization of energy consumption with peak loads for hotels 1-3 during May 

  

 Information about produced energy by PV modules in placed in table 4 (see below). 

Table 4: A fragment of produced energy data  

 



 

 
Figure 5: Visualization of produced energy by PV modules 

Available MG power can be calculated by formula:  

𝐴𝐴𝑃𝑃 −  𝑠𝑠𝑡𝑡𝑠𝑠𝑠𝑠𝑡𝑡_𝑐𝑐𝑡𝑡𝑐𝑐𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐𝑡𝑡𝑐𝑐, 

where PV - Produced energy by PV modules at time t 

Table 5. A fragment of available MG power data 

 



 

Figure 6: Visualization of available MG power  

 

 

Figure 7: Input parameters for calculating  

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 6: A table for automatic calculating required/excess power for 3-days period 

 



 

Figure 8. Visualization of required/excess power 

 

 

Figure 9. Table 6 output after total summation 

In accordance to results obtained, the 3-day excess power is 1148,51 kW while required power is 651,95 
kW that allows us to get the total 496,56 kW net profit for this month.  

The same technique was applied for different months and results were analyzed by partners. As a result, 
we defined the load and renewable production profiles. A set of monthly profiles (mean and median 
profiles of the data set) have been obtained by taking into account the whole generation of photovoltaic 
panels and half of the energy gross consumption of hotels (in order to get a daily profile that is producing 
more energy than consuming (mean profile), and conversely (median profile)). 

As advised by manufacturers, the charge and discharge of battery’s current-rates have to be limited for 
lifetime and energy efficiency reasons. Moreover, the most efficient charging method is a constant current 
charge followed by a constant voltage charge (often referred “CC-CV charge”). It implies a power 
capability limitation of the battery energy storage when a high SOC level is reached (typically around 80% 
for lithium batteries). 

The sizing of the battery energy storage can be improved by changing the nominal capacity and maximum 
daily cycle depth. Further research will be conducted in this field order to reduce the cost of stored 
electricity. Furthermore, the battery energy storage is a valuable resource that enables, among other 
things, the flattening of peak demand which may help to reduce significant costs in infrastructures, 
environmental impact and risks of outages. 
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Appendix A 
 

 

Fig.10. Flowchart of ESS power flow control 

 

 

 

 

Fig.11. Flowchart of ESS charging status 
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Fig.12 Flowchart of Power load to ESS 

 

 

 

Fig.13 Flowchart of RE power 
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7 Project dissemination  

 
Igor Kotsiuba presented ANEBAS-G  solution at JAUNTY Multiplier Event – Transnational Workshop on 
SEMS and Smart Grids organized by ITHACA Lab, JAUNTY Transnational Workshop on Smart Energy 
Management Systems (SEMS) and Smart Grids was succesfully completed, following a fruitful and 
productive discussion on technical prerequisites, cyberattacks & countermeasures in SEMS, as well as 
challenges & trends in Smart Grid. 

Date: 1 December 2021  

Agenda: https://www.jaunty.eu/wp-content/uploads/2021/12/JAUNTY_E1_Agenda.pdf  

LinkedIn: https://www.linkedin.com/events/jauntymultiplierevent-transnati6871026157224030209/  

All photos from JAUNTY (Joint undergrAduate coUrses for smart eNergy managemenT sYstems) 
project website:  https://www.jaunty.eu/events/  

 

 

https://www.jaunty.eu/wp-content/uploads/2021/12/JAUNTY_E1_Agenda.pdf
https://www.linkedin.com/events/jauntymultiplierevent-transnati6871026157224030209/
https://www.jaunty.eu/events/
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