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Computer sensor networks application for
air quality events real time identification
Nina Ilieva, Vassil Metodiev
Dept. of Industrial Automation, University of Chemical Technology and Metallurgy
Bul. Kl. Ohridski 8, Sofia, Bulgaria
nilieva@uctm.edu, metodiev@uctm.edu
Abstract: The problem of air pollution with fine particulate matter and aerosols is more than topical and extremely serious. There is a need
to develop and build reliable geographically distributed air quality monitoring networks to enable real-time data collection. The analysis of
such data would help identify the origin of the particles and timely operational measures by the authorities. The research aims at the
development of a mobile modular station with autonomous power supply and the experimental feasibility study and as a first step in the
construction of a complete network.
Keywords: AIR POLLUTION, AIR QUALITY MONITORING SENSORS, PARTICULATE MATTER,
REALTIME DATA COLLECTION

SENSOR NETWORK,

light; measurement, collection and primary processing of data on air
pollutants – eCO2, TVOC, NO2, SO2, CO and others.

1. Introduction
The problem of ambient air pollution, even more so in the light
of the European Commission's latest decision to condemn Bulgaria,
is extremely serious. The quality of ambient air is determined by the
impurities present in it and is regulated in the first place by
Directive 2008/50/EC, which is implemented in our normative
documents. The concentration of fine particulate matter (PM) is one
of the main problems in many major cities in Bulgaria. One of the
issues essential for solving the problem is related to the origin of the
particles and another – to the frequency of measurement and spatial
resolution of measuring their concentration [1, 2].
The number of EEA monitoring points on the territory of Sofia
meets the requirements of the Directive, but for detailed analysis the
data from these stations is extremely insufficient, since the publicly
available data has a 24-hour average and is obtained upon request to
the agency. This means that real-time data analysis is impossible.
Due to their high cost and the need for complex technical support,
their number cannot be increased easily and quickly. In addition, the
addition of functionality for measuring additional pollutants is also
associated with high costs.
On the other hand, the widespread and rapidly growing public
network of the Luftdaten.info project (AirSofia) represents a good
opportunity to complement the monitoring of ambient air quality.
The shortcomings of their sensors for outdoor use, in wide ranges of
temperature and relative humidity are widely known and
commented, so that data from the public network must be
interpreted extremely carefully, especially with regard to the
absolute values of the measured indicators reported by the network
[3, 4].
This study aims to test the possibility of constructing a low-cost
modular mobile station with autonomous power supply as an
advanced complement to stations on the public network and its
application for recording real-time indoor air pollution events. The
combined analysis of data from specific sensors in real time or
offline could answer the question of the origin of the particles for
each point in the sensor network. This would be an extremely
important tool in the preparation of operational measures and an
adequate response of the authorities to reduce air pollution.

2.1. Principle scheme
The principle scheme is shown in Fig. 1 and includes the
following main components: solar panel, solar controller,
battery/battery pack; lowering PWM DC/DC to power
microcontrollers; atmega328P microcontroller; and optional
microcontroller ESP8266; meteorological measuring sensors;
pollutant sensors; SD card module for local data storage;
communication modules.
O3
sensor

NO2
sensor

SO2
sensor

CO
sensor

Temperature
sensor

RH%
sensor

eCO 2
sensor

TVOC
sensor

Barometric pressure
sensor

UV/IR/Visible light
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PWM regulator
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SD card

LCD display

RTC
clock

PM2.5/PM10
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12V battery pack
(optional)

10W
Solar panel

ESP8266
802.11n

GPRS/3G/GPS

W5500 802.3
Ethernet

Fig. 1 Principle scheme of mobile station
Table 1 describes the individual components of the modular
station and it should be noted that a variety of additional sensors can
be added to it using the available input/output interfaces and rails
according to the needs of the specific research task (e.g. sensors for
measuring the concentration of SO2, NO2, O3 and CO in the air,
which are common pollutants according to Directive 2008/50/EU).
Autonomous power supply from a solar power source (panel) or
a chemical power source (Pb or LiIon batteries) provides the ability
to operate in specific locations located far from the electricity grid.
Depending on the configuration of sensors, the modular station has
different power consumption on the one hand and on the other hand,
according to the autonomy requirements of the specific application,
an appropriate set of solar panels with a certain power and battery
or battery pack is selected. For each of the modules, the necessary
code has been developed. Raw data needs to be pre-processed, and
here is one of the algorithms used – smoothing with exponentially
weighted moving average.

2. Design and development of the mobile station
The mobile station was developed on a modular basis with
microcontrollers Atmega328P and ESP8266, as such its structure
allows reconfiguration for specific tasks – local data collection on
an SD card, data collection with close distance transmission, data
collection with transmission over a mobile or computer network;
measurement, collection and primary processing of data on
meteorological parameters – air temperature, relative air humidity,
atmospheric pressure, wind speed and direction, amount of
precipitation, parameters of sunshine – UV index, UV/IR/visible
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Table 1 Modular station components
Kind of
component

Function

Model

2.2. Implementation of Exponential Moving Average (EMA)
Algorithm

1

microcontroller

system
management

2

Power supply

solar power source

Atmel328P (Arduino
UNO R3)
10W solar panel of
polycrystalline
silicon

Smoothing the input data read at high frequency by the
measuring sensors allows the elimination of high-frequency signal
interference. They may be due to external interference or to the
algorithms for converting voltage into digital equivalent in the 10bit ADC of the microcontroller.

Power supply

solar power supply,
battery charge,
power supply to
consumers

Solar Charge
Controller 12/24V,
20A, PWM

The algorithm using exponential moving average (EMA) to
calculate the smoothed input signal value S i at input signal values
Yi::
𝑡 = 1, 𝑆1 = 𝑌1
𝑡 > 1,
𝑆𝑡 = 𝛼 ∗ 𝑌𝑡 + 1 − 𝛼 ∗ 𝑆𝑡−1

№

3

4

Power supply

lowering the supply
voltage

5

Power supply

chemical energy
source

6

service module

real-time clock

7

service module

graphical display

8

service module

local data storage

9

communication
module

wireless
communication
connection

10

communication
module

wireless
communication
connection

11

communication
module

cable
communication
connection

12

meteorological
module

measurement of
meteorological
parameters

13

meteorological
module

measurement of
meteorological
parameters

14

meteorological
module

measurement of
meteorological
parameters

15

meteorological
module

measurement of
meteorological
parameters

16

measuring module

measurement of the
content of
pollutants in the air

17

measuring module

measurement of the
content of
pollutants in the air

DC/DC lowering
PWM module with
input voltage 10-60V
and stabilized output
voltage 7.5V
battery 12V, 7-12AH
or rechargeable
package
DS3231 temperature
stabilized clock
LCD 16x2 display
for local
measurement
visualization
SD/SDHC card
module for local
storage of data in
CSV-formatted file
on SD card
ESP8266EX 32-bit
microcontroller with
WiFi 802.11n and
TCP/IP network
stack
Bluetooth HM12
module supported by
4.1+EDR and BLE
W5100 IEEE 802.3
Ethernet connection
module according to
standard 100BaseTX on twisted pair
cables
Bosh BME280 for
measuring
temperature, relative
humidity and
atmospheric pressure
Silicon Laboratories
SI1145 UV index,
IR/UV
intensity/visible light
La Crosse
Technology TX20
wired digital
anemometer for
measuring wind
direction (16 rumbas)
and wind speed
(0-51.1 m/s)

Where the St is the calculated signal from the EMA time
algorithm t, α is a factor in the interval [0; 1] that determines the
severity of the previous calculated signal values. A higher value of
α results in a faster response to a change in input signal, but uses
less raw input data than the sensor.
Since, according to manufacturers, most of the sensors used for
the development of the mobile modular station are applicable to
indoor or shelter conditions and have not been tested outdoors, and
even more so in winter conditions – low temperatures, high
humidity, snowfall, fog, etc., it is undoubtedly necessary to conduct
tests on the behavior of the apparatus in real adverse weather
conditions.
For this purpose, a time period is selected from 28.12.2019 to
4.1.2020. Including. The station is located at an altitude of 902 m.
in the village of Bistritsa – Sofia Municipality, at a point with
geographical coordinates 42.58791N and 23.36016E, in a
residential area. The place is characterized by complex topography,
which determines local wind speeds, as well as local microclimate.
The area is residential, without heavy traffic. The population is
heated with the predominant use of solid fuel installations. There
are no industrial or sources of wind erosion nearby. This makes it
possible to clearly identify the type of source of pollution when
registering pm pollution peaks after combined analysis of data from
different sensors.
In parallel, a sampling of glass fiber filters with standard
apparatus for gravimetric determination of PM10 was carried out
directly next to the mobile station for the purpose of possible
correction or development of a new internal model for converting
the raw data from the LLS particle counter into a mass
concentration [5, 6].
To compare the suitability, influence of the microclimate and
the type of polluting activities, a comparative analysis of the data
from the experimental mobile modular station, in particular the
temperature, humidity and PM sensors, was carried out with those
of the public network of the Luftdaten.info project (known as
AirSofia or AirTube), as well as data from an air monitoring point
of the Executive Environmental Agency (EEA) – "AIS Kopitoto"
using a reference monitoring method (beta absorption).
3.

Technoline Mobile
Alerts MA10650

Geographical location of monitoring stations

Nova PM SDS011
LLS two-channel
digital sensor for
measuring
of PM2.5 and PM10
Adafruit CCS811
MOX-plate sensor
for measuring of
eCO2 and TVOC

Fig. 2 Location of AAQ monitoring stations
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The location of the selected ambient air quality monitoring
stations is presented to Fig. 2. As shown by it, the AIS Kopitoto is
located in a rural area near the city of Sofia and is classified as a
background rural near city monitoring station for AAQ.

On Fig. 4 is shown measured relative air humidity RH in % for
the period of the experiment. It is easy to notice the decrease in
relative humidity in periods with a higher temperature.

It is characteristic of the recording of background PM10
concentrations and the data from the station are used to verify the
conclusions of the analysis of data from the sensor stations.
Sensor station "Pavlovo #11877" is part of the project
Luftdaten.info (AirSofia) and is located near two large
thoroughfares – "Tsar Boris III" Blvd. and „Ovcha kupel“ Blvd. It is
therefore assumed that it takes into account mainly the impact of
PM2.5 and PM10 emissions formed by transportation on both
avenues. The PM2.5/PM10 ratio is also expected to be different from
in the background points. The Bistrica No 6394 sensor station is
also part of the Lufdaten.info (AirSofia) project and is located about
150 meters from the location of the experimental mobile station
subject to the study.
It was chosen because of the close location to the site of the
experiment on one hand and, on the other hand, it is located at the
end of the residential area, at the foot of the mountain, where
relatively constant vertical currents are characteristic. All sensor
stations included in the Luftdaten.info project collect data every
approximately 2:30 minutes, while the mobile modular station is
configured to measure and record results for air quality indicators
and weather data every 15 seconds (4 measurements per minute).
due to fast-moving transient events (sudden pollution)
4.

Fig. 4 Measured relative humidity [%] by day and hours

Summary of experimental results from the mobile
station

Table 2 presents the summarized results of the operation of the
mobile measuring station for the period from 28.12.2019 until
04.01.2020 (8 days). Samples with n=23831 values of parameters T
(air temperature, °C), AP (atmospheric pressure, hPa), RH (relative
humidity), DP (calculated dew point, °C), UV (UV index), eCO2
(concentration of equivalent CO2, ppm), TVOC (total volatile
organic compounds, ppb) have been collected. For parameters PM2.5
and PM10, μg/m3 samples were reduced by 2706 values to n=21125
due to sensor fan freezing by condensed water drops and a drop
down of temperature below -8.8°C. The program algorithm was
adjusted with changing the timing diagram for blow-in/collect mode
before/after measurements to fix the problem.

Fig. 5 Measured PM2.5 concentration [μg/m3] by day and hour
Fig. 5 shows contour plot of the values of PM2.5 measured with
the mobile station, depending on the day and time of the day. The
areas with red contours are in the hours typical for igniting solid
fuel heaters (in mornings between 8 am and 9 am). The larger areas
enclosed by red color are obtained for the evening hours (after
16:30), which correspond to the drop in the daily temperature and
the associated intensive heating. The process is kept stable for
several hours, with an almost constant emission.

Table 1 Mobile modular station operation results

Fig. 3 Air temperature and UV index (02.01.2020)

Fig. 6 Measured eCO2 concentration [ppm] by day and hour

For the period from 01.01.2020 to 04.01.2020 between 10 to 15
o’clock the air temperature was in the range from 5 to 15 °C, which
is an unusually high temperature for this time of year. This is
particularly evident in the graph of Fig. 3, which shows the daily
temperature change and measured UV index for 02.01.2020, and
lower emissions as a result of heating combustion processes should
be expected from here.

The amounts of the larger PM fraction are greater when the
particles are generated when burning solid fuel for heating, which
can be noticed by the red contour of the graph, which is
significantly large in area and value.
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14 to 22 hours. For the same day in the previous hours, the wind
speed was low and the relative humidity was high, which is a
prerequisite for accumulating pollutants in the ground layer of the
atmosphere, despite intense sunshine. In other words, the influence
of weather parameters is characterized by some delay in time. This
requires that meteorological parameters be considered in
combination when assessing their dependence.

Fig. 7 PM10/PM2.5 ratio model, obtained from measured data
Fig. 7 presents a regression model of the ratio between PM2.5
and PM10 concentrations with a high value of the coefficient of
detergent.
Areas with short-term peak concentration values are visible
every morning between 8 and 9 hours, which is explained by the
start times of the heating installations. since it is a clear signal for
identifying an event and type of polluting activity, especially in
combination with data from the other two sensors for eCO2 and
TVOC. Graphs clearly show the variation in concentration and thus
the PM emission, on daily basis and as function of ambient
temperature, which is essential for obtaining adequate and accurate
variation coefficients used in defining the emission for the purposes
of the assessment of AAQ modelling.

Fig. 8 Measured TVOC concentration [ppb] by day and hour

Fig. 9 Measured wind speed and direction from the mobile station

It is clearly noted that at the high concentration values of the
two particle fractions, a distinct non-linearity of the ratio occurs,
consisting in an increase in the proportion of the fraction to 2.5 μm.
This could be due to the miscalculation by the LLS method,
influenced by the condensation nuclei at high relative humidity
(above the manufacturer's recommended upper limit of 75%).

For comparison of the measured values of parameters temperature, relative humidity and PM10 concentration, are
presented in the same graphs, built according to data from the
EEA's AIS "Kopitoto". Here it should be noted that the data from
this monitoring station are recorded as average hourly values,
therefore they are much lower in resolution than the sensor stations
of the Luftdaten.info project, even more so than the mobile modular
station, which makes it difficult to compare on the one hand, and
makes it very difficult to identify the origin of the pollution. But
there are still areas with characteristic sudden pollution, such as that
on New Year's Eve on 31 December 2019 against 1 January 2020.
Chronologically higher concentration values are reported in the AIS
"Kopitoto" a few hours later due to the remote location of the
station from the sources of pollution.

On the other hand, the linear regression model does not take
significant computational resources and time, therefore it can be
used in a floating time window to analyze the change in coefficients
b0 and b1, which are an additional indicator of the type of pollution
source and its location in combination with the measured wind
direction and speed values.
Fig. 6 presents the change in the measured concentration of
eCO2 by day and hours from the mobile station for the period from
28 December 2019 until 4 January 2020. As mentioned above, the
combined analysis of PM2.5 and PM10 and eCO2 concentration data
gives a clear picture of the source of pollution.
Fig. 8 shows the distribution of the concentration values of total
volatile organic compounds (TVOC) in ppb measured by the mobile
station. Here, areas with higher TVOC concentration values
coincide on the ground with those of eCO2, but are characterized by
a longer duration due to the fact that pellets, wood and coal used for
domestic heating in the settlement of the experiment have different
moisture content, in need of a drying period in which VOC is
released. Since wood has a higher moisture content than pellets, the
width of these areas can be used as a characteristic to identify the
type of heating fuel.

Fig. 10 Measured air temperature, relative humidity and PM10
concentration from AIS “Kopitoto”
This article aims to present a possible engineering solution
using appropriate arrangement and setup of low-cost modular
mobile measuring stations in a sensor network for remote sources of
pollution and origin of pollutants identification in real-time.

To this end, further experiments should be carried out to
standardize the width of these areas depending on the type of fuel
used and the weather conditions

5. CONCLUSIONS
Due to its autonomous power supply, modular stations can be
placed on the so-called area sources of air pollutants, thus serving as
a direct emission measurement system. Also, the presence of
weather sensors makes it possible to determine and establish the

The impact of wind speed and relative humidity is clearly
evident in the comparison of PM2.5 data and wind speed (Fig.5 and
Fig.9). For example, on 31 December 2019 an area with a higher
PM concentration of up to 2.5μm was highlighted for the hours of
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conditions of occurrence of emissions depending on the
peculiarities of the local microclimate.
Experiments have been carried out to verify the applicability of
the developed station and its possibilities for detecting and
recording events in order to identify the origin of the pollution, with
the result that:
- when combining an PM level sensor with those for eCO2 and
TVOC levels, their data may be subject to a statistical analysis
which clearly shows moments of high levels of specific
emissions, which is relevant for the output of variation
coefficients, as well as for recording events and identifying
the origin of pollution;
- as a result of the comparison of station data with other sensor
stations, the frequency of data collection is extremely
important for the recording of short-term events
characterizing charging emissions on the one hand and for
characterizing the local microclimate on the other;
- it has been established that the selected hardware components
operate autonomously in a wide temperature range and
adverse weather conditions, while the system retains its
stability and performance. The autonomous operation of the
system, which is directly dependent on the energy
consumption of the building modules, is extremely important
as this makes it applicable for the study of emissions and/or
environmental parameters in hard-to-reach areas without
available electricity supply;
- network connectivity enables real-time transmission of data to
a centralized system, which is essential for their subsequent
processing and analysis;
- the identification of the origin of fine particulate air pollution
and the reporting or visualization of such information would
undoubtedly be a very useful tool in managing ambient air
quality, the timely implementation of specific measures to

improve AAQ, and informing the public about the origin of
pollution.
Acknowledgment: Acknowledgements: The research was conducted
within the framework of the National Science Program
"Information and Communication Technologies for a Digital Single
Market in Science, Education and Security (ICTinSES)", funded by
the Ministry of Education and Science.
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Abstract: The Internet of Things (IoT) concept is evolving rapidly and influencing new developments in various application domains,
such as the Internet of Mobile Things (IoMT), Autonomous Internet of Things (A-IoT), Autonomous Sys-tem of Things (ASoT), Internet of
Autonomous Things (IoAT), Internet of Things Clouds (IoT-C) and the Internet of Robotic Things (IoRT) etc. that are progressing/advancing
by using IoT technology. Artificial intelligence (AI), robotics, machine learning, and swarm technologies will provide the next phase of
development of IoT applications. In this paper, the areas of application of internets of robotics things are given.
Keywords: INTERNET OF THINGS, INTERNET OF ROBOTIC THINGS, ROBOTICS
reprogramming and adaptation of the robots on the network. The
evolution of these systems has now reached the consumer market,
for instance, to support remote meetings and as telepresence healthcare tools. Cloud robotic systems have also emerged, to overcome
the limitations of networked robotics through the provision of
elastic resources from cloud infrastructure, and to exploit shared
knowledge repositories over the Internet, making robots able to
share information and learn from each other [2].

1. Introduction
Robotic system has brought tremendous changes in various
socio-economical aspects of human society during the past decades.
In the last few years, the need for an improvement of quality of
human life has led to more and more production models of
personalized and digital services.
Artificial intelligence (AI), robotics, machine learning, and
swarm technologies will provide the next phase of development of
IoT applications.

The IoT technologies and applications are bringing fundamental
changes in individuals and society’s view of how technology and
business work in the world. Citizen centric IoT open environments
require tackling new techno-logical trends and challenges.

Robotics systems traditionally provide the programmable
dimension to machines designed to be involved in labour intensive
and repetitive work, as well as a rich set of technologies to make
these machines sense their environment and act upon it, while
artificial intelligence and machine learning allow/empower these
machines to function using decision making and learning algorithms
instead of programming. The combination of these scientific
disciplines opens the developments of autonomous programmable
systems, combining robotics and machine learning for designing
robotic systems to be autonomous [1].

The concept of IoRT goes beyond networked and
collaborative/cloud robotics and integrates heterogenous intelligent
devices into a distributed architecture of platforms operating both in
the cloud and at the edge. IoRT addresses the many ways IoT today
technologies and robotic devices convergence to provide advanced
robotic capabilities, enabling aggregated IoT functionality along
with novel applications, and by extension, new business, and
investment opportunities not only in industrial domains but in
almost every sector where robotic assistance and IoT technology
and applications can be imagined (home, city, buildings,
infrastructures, health, etc.) [3].

Smart services are becoming increasingly fundamental with the
growth of the fourth stage of industrialization, also addressed as
Industry 4.0, where new disruptive technologies are changing both
industrial and research fields.

IoRT represents the core of robotics-embedded IoT systems,
where cloud computing and networking can be implemented to
accomplish elaborated tasks, allowing robots to share, network, and
gather different kinds of information among both humans and
machines. A scheme of robotics, cloud computing, and IoT
integration can be observed in Figure 1.

The use of communication-centered robots using wireless
communication and connectivity with sensors and other network
resources has been a growing and converging trend in robotics. A
connected or networked robot is a robotic device connected to a
communications network such as the Internet or LAN. The network
could be wired or wireless, and based on any of a variety of
protocols such as TCP, UDP, or 802.11. Many new applications are
now being developed ranging from automation to exploration. IEEE
Society of Robotics and Automations Technical Committee on
Networked Robots defines two subclasses of networked robots:
 Tele-operated robots, where human supervisors send
commands and receive feedback via the network. Such
systems support research, education, and public awareness by
making valuable resources accessible to broad audiences.
 Autonomous robots, where robots and sensors exchange data
via the network with minimum human intervention. In such
systems, the sensor network extends the effective sensing
range of the robots, allowing them to communicate with each
other over long distances to coordinate their activity.

Fig. 1 Internet of Robotic Things.

Networked robots require wireless networks for sharing data
among multiple robots, and to communicate with other, more
powerful workstations used for computationally expensive and
offline processing such as the creation of globally consistent maps
of the robots environment. This connectivity has strong implications
for the sharing of tasks among robots, e.g. allowing teleoperation, as
well as for human-robot interaction (HRI) and for on-the-fly

Internet of Robotic Things definition: A global infrastructure
for the information society enabling advanced robotic services by
interconnecting robotic things based on, existing and evolving,
interoperable information and communication technologies where
cloud computing, cloud storage, and other existing Internet
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technologies are centered around the beneﬁts of the converged
cloud infrastructure and shared services that allows robots to take
beneﬁt from the powerful computational, storage, and communications resources of modern data centers attached with the clouds,
while removing overheads for maintenance and updates, and
enhancing independence on the custom cloud based middleware
platforms, entailing additional power requirements which may
reduce the operating duration and constrain robot mobility by
covering cloud data transfer rates to offload tasks without hard real
time requirements [3].

The Service and Application layer represents the top level of the
IoRT architecture, which includes the implementation of programs
in order to control, process, and analyze both environmental
parameters and agents (robots, sensors, and actuators) in smart
environments.

3. Internet of Robotic Things Applications
Patents for robotics and autonomous systems have swelled in
the last decade. It is estimated that more than $67 billion will be
spent world-wide in the robotics sector by 2025, compared to only
$11 billion in 2005, reaching the compound annual growth rate
(CAGR) of 9%. Besides robots employed in industry and factory
automation, service robotics for use in domestic, personal, and
healthcare settings is the fastest growing sector. Research interest in
service robotics for assistance and wellbeing has grown during the
last few decades, particularly as consequence of demographic
changes. Maintaining a healthy lifestyle and trying to achieve a
state of well-being helps to improve life conditions and increase its
durability. Service robotics could focus on early diagnosis and
detection of risks, to develop prevention programs. Thus, it is
possible to use robots to perform physical activity at home, or
planning a proper nutrition program, based on the user’s needs.
Personal wellbeing management robots can also provide services
for people who are alone, or live isolated from their families. These
robots can both detect physiological parameters and transmit them
to the doctor in real time and interpret the emotional state of the
user and interact accordingly [5]. Figure 4. illustrates the evolution
of robots in different application areas.

2. Internet of Robotic Things Architecture
The key architecture of the IoRT systems, as depicted in Figure
2, consists of three main layers:
1.

Physical layer,

2.

Network and Control layer, and

3.

Service and Application layer.

Fig. 3 Robots classification per application areas

3.1. Predictive and Preventive Maintenance
Machine maintenance for robots and IoT equipment is quite
expensive because dedicated equipment is necessary to execute that.
For instance, maintaining certain equipment may include a
preventive maintenance checklist which includes small checks that
can significantly extend service life. All this information needs to
be processed by the maintenance robot in real time or at least in the
few minutes before the maintenance is scheduled to assess the best
conditions to perform the maintenance.

Fig. 2 Internet of Robotic Things Architecture

The primary goal of maintenance is to reduce or mitigate the
consequences of failure of the devices and the systems associated in
their operation and or the equipment around them. IoRT not only
look at preventing the failure before it occurs but ideally define
planned maintenance schemes and conditions based on maintenance
that will help to achieve certain levels of good operation.

The Physical layer represents the lowest level of the IoRT
architecture, which includes robots, sensors, and actuators.
Generally speaking, the word robot refers to vehicle, drones,
unmanned vessels, and so on. The words sensor and actuator, on the
other hand, refer to any kind of system used to perceive and act in
the environment, respectively, considering a wide set of systems
ranging from home appliances to industrial sensors. Robots
cooperate to develop multi-robot systems, which integrates multiple
agents operating in the same environment [4].

Figure 3. shows an example of a wireless mesh network for
predictive maintenance.

The second layer of the IoRT architecture includes controllers,
routers, servers, and various communication and control protocols.
157

"INDUSTRY 4.0" ISSUE 4/2020

pedestrian side and make deliveries within 3-5 kms radius, carrying
loads weighing as much as 10 kgs, at speeds of up to 8-10 km/h [7].

Fig. 4 Example of a wireless mesh network for predictive

maintenance.
Fig. 6 The inVia Robots application.

Maintenance includes preventive (partial or complete)
overhauls at specified periods, as per example, cleaning, lubrication,
oil changes, parts replacement, tune ups and adjustments, and so on.
In addition, calibration can also be considered a part of the
maintenance, workers usually record equipment deterioration so
they know to replace or repair worn parts before they cause system
failure. IoRT should take care of these conditions and even beyond
that the ideal IoRT machine maintenance program would prevent
any unnecessary and costly repairs [4].

The robotic fleets can be monitored remotely and standing by to
drive the vehicles remotely if the robots encounter situations are not
able to perform in autonomous driving mode.

3.4. Autonomous Home Appliances, and Personal Robots
Personal robots mainly refer to the consumer robotics industry
and include solutions to provide services to individuals in personal
and household applications. They are likely to be mass-produced
and bought or leased by untrained, or minimally trained people in
everyday unstructured environments.

3.2. Autonomous Manufacturing
More than 1.4 million new industrial robots will be installed in
factories around the world. While the acquisition costs for such
robots are continuously decreasing, the costs for programming them
for their specific tasks and environments are still very high. For the
future, researchers are working on ways to reduce these costs for
programming industrial robots, particularly, by making them more
and more autonomous through increased intelligence [6].

Domestic environments represent a major place to integrate new
technology; several domestic service robots have been introduced as
consumer products for the household chores, with a various
portfolio of floor-cleaning robots, lawn-mowing robots, security
robots, cat litter box robots, decluttering robots, etc.

A typical IoRT-based robotic manufacturing shop floor is
shown in Figure 5.

Aido is the next generation social family robot. Smart,
interactive, and uniquely mobile, Aido is the first social robot that
can move around your home/office to help improve lifestyle. He
can play with kids, help with household chores, handle schedule,
and keep home connected and safe (Figure 7) [8].

Fig. 5 IoRT-based robotic manufacturing.

In this context of increasing autonomy, technologies such as
IoT & cloud infrastructure can be used to collect, analyse and
visualise real-time production performance indicators, usually to
inform existing optimization processes, while results from multiagent systems, and adaptive middleware, can provide advanced
suitable coordination and communication protocols to coordinate
the operations of multiple robots. The ability of robots to interact
and collaborate with human co-workers and ultimately learn from
these co-workers on how to conduct a task will be crucial in the
future.

Fig. 7 Aido robot.

Personal robots represent a new generation of robots that will
safely act and interact in the real world of complex environments,
and with relatively limited energy consumption and computational
resources.

3.3. Autonomous Logistics, Delivery, e-commerce and
Warehouse Automation
The applications in warehouse robotics for IoRT come in
response to the rise of e-commerce, where collaborative robots,
work alongside human warehouse worker. Logistics firms can use
collaborative robots should to ease some of the workforce
shortages, and make the work less physically demanding (Figure 6).
Delivery using self-driving robots is one typical application for
IoRT with fleets of robots, which are designed to operate on the

3.5. Healthcare Assistants
Combining IoT with AI and robotic components to deliver
practical, modular, autonomous and self-adaptive IoRT systems has
thus the potential to complement and improve the effectiveness of
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existing care practices by providing automated, continuous
assessment of users conditions and support both self-care and
assistive services that can be constantly in tune with user's
requirements. One example is the use of humanoid robots in the
dementia ward of an elderly care home. Using wearables and
environmental sensors, behavioural disturbances like shouting and
wandering are detected and used as a trigger to send a robot to start
a personal intervention to temporarily distract the resident.

4. Conclusion
Combination of Robotics, IoT and Artificial Intelligence results
in robots with higher capability to perform more complex tasks,
autonomously or cooperating with humans. With IoT platform,
multiple robots can get easily interconnected between them and
with objects and humans, facilitating the ability to transfer data to
them without human to computer or human to human interaction.
Reasoning capabilities coming from the use of machine learning,
also exploiting cloud resources, for example, brings beneficial
effects in terms of system efficiency and dependability, as well as
safety for the user, and adaptive physical and behavioural humanrobot interaction/collaboration.

RIBA-II, the next generation Japanese healthcare robot
developed by researchers at RIKEN and Tokai Rubber Industries
(TRI), a Japanese government-run research body that surveyed
nursing homes to find that lifting patients was the most tiring thing
for workers, who carried that out on average 40 times every day
(Figure 8) [9].

Internet of Robotic Things allows robots or robotic systems to
connect, share, and disseminate the distributed computation
resources, business activities, context information, and
environmental data with each other, and to access novel knowledge
and specialized skills not learned by themselves, all under a hood of
sophisticated architectural framework. This opens a new horizon in
the domain of connected robotics that we believe shall lead to
fascinating futuristic developments.
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Fig. 8 Riba II robot.

RIBA II robot will benefit healthcare workers as it can lift a
patient of up to 80KG in weight from the floor or a bed and then it
can move them to either a bed or a wheelchair.

3.6. Cleaning and Inspection Appliances
The IoRT application area with potential for further grow are
the service robots for inspection, cleaning and maintenance. In these
applications drones can be used in conjunction with sensors
mounted on hard to reach places, such as wind turbines or highvoltage transmission lines. Service fleets of robots are used in
specific dangerous, monotonous or unreasonable jobs for humans.
Examples are pipe inspections and cleaning, sewer system
inspection that detects and map damage highly precisely and facade
cleaning robots (Figure 9.) [10].

Fig. 9 Cleaning and inspection robots.

Other examples include autonomous robotic systems that enable
safe and cost-effective underwater cleaning and inspection of bridge
substructures.
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Abstract: The ANSI/ISA-95 (ISO 62264) standard is a key concept driving the implementation of Industry 4.0 in industry. It is a backbone
of the Reference Architectural Model for Industry 4.0 (RAMI 4.0) and describes the objects, models and activities on operations
management hierarchy level (Level 3). A major model described in the standard is the Planning model, in which is described that the
planning activities rely on requirements of personnel, equipment and/or material. Also, a general concept in all models, described in the
standard is the process segment that may refer as a combination of specific equipment/asset (with enough capability), a material (with
specific quality) and/or a person (with proper qualification). In this article the Segment Dependencies impact on Capacity and Planning
models is examined and some conclusions are made.
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Transformation of the Production Schedule regarding the
capability of Personnel, Equipment and/or Materials to participate
in the operations in a desirable time manner.

1. Introduction
In operations management, Finite Capacity Scheduling is a
major activity which affects directly into the company’s turnover
and customer satisfaction. There is a common believe that part of the
functions of the Finite Capacity Scheduling include Forecasting
techniques, but both should not be confused with each other.
Forecasting Scheduling is more a prediction of what might happen,
based on trends and historical information, seasonality and economic
factors. Finite Capacity Scheduling is a part of internal resource
management and depends on the production facilities workload.
Moreover, it is tightly related to Lean Manufacturing techniques and
instruments, such as Kanban, Heijunka, Continuous Flow, SMED
and Bottleneck analysis [1, 2, 3, 4, 5, 6].

Fig.1 ANSI/ISA-95 Capability Model [9]

The standard ANSI/ISA-95 (also known as IEC ISO EN 62264)
gives the definitions of the models, terminology, and activities in the
area of Operations Management and as such, along with the standard
IEC 62890, it became a foundation of RAMI 4.0 (Reference
Architecture Model for Industry 4.0) [7, 8, 13].

3.

ANSI/ISA-95 Segment Dependencies

Segment Dependencies is a powerful scheduling tool for
definition of possible relationships between Segments. There are
two types of segment dependencies Process Segment Dependency
and Operation Dependency which for Production area is called
Product Segment Dependency. The dependencies themselves have
the same presentation for either of the two types.

2. Finite Capacity Scheduling
In the third part of the standard, Finite Capacity Scheduling is
referred as combination Detailed Production Schedule and
Production Capability. The definitions for Detailed Production
Schedule are as follows:

Process Segment Dependencies defines the relationships
between Process Segments independent of any particular product or
operations task.

“a collection of production work orders and their sequencing
involved in the production of one or more products, at the level of
detail required for manufacturing” and also “…ties physical and/or
chemical work order elements to specific production equipment or
classes of production equipment, with specific starting times or
starting events. A detailed production schedule may reference
specific personnel, or classes of personnel” [9,11].

Process Segment is logical grouping of classes of personnel,
classes of equipment and material resources with specific
capabilities regardless of any particular product and operations. It
may also be referred as Work Place, grouping personnel, equipment
and materials with given specifications. The Process Segment also
answers the question: Where the operation is performed. (fig.2)

Production Capability is a part of the Resource Management
and in the first part of the standard is defined as:

The Segment Dependencies that are product specific are
Product Segment Dependencies (fig.3)

“Production Capability is the committed, available, and
unattainable capacity of the production facility. This typically
includes Materials, Equipment, Labor and Energy.”

A Product Segment is a product specific logical grouping of
Personnel, Equipment, Asset and Material Specifications required
of a Process Segment to complete an operational step for a specific
product. It may also be referred as Production Step in the context of
a product. It answers the question: What kind of operation is
performed. The set of Product Segments represent the Product
Production Rule (also known as Routing), which is a reference of a
Product Definition.[10]

The Production Capability information includes the current
capacity, future expected capacity, and a history of capacity of the
resource.”
As a generalization of the previous, the definition for Finite
Capacity Scheduling that is given in this article is:
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in the context of a Product Production Rule. Nevertheless, their
possible designation will be further examined.

4. Dependency Types And Scheduling Impact
The relationships between Process Segments impact both in
Infinitive Planning, where there are no restrictions in terms of
Availability of Resources and Segment Capability as a whole, and
Finite Capacity Scheduling. Dependencies are meaningful relations
between Process Segments, involved in the production of a product
(Product Production Rule of a Product Definition). The standard
ANSI/ISA-95.03-2013
defines
the
following
Segment
Dependencies in two groups:

Presumably, if there are more than one Process Segment for a
production step and there is a dependency of type “B may run in
parallel to A” between them, it is meaningful if the given work is
allocated between A and B segments. Such example may be given
in machine building, if there is operation milling or turning, and
there are multiple cutters or lathes. In this case the job may be
evenly distributed between all available machines for quicker
execution. (fig.4). In Infinitive Planning, where durations are
calculated for the production operation, for N machines similar to
[12], it would be:
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =

𝑇𝑇∗𝐸𝑄
𝑁

,

(1)

Where:




TT – Takt Time – time for production of one piece
EQ – Expected Quantity that has to be produced
N – Number of interchangeable available Process
Segments.

Fig. 2 Process Segment Model

Fig.4 “B may run in parallel to A” dependency
On the other hand, dependency of type “B may not run in
parallel to A” is only meaningful no matter for which product the
Process Segments A and B are working for. It is unconditional
relation i.e. of melting operation of two foundry furnaces using
same caster (fig.5). The difference between this dependency and
“Start B at A end” may be explained only if this dependency is used
for operations for different products, and the rest dependencies are
used in the context of sequential or parallel operations for only one
product.

Fig. 3 Product Definition Model











Fig.5 “B may not run in parallel to A” dependency

B may run in parallel to A
Start B at A start
Start B after A start
Start B no later than T time after A start
Start B no earlier than T time after A start
and:
B may not run in parallel to A
Start B at A end
Start B after A end
Start B no later then T time after A end
Start B no earlier than T time after A end [8]

Both two dependencies may have not been correctly examined,
but the necessity of such is given by examples that do not relate to
any other dependency type.
“Start B at A start” – this type of unconditional dependency is
used i.e. in a discrete manufacturing production line, where all
Process Segments run altogether.
In Infinitive Planning, the Work Orders for these Process
Segments have to have same expected start and end times.
In Finite Capacity Scheduling, there should be enough available
Capacity for all Process Segments in order to be attained.

The dependencies “B may run in parallel to A” and “B may not
run in parallel to A” may be seen as a summary of the following
from the same category. Although, they are given in the list of
dependency types in the standard, the two have ambiguous meaning

All Work Orders on Process Segments with such dependency
have to be executed simultaneously.
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“Start B after A start” – is a conditional dependency for
sequential Process Segments. The Work Order on B segment may
start as soon as A segment is started. Such example may be given if
there is a machine after which, every sublot must be packed.
In Infinitive Planning have to be planned sequentially (fig.6),
and in Finite Capacity Scheduling start of Work Order on B
Segment may be scheduled whenever possible after A expected
start (fig.7).

Fig.9 “Start B no earlier than T time after A start” dependency [11]

The other group of dependencies is related to processes for
which the transformation of produced material ends with the end of
the process. In this case the B process cannot start before the end of
the process A.
“Start B at A end” – this is unconditional (automatic)
sequence of operations, typical for batch processes in which, the
end of one operation is a beginning of another.

Fig.6 “Start B after A start” Infinitive Planning [11]

In Infinitive Planning, the Work Orders are planned in
sequential order. In Finite Capacity Scheduling, there should be
enough sequential capacity for both Process Segments in order to be
reserved (committed). The following rule has to be observed
(fig.10):
𝐴𝐶(𝐴) ∪ 𝐴𝐶(𝐵) >= 𝐸𝐸𝐷(𝐵) – 𝐸𝑆𝐷(𝐴)

(4)

Fig.7 “Start B after A start” Finite Capacity Scheduling
Where 𝐸𝐸𝐷(𝐵) is Expected End Date for Work Order on
Process Segment B.

“Start B no later than T time after A start” – example of
such dependency between segments may be given with cascade of
conveyor belt in which B conveyor belt have to start no later than
the transport time of conveyor belt A.
Infinitive Planning of Work Orders with such Process Segments
is made parallel. In Finite Capacity Scheduling the following rule is
observed:
𝐸𝑆𝐷(𝐵) < 𝑇 − 𝐸𝑆𝐷(𝐴) ,

(2)

Fig.10 “Start B at A end” dependency
“Start B after A end” – is a conditional sequence of operations
dependency. It summarizes strictly defined waterflow processes in
which, B process may start whenever possible after completion of
A (fig.11). The observation rule to be followed here is:

where:
ESD(B) and ESD(A) are Expected Start Dates of Work Orders for
B and A Process Segments (fig.8).

𝐸𝑆𝐷(𝐵) > 𝐸𝐸𝐷(𝐴)

(5)

Where 𝐸𝐸𝐷(𝐴) is Expected End Date for Work Order on
Process Segment A.

Fig.8 “Start B no later than T time after A start” dependency
“Start B no earlier than T time after A start” - this
dependency is typical where there are auxiliary processes like
mixing (A) and heating (B), which cannot outrun certain progress
of the first process [14].
(a)
In Infinitive Planning the Work Orders allocated on Process
Segments with such dependency should be planned as parallel with
time delay T between them. In Finite Capacity Scheduling the
available capacity search have to be made with the following
constraint in mind:
𝐸𝑆𝐷(𝐵) ≥ 𝑇 − 𝐸𝑆𝐷(𝐴) 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,

(3)
(b)

ESD(B) and ESD(A) are Expected Start Dates of Work Orders for
B and A Process Segments, T is Time Delay (fig.9).

Fig.11 “Start B after A end” (a) Infinitive Planning and (b) Finite
Capacity Scheduling dependency
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“Start B no later than T time after A end” - typical
dependency i.e. for processes where overcooling / overheating,
crystallization is not permitted. In Infinitive Planning phase, such
Process Segments’ Work Orders have to be planned sequentially.
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6.
In Finite Capacity Scheduling are being planned sequentially
(fig.12) with the following restriction in mind:
𝐸𝑆𝐷 𝐵 < 𝑇 + 𝐸𝐸𝐷(𝐴) , 𝑤ℎ𝑒𝑟𝑒 𝑇 > 0,

(6)
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Abstract: Industry 4.0 represents the newest generation of industry development. Every day the various demands in industry are getting more
and more demanding. The demand for shorter production and delivery time, more efficient and automated processes has led us to the
Industry 4.0. It is necessary to include and integrate the latest developments based on digital technologies as well as the interoperability
process across them. The goals is to enable companies to transmit information in real time in terms of performance and behaviour. Industry
4.0 can be applied to any branch of industry. Agricultural industry is no exception. As far as agricultural machinery is concerned, it is a very
important part of agricultural industry. Agricultural machinery incorporates electronic controls and it is a part of digital age, enhancing
their current performance. In addition to the electronics, using sensors and drones, supports the data collection of several agriculture key
aspects, such as weather, animals and crops behaviour, geographical spatialization, etc. The main tasks are how to apply the right methods
and methodologies in order to support a better supply chain decision-making process, how to automate the process and how can Industry
4.0 help a person, who is in agricultural industry, in order to make effective decisions based on objective data.
Keywords: INDUSTRY 4.0, AGRICULTURAL INDUSTRY, AGRICULTURAL MACHINERY, PERFORMANCE, TECHNOLOGY
The goal of the paper is to see how does the Industry 4.0 affects
agricultural industry in terms of new technology, new machines,
better supply chain, automated processes, etc., and how to improve
it all.

1. Introduction
Industry 4.0 is a revolution in manufacturing, and it brings a
whole new perspective to the industry on how manufacturing can
collaborate with new technologies to get maximum output with
minimum resource utilization. [1]. Over the years, worldwide the
manufacturing context has been characterized by disrupting
breakthroughs leading to radical changes in production and related
processes [2]. Industries were and still developing due to so-called
industrial revolutions.

2. Materials and Methods
When looking at agricultural production from a 4.0 perspective,
it is necessary to define what overall goals are.
Individual operation have to be organized and executed at the
right time. It is important to have a good planning, which can be
based for example on crop quality, yield, economy and
environmental impact. As part of the concept of 4.0 all operations
have to be planned as part of full production system [5].

The fourth industrial revolution is present to this day. Industrial
revolutions have significantly changed the world. The general
concept of Industry 4.0 was firstly introduced by the German
government program to introduce a paradigm shift toward a digital
future in industrial production and to increase the competitiveness
of the manufacturing industry [3]. Industry 4.0 mainly focus on
streamlining industrial and production process, reducing
development time, reducing costs and meeting consumer demands
effectively [4].
One of the main elements in the concept of and Industry 4.0 is
to look at the system as a whole (Fig. 1), not only empirically but
also by ensuring that all data and measurements are stored and are
visible for analysis in one coherent system. This creates the
foundation for a robust, database-lead process of prioritization and
decision-making [5].

Fig. 2 Industry 4.0 and Agriculture

Agricultural industry is developing in correspondence with
Industry 4.0 (Fig. 2). It stands for the combined internal and
external interacting of farming operations, offering digital
information at all farm sectors and processes. Even in agriculture, as
the industrial sector, the 4.0 revolution represents a great
opportunity to consider the variability and uncertainties that involve
the agri-food production chain. Factories become smarter, more
efficient, safer and more environmentally sustainable, due to the
combination and integration of production technologies and
devices, information and communication systems, data and services
in network infrastructures. A farmer with his farm or agricultural
companies must be able to adapt and to make changes in order to
remain competitive on the market. One of the primary needs to be
met is a constant communication between market and production,
and within the business itself [6].
Technology has certainly developed in the 21st century.
Nowadays we have easy access to it. There are several technologies,
which can help a farmer or companies and which can be
implemented together with Industry 4.0:

Fig. 1 Industry 4.0
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Cheap and improved sensors and actuators



High bandwidth cellular communication



Cloud based ICT systems



Big Data analytics

uncertainty and risks in comparison with other supply chains that
give rise to serious questions and concerns about their economic,
environmental and social performance. Most important ones are:
Product (shelf-life, deterioration rate, lack of homogeneity, food
quality and food safety), Process (harvesting yield, supply lead
time, resource needs, production), Market (demand, market prices)
and Environment (weather, pests & diseases and regulations) [15].
Poor management of these sources of uncertainty can have a very
negative impact on safety, quality, quantity and waste of products as
well as human, technological and natural resources. Agricultural
sector is one of the economic and political areas worldwide, with
the key implications in sustainability to cover not only the food
needs of the population, contribute to their employability and
economic growth, but also in the impact on the natural environment
[16].

Agricultural machinery (tractors, combine harvesters, etc.)
today come with better performance and equipment, which is now
standard:


Smart control devices (on-board computers)



Many sensors for the operation of the machine and the
agronomic process



Advanced automation capabilities
placement, spraying, etc.)



(guidance,

seed

Agriculture supply chains are strongly pressured to manage
these sources of uncertainty and risks whose precise evolution over
time is unknown but may jeopardize the future sustainability of
these type of supply chains. It is necessary to move away from
“business as usual” developing new solutions and implement
innovative technologies [17] like digitalized supply chain.

Communication technology embedded in the vehicle [7]

Agricultural machinery and equipment are now widely used
during the entire production process, including land preparation,
crop planting, fertilization, harvesting, animal feeding and food
processing. Agricultural mechanization significantly reduces
manual work and improves productivity, so that fewer farmers can
provide more food to meet the global demand for food. The
innovation ICT and its integration with agricultural production
helps farmers and companies to make a digitalization of farming [8]
(Fig. 3).

Digitalized supply chain (Fig. 5) allows companies to monitor
material flows in real time making potential risks visible and
develop future plans to face them.

Fig. 5 Digitalized supply chain
Fig. 3 Digitalization of farming

In terms of digitalized supply chain, data is very crucial. Data is
the core of any business and the agricultural business is no
exception. The new technologies have a great impact on the
reduction of uncertainty since they allow obtaining precise data in
real time, whose treatment, together with the capacities of
autonomous and intelligent decision making will help to increase
the efficiency, sustainability, flexibility, agility, and resilience along
the whole supply chain from the farmers to final customers [15].

Sensors are used to measure the status of soil and plant leaves
for precise microclimate control [9]. Low-power wide area
networks and wireless mesh networks are deployed to report the
data generated during agricultural production [10]. Without highspeed, high-quality Internet access, many smart farming capabilities
could not be implemented [11]. Large-scale farmland monitoring,
crop identification, and yield forecasting are available through
remote sensing [12] with GPS technology [13] and UAV [14].

3. Results and Discussion
In order to implement elements of Industry 4.0 in agriculture,
certain tasks must be accomplished:

Besides new technology and constant upgrading of agricultural
machinery, a very good supply chain management is more than
desirable (Fig. 4).



A need for standards to ensure compatibility of
equipment:
The major challenge in Industry 4.0 requires technological
standards to ensure the compatibility of equipment and
also applicability of equipment in rural areas.



Fig. 4 Supply chain management

The ability of farmers to modernize from a financial
aspect:
The essential challenge of adapting Industry 4.0 in
agriculture is farmer’s ability to invest and to
revolutionize their production practices. The economic

To achieve robust, resilient and sustainable supply chains in
agriculture is very complex because they face more sources of
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tight situation of farmer leads to limited investment ability
in new production tools, agricultural machinery and
limited access to credits. The farmers in rural area needed
additional investment in training with new technologies of
Industry 4.0 that arises gap between traditional and smart
farming. Adoption of new techniques shows positive
correlation with the impact of income, gross income and
farm profitability.


Industry 4.0 is very good for them and to provide farmers with
favorable loans, which can help them buy or upgrade their
agricultural machineries. Thus rural areas would be more
developed.
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The development of communication infrastructure in
rural location:
An important challenge that faces in rural areas in the IoT
adoption for agriculture is communication infrastructures
development. Mostly communication network is deployed
in urban area specially to capture markets but success of
Industry 4.0 in agriculture depends on the ability to
exchange and analyses data. Thus, communication
networks will have to be established in rural areas.



Farm size:
Usually farmer with large size of farm are interested in
deploying new technologies instead of farmer who
posseses small size farm due to costs of investment.

When certain tasks are accomplished, implementing Industry
4.0 in agriculture has its own benefits in terms of improving
agriculture:


Data collected by smart agriculture sensors:
Data collected by sensors are analyzed and states, for
example, weather conditions, soil quality, cattle health,
crop’s growth. This data can be used to track the plants
and equipment efficiency.



Better control over the internal processes and, as a
result, lower production risks:
This new technique helps in planning for better product
distribution and depends on output prediction by data
processing.



Cost management and waste reduction thanks to the
increased control over production:
With continuous monitoring, Industry 4.0 helps to reduce
waste and cost management for a particular farm. This
increases the yield of crop.



Increased business
automation:

efficiency

through

process

With the utilization of smart automated device in
maximum activity in production cycle like irrigation,
fertilizing, etc.


Enhanced product quality and volumes:
Controlling all the agriculture processes and maintaining
high standard of, for example, grain quality, which results
in increase of productivity.

4. Conclusion
Industry 4.0 indeed represents a new industrial revolution. It can
be applied to every branch of industry, including of course,
agricultural industry. With the implementation of Industry 4.0 in
agriculture, it is possible to have shorter production time, better
product quality, automated processes, intelligent machinery, better
supply chain management, etc. It is important that with these above
stated reasons farmers with small size or large size farm and
agricultural companies can achieve better results in terms of
production and quality of the goods. It is desirable that the state
helps local farmers with implementation of Industry 4.0 in rural
areas, which are often, unfortunately, not developed enough. That
would include providing necessary knowledge why the concept of
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Abstract: This paper discusses the programming and control of a multi-cycle tape machine. Part of the electrical equipment is also
presented. The program code in the language "Lader diagram" is selected and the input-output diagram is described. “Lader diagram” is a
programming language designed to resemble an electrical circuit. Due to this fact, it has a great advantage over other programming
languages, because electrical logic is easy and simple to present. Most of the programs in discrete automation are created on the "Lader
Diagram" due to the simple operation and easy maintenance. The description and the cyclical approach of each executive body and
automatic mode of operation are presented.
Keywords: PERFORMANCE, CONTROLLER, MACHINE, PACKAGING
• After retracting cylinders “V1” and “V2”, sensors “S13” and
“S14” are activated.
• When actuating sensors “S13” and “S14”, cylinders “V5” and
“V6” retract to the rear position and activate sensors “S15” and
“S16”.
• After retracting cylinders "V3" and "V4", sensors "S17" and
"S18" are activated.
• When all cylinders are reached in the rear position, conveyor
number 1 is restarted.
• The box moves forward until it reaches the sensor “S3” and
the gluing cycle is repeated.
• After the second gluing, conveyor number 1 is restarted.
• The box moves forward until it reaches the sensor “S1” and
the gluing cycle is performed for the third time.
• After the third gluing, conveyor number 1 is restarted.
• The box moves forward until it reaches the sensor “S4” and
the gluing cycle is performed for the last time.
• After the last gluing, conveyor number 1 is restarted.
• The box leaves the gluing area and moves to conveyor number
2.
• When sensor “S5” is reached, conveyor number 2 is activated
and the box is taken to the unloading area.
• When sensor “S6” is reached, conveyor number 2 stops and
the system waits for the box to be taken away.
• Conveyor number 1 remains switched on until a new box
reaches sensor “S2” or stops after 60 sec.

1. Introduction
In the coming years, the main task is to increase the
implementation of automation tools in production, as well as the
implementation of quality complex tasks and topics, performing full
mechatronic and automatic production of products and their
packaging. Of particular importance are the factors influencing
production [1-6].
The packaging is part of the most developed industries globally.
The wide range of uses has an impact on the daily lives of
consumers worldwide. Packaging helps consumers make decisions.
The fast-growing consumer society is putting packaging
manufacturers to the test to meet the growing demands for quality
and convenience. One of the problems affecting the future vision of
European packaging is the growing pressure to provide packaging
solutions from environmentally friendly and biodegradable
materials [6-11].
The purpose of this paper is to increase the reliability and
productivity of the tubular furniture packaging operation by
integrating an automatic machine by using appropriate controllers,
power supplies, and optimized software.

2. Principle of Operation and Used Equipment
Before the design, construction, and implementation of an
automatic machine, the packaging of tubular furniture for transport
and storage of beds was carried out manually. An employee packed
corrugated cardboard with tape. The tape is placed on the
corrugated cardboard on the upper and lower side. This operation
ensures reliable transportation and storage without compromising
the overall appearance of the product. The process is slow requiring
precision and man-hours. The equipment, controllers, and control
software are used to make it possible to increase production [7-11].

2.2. Basic equipment used
a) Controller
For controller is chosen a Siemens controller S7-1200 1212DC / DC / DC. Table 1 presents the characteristics of the
Siemens S7-1200 - 1212DC / DC / DC controller (Fig. 1).
Table 1: Mechanical Characteristics of the Siemens controller.
Controller Siemens S7-1200 - 1212DC / DC
Product range
/ DC
[Us] nominal supply
24 VDC
voltage

2.1. Principle of operation of an automatic machine
• The system is started by the green button “B1” (Start).
• If no alarms occur, the system starts inverter 1 and starts the
first conveyor.
• If there is a box in the system, move to sensor “S2”, if there is
no box in the system, after 60 sec. the operating cycle is interrupted
and the green button “B1” is expected to be pressed again (Start).
• If there is a box in the system, conveyor number 1 moves it to
sensor “S2” at the speed set by the operator panel.
• After reaching the sensor, conveyor number 1 stops, and
cylinders “V3” and “V4” are pulled to the front position until
sensors “S11” and “S12” is reached.
• After reaching the sensor “S11” and “S12”. cylinders "V5"
and "V6" go down to reach sensors "S9" and "S10".
• When sensors “S9” and “S10” are reached, the tape is fed and
cylinders “V1” and “V2” perform the gluing on the main and
auxiliary box.
• After gluing and reaching sensors “S7” and “S8”, cylinders
“V1” and “V2” are retracted to the upper position.

Discrete input number

14 Discrete input according to IEC 61131-2

Type of discrete output

Transistor

Discrete output number

10 Transistor

Discrete output voltage

24 V DC

Discrete output current

0.5 A

The controller was chosen due to its following advantages:
- Very large working memory;
- Sufficient system memory to remember all variables;
- The controller contains non-volatile memory;
- The system has enough inputs and outputs to control the
mechanical system;
- The controller has a "Scan Cycle" of less than 50 [ms], which
guarantees fast operation and reading of all signals without errors;
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- The controller contains the “Lader Diagram“ programming
language;
- The controller contains a "Web Server" for remote access.

3. Electric Circuit Diagram of Basic Elements
The electrical diagram (Fig. 4) shows the main elements of the
electrical panel. All types of power supply modules and reversible
converters are shown. A logic diagram of the chosen controller is
presented and the connections of sensors and actors to it are
explained. A cable log has also been created for easier maintenance
and development of the system.

Due to these and other advantages, the controller is chosen to
control the specific automatic machine.

Fig. 1 Siemens controller S7-1200 – 1212DC/DC/DC.

b) Switching power supply.
The switching power supply used is shown in fig. 2.

Fig. 4 Part of an electrical circuit.

4. Program Code and Diagram
The program part presents a large part of the logical elements of
the „Lader Diagram“ language. Various timers and counters
necessary for creating program logic are presented. The program
logic contains different control modes. There is a manual mode that
allows the work of the various executive members separately. It
also contains an automatic operating mode described in detail in
point (2.1).
Input-output diagram - The diagram shown in fig. 6 contains a
detailed description of all inputs and outputs:
- The described discrete input variables are: buttons, sensors
and feedback from frequency regulators.
- The described discrete output variables are: relays, contactors
and lamps.
- The described analog input variables are: Feedback from
frequency regulators and speed measurement.
- The described analog output variables are: Set speed to
frequency regulators.

Fig. 2 The switching power supply.

Table 2 presents the characteristics of the switching power
supply of the controller "Siemens 1200 - 1212DC / DC / DC".
Table 2: Characteristics of switching power supply.
Single-phase, 100 to 240 VAC,
Input voltage
50/60 Hz
24 VDC
Output voltage
2.5 A
Output current
60 W
Output power
From -10 to +15
Change of output voltage,%
88
Efficiency at 230 VAC input,%
32x110x90
Dimensions W x L x H, mm

c) Inverter
For inverter is chosen a Siemens V20, shown on Fig. 3. Table 3
presents the characteristics of the Siemens V20 inverter.
Table 3: Characteristics of Inverter Siemens V20.
Siemens V20
Product range
USS / Modbus FSA
Communication
AC 240V
Input voltage

Fig. 3 Inverter Siemens V20.
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5. Conclusion
The ever-increasing demands for employee security, increased
demand, and increased productivity require automation of
operations. The used controllers, power supplies, and optimized
software increase the reliability and productivity of the tape gluing
operation compared to the previous state of packaging of the
product. The operation of an automatic machine for packing tubular
furniture is described. The machine provides a quality, reliable, and
at the same time reduced level of waste. The employee's working
environment has been improved and the safe use of the operation
has been increased.
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Fig. 4 Part of program code.
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Table 4: Selected Inputs and Outputs for Machine Control.
UpNew
I/O
Bool
%I0.0
DownNew
I/O
Bool
%I0.1
OKprint
I/O
Bool
%I0.2
PrinterEnd
I/O
Bool
%I0.3
SensorK3
I/O
Bool
%I1.1
SensorK2
I/O
Bool
%I0.5
SensorK4
I/O
Bool
%I0.6
SensorK1
I/O
Bool
%I0.7
Warrning Printer
I/O
Bool
%I1.0
SensorK5
I/O
Bool
%I0.4
tag11
I/O
Bool
%I1.2
tag12
I/O
Bool
%I1.3
tag13
I/O
Bool
%I1.4
EndLeftTape
I/O
Bool
%I1.5
BigRightDown
I/O
Bool
%I8.0
BigRightUp
I/O
Bool
%I8.1
MiddleRightDown
I/O
Bool
%I8.2
MiddleRightUp
I/O
Bool
%I8.3
SmallRightDown
I/O
Bool
%I8.4
SmallRightUp
I/O
Bool
%I8.5
EndRightTape
I/O
Bool
%I8.6
BigLeftDown
I/O
Bool
%I8.7
BigLeftUp
I/O
Bool
%I9.0
MiddleLeftDown
I/O
Bool
%I9.1
MiddleLeftUp
I/O
Bool
%I9.2
SmallLeftDown
I/O
Bool
%I9.3
SmallLeftUp
I/O
Bool
%I9.4
ESTablo
I/O
Bool
%I9.5
ButtonGreen
I/O
Bool
%I9.6
ButtonRed
I/O
Bool
%I9.7
BigRight
I/O
Bool
%Q0.0
MiddleRight
I/O
Bool
%Q0.1
SmallRight
I/O
Bool
%Q0.2
BigLeft
I/O
Bool
%Q0.3
MiddleLeft
I/O
Bool
%Q0.4
SmallLeft
I/O
Bool
%Q0.5
tag14
I/O
Bool
%Q0.6
tag15
I/O
Bool
%Q0.7
tag16
I/O
Bool
%Q1.0
tag17
I/O
Bool
%Q1.1
RedLamp
I/O
Bool
%Q9.0
YellowLamp
I/O
Bool
%Q9.1
GreenLamp
I/O
Bool
%Q9.2
startOut
I/O
Bool
%Q9.3
StopOut
I/O
Bool
%Q9.4
tag20
I/O
Bool
%Q9.5
tag21
I/O
Bool
%Q9.6
tag22
I/O
Bool
%Q9.7
tag23
I/O
Bool
%Q8.0
tag24
I/O
Bool
%Q8.1
tag25
I/O
Bool
%Q8.2
NewCylinder1
I/O
Bool
%Q8.3
StartINV1
I/O
Bool
%Q8.6
FreeINV1
I/O
Bool
%Q8.7
INV1
I/O
Int
%QW112
INV2
I/O
Int
%QW114

1.
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Prospects for the development of power electronics by application of technologies for
production of power semiconductor switches based on silicon carbide
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Abstract: The article presents an analysis of the technical characteristics of promising technologies of power transistors based on silicon
(Si) and silicon carbide (SiC). A comparative analysis of the energy characteristics of power diodes, MOSFETs and IGBT transistors of
various classes based on these technologies is presented. An analysis of current-voltage characteristics and values of static and dynamic
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The same story is with the gallium nitride developing in
parallel – from the first commercial samples to mobile phone
chargers it has been a long way for 20 years. But the first
breakthroughs in materials for power electronics were inevitably
followed by a wave of various scientific studies, and their results
are already leaving the walls of laboratories to factories.
The use of SiC instead of silicon in a power diode gives: first,
it copes better with overheating due to its higher thermal
conductivity; secondly, with the same breakdown voltage, it can
make a significantly lower forward resistance (and hence, increase
the efficiency) or, with comparable resistance, a much smaller area
[10, 11].
A smaller area will give less parasitic capacitance, which
means faster switching, less losses in its process and the ability to
work at high frequency with good efficiency.
Thus, SiC has many advantages besides price, but with the
growth of production volumes, the cost of diodes and transistors
based on silicon carbide is already approaching silicon counterparts.
This makes it possible to fully reveal the advantages of the new
material in mass products due to the fact that the better
characteristics of more expensive devices based on SiC allow
saving on other parts of the project [12, 13].
In Fig. 1 shows a comparison of different types of power
switches in terms of power and frequency, it shows what power and
at what frequency can be switched by different semiconductor
devices. The Y-axis is marked up to GW, which means that not only
electric locomotives, but also power plants can switch with
semiconductor devices.
In addition, new materials can significantly increase the
switching frequency, which is very important for increasing the
efficiency and reducing the size of devices [14].
For power MOSFETs, silicon carbide is useful in the same
way as for diodes – better material parameters allow to make the
low-doped layer much thinner and, accordingly, radically reduce the
on-state resistance of the transistor.
Moreover, it works even on the simplest structures. And their
presence on silicon allows us to assume that although the gain in
specific resistance can already be hundreds of times, there is room
for carbide to grow even further.
Gallium nitride, due to its high electron mobility, excellent
drift velocity and high thermal conductivity, is actively used to
create low-voltage power transistors (usually up to 200 V).
Silicon carbide also outperforms conventional silicon in a
number of ways.

1. Introduction
In recent decades, the most common power transistors that are
used in power conversion technology are MOSFETs, IGBT
transistors, as well as IGCT and GTO tyritors [1, 2]. Each of these
types of semiconductor switches is optimally used for its niche of
switching frequency, voltage class and load current [3, 4].
Recently, high-voltage power electronics has shown increased
interest in power silicon-carbide MOSFETs (metal-oxidesemiconductor field effect transistor) and IGBT (insulated-gate
bipolar transistor) transistors [5, 6].
Silicon is still the main semiconductor material for modern
electronics, however, in a number of areas it is starting to lose
ground. If we talk about the segment of power electronics, the most
promising materials here are gallium nitride (GaN) and silicon
carbide (SiC) [7, 8].
The main markets driving the development of new materials
for power electronics are electric vehicles, power generation,
household electrical appliances and electronics. In addition,
chargers for mobile phones and laptops are produced, in which the
use of new transistors (albeit from gallium nitride, not silicon
carbide) made it possible to make them 1.5...2 times more compact
than conventional ones at the same power. It is expected that the
total capacity of the markets for complex semiconductors in the
coming years will amount to several billion dollars a year.

2. Features of technology based on silicon carbide
Silicon carbide is a semiconductor material consisting of
silicon and carbon in equal proportions and having the formula SiC.
The strengths of SiC, which are important in terms of
semiconductor technology, are due to the wide band gap. This is a
high electric field, in which the material breaks through, and has a
high thermal conductivity [9]. This means that, as a rule, wide-gap
semiconductors are capable of operating at higher voltages and
temperatures than narrow-gap semiconductors.
Gallium arsenide, which has a wider band gap than silicon, has
a smaller temperature range: its crystal lattice begins to collapse
from overheating before it turns into a conductor. There are even
wider-gap semiconductors than SiC, for example, gallium oxide
Ga2O3, boron nitride BN or aluminum nitride AlN, but they have
not yet reached the stage of applicability in mass electronics. But
diamond has almost reached it, which has a forbidden zone of
5.4 eV and a huge thermal conductivity up to 26 W / (cm·K) versus
4.9 W / (cm·K) for silicon carbide and 3.9 W / (cm·K) for copper.
So far, diamond substrates are massively used only for heat
dissipation, but soon synthetic diamond will become sufficiently
cheap and of high quality to make the devices themselves on it. Of
course, "soon" in this case is a loose concept. Cree, one of the
pioneers of SiC semiconductor products, was founded in 1987. The
first commercially available silicon carbide diodes appeared in
2006, the first transistors – in 2011, and widespread use began just a
couple of years ago, when not only the technologies were
developed, but also the prices dropped sufficiently.
170

"INDUSTRY 4.0" ISSUE 4/2020

Graphically, a comparative analysis of two transistors is shown
in Fig. 2.

a

Fig. 2. Basic physical properties of some popular semiconductors
In Fig. 2 introduced the following notation:
– bandgap is a forbidden zone;
– breakdown field – breakdown electric field. The higher it is,
the easier it is to make a high-voltage device based on the material;
– saturation velocity – the limiting velocity of charge carriers
in the material (three orders of magnitude less than the speed of
light);
– thermal conductivity – thermal conductivity. It is very
important for power applications, since the excess heat in them is
very large, even at very high efficiency, and this excess must be
removed from the active region of the device;
– melting point – the melting point that limits the working
range of the material.
Due to the unique characteristics of silicon carbide, it is
possible to create power SiC MOSFETs that combine the
advantages of IGBT and silicon MOSFETs. From silicon
MOSFETs, silicon carbide transistors have inherited high speed,
low losses, and ease of control. In addition, they, like IGBTs, are
capable of operating at high voltages up to 1200 V and higher.
As seen from Fig. 2, there are areas in which different types of
power transistors can be applied. Moreover, the choice between
them is based on comparing their effectiveness. Studies show that
SiC MOSFETs significantly outperform IGBTs in terms of
efficiency.
They are distinguished by both low conductivity losses, which
are determined by the ultra-low resistance of the conducting
channel, and by minimal dynamic losses, which are a consequence
of low switching losses.
There are two main types of silicon carbide transistors:
– hybrid SiC transistors – these are MOSFETs and IGBT
transistors, in which only the reverse diode is built using silicon
carbide technology;
– full SiC transistors are only MOSFET transistors in which
both the transistor and the reverse diode are built using silicon
carbide technology.
The expected relative values of static and dynamic losses of
power switches of various types (IGBT and Si diode, IGBT and SiC
diode; SiC MOSFET and SiC diode) are shown in Fig. 3.
Cree’s SiC MOSFETs have a resistance of 10 mΩ and offer
better light load efficiency at low frequencies than silicon IGBTs.
As a result, according to the calculations, the power loss in the
inverter will be 67 % lower than that of analogs on silicon switches.
Reducing the level of losses will reduce the size of the cooling
system, which will significantly reduce the size and weight of the
inverter, as well as reduce cooling costs.

b
Fig. 1. Comparison of power switches by power and frequency:
а – power switches of different types; b – scope of application
We are talking about high breakdown voltage, high drift
velocity, excellent thermal conductivity, and a significant band gap.
All this makes silicon carbide an ideal material for the production of
high voltage power transistors.
Currently, various types of transistors are common in power
electronics. The low voltage niche has long been occupied by
silicon MOSFET switches. Now they are gradually being replaced
by gallium nitride transistors. Silicon MOSFETs are also mainly
used in the high-speed system segment.
Unfortunately, the effective operating voltage of silicon
switches does not exceed 650 V, so IGBTs are preferred for high
voltage applications with low switching frequencies. However,
IGBTs also have drawbacks, in particular, low performance – their
operating frequency is only 100...150 kHz. For this reason, silicon
carbide transistors have proven to be very popular in the high-speed
high-voltage applications segment.
Table 1 shows a comparative analysis of the characteristics of
power transistors based on SiC and Si.
Table 1
Comparative analysis of the characteristics of power transistors
based on SiC and Si
Parameter
Comparison of SiC
Advantages
and Si
Breakdown voltage
SiC is ≈ 10 times
The ability to make
higher than Si
a higher
breakdown voltage
in the transistor
Electron saturation
SiC is ≈ 2 times
Higher
drift velocity
higher than Si
performance
Band gap
SiC is ≈ 3 times
Higher switching
higher than Si
stability
Thermal
SiC has a higher
Higher operating
conductivity
thermal
temperature
conductivity
Recovery energy of SiC has less energy
Less power loss
the reverse diode

171

"INDUSTRY 4.0" ISSUE 4/2020

Fig. 3. Expected loss reduction from hybrid and full SiC transistors
versus silicon transistors

a

Comparison of the parameters of silicon and silicon carbide
MOSFET transistors is shown in Fig. 4.

b

Fig. 4. Comparison of parameters of silicon and silicon carbide
MOSFET transistors
Silicon carbide MOSFET transistors should be opened with a
sufficiently high voltage, about 18...20 V, while silicon analogs can
be easily operated at voltages of 10...12 V. This is due to the fact
that the resistance of the lightly doped layer in carbide transistors is
very small, and against its background, other resistances begin to
play a more noticeable role, including the resistance of the transistor
channel, which strongly depends on the gate voltage. And then the
channel resistance has a negative temperature coefficient, and the
resistance of the lightly doped layer is positive [15].
If open the transistor with a low voltage, then the contribution
of the channel resistance is large, and those cells that, due to the
spread of parameters, pass a little more current, will heat up more
and their resistance will decrease, because of which they will begin
to conduct even more current, which means they will warm up even
stronger and so on until the transistor burns out.
If the total resistance is dominated by a component with a
positive temperature coefficient, then the current through different
cells of the transistor will self-balance. This characteristic of carbide
does not show up in silicon MOSFETs because the resistance of the
lightly doped layer is much higher than the channel resistance at
any gate voltage.

3. Comparative analysis of transistors
different manufacturer technologies

c
Fig. 5. Dependences of the switching energy of the transistor on the
load current:
а – silicon Si IGBT type CM600DX-24T1; b – hybrid SiC IGBT type
CMH600DU-24NFH; c – full SiC MOSFET type FMF600DX2-24A
Table 2
Parameters of power transistors based on SiC and Si
Transistor type
Silicic
Hybrid
Full
Parameter
Si
SiC
SiC
CM600DX- CMH600DU- FMF600DX224T1
24NFH
24A
Voltage drop at
1.5 V
4V
0,8 V
400 A
Voltage drop at
2.15 V
5V
2,02 V
600 А, 125 ℃
Eon at 400 А
30 mJ
11 mJ
7 mJ
Eoff at 400 А
40 mJ
6 mJ
14 mJ
Erec at 300 А
30 mJ
1,5 mJ
0,8 mJ
Eon at 600 А,
53 mJ
10 mJ
9,7 mJ
600 V, 125 ℃
Eoff at 600 А
56 mJ
26 mJ
26,2 mJ
Erec at 600 А
40 mJ
1,9 mJ
0,8 mJ
Turn-on time,
600
400
60
μs
Turn-off time,
800
700
60
μs

with

Mitsubishi Electric transistors were selected for comparative
analysis:
– silicon IGBT type CM600DX-24T1;
– hybrid SiC IGBT type CMH600DU-24NFH;
– full SiC MOSFET type FMF600DX2-24A.
In Fig. 5 shows the dependence of the switching energy of the
transistor on the load current.
Table 2 shows the parameters of power transistors based on
SiC and Si.
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carbide

The practical application of power transistors based on silicon
carbide is already used in electric vehicles [16, 17]. It is worth
noting that the Tesla Model S inverter was assembled from discrete
silicon IGBTs, and SiC transistors have already appeared in
Model 3, and not discrete, as in Model S, but in the form of readymade modules.
Another example of an EV with SiC transistors is the Venturi
in Formula E. The first generation, rated for 200 kW at 600 V
operating voltage, was all-silicon: IGBTs and discrete diodes.
The second generation used silicon carbide diodes, which
saved 13 % mass and 19 % volume, and also reduced energy losses
during conversion by 30 %. The third generation, already
completely silicon carbide, turned out to be 40 % lighter than the
original, 43 % more compact and four times less power loss.

5. Results and discussion
The following conclusions can be drawn from the analysis:
– switching energy of transistors based on silicon carbide in
comparison with traditional silicon transistors is 3...4 times less;
– turn-off energy is 3...6 times less;
– the recovery energy of the reverse diode is 20...40 times less;
– static power losses (voltage drop across the transistor in the
on state) is 2 times less;
– a decrease in the switching time of transistors leads to a
decrease in dynamic losses, which in turn leads to a significant
increase in the maximum possible switching frequency of power
switches, a decrease in losses and an increase in efficiency;
– significantly smaller mass-dimensional indicators of SiC
transistors, which is quite a significant plus for electric vehicles,
aviation, etc.
Further trends in the development of silicon carbide-based
transistors is to increase the voltage classes of this switch
technology.
The ability to operate in extreme temperatures is useful in the
oil industry, jet engine control circuits, and space.

6. Conclusion
The article presents an analysis of the technical characteristics
of existing and promising technologies for the production of power
semiconductor switches.
The characteristics of power diodes, MOSFETs and IGBT
transistors of various classes based on silicon and silicon carbide are
given. Comparative analysis of current-voltage characteristics and
values of static and dynamic losses in power switches is presented.
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Abstract: This work is focused to an off-grid PV-Genset-battery application as one of the most feasible technology to power internet access
points antennas enabling to reduce GHG-s. Solar energy is clean, infinite and environment friendly source of energy. Remote areas
especially in northern part of Albania is facing difficulties to the connection to the national electricity grid. Primarily diesel generators
(Genset) are used for electricity power supply leading to negative effects into the surrounding. However, hybrid energy systems, such as PVGenset-battery systems have a high potential to reduce CO2 emissions, fuel costs and total cost of the system compared to the other options
applied historically in telecommunication sector in Albania. Such systems are foreseen to play a key role in a stable, costless and emissionless way especially in off-grid applications. The performance, availability, costs and carbon intensity of photovoltaic power all indicate that
this technology can make a very substantial contribution to reduce carbon emissions and gain carbon credits.
KEYWORDS: PV- GENSET, INTERNET ACCESS POINTS ANTENNAS, CO2, GHG, RETSCREEN EXPERT.

1.

electricity generation mix and a contribution for some 3.8 million
jobs, or nearly a third of the sector total [3]. Growing shares of
those jobs are off-grid, supporting productive use in farming, food
processing and healthcare in previously remote, isolated, energypoor communities. In parallel, rural areas benefit from the
feedstock production that underpins bio-energy and which
accounts for the bulk of about 3.6 million jobs in that segment.
Renewables accounted for an estimated 11.5 million jobs
worldwide in 2019. Using solar PV to power mini-grids is an
excellent way to bring electricity access to people who do not live
near power transmission lines, particularly in developing countries
with excellent solar energy resources and reducing the negative
effect on environmental. Continued emissions of greenhouse gases
will cause further warming and changes in all components of the
climate system. Limiting climate change will require substantial
and sustained reductions of greenhouse gas emissions [4].
The cost of manufacturing solar panels has plummeted
dramatically in the last decade, making them not only affordable
but often the cheapest form to be replaced and integrated in
existing power systems. Solar panels have a lifespan of roughly 30
years, and come in variety of shades depending on the type of
material used in manufacturing.

Introduction

The integration of distributed renewable energy in
telecommunication sector and IoT can demonstrate various
technical benefits to the energy sector but at the same time to the
owners of the facilities. Benefits include the reduction of fossil fuel
use and associated GHG emissions, the improvement of grid
reliability and limitation of power outages, protection of critical
loads, independence of foreign supply, and increased energy
security coupled with a fixed energy cost which is immune to
future tariffs and fossil fuel costs increases. This article presents a
concrete PV-Genset-Battery off-grid system in process by an
Albanian internet company spreading signal in Bulqiza District,
part of Northern Albania. One of the challenges of the internet
company was how to provide energy to the locations where the
access point antennas for internet supply would be placed as there
were key points for installation, facing some technical and
economic difficulties to provide electricity access from the local
distribution network already studied in our previous paper, but the
effect on environmental related issues were not calculated. The
carbon intensity of PV power varies between technologies
according to the materials and processes used and module
efficiency power generation by PV systems manufactured in
Europe and deployed in southern Europe using c-Si, multi
crystalline silicon and CdTe systems incur 38gCO2/kWh,
2gCO2/kWh and 15gCO2/kWh, respectively [1]. Around
5gCO2/kWh of this quantity is embedded in the BoS. In the case
of concentrating PV systems, where a large quantity of steel is
required to fabricate the collectors along with a small device area,
the resulting carbon intensities are similar to silicon at
(20÷40)gCO2/kWh for deployment in ideal locations. In all cases
the carbon intensity is very much less than the carbon intensity of
the grid electricity that is being displaced in any fossil fuel reliant
countries; carbon intensity of grid power is around 500gCO2/kWh
in the UK and some more over that in Balkan region. In Kosovo
and North Macedonia electricity generation is highly dependent
from lignite powered centrals corresponding a specific e emission
factor (800-1500)gCO2/kWh. In our case study a specific emission
factor of 297.8kgCO2/GJ is calculated.
In the other hand the depletion of fossil fuel and the negative effect
on the environment as well as the potential techno-economic
merits of "hybrid combinations" identified as a good solution
moving towards reliable and more feasible energy systems based
on renewables [2]. As the need for clean, sustainable energy
increases, and renewable technologies get ever more advanced,
more projects had been developed in greater sizes and
complexities, including on-grid and off-grid solutions based on
renewables.
Today, PV is one of the fastest-growing renewable energy
technologies, and is ready to play a major role in the future global

1.1 Site background and installation of proposed access
point antennas.
In our case study the installation place will be located in Bulqiza
district between the villages of "Ostren i Vogël" and "Trebisht"
(41°25'37.1"N and 20°30'29.6"E) as it is shown in figure 1. The
area has an altitude of 847m above sea level and the measured
average annual air temperature results 11.4oC. Atmospheric mean
pressure value and wind velocity measured at 10m altitude results
92.7kPa and 2.7ms-1. This location is selected as a strategic point
for full signal coverage of both villages in the area.

Figure 1: The location Instalation's point of the "Internet Access
Point Antenna", covering both villages "Ostren i Vogël" and
"Trebisht"
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The main two problems are related to the distance of electricity
supply from the national distribution grid and of course the
contribution on mitigation process towards a cleaner and safer
environment.
So, at this point it was achieved to provide power from the a hybrid
PV system but the other challenge was that such systems can
reduce to a satisfactory level the release of carbon dioxide into the
surrounding environment. This requires some actions in the field of
PV plants gaining the potential to collectively overcome the
national regulatory gap by fostering targeted low-carbon
investments at regional level in Albania.

this century. Photovoltaics (PV) is a key technology option for
realising a decarbonised power sector and sustainable energy
supply [9]. Most of those options rely on renewable necessarily
supported from energy storage systems (ESS) [10]. Despite
significant steps forward in Kenya, Ethiopia and Rwanda, close to
600 million people are still without access to electricity in subSaharan Africa evaluating off-grid PV model as a fast and feasible
solution [11].
Totall PV installed capacity (MW)

700000

1.2 Renewable Energy Resources and Global Support
Policies and Albanian RES initiative
Under the pressure of an increased awareness related to
environmental issues, technological progress and the liberalization
of the energy market, in the last 15 years has been rapid progress
in the development of wind and solar exploitation technologies in
Albania [5Renewable energy sources, including solar, wind, hydro,
biofuels and other future renewable sources are at the centre of the
transition towards a less carbon-intensive and more sustainable
energy system [6]. Solar energy has played a significant role in the
last decade in the process of energy transition in many countries
worldwide. Solar photovoltaic has attracted massive amount in the
global power sector investment over the last couple years,
especially in EU-28 countries. Action to reduce the impact of
climate change is critical. The Paris Agreement sets a goal to limit
the increase in global average temperature to well below 2°C
above pre-industrial levels and to attempt to limit the increase to
1.5°C. Implicit in these goals is the need for a transition to a lowcarbon energy sector, which accounts for two-thirds of global
emissions. RES, coupled with energy efficiency gains, can provide
90% of the CO2 emissions reductions in the roadmap to 2050.
Renewable energy is therefore a key component of Nationally
Determined Contributions (NDCs) – the central implementation
tool for countries under the Paris Agreement. At present, the level
of detail contained in NDCs differs from country to country, with
little in-depth analysis and limited quantitative information about
the role of renewable energy in meeting greenhouse gas (GHG)
emission reduction targets [7]. Based on the targets projected in
global level Albania is making efforts to reduce import of
electricity, improve its security of supply and to attain the Paris
Agreement. The Albanian ministry of Energy and Transportation
and its dependecy institutions has compiled the "The National
Energy Strategy 2018-2030", consisting on 6 possible scenarios of
energy's transition process toward a sustainable and reliable energy
by shifting Albania to decentralized renewable energy market,
and energy efficiency. This strategy, requires a RES of 42% to the
total energy consumption by the end of 2030. The RES share
actually is approximately 30%. The first goal can be achieved by
large scale integration of RES capacities, especially wind
generation capacities[5]. The RES share in global electricity
generation reached almost 27% in 2019, renewable power as a
whole still needs to expand significantly to meet the SDS share of
almost half of generation by 2030 which requires the rate of annual
capacity additions to accelerate [8].
In the graph in figure 2 the global installed PV capacity is given.
The growth of PV capacity worldwide tends an exponential
progress and results 14 times more in 2019 compared to 2010.
The second national energy goal, compared to the baseline
scenario in 2016, should be fully in line with EU objectives, its
commitment is to reach a reduction of 11.5% of CO2 emissions by
the end of 2030. Considerable interest in RES and significant
increases in cost of imported oil and very frequent services of
related power generation technologies have compelled various
countries to search for low-cost energy sources and improved
technologies such, wind turbines, PV and synergies between
systems to achieve lower cost of electricity generation. Also,
limiting the global average temperature rise to 1.5oC will require
all sectors of the economy with increasing need for energy to reach
zero carbon dioxide (CO2) emissions early in the second half of
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Figure 2: The global installed capacity trends of the PV systems.

2.0 Off - Grid PV systems applications
Solar PV offers better benefits and reliable solutions for consumers
in rural areas who do not have access to the grid [12], [13]. The
economic benefit is assessed based on the LCOE which represents
a good starting point to compare benefits and competitiveness of
different technologies [14]. Photovoltaic systems are cost-effective
in small off-grid applications, providing power, to rural homes in
developing countries, off-grid cottages and motor homes in
industrialised countries, and remote telecommunications,
monitoring and control systems worldwide. According to Kunaifi
et al [15] are good basis of LCOE data for off-grid technologies in
Indonesia. The studies have demonstrated that a solar PV
combined with diesel engine (hybrid) has relatively lower LCOE
than a pure diesel generator-only. The IEA estimates that to
achieve the goal of universal electricity access, 70% of the rural
areas that currently lack electricity will need to be connected using
mini grid or off-grid solutions. Photovoltaic systems can be
combined with fossil fuel-driven (Genset) motors.
Off-grid applications include both stand-alone systems, and hybrid
systems, which are similar to stand-alone systems but also include
a fossil fuel generator (Genset) to meet some of the load
requirements and provide higher reliability. Bias in the data is
eliminated since it considers access to fuel, access to transmission
lines, and the optimal usage of each plant [16]. The studies have
demonstrated that a solar PV combined with diesel engine (hybrid)
has relatively lower LCOE than a pure diesel generator-only.
Nevertheless, the capital cost of the battery, which is one of the
most significant components in LCOE evaluation [15], [17], [18] is
predicted to be reduced to more than 60% by 2030 [19].
Consumers using solar PV technology are in the spotlight of some
additional benefit from reduced externalities cost caused by
greenhouse gas emissions from diesel and other fossil fuel
powered generators [16].
Solar energy is one of the greatest attractions among the renewable
energy resources used for electrification. Photovoltaic systems can
be installed at any place where sufficient energy potentials are
available. To quantify the potential value of technological
advances to the photovoltaics (PV) sector [20], examines the
impact of changes to key PV module and system parameters on the
levelized cost of energy (LCOE).
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producing electricity from diesel is normally quite large directly
proportional to CO2 emission level. Simulations are then used to
calculate the highest possible savings in yearly fuel consumption
that could lead lower specific emission compared to the other
options available.

3.0 Materials and Methods
PV projects so far have been easily applicable for on-grid level
including both central-grid and isolated-grid PV systems. In this
work the off-grid applicability of the PV project considering standalone (PV-battery) and hybrid (PV-Battery-Genset) systems is
investigated. Thus, an accurate methodology comprehending indepth analysis of the benefits must be applied and always required.
The need for a pile of datas including physical characteristics,
financial viability, environmental advantage, carbon credits, social
or other self-interests of the project, will help the energy planers to
a mature decision. Actually, there are several models available for
conducting a set of analysis including environmental impact and
benefits. RETScreen Expert is a clean-energy awareness,
decision-support and capacity-building tool [21]. The model uses a
computerized system with integrated mathematical algorithms and
top to bottom approach. It provides a cost analysis, GHG emission
reduction analysis, financial summary, sensitivity analysis,
provides a low-cost preliminary assessment of RES projects with a
small set of a detailed information.
A comparison between RETScreen Expert tool and more in-depth
models using hourly values instead of monthly values showed that
they produce roughly the same results, with an annual difference
of less than 5% for projected energy production [22], [23]. The
RETScreen Software has been developed to overcome the barriers
to clean energy technology implementation at the preliminary
feasibility stage.
First is analyzed the capacity and structure of the various PV
systems and then select the most suitable module type and model,
respectively matching on recommendations and trends. This
selection is made taking into account both technical and economic
context, such as solar radiation potential in the area affecting
technical parameters of the PV module. Methodology 2 as the
more suitable to perform the techno-economical analysis is chosen
[5]. It is first required to set the model the values of the respective
solar potential in the study area which may be represented by the
monthly average values for the metering stations provided by the
model.

Table 1: Presentation of the technical indicators of the PV cell
technology
Model Type
WRS250-ST60FPower
Max power at STC (Pmax)
Power tolerance
Optimum operating current
(Imp)
Optimum operating voltage
(Vmp)
Short circuit current (isc)
Open circuit voltage (Voc)
Nominal Operating Cell
Temp (NOCT)
Maximum system voltage
Standard Operating
Temperature (Tc)
Specific energy (E)
Dimension
Weight
Cell technology
Application class

W
W
A

250
0÷0.5
8.36

V

28.89

A
V
O
C

9.01
37.62
45

V
C

1000
25

W/m2
Mm
Kg

1000
1660x990x34
19.0
Multi-Si
Class A

O

3.2 Emission reduction analysis and strategies
The model performs a GHG emission reduction analysis depending
on whether the clean energy system under consideration generates
electricity or provides other energy requirements. The only
difference lies in transmission and distribution losses, which are
incurred only by electricity generating systems. The reduction
ΔGHG is calculated as follows in equation 1:

3.1 General Solar Power Potential at proposed site.

 GHG   ebase  e prop  E prop (1   prop )(1  ecr )

In our first work a detailed techno-economic assessment of the
hybrid PV system of this case study is performed. Results shows
that the irradiation potential in the proposed location is adequate
for supplying the system's energy demand in yearly scheduling.
Designing the PV plant starts with the evaluation of parameters
that are considered important in recent years to use solar for power
generation. From [24] and its Earth Science research program has
long supported satellite systems providing important weather data
capable to be fully integrated in RETScreen model. These data
include long-term climatologically averaged estimates of
meteorological quantities and surface solar energy fluxes. These
satellite and model-based products have been shown to be accurate
enough to provide reliable solar and meteorological resource data
over regions where surface measurements are sparse or
nonexistent. The highest values are observed during the summer
season of the year, while the lowest values are observed in the
winter months. The highest solar radiation value 6.98 kWh/m2/d is
reached in July, while the lowest value 1.54 kWh/m2/d hits in
December. The annual mean solar radiation and temperature
values calculated and declared from Albanian Institute of HydroMeteorology for Bulqiza district is defined by an average solar
radiation of 3.72 kWh/m²/d, which results 11% lower than that
obtained by the model.
In the table 1 the main technical parameters of the PV cell
technology panel is given providing a capacity factor at the
construction site of 15.2%. The capacity factor is the basic
technical criterion in selecting the type of PV panel as it is the
main indicator that directly influences the annual energy generated
by the PV system and also reducing the GHG. The difference
between the costs of producing PV energy and the costs of

(1)

where ebase is the base case GHG emission factor, eprop is the
proposed case GHG emission factor, Eprop is the proposed case
annual electricity produced, λprop is the fraction of electricity lost in
transmission and distribution for the proposed case, and ecr the
GHG emission reduction credit transaction fee. For both the base
case and proposed case system, the transmission and distribution
losses are deemed to be negligible for on-site generation, such as
off-grid and water-pumping PV applications.

3.2.1 GHG emission factor – base case electricity system
For the base case electricity generation system is strictly required
the calculation of the GHG emission factors, defined as the mass of
greenhouse gas emitted per unit of energy produced. For a single
fuel type, the following formula in equation (2) is used to calculate
the base case electricity system GHG emission factor, ebase:



ebase  eCO2 GWPCO2  eCH4 GWPCH4  eN2OGWPN2O
1 1
 1 



(2)

where eCO2, eCH4, and eN2O are respectively the CO2, CH4 and
emission factors for the fuel/source considered, GWPCO2, GWPCH4,
and GWPN2O are the global warming potentials for CO2, CH4 and
N2O, η is the fuel conversion efficiency and λ is the fraction of
electricity lost in transmission and distribution. The GHG emission
factor will vary according to the type and quality of the fuel, and
the type and size of the power plant. In cases for which there are a
number of fuel types or sources, the GHG emission factor ebase for

176

"INDUSTRY 4.0" ISSUE 4/2020

the electricity mix is calculated as the weighted sum of emission
factors calculated for each individual fuel source given in equation
(3):

In the baseline case the diesel 2 fuel type is chosen in the
simulation of the system. A typical Genset could have an
electricity generation efficiency of 25.3% and CO2 emission factor
results 297.8kg/GJ. Specific emission factor for N2O for the
selected fuel type is 0.0006 kg/GJ resulting to 0.0024 kg/GJ and
0.0087 kg/GJ of CH4.
The GHG emission factor results 1.07 tCO2/MWh for a 7% T&D
losses.

n

(3)

i 1

where n is the number of fuels/sources in the mix, f i is the
fraction of end-use electricity coming from fuel/source i, and ebase,
i is the emission factor for fuel i, calculated through a formula
similar to equation (2):
1
1
(4)
ebase,i   eCO ,iGWPCO  eCH ,iGWPCH  eN O ,iGWPN O 
, i 1   , i

*
base

e

where

 ebase rchange

rchange

(5)

is the percentage change in the base case (baseline)

In this case study the optional GHG reduction credit, per
equivalent tonne of CO2 (tCO2) is considered. It is used in
conjunction with the net GHG reduction to calculate the annual
GHG reduction revenue. Prices for GHG reduction credits, per
equivalent tonne of CO2 (tCO2), vary widely depending on how the
credit is generated and how it will be delivered. Other factors
which have an impact on price may include: voluntary or
mandatory emissions reduction; private or public purchase of
credits; credits traded within, for example, the European Union
Greenhouse Gas Emission Trading Scheme (EU ETS), other
national, transnational, or regional schemes; type of technology
used to generate the emissions reductions; and others. As of May
2014, prices including rates for carbon taxes varied between $1 to
$168 per tonne of CO2 [25].
The model escalates the GHG reduction credit rate yearly
according to the GHG reduction credit escalation rate starting from
year 1 and throughout the GHG reduction credit duration as it is
given in the table 4.

The calculation of the proposed case electricity system GHG
emission factor, eprop, is similar to that of the base case GHG
emission factor, with the exception that for off-grid systems the
fraction of electricity lost in transmission and distribution is set to
zero. eprop is therefore calculated through equation (2) with λ=0, in
the case of a single fuel/source, or through equations (3) and (4)
with all λi=0, in the case of a mix of fuel/sources. Alternatively, the
proposed case GHG emission factor of 3%, before transmission
and distribution losses are applied.

4.0 Silmulation of the PV-Genset system
Emission factors will vary for different types and qualities of fuels,
and for different types and sizes of power plants.. The electricity
mix factors thus account for a weighted average of the fuel
conversion efficiencies and T&D losses of the different fuel types.
For fuel type selected, diesel 2, 100% single fuel mix, units are
given in (kg/GJ) as it is shown in table 2.

Table 4: Calculation of the carbon credit revenue
$/tCO2

100
%

297.8

0.0087

0.0024

25.3

GHG emission factor
(tCO2/MWh)

0.0006

T&D losses(%)

0.002

Electricity Generation
efficiency(%)

N2O emission factor
kg/GJ

70

Fuel Mix

CH4 emission factor
kg/GJ

Electricity
Mix

CO2 emission factor
kg/GJ

Table 2:Emission factors for the chosen fuel type taken in the study
(Diesel 2)

100
%

7

1.07

7

1.07

GHG emission
factor
(tCO2/MWh)
GHG emission
(tCO2)

4.1 GHG reduction credit

3.2.2 GHG emission factor – proposed case electricity
system

Fuel Mix

1.075

In the table 3 the GHG emission for the base case system by
multiplying the fuel consumption by the GHG emission factor.
The model also calculates the GHG emission for the base case
system by multiplying the annual system losses by the global
warming potential. The annual GHG release in environmental
results 0.3302 tCO2.

GHG emission factor for the year that the change in baseline takes
place, and the years that follow.

Fuel Type
(Base case )

Electricity

Fuel consumption
(MWh)

conversion efficiency for fuel i, and  ,i is fraction of electricity
lost in transmission and distribution for fuel i.
The GHG emission factor for the electricity mix will apply from
year 1 up to the year of change in baseline, as specified by the user,
unless no changes are specified; in this case, the emission factor
will apply throughout the life of the project. When a change in the
baseline emission factor is specified, the new factor for the year
that the change in baseline takes place, and the years that follow
will be determined by (e*):

0.31

is the fuel

N2O emission
factor kg/GJ

 ,i

0.0024

and N2O emission factors for fuel/source i,

0.0087

respectively the CO2, CH4

CH4 emission
factor kg/GJ

2

CO2 emission
factor kg/GJ

eCO2 ,i , eCH 4 ,i and eN 2O ,i are

where

2

297.8

4

Fuel Mix

4

100%

2

Fuel Type
(Baseline GHG
Summary )

2

Table 3: Calculation of CO2, CH4 and N2O for the base case
system.

0.3302

ebase   f i ebase,i

120

GHG reduction credit duration

Yrs

25

GHG reduction credit escalation rate

%

Gross annual GHG emission reduction

tCO2

GHG credits transaction fee

%

Net annual GHG emission reduction

tCO2

0.3139

GHG reduction revenue

$

37.671

2.5
0.3203
2

Carbon credit instruments often coexist with other heterogeneous
policies that may directly or indirectly contribute to reducing GHG
emissions by addressing areas such energy or infrastructure. In our
study they have to be planned to interact and complement other
strategic priorities at local and national levels. The GHG reduction
credit duration is acceped to be applied all into the whole lifetime
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of the proposed hybrid PV system with a reduction credit
escalation rate of 2.5%. From the calculation the net annual GHG
results 0.3139tCO2 leading to 37.671$ of GHG reduction revenue.
The credit transaction fee is accepted 2%. In the graph in figure 3
the results of the simulations of the hybryd system compared to
that of the base case (genset alone) is given. The proposed system,
hybrid PV offers the lowest possible scenario for the mitigation of
GHG emissions resulting to 0.0099 tCO2 compared to baseline
scenario 0.3302tCO2.
0,3302

0,3203

[5]
[6]

[7]

[8]

0,3139

[9]

tCO2

0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

[4]

0,0099
Base case (tCO2)

Proposed
case(tCO2)

[10]

Gross annual Net annual GHG
GHG emission
emission
reduction (tCO2) reduction (tCO2)

[11]
[12]

Figure 3: Results of the simulation of the baseline scenario and
hybrid PV system.
The simulation shows that an amount of 0.3 tCO2 is reduced by
the proposed acces point antenna powered by a hybrid PVsystem
equivalent to 137 litres of gasoline not used or 0.1 acres of forest
absorbing carbon.

[13]

7. Conclusion
[14]

The present paper address various aspects related to hybrid PV
energy systems for an autonomous power supply of the access
point antenna for two remotes villages in Bulqiza district,
including an universal understanding of the GHG emission
mitigation process. Diesel powered generators and photovoltaic
(PV) technology can be combined in perfect harmony extracting
the maximum solar radiation. Although these technologies have
rarely been in demand by the same users in the past applying
Genset stand alone systems. Nowadays, benefits coming from the
hybrid-PV system is becoming extremely beneficial from both
technical and cost point of view and of course environmentally
friendly. The perspective of a wide use of green power motivates
the investors in our Albania to evaluate the possibility of
fabricating integrated stand-alone devices. In particular, solar
energy is one of the most promising renewable powers, and it is
widely used in autonomous wireless communication systems. In
this paper, the feasibility of a single integrated autonomous internet
access point antenna device, discussing its potentiality remotes
areas in Albania is analyzed.
From the result of the study 0.3 ton CO2 is reduced equivalent to
137 litres of gazoline not consumeed or 0.1 acres of forest
absorbing carbon. The impact of such systems in all
telecomunication sector is very deterministic and should be at the
center of developments in the telecommunication, agriculture and
other services sector in Albania.
As a conclusion, off-grid hybrid photovoltaics (PV) concept should
be a key center technology option and solution in the way to deep
decarbonisation of the power sector in Albania.

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]
[23]
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Applications of contemporary software systems for piezoelectric beams investigations
Svetlin Stoyanov
Angel Kanchev" University of Ruse, Bulgaria
Abstract: This paper presents investigations of vibrations of cantilever beams with piezoelectric layers. The paper discusses the
contemporary engineering and scientific software systems in order to select the appropriate for the study of mechanical and electrical
dynamic behavior of piezoelectric beams.The system COMSOL has been chosen and a study with it has been stated with a static analysis and
an eigenvalue analysis. Conclusions are made and a frequency response and time dependent investigations are planned to be done.
Keywords: PIEZOELECTRIC BEAM, CANTILEVER BEAM, VIBRATIONS, MODELING, SIMULATION, SOFTWARE
In [5], a simple cantilever piezoelectric beam is modeled trough
MATLAB ang Partial Deferential Equation Toolbox – Fig. 2. Then,
the free vibrations are studied.

1. Introduction
The aim of this paper is to discuss the contemporary
engineering and scientific software systems and to chouse the
appropriate for investigating the mechanical and electrical
dynamical behavior of piezoelectric beams.
The development of extremely low power electronics and
wireless systems has led to a strong interest in the fields of energy
harvesting and development of miniature generators. Typically,
these devices are used to power sensors and wireless
communication systems, enabling standalone wireless sensors that
are cheap to deploy.

Fig. 2. Simple piezo beam in MATLAB

2. Basic piezo beam in COMSOL

In the area of the mechanical structure vibrations investigations
and the multiphysics simulations, four software systems have the
lead positions. These are: ABAQUS, COMSOL, SOLIDWORKS,
and MATLAB. The software system MATLAB is a system for
“computer aided mathematics” and “matrix laboratory”, but in fact
this software system is often used from scientist and engineers to
solve mathematical models that describes problems in the area of
the mechanical structure vibrations and the multiphysics
simulations.

The COMSOL Multiphysics software enables the simulation of
designs involving coupled physics (mechanics, electromechanics,
acoustics, fluid flow, heat transfer, chemical reactions, etc.) and the
creation of easy-to-use apps. COMSOL Multiphysics and
SOLIDWORKS software interface via LiveLink for SOLIDWORKS
– Fig. 3.

The major components of the energy harvester are: a
piezoelectric bimorph, a proof mass and, a supporting structure. The
piezoelectric bimorph usually consists from a ground electrode
embedded within it (coincident with the neutral plane of the beam)
and two electrodes on the exterior surfaces of the cantilever beam –
Fig. 1 [6].

Fig. 3. The beam investigated in the COMSOL Multiphysics software

Also, COMSOL Multiphysics is a simulation platform that
encompasses all of the steps in the modeling workflow - from
defining geometries, material properties, and the physics that
describe specific phenomena to solving and postprocessing models
for producing accurate and trustworthy results. These are the
reasons why COSMOL was chosen for this study. Two supporting
schemes are used – Fig. 4.

Fig. 1. Kinds of bimorph layers

As it is of utmost importance to enable users to apply developed
numerical tools in modeling and simulation, the investigation
presented in [2] addresses ABAQUS implementation of the recently
developed piezoelectric 3-node shell element. Similar works were
already reported in available literature [1, 3, 4]. In what follows, the
most important aspects of the element development are briefly
presented together with the results of several test cases computed by
using the element implemented in Abaqus.

Fig. 4. Simple piezo beam
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Firstly, a static study is conducted and the beam deflection is
obtained. Also, the proof mass displacement is calculated – Fig. 5
and Fig. 6.

Fig. 5. The proof mass static displacement plot

Fig. 8. The third and four natural shapes of incestigated piezo beam

3. Conclusions
A simple piezoelectric beam is modelled in COMSOL
Multiphysics software and a static study is conducted. After that, an
eigenvalue analysis is performed and the first four natural
frequencies and shapes are obtained.
It is planed the investigation to be continued with a frequency
response analysis and a time dependent analysis. They will provide
information about the mechanical and electrical vibration behavior
of the beam.

Fig. 6. The proof mass dynamic displacement plot

An eigenvalue study is performed and the natural frequencies
and shapes are obtained – Fig. 7 and Fig. 8. One can see that the
first natural frequency has a value of 80.6 Hz and the corresponding
natural shape has one node. The second natural frequency is 903.8
Hz and their natural shape has two nodes.
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Fig. 7. The firs and second natural shapes of incestigated piezo beam
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Research industry 4.0 application in Slovak companies
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Faculty of Mechanical Engineering – Technical University of Košice, Slovakia 1
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Abstract: A survey was carried out at the Technical University in Košice within the project APVV-15-0351 "Development and
application of risk management models in terms of technological systems in accordance with the Industry 4.0 strategy" in order to provide
companies with relevant information for assessment how managers in Slovak industry perceive the readiness of organizations to implement
Industry 4.0, their current situation and the use of deeper knowledge of the environment in the application of elements of Industry 4.0 for the
benefit of their further development. The survey was conducted anonymously.
Keywords: INDUSTRY 4.0, SURVEY, INTEGRATED SECURITY
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1. Introduction
In the last decade, most developed industrial countries have
been intensively involved in the beginning of the so-called Fourth
industrial revolution known as Industry 4.0. It is a concept based on
such elements as the industrial internet, cyber-physical system,
artificial intelligence, additive manufacturing, etc. It turns out that
the early capture of the beginning of this industrial revolution is
crucial for individual industrially oriented countries, not only in
terms of their competitiveness. Globalization and the resulting risk
factors (data security, sensitivity, and vulnerability of information,
crisis preparedness) will examine the impact of digitization on the
continuity of business management. Even in Slovakia, which is
industrially oriented, many experts from practice, academics and
usually also politicians deal with this issue. They come with
different opinions, views, knowledge, and determination to
introduce Industry 4.0 to various areas of Slovak industry. The
crucial question is whether Slovak industrial enterprises are
sufficiently prepared for the introduction of Industry 4.0 [1].

2. Digitization
Digitization and automation of production and logistics
technologies as part of Industry 4.0 bring several positive aspects
[2]. They create conditions for the expansion of production
capacities, assertion in a competitive environment through
increasing productivity and quality of manufactured products, new
opportunities and new customers, replacement of people in
dangerous operations and events. Individual stages of digitization in
organizations can be described up to five levels, Table 1.
Table 1: Stages of digitization
Dimension
Dimension
Vertical
Horizontal
Integration
Integration

Dimension
Digital Product
Development

Dimension
Cross-sectional
technology
criteria

Stage 5 – Optimized full digitization:
The company is a showcase for Industry 4.0 activities. It collaborates
strongly with its business partners and therefore optimizes its value
networks.
Continuous
Continuous
Product
Simulation
and
cross-corporate
crossdevelopment
optimization
of
integration that corporate
is processed value
and
is
constantly integration
digitally
information flows
optimized.
and
inside
and in real-time within
collaboratio outside
the the value network.
n in value company
IT security adjusts
networks.
(digitized
promptly to new
end-to-end
risks. Occurring
solution).
security problems
are immediately
solved.
Encryption
is
optimized along
the
value
networks.
Stage 4 – Full digitization:
The company is completely digitized even beyond corporate borders
and integrated into value networks. Industry 4.0 approaches are
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integration.

are supported
by
several
enterprise
systems. Data
and information
exchange
are
not
automatized.

enterprise
service
bus
(ESB)).
First
experience with
Big Data and its
applications.
Development of
the first IT
security models.

Stage 1 – Basic digitization level:
The company has not addressed Industry 4.0. Requirements are not or
only partially met
Integration of Integration
Product
No
serviceenterprise
of
development is oriented
or
systems only enterprise
not
digitally cloud-based
departmentalsystems
supported.
approaches.
specific. The only
Data
and
enterprise
department
information
systems along al-specific.
flows are not
the enterprise’s The
used for product
value
chain enterprise
improvement/op
support
only systems
timization.
their respective along the
Confidentiality,
fields
of enterprise’s
availability, and
activity.
value chain
integrity of the
support
data are not
only their
guaranteed.
respective
fields
of
activity.

Fig. 1 Areas of operation of organizations

The second area was the analysis of the current state of
integrated security in the companies. It consisted of 23 questions.
Regarding the area of the integrated security survey, 37.7% (Fig. 2)
of the respondents answered that the idea of integrated security in
their company has long been implemented by top management,
regularly re-evaluated and systematically improved, and that it is
promoted mainly by security technicians. 41.5% of respondents
answered that integrated security is part of the corporate education
system. When asked how the risk management system is integrated
into the process or management of the company, 34% answered that
in an appropriate way in all major processes.

It is not possible to assume that in a company with a lower level
of digitization there are fewer risks, but the nature of the risks is
changing and so is the way they are managed. If the Industry 4.0
strategy is implemented, there will be fundamental changes in the
conditions for the employment of employees in the conditions of
production processes of goods and services. Through the
implementation of the individual phases of Industry 4.0, the work in
the production lines will be refined and humanized. Simple manual
actions disappear. Employees will be coordinators who ensure
smooth production and will act only when their machine calls for
action. It can be stated that areas, where Industry 4.0 elements are
not implemented, will be more oriented to the area of Safety, while
areas, where Industry 4.0 elements are more actively used, will be
more oriented to the area of Security [3, 4].

3. Survey of Slovak companies

Fig. 2 Attitude of top management to integrated security in the companies

The survey was focused on Slovak industrial companies. It was
performed in electronic form in the years 2017-2019 in 53 Slovak
companies. The survey consisted of three areas, the first was
general about the company, the others were about two areas:
1.

integrated safety&security,

2.

analysis of the elements of Industry 4.0 in the
companies.

Out of the total number, 62.3% answered that the requirements
for integrated security are also introduced into maintenance
activities such as employee monitoring, identification when
uploading data to the CMMS (Computerized maintenance
management system), etc., Fig. 3.

The survey was based on subjective estimates of the top
managers of the organization. The first part of the survey was
general, descriptive about the organization. This part consisted of 6
questions. Out of the total number of 53 respondents, the most
respondents from the automotive industry were 41.5% with the
number of employees more than 250, Fig.1.

Fig. 3 Question regarding integrated safety requirements implemented in
maintenance activities

Furthermore, up to 77.4% of companies apply maintenance
management concepts (e.g. TPM, RCM, RBI) as part of machine /
equipment risk management, Fig. 4.
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4. Conclusion
The fourth industrial revolution is closely linked to the degree
of automation used in the organization. The perception of the
organization's readiness for Industry 4.0 can therefore be directly
influenced by the perception of the degree of automation in the
examined organization. Although Slovakia is a relatively small
country, the sample of 53 organizations cannot be considered
sufficiently representative. Many sectors in the survey were not
statistically sufficiently covered, which is why the results were so
highly dispersed. On the other hand, the obtained results can be
understood as the first part of further research, which provides a
rough estimate of the degree of readiness of Slovak organizations
for Industry 4.0 in terms of integrated safety and Industry 4.0 in
relation to safety and health at work.

Fig. 4 Maintenance management concept (e.g.TPM, RCM, RBI) as part of
machine / equipment risk management

The third part of the survey was devoted to the analysis of the
current state of digitization in relation to security. This part
consisted of 24 questions. The results were interesting and the fact
that 34% of respondents are aware of the need to implement
Industry 4.0 but consider it little known in the company. 32% of
respondents perceive that digitization in relation to security is only
marginally reflected in the management of the company. The
estimate of the degree of digitization in 18.9% of companies was
about 51% - 60%, Fig.5.

This contribution is the result of the projects implementation: APVV
No. 19-0367 Integrated Process Safety Management Approach
Framework for the Smart Enterprise
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Fig. 5 Estimation of the degree of digitization in the companies

When estimating the ratio of automatic to manual production,
32.1% of respondents answered that it is 20:80, Fig. 6.

Fig. 6 Estimation of the ratio of automatic to manual production

The following Fig.7 points to the implemented individual
elements of Industry 4.0 in the surveyed companies.

Fig. 7 Individual elements of Industry 4.0 in the companies
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advanced CPS. With the help of this real-time data, the network
permanently updates the virtual image of reality 3.

1. Introduction
The Fourth Industrial Revolution is driven by rapid advances in
digital technologies. Up to date, the majority of innovations focus
on production and logistics. How can the instruments of Industry
4.0 be applied to sales processes in order to integrate customer
needs and demands, maximize customer value, create market
knowledge, develop innovative forms of use, new business models
and more?

Industry 4.0 solutions combine innovative production methods
with state-of-the-art information and communication technology
(ICT) 4. The result is manufacturing processes which run
automatically, sometimes even autonomously, with a maximum of
both flexibility and efficiency, at high speed and low cost. Figure 1
gives an overview of the key enabling technologies of Industry 4.0:

The article answers this question by first presenting the key
technologies of Industry 4.0, followed by the specific challenges for
sales in the age of digitization. After briefly examining the
potentials of Industry 4.0´s key enabling technologies for sales, the
third chapter focuses on two instruments that could play a
particularly important role for the integration of Industry 4.0 into
sales: Digital Twins and Platform Architectures. Chapter four
discusses the potential contribution of those two instruments for the
integration of sales and the challenges that have to be overcome in
order to unlock their full potential.

2. The Key Technologies of Industry 4.0 and

the Challenges for Sales
Fig. 1: Key Technologies for Industry 4.0 (Source: Own

The history of economy is a history of revolutions. At the
moment, the world is in the middle of the Fourth Industrial
Revolution, which is about to disrupt the entire value chain of
almost every industry and to turn our way of thinking upside down.
Rapid advances in the digitization of the economy are transforming
markets, manufacturing and work at an enormous pace.

Illustration)
2.2 The Challenges for Sales
Digitization is the biggest challenge for sales as well. It refers to
the process of capturing, processing and organizing consumer
knowledge to make it accessible and reliable for varied goals,
including customer analytics 5. Experts agree that digitization
poses a disruptive force that is likely to be more significant and run
deeper than any previous sales technology innovation. Merging the
physical with the virtual world as the next step will be turning
established sales theories and practices upside-down. The emerging
challenges can be roughly categorized into two segments: the
emancipation of the consumer 6 and the disruption of sales
organizations and processes 7.

As a result, competition and complexity of the global
environment increase at an accelerating rate. The companies
themselves face swelling external and internal complexity. In many
industries, the dominant technologies and designs will be replaced.
New business models with novel competitors will turn everything
upside down. Finally, digitization is changing our individual daily
lives more than any other megatrend: People are constantly online –
and companies have to follow them into those virtual spaces,
forcing them towards a digital transformation 1.

2.1 The Key Technologies of Industry 4.0
2.2.1 The Emancipation of the Consumer

The answers to all those challenges are bundled under the
concept of “Industry 4.0”. Its basic idea consists of two elements:
the global cross-system networking of people, products and plants
as well as the independent and decentralized self-organization and
control of these production units in real time. Technologically,
Industry 4.0 is based on the merging of the physical world with the
virtual world into a cyber-physical system (CPS) 2. The
availability of all relevant data in real time is a key feature of

How does digitization change the interaction between
companies and their customers? Today's buyers have access to a
wealth of information. Being more informed, they become more
empowered and self-confident which makes them demand complex
combinations of products and services. The company Salesforce has
proclaimed the “Age of the Customer”, meaning that information
technology introduced a new type of consumer expectation 8,
because consumers now interact directly with the brands and
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products they love online 9. If they choose to, consumers play an
active role during customer acquisition, retention, information
exchange, even in sourcing new ideas for product innovation 10.
Consumers become active und influential participants in marketing
and sales efforts 11 while expecting 24/7 availability of sales. If
interaction in terms of understanding, consulting, expertise,
availability and value creation by sales is not sufficient, digital
punishment follows immediately, visible online for everyone else.
In a nutshell, buying behavior and processes of consumers are
changing tremendously.

car showrooms allows potential customers to experience their
individually configured car very realistically, down to the last
detail, through VR goggles 16. AR/VR technology features certain
parallels to Digital Twins, although those go well beyond a “mere”
visual presentation of a products´ design, layout or ergonomics.
Further benefits of the Digital Twin will be discussed in chapter 3.1.
The analysis of Big Data helps to optimize an organization´s
sales processes and products. It can also provide strategic insights
into customer behaviors and desires 12 and even generate new
business models. Popular innovative application examples include
"pay-per-use" models or “predictive maintenance”, which would be
inconceivable without Big Data.

2.2.2 The Disruption of Sales Organizations and Processes

Huge amounts of data are also essential for Artificial
Intelligence (AI). AI engines generating value for customers are
widespread in B2C industries. Popular examples are Amazon and
Netflix, which provide personalized product recommendations to
fulfill customers' needs 17. For similar reasons, B2B companies
are also increasingly using AI technologies. Another use case is to
analyze the needs of potential customers. For instance, solutions
such as “JOYai” determine an individual´s personality from her/his
social media footprint so that salespeople can adapt their initial
offer to those individual preferences 18. AI-based chatbots are
able to answer customer questions immediately and accurately 19.
AI can transform sales processes and customer interactions in a
wide variety of ways, virtually changing the way business is
conducted. AI also has the potential to revolutionize training within
the sales profession. To sum it up: AI is taking on more and more
recurring as well as sophisticated tasks which changes the sales
profession considerably.

Digital technologies support the automation of many aspects of
the sales process from customer acquisition to customer retention
12. Research conducted by the McKinsey Global Institute found
that automation can be applied to 40% of the sales functions. Hightech developments such as Artificial Intelligence (AI) boost this
number potentially to 50% 13. As a result, the need for traditional
salespeople will considerably decrease, and traditional sales
organizational structures and processes will be disrupted.
Selling is no longer being viewed merely as a process between a
buyer and a seller but involves a broader range of actors. With
digital transformation and multiple actors becoming involved in the
sales process, selling today often requires exchange, close
collaboration and even value co-creation among a dynamic set of
actors 14. Hence, the era of digitization poses enormous
organizational challenges of structuring and managing the sales
force. One example is the exponentially increasing number of intraand interorganizational interfaces which have to be managed.

Two technologies have potentially an even stronger impact on
sales than AI: The Digital Twin and Platform Architectures.

3. Key Technologies of Industry 4.0 and their Role
for Innovation in Sales

3.1 The Digital Twin
With a Digital Twin, the real world can be mapped in the digital
world 20. Originally, it was thus a mere digital illustration of a
physical product. Grieves and Vickers expanded the concept by
incorporating three elements: the physical products of the real
world, their virtual twin and interfaces that connect the data and
information flows from both worlds 21. That makes it possible to
save on physical prototypes and to simulate functionality and
behavior via a model before going into physical production.

As mentioned above, the majority of the existing Industry 4.0
technologies address challenges in production and logistics. Yet the
potential of Industry 4.0 can only be fully exploited if the effective
range covers the entire value chain: from development, production
and logistics to sales and service 1. Therefore, it is a logical and
necessary next step to adapt the instruments of Industry 4.0 to the
digital sales processes in order to meet the challenges discussed in
the preceding chapter. The following chapter analyses which of the
key technologies of Industry 4.0 offer the highest potential for sales.
Pure production technologies for the floor shop like Additive
Manufacturing or Robotics/Cobotics have nearly no relevance for
sales. Generally, key technologies with a strong focus on production
and logistics offer rather little potential, although they can hold
interesting aspects for sales. The famous “iBin” by Würth is an
example of a simple but effective sensor technology which is
relevant for sales: The “iBin” camera module monitors the fill level
of a container. If that level falls below a certain threshold, the
system automatically triggers an order process and thus
autonomously ensures the permanent supply of spare parts,
regardless of whether the container is on the shelf or on the
production line 15.

3.1.1 Specific Digital Twins for PLM
In Industry 4.0, Digital Twins are playing an important role in
the entire Product Lifecycle Management (PLM). Figure 2 shows
the relationships of PLM, the Customer Journey and the respective
kinds of Digital Twins.
For PLM, three areas are particularly noteworthy: The product
(and/or the product design), the production itself and the
corresponding service 22. The open interface standard OPC-UA
(“Open Platform Communications Unified Architecture”) enables
linking the data of those three areas 23. Correspondingly, as
Figure 2 shows, there are three different forms of Digital Twins in
PLM depending on the specific area of application 24: A Digital
Product Twin describes the product in terms of its properties using
different software (e.g. geometrical characteristics in M-CAD or
electrical requirements in E-CAD). The Digital Twin in Production
maps the process structure of the factory, in particular the
production and testing processes. The Digital Service Twin
describes the services (e.g. spare parts, wear parts, maintenance,
service plans). The corresponding operating data is collected in
order to automatically trigger the necessary service tasks.

More interesting are technologies which cover the entire value
chain. Among them are the Internet of Things (IoT), Cloud and
Edge Computing, Software and Algorithms. In sales, all those
technologies serve to improve the processes and to enhance
customer satisfaction. Since their field of application is so broad
and therefore unspecific, a detailed consideration is not relevant in
the context of this article.
Augmented and Virtual Reality (AR/VR) can be very useful for
sales. There are many B2B and B2C use cases for AR/VR to give
customers a realistic vision of what a solution will look like before
it is actually produced. For example, the "Audi VR experience" in
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product knowledge to convince potential customers. Second, the
After-Sales Twin influences the Service Twin in order to provide
the necessary data for a constant and error-free use of the product.

Fig. 3: Digital Twins linking the Product Life Cycle and Customer Journey
(Source: Own Illustration)

and

Those bridges allow to supply more information about the
product and the production processes to the sales people and the
customers – and vice versa: When customer needs are changing, it
is possible to simulate different production processes in order to
calculate the corresponding new cost situations. In this way, an
individual and transparent pricing information is possible. Also, the
user´s experiences can be integrated to optimize products and their
production processes, which increases the company value. On the
other hand, the company´s information can help the customer to use
the product in an optimal way (e.g. going through a training via AR
or VR) – making the customer value grow. To sum it up: This
concept holds benefits for both sides. Increasing the Customer as
well as the Company Value is very important to create a win-winsituation and a competitive advantage.

Fig. 2: Collaboration and Interaction of the Digital Production
the
Digital Customer Thread (Source: Own Illustration)

Linking those three different Digital Twins with one another in
such a way that communication and interaction are possible via
OPC-UA results in a Digital Production Thread. This allows
optimization along the entire value chain of a product life cycle
(PLM) and results in significant competitive advantages for existing
products. In addition, innovations can be implemented faster and
more reliably with digital prototypes because they can replace
expensive and time-consuming physical prototypes. That means that
a Digital Twin can even exist before the corresponding physical
object. In this case, certain situations are simulated beforehand so
that the real manifestations will be already optimized from the start.
Also, the configuration of certain machines and systems can be
simulated in a Production Twin to determine the perfect production
process in advance.

3.1.3 Specific Digital Twins for B2B and B2C Customers
B2B and B2C customers have to be distinguished. For B2B
customers, the requirements documented in the specifications must
be met at a market-driven price. These customers usually
understand a lot about the manufacturing processes in production.
Their experience can contribute to the improvement of the
properties of the products, to the optimization of the production
system and to informative usage and maintenance instructions as
well as training documents. This partnership can make an important
contribution to increasing competitiveness and establish a USP that
is recognizable in the market for both sides. An example: Long
production cycles are common in factory engineering. During this
time, customer requirements or technical capabilities can change.
These changes can be taken into consideration for production via
the bridge between the Digital Pre-Sales Twins and the Production
Twin, and the mutual effects can be simulated. This means that
changes to the product can even be made during the manufacturing
process without great effort.

3.1.2 Specific Digital Twins for Sales Processes
The concept of the Digital Twin is universal and can therefore
be applied to all kinds of processes. Because products and services
have to take customer needs and demands into account, sales are a
segment of the value chain with a particularly high potential. The
sales perspective is not primarily focused on products or services
produced but on the customer and her/his needs and requirements:
The product must create, even maximize, value for the customer.
The Digital Twin has the potential to integrate the selling
process into the producing part of a company – including
customers´ needs, experience and even to create market knowledge.
As shown in Fig. 2, the selling process can be divided into three
phases: Pre-Sales, Sales and After Sales, each with its specific twin
25. All three together simulate the Customer Journey as
represented by the Digital Consumer Thread.

B2C customers also often use digital and social media to find
out about the properties and advantages of the products they want to
buy. In B2C, it is particularly important to address the target groups
via accurate communication channels. In particular, a distinction
must be made between premium customers, who buy expensive and
high-quality products, and economy customers, who purchase their
products price-consciously in useful quality 26. B2C customers
can also use a simulation program that connects them with
production (connection of the Pre-Sales Twin with the Production
Twin) to directly experience the effects of their wishes on price,
delivery time and quality. In this way, the customer receives
transparent and quick information about his customized product

By finally combining the Digital Production Thread and the
Digital Customer Thread, customer-based solutions at low cost and
in high quality can be provided which increase both Customer and
Company Value (see Fig. 2). Thus, an Internet of Value (IoV) can
be created which is an important prerequisite for developing
innovative forms of use and new business models.
Figure 3 shows a way to combine the twins of the Production
Life Cycle with the twins of the Customer Journey. There are two
important “bridges” between the two realms: First, the Product
Twin´s data informs the Pre-Sales Twin so that sales can use all the
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customers can be reached more quickly and more specifically via
the platform, but also forecasting of sales can be undertaken as well
as customers can be attracted at a very early point of their Customer
Journey 38. This entails the potential development of innovative
forms of use and new business models.

and, as a consumer, directly influences production. Thus, he
becomes a prosumer.

3.2 Platform Architectures
Platform Architectures are an important prerequisite for this in a
B2C as well as in a B2B environment: Interaction between
companies in a business-to-business environment also evolves as
digital business platforms progressively replace traditional
interactions 27.

3.2.3 Customer Behavior and the Importance of Platforms
Gathering information about customers as well as providing
experiences via platforms is very important, because digitization is
continuously changing customers´ ways of searching and buying
products and services 39. As already introduced in chapter 2.2,
dealing with the challenges of sales, today´s customers like to share
experiences and interact with each other 8. Companies that
implement elements of this new paradigm to their processes, are
part of platforms or can even be the platform initiator, gain an
overwhelming unique selling proposition for their company. The
huge change of customer behavior in their buying process is
displayed by van der Kooij as he compares the traditional sales
funnel with a Customer Journey-adapted “customer centric sales
perspective" 9. The size of the circles in Fig. 4 indicate where
customers spend most of their time: the bigger the circle, the more
time they spend on the corresponding activity.

3.2.1 From Linear Value Chains to Multi-Sided Platforms
Major transformations how future business can be successfully
and sustainably architected are ongoing. Porter’s concept of linear
value chains 28 has been relevant for many years: purchasing preproducts, followed by value creation through manufacturing or
assembling and finally using sales and marketing channels to reach
consumers. This concept becomes more and more discarded and
less relevant for economic growth. The Fourth Industrial Revolution
with its technologies has enabled the proliferation of so-called
“Platform Architectures”, which are now changing the landscape of
today’s economy 29. According to McKinsey, 30% of global GDP
will be generated by platforms (in this context also referred to as
eco-systems) as early as 2025 30. As a result, traditional pipeline
businesses, named as two-sided markets, are giving way to these
platforms 31.
A Platform Architecture is a stable network (sometimes also
referred to as a “digital marketplace”) of interconnected entities,
such as individuals, suppliers, distributors, customers, competitors,
government agencies etc. 32. The opportunity for joint and
interactional value creation within one thematic (eco-)system by
different parties on the platform is a key proposition compared to
other business models 5. Another highly important distinctive
feature is the positive correlation between the number of
participants and the value of the platform 33. Digital platforms do
not necessarily hold physical assets nor generate value through sales
34. They usually provide an open and participative infrastructure
for potential interactions and set the governance conditions to
orchestrate these interactions 35. To fully understand Platform
Architectures, it is furthermore important to distinguish the
discussed platforms from product platforms, such as those found in
the automotive sector 36.

Fig. 4: Buying Behavior in the Digital Age (Source: van der Kooij 2018)

The research of Kooji shows that digitally infused buying
processes of today´s customers completely differ from traditional
ones, as customers have become extremely self-confident. The
whole process is experienced via real time data on a non-linear path
and customer´s experience is asynchronous (customers obtain
insights online and no longer from sales) 9. If this whole process
takes place on a platform or can be provided by Platform
Architectures, opportunities for sales are nearly endless.

There are a variety examples for successful platforms, such as
business-to-retail platforms (Alibaba Group, Amazon Business)
that enable users to consummate commercial transactions or
consumer-sharing platforms, such as Uber, enabling users both
delivery and use of transportation services 27.

4. Results and Discussion
Digitization and its enabling technologies deeply influence
economy, especially supplier-seller-buyer-transactions as well as
buying behaviors and buying expectations. This causes an urgency
for companies to react. Chapter 3 points out that the potential of two
key technologies of Industry 4.0, the Digital Twin and Platform
Architectures, is especially promising. For those opportunities to be
realized, certain challenges must be mastered:

3.2.2 A Sales Perspective on Platforms
From a sales perspective, a multi-sided platform is a digital
market that automatically serves the function of matching the needs
and resources of two or more entities and creates the possibility for
everybody to innovate and interact in ways not otherwise possible,
with potential for nonlinear increases in utility and value 37.
Hence, Platform Architectures connect both buyer and seller as well
as generate a combination of both, named as prosumer (when a
buyer adds value to a product or solution, see chapter 3.1.3).

It is essential to understand Platform Architectures, their
principles and how they create value. Furthermore, as platforms are
the new digital marketplaces, it becomes vital for companies to play
an active role “in the game” to fully enjoy the benefits. This could
be either as the platform initiator or as a partner. Nevertheless, there
are many challenges to be overcome to benefit from the huge
potential of the platform business with its opportunities for
nonlinear growth. Those challenges are:

Through the connection of several entities participating on the
platform (related to a specific topic), this architecture provides not
only huge benefits for consumers but also access to data and
information which is of utmost importance for sales management.
This allows customer needs and demands to be taken into account
as well as to create market knowledge. And as the number of
consumers and interactions on the platform grow, this architecture
produces more and more comprehensible data which can be
transformed to relevant information for sales. Not only more

a.
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The enormous technological base and demanding
preconditions to establish platforms: As platforms usually
work highly automated, in real time and with high speed,
data, data exchange and interfaces need to be standardized
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b.

c.

d.

and available. For instance, products should be uniquely
identifiable by serialization of products. Related product
information such as pictures and technical documentation
has to be automatically connected to this serialization
code.
The comparably high investment for setting up or
participating in a platform, including participation
strategies: Setting up a platform as a single company is
usually reserved to start-ups with lots of venture capital,
family owned businesses with a clear vision, courage and
available cash or – most of the time – conglomerates of
companies with activities in similar business segments. In
the third case, it is however difficult to set up and define
which of the participants receives which slice of the
“value generating and scalable cake”.
The transformation of a company´s strategy, business
model and whole organizational setup, which has usually
been operating well for decades: Strategy means choice
and requires courage. Therefore, entering into the
platform business is not only a technological but mostly a
transformational issue. To leave well-trodden (and still
revenue generating) paths is not an easy decision given
that many companies still struggle to make money with
their digital technologies.
The development and maintenance of completely new
skills in a company´s original skill portfolio: “Equals
among equals” is not only a phrase, which makes it very
challenging for non-IT companies to develop and hold
qualified human resources and skills for IT activities.

5. Conclusion
This article has answered the question of how the key
technologies of Industry 4.0 can be effectively applied to sales
processes. It has made evident that the consideration of technologies
introduced by Industry 4.0 creates completely new opportunities for
sales 39.
As stated in chapter 2, the influence of sales digitalization
technologies is likely to be more significant and far reaching than
any other previous sales technology: According to Forrester, sales
must not only hit quotas, but also fulfill the digitally oriented
expectations of todays’ customers – 94% of whom state that a
consistent experience across digital and offline channels is
important to them [42]. Platform Architectures as well as the Digital
Twin have the potential to rule future digital sales processes as they
satisfy modern customer needs of interaction, sharing and cocreating. Although there are considerable challenges such as
technological obstacles, high investments or transformational
issues, it is of utmost importance to unlock the full potential of
Industry 4.0´s technologies in order to survive in our digitized
world. This accounts for sales as much as for every other segment
of the value chain. The reason is that digitization results in scaling
of business models and revenues, and this principle potentially
applies to every market and every company [43].
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Abstract: Today, it is imperative that small and medium enterprises (SMEs), which are the backbone of any economy, make the transition to
the Industry 4.0 paradigm and adopt new technologies to improve business and become competitive in the marketplace. Some SMEs in the
metalworking industry in Croatia face the challenges of achieving and maintaining a competitive position in the market within the Industry
4.0 paradigm. Due to problems with inadequate enterprise information systems, without the application of innovative technologies, due to
obsolete machinery and equipment in production, enterprises cannot compete in a globalized market. Enterprises need to respond quickly to
customized and individualized customer requirements and need to be flexible for producing numerous versions of products in small batches.
To achieve this, enterprises need to introduce new innovative technologies of Industry 4.0, such as Big Data, Internet of Things, Artificial
Intelligence, RFID technology, ...
The objective of this paper is to review RFID technology and propose a conceptual model for the application of RFID technology in a
metalworking enterprise in Croatia. That enterprise belongs to the category of SMEs that represent the basis of the economy of each country.
The paper describes the problems faced by the company in production monitoring and gives a proposal for the application of RFID
technology to monitor the production and to facilitate production management using an ERP system.
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4.0 implementation, but that these countries have good potential in
terms of Industry 4.0 infrastructure. Familiarity with some elements
of Industry 4.0 in Croatian metal machining companies is not at a
satisfactory level [6]. Despite some progress in the Croatian
economy, Croatian industry lags behind the EU and readiness for
implementation of Industry 4.0 is low. Additionally, compared to
large enterprises, SMEs generally have less financial and human
resources available to implement Industry 4.0 [7].

1. Introduction
The manufacturing industry is currently in the phase of
transformation and change of production paradigm towards Industry
4.0. The dimensions of Industry 4.0 are horizontal integration,
vertical integration, end-to-end integration, acceleration of
manufacturing, digitalization of products and services, new business
models, and customer involvement [1]. Industry 4.0 is based on
innovative advanced manufacturing technologies and information
and communication technologies. These are Big Data, Artificial
Intelligence, Simulations, 3D Printing, Nanotechnology, Advanced
Materials, Augmented / Virtual Reality, Robotics, Cyber-physical
production systems, enterprise wearables, autonomous systems,
Cloud Computing, Internet of Things (IoT), etc. The
implementation of Industry 4.0 requires a digital infrastructure and
the implementation of innovative technologies. The most important
for achieving integration is the Internet of Things, and one of the
technologies on which IoT is based - Radiofrequency Identification
technology (RFID).

There are different models for determining readiness for
Industry 4.0 [8]. According to the Ronald Berger Industry 4.0
Readiness Index1, Croatia belongs to the group of hesitants, i.e. it
does not have a reliable industrial base, like other countries from
that group Southern and Eastern European countries.
Today, an increasing number of organizations are planning to
introduce RFID systems into their business in order to increase
competitiveness [9]. The application of RFID technology ensures
the increased competitiveness of enterprises [10]. In Croatia in
2018, 4.5% of companies used RFID technology, which is more
than the EU average of 4.2% in 2018, according DESI Report
20182.

To strengthen competitiveness in the context of globalization
and Industry 4.0, enterprises need to implement new technologies to
meet Industry 4.0 requirements.

Therefore, the paper proposes the introduction of RFID
technology in the selected SME for production monitoring, tracking
and tracing products and all resources through the production
process, and for collecting and transmitting data to the ERP system
in real time. Enterprises need to have an enterprise information
system (e.g. Enterprise Resource Planning system) that will
facilitate the management of business processes and resources based
on data gathered in the production system in real time.

2. Research background
According to CEPOR - SMEs and Entrepreneurship Policy
Centre, the share of medium and small enterprises in the Croatian
economy is 99.7%. Almost three quarters (72.2%) of all employees
in business entities in Croatia in 2018 are employees in micro, small
and medium enterprises. Croatia ranks 63rd out of a total of 141
countries in terms of competitiveness, according to The Global
Competitiveness Report 2019 (World Economic Forum) for 2020.
That indicates the importance of SMEs and the need to strengthen
their competitiveness.

The research methodology included a review of relevant
scientific literature and interviews method for collecting data in the
selected real-world enterprise (in the category of metalworking
small and medium enterprises). The aim is to propose a model of
business process improvement in the target real-world enterprise
with implementation of RFID technology in production monitoring.

The results of the research [2] show that Croatian
manufacturing practices, technologies, and organizational models
are obsolete, and the level of industrial maturity is low. Traditional
industrial sectors and a low share of high value added activities, low
levels of innovation, insufficient investments in scientific research
and development and innovative activities. Namely, traditional
industrial sectors and a low share of high value added activities, low
levels of innovation, insufficient investments in scientific research
and development [3, 4].

3. Literature Review
The digital transformation of enterprises requires considerable
investments, changes in business processes, new knowledge and
skills [11]. By analyzing the factors of readiness of small and
medium enterprises for Industry 4.0, the authors of the paper [12]
1

Report, Ronald Berger GmbH: Industry 4.0 – The new industrial
revolution. How Europe will succeed. Munich: Roland Berger Strategy
Consultants GmbH. (2014).
2
Report by country: Croatia: The Digital Economy and Society Index DESI 2018, https://ec.europa.eu/digital-single-market/en/scoreboard/croatia

In EU countries, Finland, Denmark, and Sweden have a high
level of digital infrastructure, while the Netherlands, Germany,
Croatia, Luxembourg, and Spain have relatively high levels [5].
That does not necessarily mean that there is a high level of Industry
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entrance and exit of the enterprise. The RFID reader has been
connected to a door that opens automatically after reading of RFID
card and allows the employee to enter or leave the enterprise. Also,
the enterprise uses RFID technology in the canteen to plan meals
and to record employees, using an RFID ID Card. In the canteen,
there is a computer with the canteen management system
application with which workers enter the dishes they want to
consume. In this way, it is possible to plan the amount of food that
will be needed to prepare the meal a week in advance.

conclude that the SMEs will strengthen competitiveness by the
implementation of Industry 4.0 and will gain many opportunities for
cooperation and connectivity.
RFID technology is widely used in various fields as well as in
manufacturing processes [13, 14]. Some of the reasons why SMEs
decide to implement RFID systems are business improvement,
increased competitiveness, improve product tracking efficiency
[15]. The results of the research [16] indicate a positive effect of
RFID technology on increasing the competitiveness of supply
chains. The research [17] highlighted the importance of RFID
technology for competitiveness due to data real-time production
monitoring. The paper [18] highlighted significant savings achieved
by reducing inventory, reducing the need for manual monitoring of
production, and manual data entry during the process thanks to
usage of RFID technology. Also, automatic data collection
increases the efficiency of the ERP system.

Unfortunately, there is no application of automatic
identification methods in production, nor the possibility of
monitoring production in real-time. The enterprise mostly uses the
traditional manual production monitoring system. There is no
system for automatic data collection and monitoring of production,
nor a system for automated tracking and tracing parts and products
in real time.
A major issue in the enterprise is monitoring production and
monitoring the performance of workers. There is currently no
monitoring through the production flow in real time. The enterprise
produces a very large number of different products, which is why it
is very challenging to establish effective monitoring of production.

There are many papers on RFID technology in citation
databases. Figure 1 shows number of publications by publication
year for search queries “RFID AND manufacturing” and “RFID
AND competitiveness” within Web of Science Core Collection
(WoSCC) databases (timespan: 1955 - 2019). The first article
containing the keywords “RFID” and “manufacturing” in WoSCC
databases was published in 1999 when the Internet of Things, which
is based on RFID technology, emerged.

The performance of operators in production is currently
monitored by data such as the date, operations performed, time
spent on these operations, the number of pieces processed by the
operation, product type, and work order according to which
operations are performed, which are employees enter manually to
the paper worksheets. This type of entry is time consuming. An
entry error can easily occur, which is why it is necessary to control
the entered data. Once the data has been entered and verified, it still
needs to be transferred to the ERP system by keyboard. The whole
process is relatively slow and its automation would achieve certain
savings in time, and therefore in costs. The entered data is checked
by the engineers and the data is transferred to the ERP system. This
data is displayed on computers located in production using an
application developed by the company's IT experts. Figure 2 shows
an example of a software screen for monitoring the performance of
operators.

Fig. 1 Number of publications per year (WoSCC)

4. Situation in the real-world SME
Target real-world Croatian SME, which is located in the region
of Eastern Slavonia, is specialized in the manufacturing of flue pipe
elements and stoves. The share of production of flue pipe elements
is 55%, and the share of stoves production is 45%. The products are
placed on the market of the European Union, mostly in Germany,
France, Scandinavia, Austria and Italy, but also outside the EU, in
South Korea, Israel and others. The enterprise makes great efforts
and invests financial resources in the introduction of modern
information technologies, to modernize the entire production,
increase flexibility and quality, and reduce the time required for the
preparation of production, and thus costs.
The enterprise uses a locally installed SAP ERP 6.0 system,
intended for small and medium enterprises, about six years. Also,
uses automatic identification technologies in its business: bar-code
and RFID technology. The enterprise uses bar-code technology in
an automated rack warehouse for the storage of finished products.
Once the production process is complete, the finished products have
been packing into boxes, which are stacked on pallets and labeled
with bar-code. By reading bar-codes with a handheld scanner, data
is transferring to the SAP ERP 6.0 system. After that, it is necessary
to once again scan for an automated rack warehouse. The pallet
with the finished products has been placed in an automated rack
warehouse to a predefined location.

Fig. 2 Monitoring the performance of operators

5. Proposed model for production monitoring with
RFID technology
The proposal of the information flow framework through the
enterprise (vertical integration) and through entire supply chain
(horizontal integration), with RFID technology, is shown in Figure
3 [19].

An RFID system is used to record the presence of workers, and
for the operation of the company's canteen. Every employee has an
RFID ID card to automatically check-in and check-out at the

Horizontal integration implies that the RFID is already
integrated into the enterprise (vertical integration), as well as at
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finished goods storage, and at the machines in the production plant.
The RFID reader at the material storage inbound automatically
identifies the material with the RFID transponder and transmits the
data to the ERP system. The RFID reader automatically collects
data on the material code, name, quantity, material specifications, a
time when the material arrived.

suppliers and customers. Prerequisite is that all of them have linked
ERP systems and other enterprises applications and share
information. The first step to achieve the full form of integration is
the integration of the operational level (using RFID technology, and
wireless sensor networks) with the ERP system in the enterprise
(vertical integration).

Fig. 4 Proposal to install RFID readers in a production facility

Identification and monitoring of finished products during
storage operations is done in the same way. Also, when the finished
products are released for delivery to customers, the installed fixed
RFID reader reads the RFID transponders, and the reduced quantity
of products is automatically recorded in the company's SAP ERP
6.0 system. RFID readers collect data on product code, name,
quantity, product specifications, and price. By using RFID
technology instead of manually scanning bar-codes from finished
products, data will be automatically collected faster and more
accurately, no line of sight is required as is the case with bar-code
technology. RFID technology in addition to identification enables
tracking and tracing of resources and products. To integrate RFID
technology into the production process, it is necessary to install
RFID transponders on all parts, and RFID readers on all machines.
That way, tracking resources and products will be easier and more
accurate. RFID readers in production (on machines) collect data on
product code, product name, technological operations performed
and their associated codes, processing time, operator code, code and
name of the machine on which the technological operation is
performed, number of processed pieces, amount of scrap, certain
notes required for the following technological operations.

Fig. 3 Proposed information flow framework for vertical and horizontal
integration

Previously, it is necessary to attach RFID transponders to all
resources in the enterprise and to install RFID readers that collect
data in the production plant. Production resources with attached
RFID transponders (tags) become "smart" objects as they carry
information about themselves and independently communicate with
the environment. RFID readers transfer real-time data such as
material consumption, duration of operations, quantity, product
location, tools to the ERP system. RFID technology significantly
improves production monitoring and management processes and
facilitates enterprise integration.

Table 1 shows approximate cost estimate only for basic RFID
components for selected real-world enterprise with regard to the
daily quantity of products, the total number of machines, and the
number of warehouses [19].
Table 1: Approximate cost estimate only for basic RFID components for
selected enterprise
RFID system components
Costs (EUR)
RFID transponder (UHF passive) for
2.050,00
products/day (multiple use)
RFID reader (mobile), for machines
233.333,33
RFID readers fixed, for warehouse door
16.000,00
251.383,33
Total

The Figure 4 shows a proposal for installation of RFID readers
in a part of the production plant. This analysis discusses only the
production process of flue pipes. Ultra-high frequency (UHF)
passive transponders were chosen because passive ones are cheaper
and UHFs have the ability to read up to 6 meters. They should have
multiple programming capabilities because the enterprise produces
a lot of different products and there are often changes in the
products according to customer and market requirements, and data
should be written to them constantly. The physical shape of the
transponder should be such that it can withstand high temperature
conditions during welding and enameling processes. It all affects
the price of such a system.

6. Discussion
The major issues in the enterprise, production monitoring and
monitoring the performance of workers, can be solved by
introducing RFID technology. The RFID system enables real-time
data acquisition, which is crucial for efficient production
monitoring. In this way, it is possible to know exactly where a

In the proposed conceptual model, fixed RFID readers are
located at the entrance to the material storage, at the exit from the
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However, regardless of the high cost of implementing RFID
technology as well as other innovative technologies, enterprises that
fail to implement digital transformation will not be able to keep up
with the competition on the market.

particular product is located in the production facilities at a given
time and information on the state of production is available at any
time, and from any location. In this way, production is more flexible
and management can react much faster to changing and unforeseen
situations in production. In addition, processing on machines will
enter data on technological data, processing times and operators on
the RFID transponder. If certain defects in the product are noticed
in production, it is possible to find out where the error occurred in a
very short time, and to take quick action. It is important to solve
certain shortcomings in production as soon as possible, which is
why the real-time data obtained by RFID technology brings great
savings in time and costs.
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With the help of the collected data, it is possible to monitor the
performance of workers. Operators will not spend time filling out
worksheets on processing times and quantities. The automatically
collected data is transferred to the ERP system. These data are more
accurate, are obtained much faster and facilitate timely decisions to
be made.
RFID technology will successfully replace the bar-code
technology currently used in the automated rack warehouse for
finished products. It will no longer be necessary to manually scan
the bar-codes on the product boxes. The fixed RFID reader at the
warehouse door will automatically read all the products on the
pallet and transfer the data into the ERP system. This will reduce
the amount of human labour, the possibility of error and storage
inbound / outbound time. Also with bar-code technology, each
product have to be scanned individually and the product must be in
close proximity for the reading to be successful. No additional data
can be entered within bar-code technology. RFID technology,
compared to bar code technology, which allows only automatic
identification, also facilitates tracking and tracing of parts, products
and other resources. RFID technology would enhance the storage
processes currently performed using bar code technology.
By integrating RFID technology together with supplier and
customer information systems, it is possible to track the product
throughout the entire supply chain. In this way, preconditions for
just-in-time production could be realized. That would reduce the
need for storage. By installing an RFID reader at the entrance to the
raw material storage, reader will be automatically transfer the data
about material into the ERP system, where the amount of material
with that code will then increase. It will no longer be necessary to
manually check the amount of material and enter it into the system.
With the implementation of RFID technology, the possibility of
errors would be significantly reduced.
The implementation of such technology is complex, requires
large investments, and numerous adjustments that need to be made
for the application of RFID technology to be successful.

7. Conclusion
The Fourth Industrial Revolution and globalization have had a
major impact on the economy and society as a whole. The Croatian
economy lags behind the economies of Central and Eastern
European countries. Therefore, it is important to develop and
modernize the manufacturing industry, in order to make Croatia
more competitive in the European and global markets.
On the example of a real-world small and medium enterprise,
the paper presents a way to increase competitiveness by
implementing Industry 4.0 technologies. Implementation of RFID
technology and integration with the information system would
facilitate monitoring of all resources and tracking of products,
which can significantly increase efficiency, visibility, traceability,
accelerate the flow of materials through the company, and reduce
costs.
RFID technology certainly brings many benefits, but also
requires some time to implement and a significant investments.
Therefore, it is necessary to conduct a cost-benefit analysis.
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Abstract: The bioeconomy, as a complementary segment of the circular economy, encompasses all sectors and systems that rely on
biological and environmental resources, their functions and principles. It can lead to the discovery of new opportunities to provide food,
goods and energy without depleting the planet's limited biological resources. It can turn algae into fuel, recycle plastics, produce furniture
or clothing from waste, and create organic fertilizers from industrial waste products. It has the potential to create over a million new "green
jobs" by 2030. Bio-sector enterprises play a key role in accelerating the achievement of the UN's global goals. They contribute to reducing
climate change and waste, creating new jobs and building sustainable development in a modern society. Corporate social responsibility is a
concept that reflects the quality of the relationship between an organization and society. According to the European Commission's Green
Paper, Corporate Social Responsibility (CSR) is "a concept that serves companies as a basis for voluntarily integrating social and
environmental aspects into their business strategies and relationships with all stakeholders."
The purpose of this report is to examine how the principles of corporate social responsibility affect biosector enterprises in Bulgaria and
the adequacy of the country's policy to engage them to adopt global goals for sustainable development. The results of the study show that
CSR is not seen as a one-time act, but as a sustainable process, helping to balance the three pillars of sustainable development - economic
growth, social development and environmental protection.
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Commitment of all in connection with solving problems:
international organizations, governments, non-governmental
organizations, companies, citizens, etc.
 Satisfaction of reasonable needs in connection with the change
from consumer to environmentally friendly lifestyle.
Based on these goals, ideas and principles, the structure of
the concept is built, uniting harmonized and balanced three separate
systems: environmental, economic and social, which complement
each other and form the pillars of sustainable development economy, environment and social sphere, supported from the
institutionalization of power [5] (see Fig. 1).

1. Introduction
At the end of the 20th century, humanity began to realize that it
was facing a number of threats and challenges related to climate
change, population growth, soil degradation, limited biological
resources and ecosystems in the world. Growing environmental
problems and the uneven distribution of wealth in the world raise a
number of issues related to achieving sustainability in the future
development of modern society [1]. In response to these challenges,
the concept of sustainable development emerges. The meaning of
the concept is formulated in the report of the World Commission on
Environment and Development "Our Common Future", which
states that sustainable development is one that meets the needs of
the present, without depriving future generations of the opportunity
to meet their own needs. The concept forms a broad international
consensus related to the goals, ideas and principles of sustainable
development [2].
The strategic goal of sustainable development is to meet
human, material and spiritual needs, aspirations and dreams for a
better life and prosperity [3]. Achieving this goal requires the
maintenance of such consumption standards that fit within the limits
of environmental opportunities and are accessible to all participants
in social, economic and social processes [4]. A key requirement is
that the exploitation of resources, the direction of technological
development and changes in institutions be in harmony and increase
both current and future opportunities to meet human needs and
aspirations..
Ideas set in the concept of sustainable development are
related to:
 Harmonious development and use of natural (natural) factors
of production and environment (land, water, forests, mineral
resources, etc.) on the one hand and human resources on the
other;
 Combining the goals of economic and social development with
the requirement to preserve and improve the quality of the
environment;
 Preservation and further development of all positive, favorable
for sustainable development processes and trends.
Principles of the concept of sustainability:
 Comprehensive (global) comprehensive approach to the
interconnectedness between the economy, ecology and social
sphere, without giving preference to any of the elements.
 Comprehensive solution of the problems in the chain "globalprivate";

ECONOMY

socially
economic

environmentally
effective

SUSTAINABILITY
SOCIAL
SPHERE

социално
екологична

Politics:
Global
National
Local
Structural
Personal

ENVIRONMENT

Fig. 1. Structure of the concept of sustainable development

The ecological system comprises self-regulating ecosystems,
most of the main components of which are non-renewable.
Breaking the interconnections between them leads to the destruction
of the whole system. From an environmental point of view,
sustainable development must ensure the stability of biological and
physical systems.
The social system encompasses artificially created subsystems
with clearly expressed subjects of management and hierarchy. The
subsystems have different degrees of regulation, which depends on
the adopted and imposed models. From a social point of view, the
concept of sustainable development is aimed at preserving social
and cultural stability, including reducing the number of destructive
conflicts. Without a fair distribution of resources and opportunities
among all members of society, sustainable development is
impossible [6].
The economic system draws its resources from nature. From an
economic point of view, the optimal use of limited natural resources
is of key importance for this concept [7].
The intersected areas reflect the areas of possible
development:
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• permissible ecological balance;
• fair social welfare;
• viable and stable eco- and bio-economy (bioeconomy) and
• sustainability - harmonious and simultaneous development of
the three aspects.
The concept of sustainable development aims to strengthen the
link between man and nature. The full realization of this goal
requires the existence of an economic system that creates the
necessary amount of products and services; a social system that
functions adequately and overcomes imbalances, a political system
that stimulates the effective participation of the population in
decision-making for future development, a production system that
does not pollute and deplete the environment, an international
system that promotes a secure model of finance and trade, an
administrative system that is flexible, with the possibility of selfcontrol.

attitude, makes decisions and performs actions that anticipate
events. For example, it identifies needs and does everything
possible to satisfy them through production, through
communications with public groups and government agencies.
In order to encourage the commitment of companies to socially
responsible behavior, in the context of the theory of sustainable
development, in 2005 the standard ISO 26000 (BDS ISO 26000:
2012) was introduced in Bulgaria. This is an international standard
that provides guidelines for action in the field of social
responsibility beyond the requirements of regulations leading to
sustainable development. According to the definitions set out in ISO
26000, sustainable development is "development that meets current
needs without compromising the ability of future generations to
meet their needs", and social responsibility is "the responsibility of
the organization in terms of the impact of its decisions and activities
on society and the environment through transparent and ethical
behavior that:
 contributes to sustainable development, incl. health and
well-being of society;
 takes into account the expectations of stakeholders,
applying current legislation
 meets international standards of conduct;
 it is integrated in the organization and is practiced by it
”[10].
The ISO 26000 standard is applicable to all enterprises in the
private, public and non-profit sectors, regardless of their size. It
provides business guidance in the following areas:
 recognition of social responsibility and stakeholder
engagement;
 integration of socially responsible behavior in the
enterprise as a whole [11,12].
 maintaining the seven basic principles of social
responsibility (sixth article of the standard) - accountability,
transparency, ethical conduct, respect for the interests of
stakeholders, respect for the rule of law, respect for
international norms of conduct and respect for human rights.
In Fig. 3 presents a model of corporate social responsibility
based on the three pillars of sustainable development. According to
ISO 26000, it includes the following seven aspects of social
responsibility, adapted to the conditions of bio-enterprises:

2. Exploration
Corporate social responsibility (CSR) reflects the understanding
that every organization must take responsibility for its influence on
the social groups with which it interacts. According to the World
Bank definition: “CSR is the commitment of business to contribute
to sustainable economic development and to ensure contact with
workers, their families, local authorities and society at large, in
order to improve the quality of life that is acceptable to both
businesses, as well as for development ”[9]. It is an element of
corporate culture that requires the fulfillment of voluntary
commitments by companies. Personal gain and private corporate
interests in it recede into the background and a new vision of
corporate values is established. This means that companies work
voluntarily, without being forced by law, to achieve social and
environmental goals during their daily business activities.

Fig. 2. Elements in a system for corporate social responsibility







The essence of corporate social responsibility contains
three aspects:
Social obligation to society. Regarding this aspect, there are
two points of view related to the role of business in society.
One covers proponents of the economic approach, according to
which social responsibility is defined as an activity aimed
primarily at maximizing the profits of owners. According to
Friedman, "There is only one social responsibility of the
organization in business - that of using its resources, to put
them into activities that are designed to increase profits
according to the rules of the game by participating in open
competition" [8]. The second group includes supporters of the
socio-economic approach. According to them, management is
responsible not only for ensuring profit, but also for protecting
and improving the welfare of the society in which this
organization operates. And this implies that corporate social
responsibility, in addition to making a profit, must protect and
increase public welfare.
Social reaction. Social responsibility, perceived as a social
reaction, is associated with compliance of the organization
with social norms, values and expectations of society. In
addition to the production of goods, enterprises are also
expected to bear part of the costs of society, environmental
protection, ecology, social costs, as well as expectations that
the organization will participate in solving social problems that
society can not cope with. .
Social activity. Social activity is that aspect of corporate social
responsibility according to which the organization has an

Fig. 3. CSR according to ISO 26000 based on the three pillars of
sustainability development
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Organizational management. A key factor in this process is
accountability, transparency and ethics between stakeholders
[13]. . Decisions must take into account the expectations of
society.
Human rights: This element is based on the understanding
that all human beings have the right to fair treatment and the
elimination of discrimination, torture and exploitation. This
category covers a set of basic civil, political, economic, social
and cultural rights such as - the right to life, freedom and
equality before the law, freedom of expression, the right to
food and employment, the right to the highest attainable
standard of health, education and social security [14,15]. In
this regard, CSR of bio-enterprises refers to basic principles
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and rights in the workplace, resolving complaints, avoiding
complex and risky situations, social security, promoting
responsible behavior and citizenship; respect for personality
and differences, etc.
 Employment practices and relationships: covers a set of
policies and practices that the company applies to its
employees. According to the activity of bio-enterprises CSR in
this context is related to: labor relations, social dialogue,
conditions for safe and healthy working conditions (hygiene,
safety, occupational safety, accident protection, fire
protection), human resources development ( competencies and
required number of expert staff, planned follow-up training in
accordance with new trends), development and training in the
workplace (comprehensibility of processes, technologies and
documentation for them, integration of all stakeholders in
change management, modernization or new technologies, etc.
.) Increasing the knowledge, skills, competencies and qualities
of employees lead to personal, social and economic well-being.
 Environment: refers to the fact that the decisions and
activities of bio-enterprises invariably have a sparing impact
on the environment [16]. . CSR of enterprises is aimed at
developing programs related to: responsible and economical
use (exploitation) of resources; reduction and optimization of
energy consumption, use of alternative renewable sources;
prevention of soil, water and air pollution (through greenhouse
gases); careful protection of the environment, biodiversity and
restoration of natural habitats; separate collection, controlled
disposal and recycling of waste; replacement and improvement
of tools, machines and technologies, raw materials, materials,
etc. to achieve better environmental results, etc.
 Loyal business practices. They are related to the perception of
ethical behavior in the company's relations with other
organizations (customers, government institutions, partners,
suppliers, contractors, customers, competitors and associations,
etc.). Contribute to the building of sustainable social systems
by - compliance with rules for fair competition; prevention of
corrupt practices; ethical behavior, responsibility, equality and
transparency in relations and respect for property rights.
 Consumer issues. The responsibility of the organization is
aimed at providing - correct, transparent and useful marketing
information and contractual procedures; minimizing risks and
protecting the health and safety of consumers, resolving
complaints and disputes, providing access to all with care for
vulnerable and disadvantaged groups (eg people with physical
and mental problems, impaired vision or hearing, inability to
read) etc.) and others. Satisfied customers are an important
factor in building trust and satisfaction, as well as enhancing
the company's image and reputation.
 Community inclusion and development. The organization is
considered a part, not a separate unit of the community. They
should actively participate and assist in improving the
condition of the local communities in which they operate; to
create sustainable social structures with increasing levels
education and well-being, to create employment, to generate
wealth and income, to develop socially useful technologies and
innovations.
Depending on the specific features, each company can
determine the most appropriate and significant principles that affect
its field of activity [17]. The areas of corporate social responsibility
(society, environment, human capital and working conditions) and
the activities in them are summarized in Fig.4. By implementing the
ISO 26000 system for corporate social responsibility, industrial
enterprises ensure:
 Favorable long-term perspective and long-term guarantees
for profit (through the attitude of the society towards them).
 They form a good reputation, which - increase their sales;
have the opportunity to hire qualified staff; gain access to
government procurement, etc.
 Satisfy the interests of shareholders by increasing the value
of the company and its shares [18].

They have resources to help and solve social problems.
With financial resources, specialists and experience,
companies can support public and charitable projects.

Fig. 4. Areas and activities for implementation of CSR policy c
bio-enterprises

The realization of the global goals for sustainable development
through the policy of corporate social responsibility requires the
application of various mechanisms by all stakeholders. The types of
stakeholders, their interests and their mechanisms of influence on
the company are summarized in Table. 1
Stakeholders

Consumers

Main interests

Satisfied need

Investors and Investment
shareholders
income

Quality of life.
Collaborators

Suitable
working
environment.
Economic
growth.

The state
Social
development.
Social welfare.
Community

Ecological
environment.

Purpose of the
enterprise

Guidelines for achieving the goals

Mechanisms of
influence

Increasing the
attractiveness of
the offered
products and
services

Improving the quality of products
and services;
Flexible pricing;
Expansion of the distribution
network;

Refusal to purchase;
Price reduction
requirements;
Requirements for
improving the quality of
the product and service;

Increasing
investment
attractiveness

Capitalization growth;
growth in the value of shares;
market expansion;
increased business activity;
improving the efficiency of
management;
building a flexible organizational
structure.

Withdrawal of capital;
dividend income;
change in senior
management.

High wages;
Increasing the
Existence of social incentives
attractiveness
Opportunity for professional growth
of the company for
Reduce staff turnover
employees
Ensuring safe working conditions.

Decrease in labor
productivity.
Non-compliance with
labor and production
discipline.

Contributes to the
sustainable
development of
the country

Timely payment of taxes.
Employment growth.
Ethical business behavior.

Timely payment of
taxes.
Employment growth.
Ethical business
behavior.

Helps to increase
the welfare of
society.

Reduction of greenhouse gas
emissions;
Implementation of environmental
protection programs
Implementation of charitable and
social programs

Formation of a positive
or negative image;
Habitat improvement

Table. 1. Types of stakeholders, interests and mechanisms of influence on
the company.

Conclusion
The social responsibility of the organization is a behavior that is
assessed by other key figures in the market economy - consumers
and the state. If the attitudes, decisions and actions of consumers
and the state coincide with the attitudes, decisions and actions of the
organization, then consumers and the state accept that it is a socially
responsible organization, which increases the social and
environmental added value of the company.
Social responsibility can be presented as a business practice
involving a set of attitudes, decisions and actions that are oriented
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towards society and the environment. Companies developing are
considered to be socially responsible:

policies aimed at sustainable development and prosperity
of society;

policies tailored to the expectations and requirements of
all stakeholders;

policies that comply with applicable laws and
international ethical codes of conduct.
Corporate social responsibility is an expression of the
understanding that every organization must take responsibility for
its influence on the social groups with which it interacts. This is a
long-term commitment on the part of business to develop its
activities honestly and responsibly, to contribute to its economic
development, but at the same time to help improve the lives of its
employees, their families, the local community and society as a
whole.
The application of the ISO 26000 standard increases the
company's reputation and its competitive advantages, providing it
with easier access to new markets. Ensuring improvements in many
problematic areas of governance (eg working conditions, working
hours, forced labor, the right of workers to form trade unions and
collective bargaining, healthy and safe working conditions for
employees, discrimination and disciplinary practices), the
company's employees grow, and hence their productivity.
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