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ABSTRACT 

 

Through several technological innovations, our world is witnessing a new era: the 

digital era. Digitization has changed our world in such a way that it facilitates our lives in 

many areas such as economy and industry. First, digitalization has allowed human beings to 

come up with many creations and innovations such as the Cloud, AI and other intelligent 

systems.  Indeed, these innovations aim to facilitate the economy and thus benefit the 

company from a financial point of view such as the reduction of costs, creation of new 

services, improvement of sales, loyalty, and image recovery. 

One of the biggest and most recent innovations in the digital sector is the concept of the 

digital twin. Indeed, the digital twin is a virtual clone of a physical system or process. It 

implies systematically the existence of a couple "digital model" with the object that it copies. 

The objects concerned can be a product, a machine, a production line, a process, a supply 

chain. Depending on the system concerned and the desired use, it can be a geometric model, 

functional, or behavioral model. It must evolve over time like its real twin copy.It allows to 

improve the management, the security and the optimization of production lines and factories, 

digital continuity at the product level, from design to end of life, monitoring. and predictive 

maintenance  

The objective of this project is to digitally design the automation system of a GSM 

Site by means of an automaton which allows the piloting of sources of energy within a hybrid 

and autonomous system by using IoT devices to reproduce the real-world conditions for the 

Digital Twin of the system. 
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RÉSUMÉ 

 

Grâce à plusieurs innovations technologiques, notre monde est en train de vivre une 

nouvelle ère : l'ère numérique. La numérisation a changé notre monde de telle manière qu'elle 

facilite notre vie dans de nombreux domaines tels que l'économie et l'industrie. Tout d'abord, 

la numérisation a permis à l'être humain d'aboutir à de nombreuses créations et innovations 

telles que le Cloud, l'IA et autres systèmes intelligents.  En effet, ces innovations ont pour but 

de faciliter l'économie et donc de bénéficier à l'entreprise d'un point de vue financier comme 

la réduction des coûts, la création de nouveaux services, l'amélioration des ventes, la 

fidélisation et le redressement de l'image. L'une des innovations les plus importantes et les 

plus récentes dans le secteur du numérique est le concept de jumeau numérique. En effet, le 

jumeau numérique est un clone virtuel d'un système ou d'un processus physique. Il implique 

systématiquement l'existence d'un couple "modèle numérique" avec l'objet qu'il copie. Les 

objets concernés peuvent être un produit, une machine, une ligne de production, un processus, 

une chaîne d'approvisionnement. Selon le système concerné et l'utilisation souhaitée, il peut 

s'agir d'un modèle géométrique, un modèle multiphysique, fonctionnel ou comportemental. Il 

doit évoluer dans le temps comme son jumeau réel. Il permet d'améliorer la gestion, la 

sécurité et l'optimisation des lignes de production et des usines, la continuité numérique au 

niveau du produit, de la conception à la fin de vie, la surveillance, le suivi et la maintenance 

prédictive  

L'objectif de ce projet de fin d’étude est de concevoir numériquement le système 

d'automatisation d'un Site GSM au moyen d'un automate qui permet le pilotage des sources 

d'énergie au sein d'un système hybride et autonome en utilisant des dispositifs IoT pour 

reproduire les conditions du monde réel pour le jumeau numérique du système. 



 
 

10 
 

INTRODUCTION 

The unexpected rise in networks subscribers, combined with the need for high-speed 

information, has resulted in a massive increase of mobile phone networks in past years. 

Indeed, the amount of network stations such as GSM sites, transmitters and radars has grown 

to satisfy the demands of mobile customers and to extend the service range. The service of 

these stations is inextricably related to the availability of energy. To have a reliable and safe 

uninterrupted power source while optimizing the power consumption of GSM sites, it is 

proposed as a solution to power the site by automating the hybrid GSM system with a 

Programmable Logic Controller so that it can act in a state of self-consumption to ensure the 

continuity of the power and therefore guarantee a stable communication flux. It will thus be a 

question of alternating between fossil energy, green energy, and the local electrical network in 

the event of failure of the energy sources or in the event of energy insufficiency; And all of 

the process is virtually monitored. 

Moreover, the rise of the numeric field came with new methods that allow us to 

reproduce and simulate digitally the Digital Twin of our system to perform a real-life 

conditions simulation of the automation system on the GSM site. The realization of the 

automatic part of this work consists in conceiving an intelligent cabinet equipped with a 

monitoring which allows the piloting of a GSM site, to remedy the problems of bad 

management of the resources of the GSM site. So, we wish to realize in this part a reliable 

solution which allows to control the functioning of different sources of supplies of the GSM 

sites. This solution of automation must be applicable whatever the type of the site: isolated 

site or a site or the electric network is already implemented.  

The realization of the numeric part of this works consists of designing and reproducing 

the Digital Twin of the GSM site with its automation and energy system using 3D software 

such as Solidworks. Furthermore, we will need to collect the real-life conditions data of the 
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GSM site and import them in our software to simulate virtually our GSM site’s functioning 

for live monitoring if it is not accessible. 

STEEPLE Analysis  

• Social: The target of the project is to ensure a fully connected and stable network and 

therefore it aims at Internet which is a powerful social tool. In other words, individuals 

will benefit from a high performance and quick flux of information that will keep 

everyone connected wherever they are.   

• Technological: The project is dealing with a new and recent type of technology which 

is the Digital Twins technology. Moreover, we need to couple the Digital Twins with 

other IoT innovations which leads to discovering new innovations that recently 

appeared in the digital era. Furthermore, the project deals with the telecommunication 

and energy automation aspect which is highly related to technology. 

• Environmental: The project aims to use mainly green energy such as solar energy to 

reduce the imprint of GSM sites on the environment. Therefore, we will to provide a 

sufficient dimensioning of the solar panels to reduce the use of fossil fuels and local 

grid electricity. Finally, we need to automate the GSM site in a way that it consumes 

the energy optimally. 

• Economical: The project deals with the Digital Design which enters in the new 

phenomenon of Industry 4.0. Indeed, the Digital Twins technology is highly used in 

the industrial sector to optimize the performance and the production of industrial 

processes. 

• Political: The Government nowadays is strongly encouraging people to use green 

energy. 

• Legal: The automation software of the project should respect the API Restrictions and 

regulations. Moreover, since we are dealing with hardware that heats, we need to pay 
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attention to security regulations. Finally, by implementing the system we do not break 

any conventional law. 

• Ethical: The design of the automation will respect the ethical and intellectual property 

by crediting the authors for any inspired idea.  
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I- LITERATURE REVIEW 

a) Digital Twin of a physical object   

A digital twin is a virtual model of a physical object or system, which allows to 

understand and predict the performance characteristics in real life conditions. Digital twins 

are used throughout the product lifecycle to simulate, predict, and optimize the product and 

production system before investing in physical prototypes and resources. [2] The picture 

below illustrates the digital twin of a wind turbine (Figure 1.). 

 

Figure 1: Wind turbine and its Digital Twin [6] 

With multi-physics simulation, data analysis and machine learning capabilities, digital 

twins can show the effect of design changes, use cases, environmental influences, and many 

other variables. This eliminates the need for physical samples, reducing development time and 

enhancing the quality of the final design or process and decision making. [2] 

To achieve precise design throughout the production or life of a project, digital twins 

allow us to use data from sensors installed on the physical product to track the performance of 

the product, its working conditions, and the changes it undergoes over time in real time. With 

this data, the digital twins continually grow and develop in response to changes in their 

physical equivalent during the product's life cycle. This closed-loop feedback system in a 

virtual environment allows companies to improve their products, production, and performance 
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at minimal cost. [4] Digital twins are becoming a top priority for companies. They are now 

covering the entire lifecycle of business assets or processes and form the basis for 

interconnected products and services. Companies that do not adopt it will be in delay with the 

current technologies. [3] 

b) Uses for 3D Modeling & Digital Twins in a GSM Tower 

       Due to the high demand in telecommunication site and the will of covering a large area 

by network, there are some sites that happen to be off-grid and hard to be accessible. 

Therefore, live monitoring using digital twin’s technology would be more beneficial and 

would reduce a lot of risks related to inspection due to some telecommunication tower that 

cannot be climbed. Moreover, if the site is not existing and is constructed, we can do an early 

structural analysis for the construction as built using the Visual elements which can result in 

an improved photo simulation. For the projects already installed we will benefit from the 

sensors installed to collect a data catalog concerning the hardware working on site. 

 

c) Digital Twins Applications in Telecommunication 

In manufacturing, digital twins can provide simulations of 5G networks, Developers can 

explore the competitive environment without making a significant investment. In smart cities, 

digital twins allow developers to test how 5G interacts with other Technology and support use 

cases that rely on secure data transmission. However, from a broader perspective, digital 

twins can accelerate the deployment of 5G in the market. They have a slower deployment 

speed. For example, European telecom operators lack, the industry standard has been set and 

the return on investment of 5G has been questioned. With digital twins, telecom operators can 

test 5G features through network simulation. [4] 
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II- Design & Simulation of the GSM Site 

To illustrate an application of digital twins on telecommunication, we decided to create 

the Digital Twin of a GSM Tower and manage its energy efficiency by using a hybrid energy 

system. In this part we are going to reproduce as much as possible a virtual twin of the GSM 

Site. To do so, we will begin by presenting the chosen location for the study. After that, we 

will gather as much environmental data as possible to have all the necessary information of 

the site. This will allow us to automate the hybrid energy system of the GSM Site by using 

sensors and actuators since our site is supposed to be off grid. 

a) Presentation of the GSM Site: 
 

The site should be off grid; the hybrid system's aim is to provide electricity to the on-site 

equipment; the electrical load is direct current. The most important step in the design of a 

hybrid system is determining its optimum scale, which is based primarily on the site's climatic 

data. Monthly averages of climatic data are typically used to calculate the scale of 

photovoltaic panels, battery capacity, and generator system size. 

1) Choice of the location & data analysis: 

 
RET Screen is a software for energy efficiency systems as well as renewable energy 

systems, in addition to the integrated climate data and market product PV panels data. RET 

Screen enables the sizing of the PV array according to daily consumptions and integrated data 

about location and product. Since the aim is to extract weather and geographical data, 

RETScreen will not be used this time to automatically determine the number of PV Panels.  
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Figure 2: Location of the site in RETScreen 

 The region chosen is Ifrane (Figure 22), as the project can help to ensure network 

availability in the off-grid areas of the Atlas Mountains and the provinces of Ifrane. 

RETScreen data includes average temperature, humidity, precipitations, solar radiation, 

atmospheric pressure, heating, and cooling degree days, throughout the year. As mentioned 

earlier, the location of the building is in the vicinity of Ifrane, at about 4 to 5 km from the 

closest weather station. The data used in RETScreen derives from local weather stations or 

NASA weather database (Table 4 & Figure 23). 

 

 

Table 1: Weather and Environmental Data of our location from RETScreen 
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The hybrid system's configuration is the product of a modeling process that considers 

the usable energy supplies as well as the limitations of usage. 

The following factors must be considered when determining the best technical configuration 

for electrifying our remote site: 

- Load that we need to provide. 

- Geographical conditions such as site accessibility, distribution, demand a site’s 

topography.  

- Solar Dimensioning 

- Sizing of the batteries. [3] 

 

Figure 3: Radiation and Ground Temperature of our location within a year from RETScreen 

- Daily Energy Consumption Dc: 

The site's daily usage is determined by the power demand of each piece of equipment on the 

site, as well as the time of operation of each piece of equipment. 

Dc =P * T 

DC : Daily consumption (Wh/d) 

P : Electrical power (W) 

T : Daily operating time (h/d). 
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Equipment 

P MAX (W) Hours/Day Dc 

(wh/j) 

Access Equipment 1 200 24 28 800 

Free cooling 500 12 6000 

Total  34 800 

Table 2: Daily Energy Consumption of the GSM Site 

- Solar Panels Dimensioning: 

To size a PV system to compensate for the GSM site's power consumption. Based on 

daily consumption, we calculated the overall peak power of the solar field using the energy 

need Ej and the daily average radiation of the site's worst month Ei. 

With : 

Pc = Dc / (0.6 * Ri). 

Pc : Peak power of the solar field (Wp). Dc : Daily consumption (Wh/d). 

Ri : 2,42 Kw/m²/d (solar field of the most unfavorable month August). 

According to the specifications, each module must provide a minimum power (Pcm) of 

600Wp. Therefore, to provide a power Pc equal to 23966,94 Wp we will need: 

23966,94/600= 39,945 panels.  

 Pc(Wc) Nb pan Surface Pcm(Wc) Ri( Kw/m²/j) 

Site 23966,94 40 104 m² 600 2,42 

Table 3: Summary of our site’s energy specifications 

According to our calculations, the number of panels needed to achieve a peak power of 

23966,94 Wp is 40, with an installation surface area of 104 m². 

- Battery Dimensioning: 

(Nj * Rj) / (dp * V) = C 

Battery power (C) (Ah) 



 
 

19 
 

Nj : Optimal number of days of autonomy (d)  

dp : Deep discharge coefficient (percentage of discharge at the end of autonomy, dp = 80% 

for solar batteries). 

V : The nominal working voltage (V), which in our case is 48V 

 
Nj Charge Coef Case 

Proposed 

Cap Ah C 

120 

Site 1 5 48 0,8 4800=2*2400 4531.25 

Table 4: Summary of the Battery’s specifications 

The capability of the batteries to ensure 5 days of autonomy is in the range of 4800 Ah 

C120, and it was planned to provide two divisions of 2400 instead of just one of 4800 to 

enable maintenance and to serve as a backup if one of the batteries fails. 

2) Optimal Solution 

 
We have used RET Screen for solar dimensioning and battery dimensioning due the the 

preciseness of the information given. Another software that is less precise concerning data in 

Morocco is HOMER, but we chose it also because it is specifically dedicated to hybrid energy 

system. The HOMER (Hybrid Optimization Model for Electric Renewables) program 

developed by the United States' NREL (National Renewable Energy Laboratory) simplifies 

the process of assessing the configuration of various off-grid and grid-connected power 

systems for a range of applications. It enables the study and integration of different energy 

sources to achieve the best possible configuration. Different configuration cases have been 

tested to decide which applications are potentially viable for this type of device based on a 

variety of technical requirements. In this situation, multiple energy transformation operations 

take place as well as different sources contribute to the production of energy and its 

conversion into electrical energy. To simulate a given system, all of its elements must be 

described using the components defined in the software library (solar, batteries, fuels, ...). If a 
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given component is not in the library, it must be inserted by specifying all its technological 

characteristics as well as its cost, as well as the amount of each component in the installation 

to be simulated. It is also possible to change the properties of an existing item of the library. 

Renewable potentials (wind, solar...) are entered manually or downloaded from the internet or 

a text file. Loads are classified based on their composition (alternating current or direct 

current) and time distribution. 

 

Figure 4:Overall view of our location using HOMER 

We specified each aspect of our installation on the HOMER environment using all the 

data and characteristics given in the first section (Figure 24). Using the data given in the first 

section, we identify the usable renewable potentials (solar) and the fuel upstream of the 

installation; we must also add the power required for the generator. In this situation, we will 

use a 25 KW generator, which is the industry norm for this kind of construction. 

In the present situation, we will use a 25 KW generator, which is the industry norm for 

this kind of construction. We have also specified the two loads that must be fulfilled 
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downstream of the installation (GSM equipment and air conditioning). Other information is 

needed, such as:  

-the coordinates of the site (longitude, latitude, time),  

-the lifetimes of the components as well as their costs,  

-the project's life cycle 

On the figure 25 is the diagram related to the HOMER software of the Hybrid System, we 

present the implementation of the simulation under the HOMER setting: 

 

Figure 5: Schematic of the energy system using HOMER 

 
 

- Case Studied: 

Average charge load -> 28,80 kWh/d 1,20 Kw peak 

Free cooling -> 6,00 kWh/d 0,25 kW peak 

Price of the fuel -> 0,9$ 

The hybrid system model is entered into the program, and energy balance calculations are 

conducted for each system configuration considered, based on technology capability, product 

cost, and resource availability. The received configurations are chosen based on their viability 

and implementation cost. 
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Figure 6: HOMER Overall Results 

The HOMER simulation results (Figure 26) are presented in the form of feasible (technically 

and economically) combinations (configurations) of the elements specified in the installation, 

which are graded in ascending order of the (NPC) Net Present Value (Table 8). HOMER 

includes all of the operational specifications of the modules and the whole implementation 

with each of these proposed solutions (the fraction of renewable energy, the gas emissions, 

the specific cost of energy, the total energy produced, consumed and the excess energy...). 

HOMER lists the search space based on the sizes of the system's components and the various 

limitations, and HOMER suggests multiple configurations. In our situation, HOMER found 

the following alternatives: 
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Table 5: Classification of the optimal solutions by HOMER 

 

Table 5(ctd): Classification of the optimal solutions by HOMER 

The table helps you to see all possible system configurations; in particular, HOMER shows a 

list of system configurations that it has determined are feasible for this project. They are 

classified in descending order (from most cost-effective to least cost-effective) from most 

cost-effective to least cost-effective. The current net cost "NPC" of a device design is used to 

determine its cost-effectiveness. 

- Optimal system architecture: 

PV: 9.54 kW 

Diesel Generator: 25 kW 

Batteries: 1500 Ah 

PV-MPPT: 12 kW 

Rectifier: 2.76 kW 

The simulation results are presented as a list of configurations rated by current net expense 

(called the life cycle cost) (Table 8). This expense is used to compare the various device 

design choices. The findings also include an assessment of the hybrid system's energy 

efficiency. 
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3) Cost analysis 

 
The following data was taken from table 8 and was used for each feature to approximate the 

overall cost of the project. The initial investment, the costs of operation and maintenance, 

Lifetime cost and replacement cost The price of diesel fuel is ($0.9/L). The lifespan is 20 

years. The findings are summarized in the table using a discount rate of 3%. 

 

 

 
Component 

Initial  

  Capital 

Annual 

 Capital 

 

Annual 

Replacement 

Cost 

 

Annual 

O&M 

Cost 

 

Annual  

Fuel 

Consumption 

 
      Annual 

        Total 

        Cost 

($) ($/an) ($) ($/an) ($/an) ($/an) 

PV 34966.6 2 337.55 0 777.04 0 3114.58 

MPPT 10 000 668.51 0 500 0 1168.51 

Diesel 15 000 1 002.76 0 5.00 227.81 748.87 

Batterie 10 000 668.51 991.25 125 0 1 731.27 

Converter 1 908.62 127.59 82.60 95.43 0 257.99 

Total 71 875.28 4804.91 1073.85 1502.47 227.81 7021.21 

 

Table 6: Installation costs & net present costs from HOMER. 

 

 

 

Table 6(Ctd.) Installation costs & net present costs from HOMER 

 

 

 

 
Component 

Capital     Replacement O&M Fuel      Recovery Total 

($) ($) ($) ($) ($) ($) 

PV 34966.66 0 11623.47 0 0 46590.13 

MPPT 10 000 0 7479.35 0 0 17479.35 

    Diesel Gen 15000 0 74.79 3407.78 -7280.49 11202.08 

Battery 10 000 14 827.76 1869.48 0 -800.05 25897.54 

     Converter 1908.62 1235.62 1427.53 0 -712.60 3859.17 

Total 71 875.28 16063.37 22474.98 3407.78 -8793.15 105028.28 
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The current net expense is $105028.28. 

The average annual unit price is $0.5528. 

The operating expense is $2216.30. 

        The estimated cost of the project is $105028.28. The PV panels, as well as the GE with a 

payback of 7280.49, will not be replaced. There are two replacements for the batteries (years 

7 and 14), but only one replacement for the inverter (year 15). 

b) 3D Digital Twin of the Site 
 

The digital twin of the site should reflect an overall view and a freedom in manipulation 

and prediction of the environment. Solidworks is used to design the virtual version of the 

GSM Site in different parts. Indeed, the numeric model will be constituted with 3 parts: GSM 

tower & equipment, PV Panels, Diesel Generator. Those three parts assembled will form the 

digital twin of the GSM Site.  

1) Solidworks 

 
SolidWorks® CAD program is a 3D parametric mechanical modeling technology that 

helps designers to easily map out designs, experiment with features and measurements, and 

create realistic models and sketches. Parts are the foundation of SOLIDWORKS applications. 

Assemblies are made up of components or other assemblies such as sub-assemblies. 

A SOLIDWORKS model is made up of 3D geometry that determines its sides, faces, and 

surfaces. The program enables you to easily create realistic models and includes 3D rendering 

based, component based. SOLIDWORKS employs a 3D modeling technique, when you 

design an item, you build a 3D model that includes everything from the original drawing to 

the finished product. You may make 2D drawings from this model or constrain modules made 

up of parts or subassemblies to parts or subassemblies to create 3D assemblies. It is also 
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possible to make 2D drawings of 3D assemblies. A SOLIDWORKS model can be viewed in 

all three dimensions, allowing you to see how it will appear after manufacturing. 

 

2) GSM Tower 

 

 

Figure 7: 3D Model of a GSM Tower using SOLIDWORKS taken from GRABCAD [9] 

3) PV Panels 

 

Figure 8: 3D Model of a Solar Panel using SOLIDWORKS taken from GRABCAD [8] 
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4) Generator 

 

Figure 9: 3D Model of a Diesel Generator using SOLIDWORKS taken from GRABCAD [11] 

c) Final Assembly of the GSM Site 
 

 
Figure 10: 3D Assembly of the GSM Site using SOLIDWORKS 
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III- Automation of the GSM Site 

In this section we are going to present the different sensors, actuators, PLC, and PLC 

programs that allow us to live-monitor a GSM Site and to automate a hybrid energy system. 

The sensors and actuators should be compatible with the PLC (Programmable Logic 

Controller) therefore we need to focus on a good selection for an appropriate material as well 

as basic elements. 

a) Functional Analysis 

 
Figure 11: Diagram of the Hybrid Energy system 

In this work, we want to implement a solution for remote monitoring and maintenance 

of a GSM site supplied by the electrical network and the hybrid device using a hybrid 

controller (Figure 6). 

The controller can track both the battery voltage and the absorbed current. During the 

batteries' discharge, the controller reads the battery voltage and based on the user-defined 

threshold, the battery is set to discharged, and a charging period will begin by charging the 

batteries with the main energies if they are available, or with the generator if the mains 

are unavailable. The intelligent cabinet regulates the charging current used by the device. The 

site's power supply is maintained by the mains if it is available, or by the generator if the 
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mains are unavailable. The controller determines the battery charging voltage during the 

charging process. The controller can monitor the amount of current absorbed by the batteries. 

The GSM site is always operated by the mains if it is accessible, or by the generator if the 

mains are unavailable. The intelligent cabinet is still monitoring the discharge through the 

battery voltage. As the battery voltage approaches a pre - configured value (depending on the 

b) Choice of the Sensors/Actuators 

1) The phase relay : 

The phase relays are installed to monitor three-phase networks in distribution cabinets. 

They can detect the absence of a phase, the inversion of a phase, the order of phases, some 

have options with adjustable thresholds to control the voltage. [10] They generally act on the 

remote-control circuit. When a phase is missing, or when a phase reversal occurs when the 

network is powered up again, they will either shut down all machines or prevent them from 

operating. This avoids the operation of equipment that would be degraded in case of a 

reversed phase. [1] 

In our study, we are going to use the phase relay (Figure 2) to detect voltage faults at the 

mains or generator level. 

 

Figure 12: Wiring diagram of a phase relay 

2) DC Power Converter : 

       E O L I S 6000 is a transmitter with a 100mV (Table1) input for current measurement (1 

to 1000A dc) and a high voltage input up to 1500Vdc (Table2). These two inputs allow the 
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calculation of continuous power and average power. E O L I S 6000 has current and/or 

voltage outputs and 2 or 4 relay outputs. [7] 

 

 
 

 

 

Table 7: Input Calibration for Eolis 600 [7] 

 

 

 

 

 

Table 8: Output Calibration for Eolis 6000 [7] 

 

3) Temperature converter 

A Pt100 sensor is a type of temperature sensor also called an RTD (resistance 

temperature detector) that is made from platinum. The Pt100 element has a resistance of 100 

ohms at 0°C and is by far the most widely used Pt100 sensor. [10] 

 Scale 

 

Current 

0/20mA ; 4/20mA 

From 0 to 20mA 

 

Voltage 

0 /10V 

From 0 to 10V 

 

 

 

 

Standard Scale 

 

Adjustable scale 

               Voltage 0/1500Vdc 0 à 1500 Vdc 

 

 

               Current 

0/100Mv 

Shunt to be 

expected: 1 

to1000A 

De 0 à 100 Mv 

Shunt to be 

expected: 1 

to1000A 

 
Figure 13: Eolis 6000 Power Converter. [7] 
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The CO-P converter is an adjustable microprocessor-based 4-20 mA (or 20-4 mA) 

electrical signal converter for Pt100 temperature sensors (Figure 4). It converts the 

temperature changes measured by a standard Pt100 sensor (100 Ω at 0 °C) for a measuring 

range of -200 to +850 °C into a linear 2-wire current signal in the 4-20 mA range. The 

configuration of the converter is done simply by means of a configuration button. It can also 

be done with the LCC101 configuration software. An LED warns when an alarm situation 

occurs (overrange or short circuit). The converter is protected against polarity reversal and is 

designed to be placed in a DIN B probe head. [10] 

4) Level sensors 

For insulating products (oil, petroleum...) the probe consists of a metal rod insulated 

from the tank. It works with an electrode in the tank. When the probe is uncovered, the 

dielectric is then the ambient air (dielectric constant = 1). In the presence of an insulating 

product, the capacitance of the capacitor increases due to products with a dielectric constant 

greater than 1. This variation in capacitance is processed to activate a relay or to provide an 

output signal proportional to the product level. [10] 

 Figure 14: Temperature Converter PT100 
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c) Input/Output Summary 

Signal Type Voltage Sensor/actuator 

 GE Voltage Input (D) 24VDC GE Phase Relay 

TR Voltage Input (D) 24VDC TR Phase Relay 

Start GE Output 
(D) 

110-240 
VAC 

Contactor 

Cmd 
Converter 

Output 
(D) 

0-48 VDC Contactor 

Vdc batt 

(Battery voltage) 

 

Input 

(AN) 

 

0-10V 

Continuous Power Converter 

(Eolis6000) 

 

Table 9: Input/Output Summary of the system 

 

Table 3 summarizes the Input/Output summary of the system. Indeed, we have 3 

inputs which are the generator voltage regulated by the phase relay, the converter voltage 

regulated by the phase relay and the battery voltage regulated by the continuous power 

converter. The two outputs are the contactors for starting the generator or the command 

converter.  

 

 

battery characteristics), the intelligent cabinet directs the mains contactor to close, allowing 

the batteries to start charging. 

 
Figure 15: Level Sensors Milltronics [10] 
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d) Choice of the PLC 

1) Microcontroller 

Mitsubishi PLCs are very easy to use. The ALPHA microcontroller fills the product 

gap between isolated components and a PLC. It combines all the advantages of a PLC system 

in a very compact housing and thus offers a space and cost saving alternative to relays and 

contactors. Up to 64 functions (or 1.5 kB of data) can be processed in one program. Each of 

the available functions (delay, counters, analog processing, calendar/clock function etc.) can 

be used as often as desired in any program. [10]  

 

Figure 16: Mitsubishi Automate Representation [1] 

Equipment: 

   The Mitsubishi PLC in figure 9 has a lot of features and equipment that are listed below: 

- Basic device offering all the functionality of a programmable automaton. 

- Central unit integrated into the base module. 

- Analog value processing on up to 8 configurable analog inputs (for devices with 24 

V CC power) 

- Direct programming via the control panel with graphic LCD display 

- Control panel that can be used as a simple operator desk 

- Calendar function 

- Series interface for external communication with a computer 

- AL-PCS/WIN  software for clear, structured programming [10] 
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Figure 17: Mitsubishi Microcontroller Alpha [10] 

2) Programming Software for the PLC 

 
All microcontrollers of the ALPHA series can be programmed with the Windows software 

AL-PCS/WIN, which is very easy to use because no special knowledge is required from the 

user. The software can be installed in 6 different languages (D/GB/F/I/E/S) and has an online 

help in the corresponding national language. [10] 

The programming of the ALPHA is very simple with the individual elements of a program 

placed on a graphical programming interface: on the left the inputs, on the right the outputs, in 

the middle the different pre-programmed function blocks (time, counters, real time clock, 

etc.). With a click of the mouse the connections (current paths) between the inputs, the 

function blocks and the outputs are drawn graphically to form the logic. Programs with up to 

200 function blocks (ALPHA XL) can thus be formed and each individual function can be 

used as often as desired in a program. By double clicking on the corresponding function 

block, the parameters of the function block are set (e.g., switch-on time for timer, preselection 

for counter). A complete program documentation can be created directly from the AL-

PCS/WIN. [10] 

3) Summary of our PLC Setup 

 
The installed PLC must have sufficient capacity to manage the automatic operation of 

the hybrid system with all the necessary signaling. It shall be installed in such a way that the 
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GSM site can operate with all the necessary safety and protection in manual mode (PLC out 

of order) as well as in automatic mode. The PLC must be able to communicate, at the same 

time, with the data display and a computer for live monitoring. 

The final choices for the PLC are given below: 

- Mitsubishi ALPHA series PLC. 

- PLC power supply: 24 VDC or 220 VAC. 

According to the list of Inputs/Outputs, we have 7 inputs and 2 outputs, so we need the Alpha 

series.  

AL2 _14MR _A/D that is illustrated in figure 8 with the inputs in the top right and outputs in 

the bottom. left: [10] 

 

Figure 18: Wiring of the inputs/outputs of the PLC. [10] 
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e) Automated Programs 
 

The construction of the program modules depends on the programming language of 

the controller. The programming of the Mitsubishi Alpha Software PLC uses the 

programming language Logic. 

Before the conversion of the commands into logic functions, we have elaborated a functional 

graph (Figure 10) of control step transition (GRAFCET) giving a general illustration of the 

different sequences of the control program. 

 

Figure 19: GRAFCET illustration of the automated modules. 
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1) Energy Program 

 
This program is used to control the different power sources of the GSM site and there are 

2 sources: 

- Electrical sector (Electrical network). 

- The hybrid system. 

In this case, the hybrid system is considered as a backup source that takes over either in case 

of network failure or in total absence of the latter. So it requires a judicious study to determine 

the functioning of this hybrid system to rescue the GSM site. 

To begin with, we place the different elements of the program on the graphic programming 

interface of the AL-PCS/WIN software (Figure 14). On the left the inputs: Voltage 

Transformer, Generator Voltage, Battery Voltage, Battery Current. On the right the outputs: 

GE start, CMD Inverter. In the middle: The various pre-programmed function blocks (Timer, 

delay, clock....). Before starting the programming, it is necessary to scale the values of the 

analog signal (Battery voltage, Battery current) to return an adequate digital value by the 

automaton (Figure11): 

- Scaling of the battery voltage: 

Figure 20: Scaling of the battery voltage 
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- To control the voltage of the batteries by the automaton (Figure 11), it is necessary to 

set up a gain function in the figure which makes it possible to convert the output of the 

channel 1 of Eolis from an analog value (0- 1500V) to an adequate numerical value by 

the automaton alpha (0-10V) [10] 

Scaling the battery current: 

To measure the current by the channel 2 of Eolis converter, it is necessary to introduce a 

shunt resistance between the output of the battery and the input of Eoliss (Figure 12) (0-

100mV) this resistance makes it possible to convert the value of the current delivered 

the batteries (0-100mA) into voltage (0-100V). This value must then be scaled by 

adjusting the parameters of the gain function (Figure 13). [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21: Wiring diagram with the Shunt resistance 
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Figure 22: Scaling of the Battery Current 

- Operating cycle:  

In the presence of the Mains (Figure 15): 

Then the inverter command is activated to switch to the transformer output, in this 

case the mains have priority, it ensures the supply of electricity to the GSM site while 

charging the batteries in case of discharge. 

In the absence of the Voltage Transformer (Figure 16 & 17): 

If the batteries are charged (Battery Current ≤2A) in this case, the batteries 

discharge to cover the power requirement. When they reach a low charge level (Battery 

Voltage ≤46) then the inverter control is activated to switch to the generator output. The 

latter starts after a delay of 2s because the starting time of the group is taken into 

consideration. In this case it supplies the load while recharging the batteries until the 

recommended charge level is reached: (Battery current ≤2A). Once the batteries are 

recharged, the generator is set to stop after a 2s delay. 
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Figure 23: Automation program of the GSM Site 

 

Figure 24: Simulation with Electric Grid 
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Figure 25: Simulation (No voltage but charged batteries) 

 

Figure 26: Simulation (Not connected to a grid and batteries discharged) 

2) Ventilation Program 

 
Since telecom equipment are sensitive to high temperatures, the Shelter of the site must be 

equipped with an air conditioning system that allows the heat produced to be evacuated. 
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This system is equipped with two air conditioners that work alternately. Then, to detect the 

temperature of the Shelter we use a PT100 temperature sensor. 

To measure the temperature value by the alpha controller, it is necessary to scale this 

value by adjusting the parameters of the gain function (Figure 18). 

Figure 27: Scaling of the temperature values 

- Operating cycle: 

- When the battery temperature is below 35°C then only one air conditioner is activated to 

cover the cooling need (Figure 19) 

- If the temperature is higher than 35°C, then both air conditioners work at the same time. 

(Figure 19) 

- Once the temperature exceeds 50°C, an alarm must be triggered and a message sent by GSM 

using a GSM module integrated in the PLC. (Figure 19) 

- The two air conditioners are looped, if one air conditioner breaks down, the other air 

conditioner starts automatically. (Figure 19) 
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Figure 28: Ventilation Program 

3) Fuel Detection Program 

 
To measure the fuel level value of the generator set, we use a program to measure the fuel 

level in the tank of the generator set, for this purpose we use a level sensor: capacitive probes. 

So, to measure the value of by the alpha automaton, it is necessary to scale this value by 

adjusting the parameters of the gain function (Figure 20). 
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Figure 29: Scaling of the fuel value 

- Cycle of operation: 

- The alpha controller displays the detected value on the controller's control panel.- Once the 

fuel reaches a certain level, an alarm is triggered, and a message is sent to the operator to fix 

the problem. (Figure 21) 

Figure 30: Fuel detection program 
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IV- Conclusion 
 
 

Digital Twins is a technology that is still evolving, and we are still at the beginning of its 

shine. This technology is very demanding as it has been showed throughout this project. By 

using sensors, we can connect a physical object to Internet and display all the information we 

need and automate the system using actuators for energy saving purposes. In this project, we 

set up an automation solution that makes an effective and optimal energy resource control, 

such as monitoring the generator to reduce running costs related to its power and reduce the 

use of the batteries to extend their life.  The use of different energy sources has a profitable 

influence on the energy production, energy availability and eco-friendly energy. In addition to 

the good impact of the environment, it is also more profitable financially.  Despite its energy 

aspect, the project shows through the Digital Twin technology that we can monitor live an 

off-grid site and easily manage and supervise it remotely and visualize its virtual twin without 

any human interaction except if any serious problem occurs.  

The main objective of this project was to show that using Digital Twins technology we 

can reproduce a virtual model of any system or type of building to live monitor it using 

sensors and to predict any changes or upgrades but also to prevent any danger or failure by 

automating it using actuators, PLCs and Logic Programming. 

In terms of obstacles, the fact that Digital Twins are new technologies that are just 

emerging in the last five years makes it hard to get enough information and to find 

experienced people. Moreover, Digital Twins softwares are very hard to use and they need to 

be mastered before using them and it would have been a lot better if we used them with their 

related sensors, actuators, and PLCs. 
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