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ABOUT THE EVENT 

The VII Ibero-American Congress on Entrepreneurship, Energy, Environment and Technology (VII 
CIEEMAT), coordinated by the Federal Centre of Technological Education from Rio de Janeiro 
(CEFET/RJ), was held for the third time in Portugal, and for the second time in the city of Bragança, under 
the organization of the Polytechnic Institute of Bragança (IPB), the Research Centre in Digitalization and 
Intelligent Robotics (CeDRI), the Mountain Research Centre (CIMO) and the Associated Laboratory for 
Sustainability and Technology in Inland Regions (SusTEC). The event aims to consolidate the Luso-
Brazilian and Ibero-American cooperation in those areas, gathering the multinational contribution and 
enhancing collaboration in academic and scientific fields. 
 
The VII CIEEMAT took place on July 6-8, 2022 and had the Energy Transition as its specific theme. 
The current energy context and the transition of energy generation and consumption typologies are 
unavoidable in defining the profiles of national and international societies and energy policies. The 
dynamism to which the energy sector is currently subjected is imposed by environmental and safety 
concerns, the fluctuation of the fossil fuels price and shifting technologies, which translates into 
challenges and opportunities across various sectors as research and innovation, education, policy and 
environmental governance. The opportunities and challenges of the energy transition are outlined, for 
instance, in the exploitation of natural assets, the decarbonisation of the economy and the transport 
sector and the flexibility of energy infrastructure through smart grids. 
 
The VII CIEEMAT followed a program addressing various perspectives of action of higher education 
institutions and R&D units and their cooperation with society: i) the academic perspective (why, what 
and how to teach the challenges of energy transition); ii) the perspective of international cooperation, 
defining new cooperation programs between Portugal and Brazil in the energy field, with emphasis on 
the Brazilian EnergIF program and its potential for international cooperation with Portugal; iii) and the 
research and innovation perspective, with the contribution of academic experts and the business sector 
regarding the challenges that the necessary and emerging energy transition poses. 
 
At the same time, the VII CIEEMAT provided also a forum to disseminate and share ongoing research in 
various academic and scientific institutions, through oral communications in the areas of sustainable 
urban mobility, energy generation and self-consumption, environmental challenges, decarbonisation and 
climate change. 
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Abstract 

It is known that electrical energy consumption is higher during the day than at night, which makes the 
electrical energy companies adopt some different tariffs during the peak time and of the peak. The peak 
time is usually the end of the afternoon when occurring more consumption and the energy gets more 
expensive. This method is an option adopted by ANEEL, a Brazilian agency of electrical energy, to 
consumérs that will not spénd so much énérgy during thé péak timé calléd “whité tariff” in which thé 
consumers pay tariffs out of the peak time cheaper than the conditional one that has the same price for 
all day [1].  

In Portugal, there is something similar, but it is divided into three categories: simple tariff, which is the 
same price all day; bi-hourly tariff, which has empty time, that is cheaper than out of empty time, which 
is more expensive; the last one is the tri-hourly tariff which has an increase of one more time range with 
an intermediate price compared to the empty time and peak time [2]. 

In the case of photovoltaic systems, energy generation is higher during the day. Still, the consumption, 
thinking about the peak time, usually is low and, when it is night, is the opposite. One of the most 
significant issues with solar energy is the fact that it is unstable [3]. Alternatively, if it has a surplus, one 
way to allocate this energy is by storing it in batteries, which can be expensive and limited [4], or by 
sending it through transmission lines, which, in some cases, cannot be compensated [5]. It is necessary 
thinking an intelligent system that could redirect this surplus energy produced during the day to a load 
that needs to work during the day like a refrigerator, for example, to reduce the employment cost of a 
renewable source. 

With a view to reducing energy consumption, the present work aims to develop smart plug modules that 
can self-manage power in residence, rerouting the surplus energy coming from renewable sources, and 
switching to conventional ones when it is over. This plug also can be able to choose the most efficient 
way in which the tariff is cheaper during the day. Using this surplus energy coming from photovoltaic 
panels, it could be eliminated or reduced the necessity of battery usage. In the end, the main objective is 
to develop an intelligent electrical management system that controls the power of loads, thereby 
optimizing energy efficiency. 

Currently, smart plugs can be controlled remotely only through ON-OFF activation, but cannot 
automatically disconnect a load, for example [6], and do not have a sophisticated supervisory system that 
allows the user to determine the priority of each load. Some solutions can be founded using 
communication protocols like Zigbee in [7] controlling the activations of some loads with the help of 
some sensors. Works like [8] use WebApps that can show the bills. 

To develop the smart plug of the present work, it will be using some fundamental electronics components 
like TRIAC as a switch and optocoupler to isolate the command circuit to the power circuit like shown in 
(4) of Figure 1. To control the power of the load through the current control it will be used the 
microcontroller of Arduino shown in (5) that is joined in the same Printed Circuit Board (PCB). The 
microcontroller will group all the components getting the data through the sensibility of an optocoupler, 
capable to detect each semicircle and send the signal to activate another one connected to TRIAC by the 
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alpha angle setting by the user in the code. A plug could be connected physically to a Node MCU ESP32 
(6) that send information through the Wi-Fi connection to the supervisory center (7). 

 
Figure 1 - Schematic of the smart plug operation. 

The next step is developing a robust supervisory and control system that could be able to deal with all 
the plugs making the system take decisions automatically using the apparatus of Internet of Things (IoT). 
The project could be continued by increasing the machine-learning system to get more intelligence, such 
as weather conditions and the consumer lifestyle. 

Keywords: Smart Plugs, Energy Efficiency, Renewable Sources.  
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Abstract 

In the current energy context, alternatives are sought that provide a more conscious use of energy and 
the development of technology aimed at efficiently meeting the needs of energy consumers and the utility 
company. In this scenario, smart systems for monitoring and controlling the energy consumption of 
residential loads stand out. In [1], the authors worked on a system from which the user could monitor 
their energy consumption in real time. Through a website, the consumer accessed their information using 
visualizations in graphics, for example. Consumption data was obtained by a smart plug. Furthermore, 
the option to remotely turn devices on and off has been included in the system so that the user has the 
ease of controlling their devices. 

In addition, data beyond power consumption can be included in these systems for user viewing, such as 
environmental conditions. In [2], Enrique Nodar Carro used Internet of Things (IoT) technologies to 
monitor data on temperature, humidity, brightness, presence, opening and closing of doors and windows, 
concentration of volatile compounds and CO2 in the air and electricity consumption. For data storage, 
the InfluxDB database was used and Grafana was chosen as the information visualization platform. 

Thus, the objective of this work is to present the development of a system for monitoring and controlling 
energy consumption by residential loads connected to smart plugs, so that the user can visualize their 
consumption pattern, given the available energy, regardless of the source. In addition, environmental 
conditions such as temperature and humidity will also be analyzed by the consumer. In this way, the user 
will be able to make decisions regarding the energy use by their devices, based on consumption 
information, environmental conditions and, depending on their context, the energy available for 
consumption. It is worth mentioning that the control of domestic appliances will not only take place when 
they are turned on or off, but also through the control of the energy consumed by the devices. Within the 
scope of decision-making, the consumer can define a degree of priorities in the operation of their devices. 
Still in this scenario, the implementation of a decision-making system does not depend only on the 
choices of users. It is intended to implement machine learning in the decision system, based on the energy 
consumption pattern, allowing its use with greater awareness and effectiveness. Figure 1 presents the 
tools and solutions involved in the development of the monitoring and control system. 

It is observed that the sensor data is captured by ESP32, a microcontroller with WiFi communication 
capability, through which there is a connection with an MQTT (Message Queuing Telemetry Transport 
Protocol) broker. This protocol will be used to connect to Node-RED, a tool used in IoT for systems 
integration [3]. Node-RED is also characterized as a control platform and, through this tool, data is sent 
to the InfluxDB database, from which it can be accessed by Grafana for user viewing. It can control the 
operation of loads and set priorities for its operation based on its consumption behavior. This decision 
making can also be done through tools such as machine learning. 

mailto:a52486@alunos.ipb.pt
mailto:lcgamboa@cefetmg.br
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Figure 1 - Monitoring and control system of energy consumption by residential loads. 

To simply exemplify the possibility of monitoring electrical appliances and environmental conditions, 
tests were started that included the measurement of voltage and electrical current generated by a 
photovoltaic module of nominal voltage 3.3 V, sending these data to InfluxDB, using the MQTT broker 
and Node-RED, and viewing this information in Grafana. Together, the DHT11 sensor was used to 
measure the temperature and humidity of the environment in order to send these data to the database 
and make them available for later viewing. These are tests that aim to attest to how broad, effective and 
evolved monitoring systems can be.  

In this context, although there are already systems with similar functions, it is worth noting that the 
proposed system is open to new functionalities, such as the management and optimization of energy 
produced for self-consumption. In addition, the need for the system to communicate with others from 
different sources can be highlighted. Thus, in future works, the insertion of interoperability protocols to 
expand communication with the proposed system will be analyzed. However, initially, the hardware and 
algorithm presented will be validated. In this way, the evolution of data monitoring and systems control 
technologies within the energy sector confirms the undeniable need to understand generation and 
consumption patterns and behaviors and establish measures that can value energy efficiency and more 
conscious use of energy.  

Keywords: Monitoring and Control, Energy Consumption, Temperature and Humidity, Priority of loads.  
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Abstract 

The advance in the dissemination of microcontrolled processes allowed an expansion in process control, 
making it possible to supervise and control equipment. But it was only in the 80s, with the need to 
improve common social spaces, that the three fundamental pillars of the intelligent building system 
emerged, namely automation, telecommunication, and computing systems. The emergence of the term 
"intelligent" applied to infrastructure ended up raising great expectations that were frustrated by the 
unfamiliarity with the use of new technologies [1]. 

In the research conducted by Wigginton and Harris [6], more than 30 definitions were found for the word 
"intelligent" when related to buildings. In this way, two institutions were created with the intention of 
centralizing and promoting the discussion of issues related to intelligent buildings. In the United States, 
the Intelligent Building Institute was created in 1986, which defined an intelligent building as a building 
that makes its environment productive and profitable through the optimization and interrelationship 
between four systems (structure, systems, services, and management). In contrast, the UK-based 
European Intelligent Building Group interpreted an intelligent building as a place that maximizes the 
effectiveness of the occupants of the building while enabling the management of resources by minimizing 
lifetime equipment and installation costs. Among these and other definitions found in [6], it can be 
concluded that an intelligent building will present an integration between the monitored systems to 
centralize the control of the building.  

The system developed in this project integrates three main systems: electricity consumption, water 
consumption, and waste disposal. The project, developed entirely within the Apolo building in Braganza, 
Portugal, aims to create a database with information from these systems. This consumption data will 
then be analyzed by a machine learning algorithm to correlate a resident's behavior with certain 
consumption patterns. This would enable projections of future consumption and possibly indicate 
behavioral changes to improve a resident's consumption profile. 

For the first system, the IoTaWatt [2] equipment was used, which counts on Hall effect clamps to make 
the electricity consumption measurement without the need to interrupt the system. For the flow 
measurement system, the YF-B2 [5] sensor was used, which had a water flow reading of 1-25L/min. 
Finally, for the waste disposal system, a load cell [4] was used in conjunction with a 3D printed base 
prototype. To perform better comparisons and data analysis, temperature and humidity sensors (DHT11 
[3]) were also inserted into the system. The choice for these particular sensors was motivated by the 
desire to keep a low cost design that would still meet the requirements for the analysis. 

The data collected by the YF-B2, load cell, and DHT11 sensors are transmitted via Wi-Fi through the 
ESP32 microcontroller to a database in InfluxDB. The IoTaWatt has an internal microcontroller and sends 
via Wi-Fi directly to the same database. Figure 1 shows a simplified diagram of the system architecture. 
For the first tests with IoTaWatt, two sensors were installed to measure the apartment's overall 
consumption and the air conditioning’s consumption. In addition, thé Grafana application is béing uséd 
for better visualization of the data. Since the building is still in the final stages of construction and there 
are no residents, it was possible to perform several tests and adjustments to the entire proposed system. 



 

 
6 

The data collected, despite not being from real consumption, makes it possible to validate the system.  

 

Figure 1 - Simplified System Architecture 

We are currently designing a PCB that, beyond the base system developed for this project, will simplify 
the addition of other sensors to monitor different variables in the apartment, e.g., light intensity or air 
quality. Thus, the PCB will not be limited to only the systems already used for this project, allowing future 
expansion of the system. After the physical validation of the system, machine learning with linear 
regression will be applied to analyze the data and its relationships. For example, the ML algorithm will 
detect the relationship between increased water or energy consumption and an increase in temperature. 
This analysis will enable the creation of a consumption profile for each resident.  

As a future work and continuation of this project, it can be mentioned the creation of a specific application 
for the resident, transmitting the collected data and ecological alternatives to their consumption. 
Through this interactive visualization with the data, which will only be collected with the resident's 
consent, it will be possible to analyze whether there was a change in their behavior. This application can 
be done via smartphone or even through the interactive screen already present in the apartment.  

Keywords: Internet of Things, Smart Buildings, WSN.  
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Abstract 

Population growth has several consequences, among them, the increase in energy demand. Knowing this, 
there is a need to explore new forms of energy production, which are cleaner and more economical, and 
as a way of mitigating this problem, new forms of electrical energy production were introduced to the 
detriment of the use of fossil fuels: renewable energies [1]. 

Therefore, alternatives were analyzed in Brazil for the production of renewable energy based on the 
Brazilian relief, available natural resources, applicability, among others, the main one being solar energy 
- considered the most viable due to the solar potential in the country. With this, we have countless 
possibilities to install solar energy generation systems, in which it is essential for the reduction of 
environmental impacts that can be verified with the use of this form of alternative energy production [1]. 

It is also relevant to emphasize that the generation of solar energy can be photovoltaic, that is, using 
photons originating from solar radiation that reach the conductive or semiconductor material to obtain 
electric current. In view of this, there is a demand for the deployment of solar panels with diverse 
applications such as in buildings, transportation, portable devices, solar- powered satellites and pumping 
systems. 

Therefore, for the application and use of solar energy, the system created will produce enough energy 
potential to meet the demands of a reduced cultivation and production system, such as a systematization 
of family agriculture, in which the full billing results from the production itself and from the family self-
consumption, focusing on preserving the functioning similar to the medieval method, that is, the peasant 
production procedure [2]. 

So, the criteria for recognition of the public responsible for following the guidelines established by the 
National Policy for Family Agriculture include, the use of the majority of the employees to come from the 
same family, perseveringly following sustainability, decentralization and acting in the creation and 
development of the policy that governs them [3]. 

One of the adversities faced by family farmers is the negligence in obtaining an adequate system for the 
aptitude of investment, in relation to the size of their rural possessions and in each different necessary 
manpower, employed [4], therefore, starting to use an automated system specifically designed to meet 
the needs of the establishment is of great importance in several areas. 

To carry out this project, the Proteus system was used to carry out a practical simulation of the project, 
in order to obtain results similar to those expected effectively. In the Proteus software, electronic systems 
can be developed and simulated to obtain results before applying the system to practice. In addition, to 
perform the simulations in Proteus, the programming was made in ESP32, a microcontroller that consists 
of the junction of hardware components and software resources, which through programming it is 
possible to perform various types of functions [5]. 

In addition, the ESP32 has the prospect of making use of a wireless connection, either via wifi or 
bluetooth. From this, basic programming in C/C++ languages was used, to be able to execute the 
simulated test, tests were carried out in the programming and, through these tests, correct operation was 
verified. 

mailto:josuesouza@fiepb.org.br
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It is thus inferred that the microcontrolled system by ESP32, also making use of a complete 
systematization of photovoltaic energy and several other components, are capable of enabling an 
improvement in the form of production in a sustainable and modest way, being an efficient system model 
of irrigation for family agriculture, of course, after all approval in tests carried out in the simulation of 
the Proteus software. 

 

Figure 1- Simulation Block Diagram 

Keywords: Solar energy, Microcontroller, Sustainability.  
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Abstract 

Integration of Distributed Energy Resources (DERs) provides benefits and is required to raise new 
challenges to the conventional electricity market [1], including central management and control for 
several coordinated energy units to build a MicroGrid (MG) infrastructure that brings an efficient 
operation for the system [2]. However, DERs infiltration and incorporation rules are conflicting and will 
ultimately debilitate the improvement of the area in terms of efficient use of resources and technology 
[3]. The use of installed DERs and penetration into the energy market can provide opportunities. In fact, 
this integration will have a direct impact on the primary oil market, by reducing the dependence on 
electrification allowing the regulating of prime fuel market competition. An experience shown by 
developing countries like China or even India [4] have already used microgrid infrastructure, this had led 
to a reduction from conventional electrification by diverting this recovery to other industrial sectors and 
reducing the fuel demand [5]. Renewable Energy Sources (RES) are abundant in nature including sun 
and wind, despite their intermittent nature, this does not prevent them to contribute in solving the 
problem of global warming [6]. Several countries have an abundance of natural and renewable resources 
that can be successively incorporated to achieve a portion of the demand [7], as an example, Portugal 
curréntly has 5.4 GW of installéd wind capacity and énough onshoré wind to covér 24% of thé country’s 
electricity consumption, the third-highést in Europé aftér Dénmark and Iréland. Portugal’s ambitious 
National Energy and Climate Plan aims to increase the share of renewable energy in primary energy 
consumption from 31% in 2020 to 47% by 2030 [8], RES generating systems can be configured to 
support the existing utility network or as stand-alone in either urban or rural surroundings by exploring 
their conversion and aggregation as a microgrid system [9]. Many developing and third world countries 
lack electrification especially in the case of remote areas where transmission infrastructures need a large 
investment, in fact, African and South-Eastern countries, in particular, have the highest percentage of 
rural darkness [10], in the other hand, these countries stand out on a great renewable resource waiting 
to bé éxploitéd, as a concrété éxamplé, Algéria’s photovoltaic poténtial is éstimatéd at néarly 2.6 million 
TW.h pér yéar, équivalént to 105 timés thé world’s éléctricity consumption, Moréovér, it has thé highést 
onshore wind power potential in Africa, reaching 7,700 GW [11], considering that, the desirability of 
implementing MG at various scales is apparent from the richness of these countries in local RES, such as 
sun and wind. The integration of Microgrids can contribute to principal grid failure especially demand 
during peak periods when the demand in terms of energy is massive [12]. Virtual power a concept was 
introduced in late 1996 to support utilities in the United States by driving additional power from 
neighbors at the first sign of a demand deficiency [13], interconnected MGs can easily co- ordinate to 
serve the existing principal infrastructure, with advances in Utility communication, such coordination is 
feasible using reliable global Energy Management System (EMS) [14]. Despite their great benefits, several 
challenges have still to be overcome in the MG integrations, these can be divided into two main categories 
including technical challenges covering safety, stability, reliability, and protection are the key issues of 
microgrids due to reverse power flows of distributed generation units, local oscillations, transient modes 
of microgrid, severe frequency deviations in islanded mode operation, and economical and supply-
demand uncertainties of a microgrid are all among the urgent concerns need to be addressed. On the 
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other side, Non-technical challenges: issues such as pricing, incentives, decision priority, risk 
responsibility, and insurance for new technologies adaptation and interconnection standards [15]. This 
work is an abstract for a review paper treating the trends in microgrid systems. 

Keywords: Renewable Energy System, Distributed Generation, Microgrid, Energy Integration.  
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Abstract 

Wind energy is an essential clean and renewable energy resource available in nature. The wind turbine 
is responsible for transforming wind energy into electrical energy using the wind that moves the blades 
and turns the rotor, which transmits the rotation to the generator. 

According to [1], wind energy is the fastest-growing renewable energy source, but the operation and 
maintenance of turbines account for about 25% to 35% of the generation costs. 

The problems related to wind turbine maintenance are usually the failure of the electrical system and 
those resulting from extreme weather conditions. The failure of a component causes a reduction in 
productivity or even a shutdown of the turbine. For this reason, the most effective way to reduce 
maintenance costs is to monitor the status of generators and predict their malfunction before the system 
fails [2]. Thus, early fault diagnosis is critical in significantly reducing maintenance costs. Most works on 
fault detection in wind turbines use operational and event data sets, such as those provided by SCADA 
[3]. 

This work presents an initial exploratory analysis of a real wind turbine dataset extracted from SCADA, 
applying the Principal Component Analysis (PCA) technique to reduce the dimensionality of the data. 
PCA technique has the objective of explaining the variance and covariance structure of a random vector 
through the construction of linear combinations of the original variables. These combinations are called 
principal components and do not correlate amongst each other. In this technique, the variance of 
principal components is equal to the correspondent eigenvalue. The first principal component is the one 
with more considerable variance, and the others appear in variance decreasing order. 

The database used is provided by the Energias de Portugal (EDP) company [4]. According to [5], EDP's 
data is a dataset available for wind resource analysis and wind turbine performance research. This work 
focuses on meteorological data that is composed of: wind speed and direction information, ambient 
temperature, pressure, humidity, precipitation, rain detection, and the anemometer. 

In order to evaluate the joint variation behavior of these variables, a multivariate principal component 
analysis was performed based on the correlation matrix. The data was normalized to eliminate the 
discrepancy of the measurement units between the variables. The number of principal components was 
based on the graphic analysis criteria and according to the desired percentage of minimum information 
loss.  

All the analyses use computational routines implemented in the software R version 4.1.1 [6]. Table 1 
presents the first ten components generated by PCA with their respective percentage of explained and 
cumulative variance.  

The first six components have an eigenvalue greater than 1.0 and explain approximately 85% of the data 
variance. We can effectively reduce the dimensionality from 28 to 6 while "losing" about 15% of the 
variance. 

https://orcid.org/0000-0002-5966-4691
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This information allows us to conclude that focusing on these 6 principal components can result in 
resource savings without significant information loss. In future work, other techniques to reduce 
dimensionality will be attempted, and some machine learning methods will be applied to fault detection 
in wind turbines. 

Keywords: Wind Turbine, Pre-Processing, Principal Component Analysis.  
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Abstract 

The construction of large-scale photovoltaic projects is characterized by the intense investment of capital 
in a short schedule of time and must match the technical developments and projections cost of the main 
components. [1]. The use of prefabricated solutions made in Brazil is very frequently, mainly because the 
tax, financing and exchange conditions. Those Made in Brazil Power Converter Substations (PCS) 
continues in a process of development at the Brazilian electrical segment, due to its various advantages 
of modularization, assembly and factory tests. Accelerating the installation and start-up at the field, 
where deadlines are short and the availability of qualified labour can be reduced [2], the solution can be 
applied even in High Voltage, like the application for the Distributor Network Operator (DNO) of the of 
Minas Gerais state in Brazil [3]. 

Undoubtedly the most iconic element of the photovoltaic unitary substation is the inverter, when the 
central inverter solution is applied, or the set of small ones in the string solution. However, other 
equipment makes up the PCS, such as the step-up transformer (TR) for medium voltage and the 
protection and control devices embedded in the medium voltage switchgear. This set of equipment, if 
housed in a metallic box, will be called E-house, or if executed in a version for external use and fixed 
under a metallic base, will be called skid [2]. Regardless of the constructive model adopted at the PCS, 
they need to be very compact to reduce the costs even at transport, demanding the use of compact Gas 
Insulated Switchgear (GIS), ready for external application. 

Those large photovoltaic projects demand a very large field to install the photovoltaic modules like 
Pirapora PV plant with 300MW, taking 800 hectares, [4]. This large amount of area also impact with huge 
distances from the main substation, in high voltage, responsible to connect the Photovoltaic plant at the 
grid. Those distance can be bigger than 4700m and make technically and economically   impossible to 
supply from the main substation an ancillary voltage at the skid. 

An ancillary voltage can be also supplied by the central inverter or by one no break installed at the low 
voltage switchgear at the skid, if the skid is already connected to the grid and the power transformer is 
already connected too. The possibility of one fault at the skid, in the moment of the connection at the grid, 
is one concern of the Brazilian skid manufacturer, not familiar with the use of self-powered relay, like 
Europeans distributor network operators and wind farm assemble engineers. 

This study analyzes one self-powered operation and compare the pickup condition in a real coordinate 
chart, proving the relay efficiency in self powered or external powered condition, mitigating the damage 
of one fault at the skid in the event of no ancillary voltage, due to a defect in the equipment responsible 
for providing it or due to human error. [5]. 

Keywords: Photovoltaic Power Generation, Protective Relays; Electric Inverters.  
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Abstract 

The generation of electric energy, allocated to the low and medium voltage consumer, through primary 
energy sources or qualified cogeneration, called microgeneration, for powers up to 75 kW and 
minigeneration for installations up to 5 MW, according to resolution 482 of 2012 of the Agency of Electric 
Energy [1]. Despite being the focus of many studies today, in Brazil, there is still room for further analysis, 
especially on how the behavior of the electrical network will look when many consumers are making use 
of this technology. In this way, this work aims to contribute with a technical knowledge of the condition 
of the implantation of these energy systems. It is necessary that both the consumer and the 
concessionaire know well the behavior of their consumption and demand profile and the energy 
generated. In Brazil, the charging modality for micro and mini distributed generation is called 
"compensation" or "Net Metering", where there is no pecuniary remuneration for the generated energy, 
but credits are generated for later compensation, making an analogy, the energy network behaves like a 
“virtual battéry” storing thé surplus for latér consumption [1]. 

In this way, understanding the relationship between the generation curve and the consumption curve, as 
well as the flows and exchange of energy is important for the management of the electrical grid and 
analysis of the feasibility of the power generation unit.  

For this, in this work, a comparison was made between the expected load curve for a typical residential 
consumer, in the state of Mato Grosso do Sul, Brazil, as well as the comparison with the average 
generation curve for photovoltaic energy in the city of Três Lagoas, Mato Grosso. Grosso do Sul, Brazil. 

The load curve was obtained from the methodology of the possession and habit survey carried out by 
Centrais Elétricas Brasileiras S.A. - Eletrobras estimated the hourly consumption profile and electrical 
equipment consumption of Brazilians and presented this data so that it is possible to survey the regional 
consumption curve, over a typical day [2]. In Figure 1, we have the estimate daily consumption 
information of the South-Mato-Grossense population 

To estimate the photovoltaic solar generation, a solar system was simulated with the ability to meet this 
consumption in the System Advisor Model (SAM) software. The Software simulates the daily generation 
of a solar plant using local meteorological data. Data from the National Institute of Meteorology (INMET) 
were used. 

In order to visualize the simultaneity between the simulated photovoltaic generation and the estimated 
load profile for the typical residence, the data were crossed and are presented in Figure 2. The data in 
Figure 2 can also be presented from a view of the energy exchange with the network, as shown in Figure 
3. The positive direction of the vertical axis is considered to be the injection of power into the network 
(generation) and the negative direction of the axis vertical injection of power from the grid into the 
residential plant (consumption). 
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Figure 1 - Residential consumer load curve in Mato Grosso do Sul. 

 

 

Figure 2 - Consumption and generation curves Figure 3 - Energy exchange. 

We conclude that the production of photovoltaic solar energy, for the case studied, has its production 
and consumption peaks at different times, and that many times having to inject energy into the grid. The 
simultaneity was calculated around 50%. In other words, half of the energy generated is consumed in the 
consumer plant. Finally, it is worth mentioning that demand management measures can be applied to 
improve this factor, with a main focus on the electric shower, which is the most significant portion of the 
energy consumed outside of photovoltaic generation and can be replaced by alternative systems such as 
solar heaters, or have its use modulated by users. 
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Abstract 

The Resolution of the Brazilian National Electric Energy Agency (ANEEL) number 482 of April 17, 2012, 
later updated and replaced by ANEEL Resolution number 687 of November 24, 2015, established the 
criteria for the modalities of minigeneration and microgeneration of electricity, which consists of 
installing small generators integrated to consumer units [1]. In this context, the Três Lagoas campus of 
the Federal Institute of Education, Science and Technology installed a microgeneration unit, with the 
purpose of generating energy in a more sustainable way and serving as a laboratory for teaching, 
research and extension. 

The photovoltaic microgeneration unit at the Três Lagoas Campus of the IFMS went into full operation in 
April 2018 and has been in operation for just over 4 years. During that time, a series of studies were 
carried out on the system performance indices, dirt effect, cleaning, all in order to guide the maintenance 
and operation of the photovoltaic microgeneration unit and provide subsidies for the dissemination of 
knowledge. The unit has a generation capacity of 71.5 kWp, provided by 260 photovoltaic modules of 
275 Wp, distributed in five inverters, of 15 kWp. Four of these invertersare powered by a roof system 
and one is powered by a ground system. Figure 1 shows an image of the system [2].  

 

Figure1 - The photovoltaic microgeneration unit at the Três Lagoas Campus of the IFMS. [2] 

To evaluate the performance of the microgeneration unit, two figures of merit were used, the "yield" and 
the "performance ratio" obtained by equations 1 and 2 respectively [2].  

yield =  
𝑒𝑛𝑒𝑟𝑔𝑖𝑎 (𝑘𝑊ℎ)

𝑝𝑜𝑡ê𝑛𝑐𝑖𝑎 𝑖𝑛𝑠𝑡𝑎𝑙𝑎𝑑𝑎 (𝑘𝑊𝑝)
                                                            (1) 
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performance ratio =  
𝑦𝑖𝑒𝑙𝑑

(𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 (
𝑘𝑊ℎ
𝑚2 ))1000

                                                  (2) 

Two figures of merit were raised. A measured performance ratio, using the radiation raised by a 
reference cell, and a "simulated" performance ratio using historical radiation data through the 
RADIASOL® software. The results can be seen in table 1. 

Ano 2018 2019 2020 2021 2022 

irradiation kWh/m2 1238,89 1892,85 1889,78 1914,43 856,84 

Irradiation by RADIASOL® kWh/m2 1294,11 1837,94 1837,94 1837,94 820,78 

Photovoltaic production kWh 78480 104390 99940 95570 44280 

Yield (kwh/kWp) 1097,62 1460 1397,76 1336,64 619,3 

Measured performance 88,59 77,13 73,96 69,82 72,27 

Simulated performance 84,81 79,43 76,05 72,72 75,45 

 
Tab 1. Results.      

A comparative graph between the measured and simulated performance ratio is presented in figure 2. 

 

Figure 2 - Performance ratio analysis. 

As a conclusion, there is a 98.3% similarity between the rare performance obtained by measuring the 
reference cell and the performance simulated with historical data by the RADIASOL software, so the 
simulated analysis can be a reference for systems that do not have a radiation measuring station. 

Keywords: Performance Ratio, Photovoltaic, Yield.  
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Abstract 

The environmental and energy problems related to the burning of fuels from fossil resources, i.e. non-
renewable fuels such as oil, natural gas or coal, leading to an increased concern about global warming, 
have directed the scientific community to seek sustainable and renewable energy alternatives. In this 
context, biofuels have emerged as a promising way to replace non-renewable fuels, including biodiesel 
[1]. Biodiesel is defined as a mix of monoalkyl esters of long fatty acid chains (FAMEs), and can be 
obtained by converting vegetable oils or animal fats through transesterification or esterification 
reactions. Due to its advantages, such as biodegradability, low viscosity, high flash point and low 
environmental impacts, it has potential to be used directly in diesel engines without any modification [2]. 
The raw materials used in biodiesel production can be divided into edible and inedible. However, the 
high cost of edible oils, which correspond to about 70% of the total value of production, as well as 
competition with the food market and soil degradation due to large planting scales, are disadvantages 
for the production and commercialization of biodiesel [3]. Inedible materials such as Waste Cooking Oils 
(WCOs) can also be used. The reuse of WCOs is a sustainable and environmentally friendly solution, 
preventing millions of tons of this raw material from being dumped into sanitation systems giving rise to 
serious problems in wastewater treatment. Still, one of the disadvantages of using WCOs is its high Free 
Fatty Acid (FFA) content that leads to saponification reactions [2]. Homogeneous alkaline catalysts are 
the most used in the biodiesel production industry. Compared to homogeneous acid catalysts, they have 
many advantages, such as high productivity, low price, allow high reaction speed, shorter reaction time, 
low alcohol molar ratio:oil and lower corrosiveness. However, catalysis is mainly affected by the 
presence of free fatty acids, leading to decreased reaction yields. In addition, when using these 
conventional catalysts, a high amount of clean water is used during the purification process, resulting in 
high flows of waste water, which is deposited in rivers, lakes, seas, contaminating the environment. To 
solve this problem, the possibility arises of using new catalysts, such as ionic liquids (ILs), which allow 
high reaction yields, and can be recovered and reused, making them greener and more economical [4]. 

Table 1 - ANOVA table for R1. 

Source 
Sum of 

squares 
df 

Mean 
Square 

Calculated 
F-value 

Tabulated 
F-value 

p-value  

Model 1524.8916 14 108.9208 5.6959 2.637 0.0023 significant 

Residual 229.4730 12 19.1228     

Lack of Fit 223.2512 10 22.3251 7.1764 19.396 0.1284 not significant 

Pure Error 6.2218 2 3.1109     

Cor. Total 1754.3647 26      

Hence, the objective of this work is to assess the potential use of IL [BMIM][HSO4] in the catalysis of 
esterification/transesterification reactions of a WCOs with simulated high FFAs content. For this purpose 
a Response Surface Methodology (RSM) from a Box-Behnken Design (BBD) was applied. Design Expert 
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11 software was used for the construction of this BBD and a matrix with four factors with three levels 
and two extra central points was generated. The chosen factors were: percentage of incorporated oleic 
acid (OA) (20, 40 and 60%wt), oil/methanol molar ratio (1:5, 1:10 and 1:15), catalyst dosage (5, 10 and 
15%wt) and reaction time (2, 4 and 6 h). A set of 27 runs was established to quantify the influence of 
each factor on the two responses: acidity reduction (R1) and FAME content (R2). R1 was estimated by 
acid-base titrimetry and R2 was measured by GC-FID using the internal standard method. A temperature 
of 65C was maintained during all reaction tests. The ANOVA tables for R1 and R2 are presented in Tables 
1 and 2, respectively.  

Table 2 - ANOVA table for R2. 

Source 
Sum of 

squares 
df 

Mean 
Square 

Calculated 
F-value 

Tabulated 
F-value 

p-value  

Model 1897.65 14 135.55 48.92 2.637 < 0.0001 significant 

Residual 33.25 12 2.77     

Lack of Fit 32.74 10 3.27 12.92 19.396 0.0739 not significant 

Pure Error 0.5067 2 0.2533     

Cor. Total 1930.9 26      

The following models represented below correspond also to responses R1 and R2, respectively: 

𝐘 = 37.11 + 0.896A + 2.16B + 5.53C + 8.35D + 1.29A2 −2.62B2 −2.19C2−0.3637D2+0.7637AB − 2.42AC −
0.1389AD + 83.15BC + 5.71BD + 1.61CD                                                                                                                                        (1) 

𝐘 = 26.23 + 1.02A − 0.2917B + 0.8225C + 10.08D − 3.95A2 −9.54B2 −4.61C2−3.09D2 + 1.91AB − 5.41AC +
0.055AD + 1.05BC + 0.8BD + 2.11CD                                                                                                                                                (2) 

For both responses, the most significant and relevant parameter was the incorporation of OA, followed 
by the molar oil/methanol ratio and catalyst dosage. The optimal conditions that present the best 
conversion values in terms of acidity reduction and FAME content were defined. The optimal conditions 
for acidity reduction were: reaction time of 2 hours, catalyst dosage of 15%wt, oil/methanol molar ratio 
of 1:15, and incorporation of OA of 60%wt, for a value of 58.1%. A percentage of 33.7% was found in the 
FAME content response at the following optimised conditions: reaction time of 4 h, catalyst dosage of 
10%wt, molar oil/methanol ratio of 1:12, and incorporation of OA of 60%. 

Keywords: Biofuel, Biodiesel, Ionic Liquid Catalyst, Esterification.  
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Abstract 

To date, fossil fuels prevail as the primary source of energy, with a high consumption in transport and 
industries, making them a major problem for our planet, given its weak environmental sustainability due 
to its high greenhouse gas emissions to the atmosphere and the limited reserves [1]. In this context, 
biodiesel emerges as a biofuel, biodegradable, environmentally sustainable and less toxic when 
compared to fossil diesel, which has been acquiring much attention over the years, and it has been used 
commercially blended with diesel. Chemically it can be defined as a mix of fatty acid methyl esters 
(FAME), produced through transesterification reactions of vegetable oils or animal fats, with an alcohol, 
usually methanol, in the presence of basic catalysts, which are highly corrosive and difficult to recover 
[2]. Therefore, conventional catalysts present several problems for the environment, and for this reason, 
there is a need to develop more environmentally friendly catalysts. Ionic Liquids (IL) have attracted a lot 
of attention in recent decades, presenting themselves as the main alternative to traditional catalysts, 
being green, non-toxic and non-flammable solvents [3]. On the other the production of 1st generation 
biodiesel using raw materials from edible vegetable oils such as palm oil, sunflower oil, rapeseed oil, 
among others, has the potential of causing socio-economic conflicts since these oils compete directly with 
the food sector. This promoted the search for alternatives, such as the use of waste cooking oils (WCO), 
since it is a residue that can be reused and with high energy content. However, these processes still need 
better studies, due to the problems associated with the production through transesterification, with 
regard to the high content of Free Fatty Acids [1]. 

Hence, the objective of this work is the study of the application of the IL 1-methylimidiazolium hydrogen 
sulfate ([HMIM][HSO4]) in the catalysis of esterification/transesterification reactions of a WCOs with 
high free fatty acids contents, through the application of a Response Surface Methodology (RSM) based 
in a Box-Behnken Design (BBD) in order to determine the optimal reaction conditions (reaction time, 
catalyst dosage, molar ratio methanol:oil and incorporation of oleic acid (OA) in WCO to simulate an oil 
with high acidity) for the esterification reaction of waste cooking oil with methanol.  

Table 1 - ANOVA table for R1. 

Source 
Sum of 

squares 
df 

Mean 
Square 

Calculated 
F-value 

Tabulated 
F-value 

p-value  

Model 7495.56 14 535.40 218.70 2.637 3.21×10-12 significant 

Residual 29.38 12 2.45     

Lack of Fit 29.05 10 2.90 17.74 19.40 0.0545 not significant 

Pure Error 0.33 2 0.16     

Cor. Total 7524.94 26      

Design Expert 11 software was used for the construction of the BBD. An experimental design was used 
to generate a matrix with four factors with three levels and two extra central points. The chosen factors 
were: percentage of incorporated OA (20, 40 and 60% wt), oil/methanol molar ratio (1:5, 1:10 and 1:15), 
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catalyst dosage (5, 10 and 15% wt) and reaction time (2, 4 and 6 h). Through this methodology a set of 
27 runs was established to quantify the influence of each factor on the two responses: acidity reduction 
(R1) and FAME content (R2). Acidity reduction was estimated by acid-base titrimetry and FAME content 
was measured by GC-FID using the internal standard method. A temperature of 65C was maintained 
during all reaction tests. In Tables 1 and 2, the ANOVA tables for R1 and R2 are presented, respectively.  

Table 2 - ANOVA table for R2. 

Source 
Sum of 

squares 
df 

Mean 
Square 

Calculated 
F-value 

Tabulated 
F-value 

p-value  

Model 1941.39 14 138.67 22.13 2.637 2 ×10-6 significant 

Residual 75.21 12 6.27     

Lack of Fit 73.88 10 7.39 11.10 19.396 0.0854 not significant 

Pure Error 1.33 2 0.67     

Cor. Total 2016.60 26      

Corresponding to the following models represented by equations (1) and (2), also for responses R1 and 
R2, respectively: 

𝑌 = 45.92 + 10.18𝐴 + 1.56𝐵 + 21.87𝐶 − 3.56𝐷 − 3.59𝐴𝐵 + 2.23𝐴𝐶 − 2.20𝐴𝐷 + 1.70𝐵𝐶 − 0.2183𝐵𝐷 − 4.21𝐶𝐷
− 2.00𝐴2 + 0.0055𝐵2 − 1.65𝐶2 + 3.58𝐷2                                                                                                    (1) 

𝑌 = 20.44 + 5.50 + 0.5500𝐵 + 7.76C + 7.88𝐷 − 0.7125𝐴𝐵 + 2.31𝐴𝐶 + 3.09𝐴𝐷 + 0.8975𝐵𝐶 − 1.00𝐵𝐷 + 1.77𝐶𝐷
+ 1.25𝐴2 + 0.9925𝐵2 − 0.8500𝐶2 − 0.5250𝐷2                                                                                          (2) 

For response R1, the most significant factor for the conversion was the molar ratio oil/methanol, 
followed by the reaction time and then by the OA incorporation, while for response R2, the most relevant 
factor was the incorporation of OA, followed by the molar ratio oil/methanol and finally by the reaction 
time. For both responses, the least significant factor was the catalyst dosage. The ideal conditions for 
acidity reduction were: reaction time at 6 h, catalyst dosage at 5 %wt, molar ratio oil/methanol for 1:20 
and 20 %wt OA incorporation, leading to a conversion of 76.70 %. The optimal conditions, which leads 
to the highest FAME content of 42.02 %wt were estimated at 6 h of reaction time, 15 %wt of catalyst 
dosage, molar ratio oil/methanol for 1:20 and 60 %wt of OA incorporation. 

Keywords: Biofuels, Biodiesel, Ionic Liquid Catalyst, Esterification.  
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Abstract 

With the purpose of evaluating the potential of annual biomass production, we used statistical modeling 
based on Land Use and Land Cover (COS2018) [1] and 5th National Forest Inventory [2] data to simulate 
yield and growth of maritime pine in Terras de Trás-os-Montes sub-region (30.02% of forest cover) and 
eucalyptus in the Aveiro sub-region (77.24% of forest cover) under different management scenarios.  

We developed a software tool (the Stochastic Forest Simulator) inspired in AppTitude® [3] software 
incorporating the forest growth and yield equations of FlorNext® [4] for maritime pine and the model 
GLOBULUS 3.0 [5] for eucalyptus. The scenarios were built based on the Regional Forest Management 
Program of Trás-os-Montes and Alto Douro [6] for maritime pine and on the variables used in the 
GLOBULUS 3.0 model for eucalyptus in Aveiro. The conversion of volume to biomass was done using the 
specific mass of the species and the residual biomass considering 28% of the volume for maritime pine 
and 25% of the volume for eucalyptus [7]. The results of the 6th National Forest Inventory [8] were used 
to validate the model.  

All scenarios, optimistic and pessimistic, produced results within the ±27.2% confidence interval 
established based on error. The highest values of potential residual biomass from the stands of maritime 
pine were observed in scenarios where there was no application of thinning (highest production in 
scenario 16 with 1.05Tg) at the end of the 50-year period of the simulations. The average residual 
biomass for the standing forest in the first year of the simulations represented 11.3% of the estimated 
annual consumption of 2,294,000Mg of biomass in the country [9]. The scenarios without thinning also 
showed the highest residual biomass in final cuts (CV = 1.27%). For thinning residues, the highest 
production was observed under strong thinning interventions and several periods, with an average of 
261.75Mg in the first year and 3,600.65Mg in the last simulated year.  

The scenario of higher potential residual biomass production for eucalyptus generated 699,417.97Mg 
(0.794Mg/m3) and 409,608.76Mg (0.465Mg/m3). The highest residual biomass in final eucalyptus 
fellings at the end of the simulation period was 3,317,022.67Mg and 1,942,588.84Mg for the two specific 
mass values considered. Residual biomass in standing eucalyptus corresponded to 60.7% (higher specific 
mass) or 35.5% (lower specific mass) of national consumption in the first year of the simulations and the 
annual average of residual biomass from final cuts to 12.5%  (higher specific mass) or 7.3% (lower 
specific mass). 

Keywords: Growth and Yield Modeling and Simulation, Maritime Pine, Eucalyptus, Residual Biomass, 
Scenarios. 
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Abstract 

In recent years, a collective effort is made in search of alternative forms of energy through renewable 
and more friendly to the environment sources, currently, about 80% of the world consumption of energy 
comes from fossil fuels. The environmental problems associated with the use of these non-renewable 
fuels include air pollution and global warming, moreover, the uncertain price of a barrel of oil in the 
current economy also causes economic problems in its dependence. Thus, due to these problems in the 
dependence on fossil fuels for industry, transport and domestic purposes, research on alternative energy 
sources has become ever more common [1]. In this scenario, biodiesel presents itself as a renewable fuel, 
environmentally friendly and with similar characteristics to common diesel.  

According to [2] in 2020, global biodiesel production reached 46.45 million tons, with biodiesel from 
waste cooking oils (WCO) constituting approximately 10% of this total, with Europe accounting for 
approximately 33% and Brazil 12% of global production. The cost of conventional biodiesel production 
is higher than the production of diesel from petroleum, since it is produced mainly from high quality 
virgin oils, it is estimated that 70 to 80% of the total cost of biodiesel production is associated with the 
cost of their raw materials [3]. With this perspective, biodiesel production from WCO has become an 
economic opportunity and an environmental strategy to help address global renewable energy 
challenges and contribute to a sustainable society [4]. Oil with hours of frying at high temperatures 
results in the loss of its edible properties and nutritional value, the disposal of used cooking oil remains 
an issue due to its environmental and human health threats, countries are now imposing penalties and 
restrictions on the disposal of this cooking waste in drainage systems and/or natural water bodies [5]. 
In this scenario, the collection and destination of these oils for the production of a value-added and 
environmentally friendly biofuel presents itself as an opportunity to be investigated.  

Transesterification is the most used method to reduce the viscosity of vegetable oils through their 
conversion into biodiesel. It is a process by which alkyl esters are produced from chemical reactions 
between an alcohol and vegetable oils in the presence of a catalyst. The most accessible and available 
alcohols for this reaction include methanol and ethanol [6]. Among the purification processes, the wet 
wash method, which uses water or acidified water to purify the esters, is the most commonly used [7]. 
Despite being an efficient method, wet washing generates huge amounts of wastewater that need to be 
treated to be discharged into sewer systems. On average, for each litre of purified biodiesel, the amount 
of water needed for purification varies from 0.2 to 10 litres [7]. In addition to the environmental 
inconvenience, wet washing is also energy and time consuming and economically inefficient. The 
literature indicates that effluent treatment costs between 0.09 and 3.8% of the total cost of production 
[7]. Adsorption and ion exchange are the most commonly used affinity separation processes worldwide, 
these methods are also known as dry washing methods. In these processes, an appropriate adsorbent is 
used to selectively adsorb certain impurities from the liquid phase onto its surface. Dry cleaning offers 
several advantages over wet cleaning, including ease of integration into an existing plant, shorter 
purification time, lower water consumption and lower effluent generation [8]. Some cellulosic and 
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lignocellulosic materials present characteristics of adsorbents for the purification of biodiesel [9]. These 
materials are abundant in nature, easy to acquire and of low value, in addition to their advantages as 
renewable and non-toxic materials [10]. Activated Carbon (AC), activated fibre (carbon fibre) and 
activated alumina are among the most common adsorbents in industrial applications. AC, which has a 
large porous volume and high surface area, can be manufactured from any organic material rich in 
carbon, such as: sawdust, petroleum coke, wood, coal, peat, fruit nuts, bituminous coal, lignite, coconut 
husks and olive stones [8]. 

In this work, an optimization of the production of biodiesel from a WCO by the ethylic route is sought, 
through its characterization and purification by adsorption using natural adsorbents, focusing on the 
removal of glycerine. In the preliminary results, some required conditions for the production were found, 
such as the minimum concentration of catalyst which was established at 1% (wt/wt) and better yields at 
lower temperatures. Next step will be the construction of a response surface methodology for the test of 
3 parameters: alcohol:oil molar ratio, reaction temperature and catalyst concentration. Subsequently the 
synthesis of adsorbent materials based on natural sources, such as olive stones, will be carried out for 
application in the adsorption tests for biodiesel purification. 

Keywords: Biofuel, Biodiesel, Purification, Adsorbents.  

Acknowledgments: The authors are grateful to the Foundation for Science and Technology (FCT, 
Portugal) and FEDER under Programme PT2020 for financial support to CIMO (UIDB/0690/2020). 

References 

[1] E. Arenas, S. M. Villafán-Cáceres, Y. Rodríguez-Mejía, J. A. García-Loyola, O. Maséra and G. Sandoval, “Biodiésél dry purification 
using unconvéntional bioadsorbénts,” Processes, vol. 9, no. 2, pp. 1–12, Feb. 2021, doi: 10.3390/pr9020194. 

[2] JOPA, Data from ISTA Mielke’s Oil World Annual Report and Other Editions, Japan Oilseed Processors Association (JOPA), Tokyo, 
2020, https://www.oil.or.jp/kiso/seisan/seisan03_02.html (Accessed April 14, 2022). 

[3] R. Ahméd and K. Huddérsman, “Réviéw of biodiésél production by thé éstérification of wastéwatér containing fats oils and 
gréasé (FOGs),” Journal of Industrial and Engineering Chemistry, vol. 110, pp. 1–14, June 2022, doi: 10.1016/j.jiec.2022.02.045. 

[4] C. Chén, A. Chitosé, M. Kusadokoro, H. Nié, W. Xu, F. Yang and S. Yang, “Sustainability and challéngés in biodiésél production 
from waste cooking oil: An advancéd bibliométric analysis,” Energy Reports, vol. 7, pp. 4022–4034, Nov. 2021, 
doi:10.1016/j.egyr.2021.06.084. 

[5] S. Nanda, R. Rana, H. N. Huntér, Z. Fang, A. K. Dalai and J. A. Kozinski, “Hydrothérmal catalytic procéssing of wasté cooking oil 
for hydrogen-rich syngas production,” Chemical Engineering Science, vol. 195, pp. 935–945, Feb. 2019, doi: 
10.1016/j.ces.2018.10.039. 

[6] M. M. K. Bhuiya, M. G. Rasul, M. M. K. Khan, N. Ashwath and A. K. Azad, “Prospécts of 2nd génération biodiésél as a sustainable 
fuel - Part: 1 séléction of féédstocks, oil éxtraction téchniqués and convérsion téchnologiés,” Renewable and Sustainable Energy 
Reviews, vol. 55, pp. 1109–1128, Mar. 2016, doi: 10.1016/j.rser.2015.04.163. 

[7] M. Catarino, E. Ferreira, A. P. Soares Dias and J. Gomés, “Dry washing biodiésél purification using fuméd silica sorbént,” 
Chemical Engineering Journal, vol. 386, p. 123930, Apr. 2020, doi: 10.1016/j.cej.2019.123930. 

[8] H. Baténi, A. Saraéian and C. Ablé, “A compréhénsivé réviéw on biodiésél purification and upgrading,” Biofuel Research Journal, 
vol. 4, no. 3, pp. 668–690, Jun. 2017, doi: 10.18331/BRJ2017.4.3.5. 

[9] M. G. Gomés, D. Q. Santos, L. C. dé Morais and D. Pasquini, “Purification of biodiésél by dry washing, émploying starch and 
cellulose as natural adsorbénts,” Fuel, vol. 155, pp. 1–6, Sep. 2015, doi: 10.1016/j.fuel.2015.04.012. 

[10] H. Baténi and K. Karimi, “Biodiésél production from castor plant intégrating éthanol production via a bioréfinéry approach,” 
Chemical Engineering Research and Design, vol. 107, pp. 4–12, Mar. 2016, doi: 10.1016/j.cherd.2015.08.014. 

  



 

 
27 

Biodiesel Production from Residual 
Cooking Oils and Purification by 

Adsorption Processes Based on Adsorbents 
of Natural Origin  

Maria Isabella Lima Garção1 [0000-0002-0850-1139], Maria Carolina Sérgi Gomes1,2 [0000-0003-2210-0275], Ana Queiroz1 
[0000-0003-4761-0618], António Ribeiro1 [0000-0003-4569-7887], Paulo Brito1 [0000-0003-1805-0252], 

1 CIMO, Instituto Politécnico de Bragança, Portugal 
2 Universidade Tecnológica Federal do Paraná, Brasil 

m.limagarcao@gmail.com; {amqueiroz, aribeiro, paulo}@ipb.pt; mcarolinasergigomes@gmail.com 

Abstract 

Total global energy consumption has increased significantly in recent decades. International Energy 
Agency predicts that from 2012 to 2040, and also the International Energy Agency (IEA), by 2030, the 
world's demand for energy will increase by 50%. Nowadays, the main sources of energy supply in the 
world are oil, coal and natural gas. In addition to the environmental problems, the supply of fossil fuels 
is limited, which makes many researchers increasingly interested in exploring alternative energy sources 
[1]. 

In this pursuit, biofuels are promising renewable energy sources with lower carbon emissions, besides 
the possibility of being made from a variety of resources, including residues such as waste cooking oil 
(WCO), oily sludge from factories, and discarded animal fats [2]. In contrast to petroleum-derived diesel, 
biodiesel is renewable, biodegradable, non-toxic, sulphur-free and aromatic carcinogen-free [3]. 

The cost of biodiesel is now 10% to 50% higher than petroleum diesel. A more possible way to increase 
biodiesel production is to use WCO as a feedstock, which is 25% to 40% of the price of edible oil. This 
way, WCO gets a better destination than its discard [3]. 

Biodiesel is produced through transesterification/esterification which are reactions that convert oils or 
free fatty acids into alkyl esters. Through transesterification, the triglycerides react with small chain 
alcohol in order to obtain methyl or ethyl esters of fatty acids and glycerol. The process occurs in three 
reversible and consecutive reactions, which produce molecules of diglycerides and monoglycerides as 
intermediates [4]. 

The properties of biodiesel will depend on the feedstock used in its production, and it should be similar 
to petroleum diesel in order to be functional in motors without any changes. All parameters, such as 
cetane number, fatty acid methyl esters content, density, and acid value, are defined by standards and 
vary depending on the location. For example, in Europe, they are defined by the European Biodiesel 
Standard EN 14214, whose last version was published in 2008. It is set to specify characteristics that 
define the behaviour of biodiesel combustion in an engine and also the methods that have to be used to 
determine those parameters [5]. 

In order to attend to all the specifications presented at EN 14214, the produced biodiesel has to pass 
through a purification process. The purification process is important to remove the impurities present in 
the final product, such as the alcohol excess, glycerol, among others.   

In this work, the chosen process to purify the produced biodiesel is adsorption, the phenomenon in which 
a solute is attached to a solid surface. It is widely used in chemical and biochemical processes to recovery 
or removal of certain substances. The solid surface where the adsorption takes place, the adsorbent, is 
usually a porous material with high surface area, and the substance that is been recovered is called 
adsorbate [6]. 

Several studies have been made related to biodiesel purification by adsorption. Materials like silicates, 
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clays, polymers among others are widely used as adsorbents. They have acid or basic adsorption sites 
that have a strong affinity with polar compounds such as ethanol, glycerol, metals and soap [7].   

Combining the need for purification of biodiesel and the proposal of reuse of waste oils, cork residues 
will be studied as a potential adsorbent, as it is a porous material with a large surface area. For the 
purpose of comparing efficiency, a commercial adsorbent will also be tested, since previous studies 
proved its high efficiency in the purification of liquid effluents. 

The first stage of the research is the optimization of biodiesel production. The influence of factors like 
oil:alcohol proportion, catalyst load and reaction temperature, in the transesterification of a WCO sample 
with ethanol have been studied.  

The first parameter, oil:alcohol proportion, was studied at the values of 1:6 and 1:9. The results obtained 
show that 1:6 is favoured at lower temperatures, in a range of 30-35°C. When the temperature is higher, 
above 45°C, the process needs a higher proportion of oil:alcohol in order to allow the separation of the 
two phases, otherwise, it will form only one phase since the biodiesel does not separate from glycerol.  

For the catalyst load, it was studied at 0,5% and 1% (wt/wt) in relation to the oil mass. At lower 
temperatures, both tests provide satisfactory results, but at higher temperatures, the best result was 
obtained at the higher catalyst load.  

Hereafter, it is intended to produce activated carbons from cork residues samples in order to study the 
efficiency of glycerol removal non-activated from different samples of crude ethylic biodiesel, 
synthesized with the optimal conditions of oil:alcohol proportion, catalyst load and reaction 
temperature. A commercial adsorbent and granulated cork will also be studied, for the comparison of the 
adsorption performance with the previous materials and literature data. 
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Abstract 

Biomass is widely recognized as one of the main potential sources for renewable and sustainable 
generation of fuels, chemicals and other carbon-based materials for a long time. According to 
International Energy Agency, biomass energy accounts for about 14% of the world's total primary energy 
supply in 2017. There are many advantages in using biomass as an energy source, namely its carbon 
neutrality and being a non-polluting energy source. Many processes can be used to obtain fuels and 
chemicals from biomass, and the pyrolysis process is a renewable, economical, and efficient way to 
produce energy [1].  

Pyrolysis is one of the main technologies for biomass conversion into energy. It consists of a thermal 
decomposition process in an inert atmosphere with absence of oxygen, to convert biomass into biochar 
(solid fraction), bio-oil (liquid fraction) and gases. Pyrolysis is a recognized industrial process for 
biomass conversion. No waste is generated in the process, as the bio-oil and biochar can each be used as 
a fuel and as fertilizer respectively, and the gases can be recycled back into the process [2].  

A biomass sample (pellets) was characterized by proximate analysis, determining the fixed carbon (F.C.), 
moisture, volatiles and ashes composition, and by ultimate analyses, determining the content of C, H, N, 
S and O. The content of hemicellulose, lignin and cellulose was also determined. The methodologies are 
described elsewhere [3]. All characterizations were performed on a dry basis, at the conditions in which 
the sample was previously dried. Pyrolysis tests were performed in a fixed-bed vertical pyrolysis oven, 
with a maximum temperature of 500 C, a heating rate of 10, 20, 35 and 40 C/min, a retention time of 
0.5 h and an N2 flow of 20 mL/min. The bio-oil produced was qualitatively characterized using FTIR. 

The results of the biomass ultimate and proximate characterization are shown in Table 1.  

Table 1 - Biomass ultimate and proximate characterization results. 
Biomass 

type 
Volatile 
(wt%) 

Ashes 
(wt%) 

F.C. 
(wt%) 

C (%) H (%) N (%) S (%) O (%) 

Pellets 79.305 0.377 20.318 46.526 5.576 0.119 0.000 47.402 

It is noteworthy that the composition of the pellets shows a low value for ashes, lower than 1 %, being a 
suitable feedstock for the pyrolysis, as a high concentration of ashes biomass could cause clogging of the 
equipment during the pyrolysis, due to the formation of big particle deposits. The volatile content, around 
80 %, is in the same range as other biomass sources, and it is known that higher volatile matter content 
implies a higher amount of bio-oil production via pyrolysis [4]. According to the ultimate analysis, the 
average chemical formula of this biomass would be C1H1.42N0.002O0.76. The CHO index is a parameter that 
describes the oxidation state of organic matter and varies from -4 to +4. The CHO index is described in 
Equation (1), where [C], [H] and [O] are the molar ratios of the elements. 

 𝐶𝐻𝑂𝑖𝑛𝑑𝑒𝑥 =  
2∗[𝑂]−[𝐻]

[𝐶]
 (1) 

The analyzed biomass CHO index is 0.104. A CHO index above 0 indicates the presence of more oxidized 
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compounds on the sample, meaning that this biomass sample has a slightly high oxygen content whereas 
the hydrogen content is slightly low. The CHO index plays an important role in the quality of the bio-oil 
produced, as biomasses with a high CHO index are more likely to produce bio-oils concentrated with 
oxygen-rich compounds, lowering its quality. 

The results of the biomass pyrolysis tests, with different heating rates, are shown in Table 2. 

Table 2 - Products yields for the biomass pyrolysis tests. 

Heating Rate (C/min) Biochar Yield (wt%) Bio-oil Yield (wt%) N.C.G.* Yield (wt%) 

10 23.975 28.310 47.715 

20 23.471 28.017 48.513 

35 22.873 24.378 52.749 

40 22.307 24.221 53.472 

*N.C.G. = Non-condensable gases 

The increment of the heating rate induced a difference in the products yields. For the solid and liquid 
fraction of the pyrolysis products, the increment of heating rate diminished the yield of those products, 
whereas raised the yield of the gas fraction. This phenomenon could be caused by the cracking of biomass 
components, as this is an endothermic reaction, therefore, the increase in heating rate could facilitate the 
cracking of heavy molecules to produce smaller ones, generating more gaseous particles at cost of solid 
and liquid yield [5]. 

Pyrolysis of the biomass proved to be a viable technology for the valorization of a worldwide produced 
waste, as biomass withal producing renewable energy. Bio-oil was successfully obtained by the pyrolysis 
of the biomass, with yields in the range of 24 to 28%. The heating rate proved to influence the yields of 
the products, for higher heating rates it is observed a bigger yield of N.C.G.s, meanwhile lower heating 
rates tend to prioritize the formation of biochar and bio-oil. 

This work is funded by the Portuguese Foundation of Science and Technology (FCT) within the 
framework of the SUBe Project, ref.:PCIF/GVB/0197/2017. 
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Abstract 

The scientific community has been looking for ways to produce clean and renewable energy to reduce 
pollutant emissions on the planet. Energy demand to meet the technological and human development 
needs is increasing, making it necessary to obtain new forms of energy generation. For example, the use 
of wind and solar energy has been high over the years. This work presents an explanation of the use of 
electrocatalytic materials in the Water Splitting technique that can be used, for example, in the clean 
production of hydrogen [1]. 

Hydrogen can be a substitute for fossil fuels in energy production. Normally, H2 production is done 
through fossil fuel combustion or other non-renewable sources, but it causes damage to the environment 
by polluting through residue emissions into the atmosphere. In recent years, research groups have been 
trying to develop some emission-free production systems to obtain green hydrogen. A complicating 
factor is that hydrogen is not naturally available in the environment, it's necessary to get it from 
substances/molecules that contain it using separation methods. Due to this, the overall water splitting 
electrochemical method can be used. 

Molecular separation of water into O2 and H2 requires a certain amount of energy to be supplied to the 
system for the phenomenon to occur, because it does not occur spontaneously [2]. In theory, a 
Thermodynamic Equilibrium Potential (TEP) is enough for water separation. But in practice, a need to 
supply more energy to the system for the HER/OER (hydrogen and oxygen evolution reactions) occurs, 
to improve the low rate of evolution of the oxygen reaction is observed. This potential increase above the 
theoretical limit is called overpotential [3]. 

Materials with low overpotential, good stability and fast electrochemical kinetic have been pursued by 
researchers around the world. Some metal oxide-based materials have been proposed for fabricating 
electrodes with good electrocatalytic activity. This process uses a photoelectrochemical cell (PEC) 
capable of accelerating the HER and OER reactions in the system, using materials that have high current 
density and high catalytic efficiency, with the lowest possible overpotential [4]. 

Some materials like CoO [5], TiO2 [6], CuO [7] were reported in the literature for use in water splitting 
technique and the research group of the Laboratory of Advanced Experimental Physics (LaFEA) has 
experience to manufacture electrodes from them. For example, CoO electrodes were manufactured and 
characterized by Cyclic Voltammetry (CV) as shown in Fig. 1, exhibiting good specific current and nano-
sheet like formation [8]. 

https://orcid.org/0000-0002-1207-140X
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Figure 1 – CoO characterization by (a)CV [8] and (b) setup schematic of PEC water splitting. 

In this work, some metal oxide-based materials have been presented and showed good electrochemical 
stability and high current density for overall water splitting applications. This indicates the possibility of 
using these materials in the production of green hydrogen. 

Keywords: Water Splitting, Photoelectrocatalyst Materials, Hydrogen Production, Metal Oxide 
Electrodes. 
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Abstract 

Since the demand for energy is growing on the planet, alternatives are sought for the development of 
sustainable, efficient, and low-cost sources, such as photovoltaic solar energy. This type of technology 
consists of converting sunlight into electricity through photovoltaic cells composed of semiconductor 
materials, such as dye sensitized solar cells (DSSCs) [1-4]. 

Fig. 1(a) illustrates the working principle of DSSCs developed by LaFEA researchers and Fig. 1(b) 
presents its assembly scheme. 

 

Figure 1 – DSSC operation (a) [2-7] and assembly scheme (b) [3-8] 

Before the incidence of solar radiation, the dye molecules are in their low energy ground state (LUMO). 
At this moment, the semiconductor oxide (TiO2, Nb2O5, CuO or ZnO) present on the anodic surface is 
submitted to the same non-conducting energy (near the valence band). When sunlight strikes the DSSC 
(oxidizing part), the dye molecules are excited and leave their low energy ground state and go to a higher 
energy state (HOMO). Therefore, the excited dye molecules have a higher energy content, overcoming 
the valence band difference of the semiconductor, thus generating the flow of electrons, as illustrated in 
Fig. 1(a) [2-7].  

DSSCs are made up of layers composed of glass substrates coated with thin films of transparent 
semiconductor oxides such as FTO (fluor-doped tin oxide) or ITO (indium tin oxide) serving as 
electrodes, where through certain techniques such as spin coating, drop casting or doctor blade, 
depositions of TiO2 (titanium dioxide) made up of nanoparticles are generally carried out in the case of 
the anode [2-9]. For the cathodic electrode, platinum-based depositions are usually carried out (since it 
is an inert electrode), and this process is responsible for the catalyzing of electrons (reduction) from the 
photoanode (oxidizing electrode) [1-3]. The dyes are deposited on the anodic layer, functioning as 
photosensitizers, interacting with the semiconductor oxides and seeking maximum absorption of the 
incident solar spectrum. An electrolyte, normally based on iodine (aqueous solution), is deposited 
between the two electrodes as shown in Fig. 1(b), thus aiding in the transport of electrons [3-8]. 

To evaluate the photovoltaic parameters of solar cells, such as short circuit current density (JSC), open 
circuit voltage (VOC), maximum powér (Pmax), fill factor (FF) and solar convérsion éfficiéncy (η), thé 
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methodology used by the researchers of this group consists of carrying out electrochemical 
characterizations through a multi-potentiostat (IVIUM Compactstat) coupled to a solar simulator 
(Ivisun® IVIUM Technologies). The photosensitizers are analyzed through optical characterizations 
using Fourier transform infrared spectroscopy (FTIR) with the Agilent Cary 630 equipment and 
ultraviolet visible spectroscopy (UV-vis) with the SHIMADZU UV-2600i spectrophotometer. The 
roughness of the electrode layers (anode and cathode) is also verified, using the atomic force microscope 
(AFM) Nanosurf EasyScan 2 and the scanning electron microscope (SEM) JEOL JSM-7100F. 

The laboratory has experience in the manufacture of DSSCs using natural dyes as photosensitizers 
extracted from fruits and flowers since 2014 [4-8], having managed to reach a level of 0.95% solar 
conversion efficiency so far with the extract of Malus Domestica [9], being considered a significant 
advance for being well above the results found in the literature for this type of device [10]. Future 
experiments are being performed in searching for new sensitizing dyes, such as Chrysanthemum (violet), 
where the efficiency has been improved to 1.35% for that new techniques has been applied in favor of 
that purpose. 

Keywords: Dye Sensitized Solar Cell, Renewable Energy, Natural Photosensitizers. 
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Abstract 

Distributed Generation (DG) provides the installation of small sources of energy generation near or next 
to the consumer units, both for their own consumption and for the possible transfer of the surplus to the 
distributor's network. In this context, photovoltaic solar energy has been gaining prominence in the 
world market for technical, environmental, and economic reasons.  

In Brazil solar DG is a highlighted issue, according to [1] between 4,444 Wh/m2 and 5,483 Wh/m2 occur 
daily in the country, which in the last decade has led public policies to regulate and implement a system 
of incentives for micro and mini distributed generation (MMDG). The National Electric Energy Agency 
(ANEEL) reported that in june 2022 the country surpassed the mark of 11 GW of installed power for 
MMDG in consumer units. 

In april 2012, Normative Resolution (REN) no. 482 went into effect through the ANEEL. The regulatory 
framework guaranteed that the active electrical energy produced by a consumer unit would be passed 
on to the distributor and subsequently compensated in the form of credits, valid for 36 months. In 
addition, MMDG concepts were defined, described as electric power generating plants that are 
differentiated by the installed power, being microgeneration less than or equal to 100 kW and 
minigeneration greater than 100 kW and less equal to 1 MW [3]. 

In November 2015, there was an update to REN no. 482 with the publication of REN no. 687, through 
ANEEL, in which the active power limits that delimit microgeneration were reduced to 75 kW and for 
minigeneration they became greater than 75 kW and less than or equal to 5 MW. As evidenced in [4], 
these changes allowed new enterprises to be added in order to meet the needs of each of the consumers, 
being them: remote self-consumption, shared generation, and enterprise with multiple consumer units 
(EMCU). The validity period of active energy credits was also changed from 36 to 60 months [4]. 

Posteriorly, Law no. 14,300/2022 [5] was published on January 7, 2022 and came into effect on the same 
date, it establishes the MMDG legal framework, the Electricity Compensation System and the Social 
Renewable Energy Program; and assigns other determinations. The way energy credits are valued was 
largely responsible for the new legal framework of the MMDG, which changed the current full 
compensation of energy tariff components. The energy tariff is the amount paid by the final consumer, 
which contains, in addition to the energy sold, all the tariff components of the energy production and 
transportation process, which pay for the use of the distribution system (wire B) and transmission (wire 
A), plus other charges and taxes that are intended to fund public policies.  

The legislation determined a vacancy period for projects already existing or applied for within 12 months 
from the date of publication of Law no. 14,300/2022, which will fall under the existing energy 
compensation rules. This acquired right will be valid until 2045. According to [5], after the vacancy 
period, a transition rule will be applied with the gradual collection of tariff components related to wire B 
for: distributed generation at the load, EMUC, shared generation, self-consumption up to 500 kW and 
dispatchable sources. The exception will be for remote self-consumption projects with power above 500 
kW, or for shared generation in which a single owner holds 25% or more of the surplus power share, in 
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which cases 100% of wire B, 40% of wire A and 100% of the research and development and energy 
efficiency charges and the electricity services inspection fee will be charged immediately [5].  

The new legal framework solved the problem of double billing of the minimum billable consumption, 
which was being made in credits and in monetary value simultaneously, so the energy injected by DG 
should no longer be discounted from the availability cost range, reaching this limit the surplus will be 
converted into credits for the consumer [5]. Moreover, Law no. 14,300/2022 also diversified the ways to 
perform the distribution of surplus and accumulated credits of a DG, a more flexible regulation was 
adopted, the holder may transfer credits freely and assign priority order among consumer units for the 
compensation of the energy tariff. 

The scenarios simulated by the Decennial Energy Plan 2031 [6] indicate that if the incentives that already 
existed before the legal framework were maintained, in the next decade about R$ 168 billion would be 
invested in MMDG alone. However, as indicated by [7], in the next decades the installation costs of 
photovoltaic systems will reduce, accompanied by the growth of installed capacity, which justifies the 
growth projections for MMDG in the coming years. 

Therefore, the natural and legal aspects of the country had favored, during the last decade, the 
accelerated development of DG, consolidating it in the brazilian electricity system. The legal framework 
for DG, as of the publication of Law no. 14,300/2022, ensures greater legal certainty for DG and regulation 
regarding the tariff compensation of energy, boosting future prospects of continued growth of DG in the 
country. 

Keywords: Distributed Generation, New Regulatory Framework, Photovoltaic Solar Energy. 
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Abstract 

The society is waking up to the consequences of fossil fuel use and its harmful effects on the environment 
and human health. As a consequence, international entities, as The United Nations (UN) have been 
éxpréssing théir concérn with thé énérgy génération’s futuré on our planét, mobilizing world léadérs 
with aim of drastically reducing the pollutants gases effects and increasing the use alternative energies 
[1]. 

In this context, Alternative Energies are implemented in the energy matrix, not only as an auxiliary source 
but as thé énérgy génération’s futuré. For éxamplé, thé sun providés thé Earth daily with an amount of 
energy that, if used properly, would have the capacity to supply all the daily energy consumption of the 
planet several times over [2]. Thus, the energy that comes from the sunlight and heat can be used to 
generate electricity reducing the consumption of other non-renewable energy sources. 

In this project, the direct use of solar radiation is highlighted and its direct conversion into electrical 
energy through Peltier-Seeback thermoelectric effect. In addition, the perception of how the position of 
the sun and the time of day influence the level of voltage generated was analysed. For this, it was 
necessary to study some concepts, such as: thermoelectricity and the effects that establish the correlation 
between thermal energy and electricity (Seebeck, Peltier and Thomson effects) [3]. In general, the 
Peltier-Seebeck effect stands out, which are two effects that can be considered as one because they are 
different manifestations of the same physical phenomenon. 

In order to explore the capture of the sun's rays more efficiently, a pyramidal structure with reflective 
material was developed (shown in Fig. 1). The design used allows the solar rays to fall on the inner side 
walls of the truncated pyramid. Then they are reflected downwards, creating a focus zone to increase the 
temperature at the bottom of the pyramid. 

 

Figure 1 - Pyramidal solar capture device 

Thermoelectric modules, called Peltier modules TEC1-127063, were placed in the focus zone of the sun's 
rays. These modules consist of a union of two sheets of insulating material, with an inner mesh of 
conductive material on the inner surfaces of the sheets, where the thermocouples are located - which are 
responsible for transforming thermal energy into electrical energy or the opposite [4]. The tests to verify 
thé practical éffécts of thé hours of a day and thé sun’s position for thé génération of solar énergy were 
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carried out, mainly in the peak hours of the sun, with four modules connected in parallel and the voltage 
generated was measured with a multimeter. In Fig. 2 is shown the graph of max RMS voltage generated 
in an interval of 1.4 hs. 

 
Figure 2 - Electrical voltage generation by hours 

From these results, it was possible to conclude that with the approach of the peak hour, in this case 12:25 
p.m., the voltage generate increased, in the same way that when passing this time, the voltage begins to 
decrease. In addition, it was also possible to observe that they had some peaks downwards, being in these 
cases moments when the clouds passed in front of the sun, interrupting the solar rays from reaching the 
Peltier modules. Therefore, the results obtained are significant, with the possibility of being optimized 
and improved. It is demonstrate in a satisfactory way the effect of the passing of the hours and the change 
of the position of the sun in the generation of thermoelectric energy from the solar capture. It is 
noteworthy that between 12:25 and 12:52 p.m. is the interval in which there is the highest average level 
of voltage generation. 

Keywords: Solar Capture, Thermoelectric effects, Energy generation, Thermoelectric modules. 
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Abstract 

In recent years, tourism in natural and outdoor areas has grown significantly [1] and the tourism concentration 
in the territories can cause impacts. Outdoor tourism can be understood as the activities practised in natural 
protected areas, in rural areas or in urban parks [2].  

Given the characteristics associated with tourism activities, these cause impacts on destinations, which can be 
positive or negative, whether economic, socio-cultural, or environmental. In this study, we focused on 
environmental impacts, mainly due to the characteristics of outdoor activities. Tourism's main positive 
environmental impacts are the preservation of natural areas, the improvement of infrastructure and the 
planning of natural areas to adapt them for tourism use [3]. More prevalent are the negative environmental 
impacts, which can be visual and noise pollution, air and water pollution, waste dumping in natural 
environments, deforestation, wildlife disturbance, loss of biodiversity, congestion, compaction, erosion and 
decline in soil fertility [4]. The great concentration of people at a destination, leaving waste and not concerning 
themselves with the environment, can affect the vegetation cover, the beauty of the landscape, and the 
ecosystem in general [5]. Moreover, the same can be observed in rivers and oceans, where a large number of 
plastics and other kinds of waste are found, affecting fauna in particular. 

Important to highlight that this list of impacts will always be incomplete due to the diversity of effects caused 
by the activity on the environment, for such reason, the constant monitoring of the activities is necessary [4]. 
Some of the most used tools in the tourism area are Environmental Impact Assessment (EIA) [6], and Tourism 
Impact Assessment  (TIA) [4].  

To understand the profile of practitioners of outdoor activities and the possible impacts of this activity in 
Northern Portugal, a survey was run with 216 participants from July to September 2021. Outdoor activities 
were split into the land-based, aquatic, and aerial categories. Based on descriptive statistics was possible to 
determine the frequency of practising these activities. Considering the previous studies on impacts, the types 
of the environmental impacts caused by each of the categories of activities were determined, and some 
suggestions were delimited to maximise the positive impacts and minimise the negative impacts, ensuring the 
region's sustainability.  

The sample is constituted of women (50.5%), aged between 28-38 or over (58.5%), with higher education levels 
(70.5%), singlé (53.3%) and Portuguésé (94.5%), with an avéragé monthly incomé bétwéén 601€ and 2400€ 
(74%). Most of them live in the Porto Metropolitan Area (25%). Relating to outdoor activities, 35.5% of the 
sample occasionally practise these activities in their residence area, and 20% practise 1-2 times a week. The 
activities most practised were walking/hiking (28.8%), running (11.7%), and cycling (9.5%). 

Considering the negative environmental impacts presented by Canteiro et al. [4], the most practised outdoor 
activities in the North of Portugal were divided into the three categories previously presented and then 
determined the respective negative impacts caused (Table 1). 

Regarding the positive environmental impacts, all the mentioned activities can help in the preservation of 
natural areas, infrastructure improvements and in the planning of natural areas to adapt them to tourism use.  

Understanding the tourism impacts can improve the planning and managing of outdoor tourism. It is also 
necessary to consider climate change concerns in this planning and monitoring process. Some of the tools cited 
in this study can be suitable for the Portuguese reality and used for this monitoring. A suggestion is the use of 
EIA for impact assessment. 
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Table 1 - Outdoor Activities practised in North of Portugal 
Classification Activities % Negative Environmental Impacts 

Land-based 

Circuits/tourist routes; Climbing; 
Mountain biking; Walking/hiking; 
Cycling; Paintball; Hunting; Trails; 
Running; Trekking; Sports; Trail 
running; Paddle. 

72.9 

- Habitat reduction; 

- Compaction and erosion of soil; 

- Pollution;  

- Perturbation (e.g., people can perturb 
animals). 

Aquatic 

 

Surfing; Rafting; Canyoning; 
Canoeing; Nautical activities in 
general. 

21.1 

- Habitat reduction; 

- Pollution of water;  

- Perturbation (e.g., motorised water 
vehicles can perturb aquatic animals).  

 

Aerial 
Slide; Paragliding. 

 

6.0 

 

 

-  Air pollution. 

Source: Authors' elaboration. 

Another action is promoting tourists' awareness of the need for environmental preservation. In this way, 
information campaigns can be carried out focusing on some criteria such as keeping the sites exactly as they 
were found, avoiding leaving waste, not feeding wild animals, conserving vegetation, and not removing anything 
from its place of origin.  

Finally, assessment and sensitisation are essential to minimise negative environmental impacts, minimise the 
impacts of climate change and ensure the sustainability of the territories in the North of Portugal.  

Keywords: Environmental Impacts, Outdoor Tourism, Sustainability. 
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Abstract 

The acceleration of global industrialization, the constant growth of the population and the concern with carbon 
emissions, generates the need to create alternative solutions to guarantee not only the energy demand, but also 
to improve Municipal Solid Waste (MSW) management [1-3].  

MSW is a residual resource that requires immediate attention and effective management techniques. Two of the 
United Nations Sustainable Development Goals (SDGs), Goal 12 (Responsible Consumption and Production) and 
Goal 11 (Sustainable Cities and Communities) address this issue. Moreover, an additional goal (Goal 7: Clean 
and Affordable Energy) can also be achieved if MSW is converted into biomass for bioenergy generation [3], [4]. 
MSW biorefineries are a technically, economically, and environmentally effective approach to sustainable 
development [3-5]. 

Thus, this paper aims to analyze the state-of-the-art of Municipal Solid Waste (MSW) biorefineries through 
bibliometric and systematic literature reviews. The main objective is to identify MSW valorization technologies 
and how biorefineries can contribute to this process. For this, the current production and management of MSW 
will also be presented. 

The analysis performed was based on documents found in the Web of Science database published in the last ten 
years and in English. The keywords used were "municipal solid waste" AND "biorefinery". From the set of 
keywords used, 239 documents were found. Of these, 60 were review articles, and these were selected to 
compose the theoretical framework of this paper.  

Among the main countries publishing on the subject are: Italy (40 articles), China (35 articles), and India and 
the USA, both with 25 articles. In addition, it is possible to observe an exponential growth of publications on the 
topic, where the year 2020 (49 publications), for example, had a growth of almost 100% of publications 
compared to the period 2018 (25 publications). Confirming the trend pointed out by several authors that a 
worldwide interest in exploring MSW streams as renewable energy sources, and highlighting bioenergy and 
biofuels as the core energy technologies deployed in the European Union to meet the targets of the Renewable 
Energy Directive [1-6].  

On a global scale, municipal solid waste is mostly disposed of in landfills (controlled or not) or dumped. Only a 
small portion is subject to recycling (13%), composting (5%) or incineration (11%) [7-8]. Other valorization 
techniques represent only 1% [9]. The MSW recovery techniques present in the literature are waste-to-energy 
technologies, the main ones being: anaerobic digestion, composting, incineration, and gasification, but 
fermentation, hydrogen production, carbonization, and pyrolysis techniques also appear.  The term 
"biorefineries" appears through the association of two or more waste-to-energy technologies, where the main 
related methodologies are Life Cycle Analysis (LCA) and economic analysis. Despites that, emerging 
technologies like photofermentation, dark fermentation and CO2 capture techniques are still not related to the 
topic. In addition, the term "Circular Economy" also show up related to the search. 

In conclusion, it is possible to identify the emerging need for the Municipal Solid Waste to be seen as a resource, 
thus being able to serve as biomass for the production of biofuels and value-added bioproducts. Moreover, the 
association of biorefineries with MSW is a complete alternative, where all fractions of the raw material can be 
properly valued and/or treated, generating the optimization of the use of the potential energy of the waste and 



 

 
42 

reducing the impacts associated with its deposition.  

The main contribution of this paper is to identify the potential of combining common technologies, such as 
anaerobic digestion, and emerging technologies, such as CO2 capture through microalgae, should be more 
widely explored. These can be part of the configuration of integrated MSW biorefineries and actively participate 
in the energy transition and decarbonization. 

For future studies, the feasibility study of a MSW biorefinery is proposed, where the technical, economic and 
environmental aspects are discussed. 

Keywords: Municipal Solid Waste, Biorefinery, Systematic Review, Bibliometric Review. 
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Abstract 

The growing trend of renewable energy, while helping decentralise and diversify the current energetic matrix, 
may also bring opportunities for improvement. Until today, a vital part of the wind turbine does not have a 
solidified disposal method in its afterlife. To better assess this issue, one needs to quantify it. A model based on 
actual wind turbine data enabled high accuracy estimation of the existing waste and predicted what will be 
generated in the industry's future. 

Between 2000 and 2014, the wind was the type of energy that registered the most considerable growth – not 
just among the renewable, but overall (15% more than second-placed gas) [1]. In the current European Union's 
plan to achieve net-zero emissions in its energy system by 2050, wind energy will play a relevant role: it expects 
a continuously grow in installed capacity of 17% until 2025, followed by a 12% one by 2030 [2]. However, what 
environmental impact can this measure and similar ones induce? 

Most wind turbine composition is from recyclable materials (94%); the issue lies in the remainder: the blades, 
mostly made of composites and resins – challenging to recycle materials [3]. 

One must take a step back and analyse some data to understand better how much of a concern it can become in 
the following years. In this paper, one analysed 357 distinct accurate wind turbine blade models from different 
manufacturers with rated power from 65 kW to 14 MW to attain enough data to create a model to predict the 
future waste generated by decommissioned wind turbine blades. The primary source of technical information 
was obtained through a wind turbine model database [4]. 

As a result, one developed a model to predict with a high resolution – compared to similar works from several 
authors – what the future holds regarding wind turbine blade waste.  

Instead of plotting all the data points in a scatter graph and using the resulting trendline to calculate an equation 
based on linear regression, the rated power range was divided into 10 intervals to offer a better resolution, 
Figure 1. 

One used a data set published by Wind Europe [5] as an exercise in the practical use of this model. In it, we have 
the total output of offshore wind turbines installed in Europe between 1995 and 2022. By applying the median 
(to filter outliers in the data) results seen on each rated power interval in Figure 2 to the number of installed 
turbines in the respective bin. One estimates the result of 27 years of wind turbine operations: 333.936,15 tons 
of waste with no current solution besides landfilling or incineration. 
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Figure 1 - Weight distribution by rated power 

 

Figure 2 - Estimated weight of offshore turbines in Europe 

Keywords: Wind turbine blade, waste, model.  
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Abstract 

Indoor air quality maintenance is an important task for the preservation of the health of the occupants of indoor 
spaces [1]. If there is human exposure to contaminants, it is necessary to implement means of removing the 
contaminant, providing a healthy environment. One of the main ways to maintain indoor air quality is the use 
of ventilation systems, which aids in the speed of contaminants removal [2]. 

The study of aerodynamics circulation helps in understanding air renewal time [3]. Furthermore, in 
applications involving healthcare (such as to remove contaminants), knowledge of air distribution patterns are 
important, thus avoiding stratified air zones [4]. The use of numerical simulation is paramount  to obtain 
detailed data and can be used to complement experimental measurements [5, 6, 7]. 

The present work aimed at comparing different methods for computational simulation, for the analysis of 
indoor air quality. The Fire Dynamics Simulator (FDS), CONTAM and the Eulerian box model (EBM) were used 
for this purpose. The results were compared with experimental data available in the literature [5]. The main 
contribution of the present work is to evaluate the potential of several options for computational simulation in 
obtaining results for ventilation systems design. 

The geometry proposed for study was originally presented and widely discussed by [5]. The environment has 
dimensions of 4.00x2.50x3.00 m, considering the x, y and z axes. Two openings with 0.40x0.40 m are positioned 
in the z-y planes at x=0 and x=4.00 m. At x=0, the opening is centered and 0.4 m from the surface, while at x=4.0 
m the opening is centered and 1.7 m from the surface.  At time zero (initial time), the environment has a 
concentration of 2000 ppm of CO2. The air velocity at the inlet opening is 1.36 m/s (inlet air flow of 783.4 m3/h) 
and has a concentration of 350 ppm of CO2. The temperature of the inlet and ambient air is 300K. The surfaces 
of the studied environment are adiabatic and the outgoing air mass is the same as the incoming air mass (mass 
conservation law). 

The solution of the indicated case occurred through the transient solution, where the simulation time was set 
at 1200 seconds, with data extraction every 100 seconds, from the initial moment to the final moment. The 
results obtained sought to identify the average concentrations of the contaminant in the environment. For 
comparative purposes between the different methods, the relative error was estimated from equation (1). 

𝐸𝑟𝑟𝑜𝑟 =  |
𝐶.𝑅.−𝐸.𝑅.

𝐸.𝑅.
| × 100                                                                           (1) 

where C.R. is the computational result and E.R. is the experimental result. Through the relative error it is 
possible to evaluate which methodology presents the best results. The main results are shown in Table 1. 

Table 1 - Average error results of the evaluated computational simulations. 

Computational Method CONTAM FDS EBM 

Average Error (%) 5.2 6.9 4.9 

The average error for CONTAM was 5.2%, for the FDS it was 6.9% and for the EBM it was 4.9%. The biggest 
difference in the results is reported at the beginning of the time, which indicates the difficulty of the models in 
identifying the dispersion of the contaminant in the environment. In the first 200 seconds, the relative error 
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presented by the FDS was 25%, while for the other methods the relative error was in the range of 3.7% and 4%, 
considering the EBM and CONTAM, respectively. The CONTAM software, as well as the EBM, considers a 
homogeneous mixture of the contaminant in the environment, thus having similar errors. The FDS solves the 
flow fields in greater detail, which may lead to a different solution according to the turbulence model applied. 
Taking into account all results, it is indicated that after 800 seconds there is a total renewal of the ambient air. 
The solution through the CONTAM software and the EBM requires less computational effort, providing faster 
results than the solution obtained through the FDS. Thus, for the proposed case, there is a greater difficulty of 
the FDS in the initial seconds of the simulation, when the turbulence-mixing rate occurs due to the transient 
characteristic of the studied case.  

Considering the obtained results, through the comparison between experimental and numerical data, it is 
possible to indicate the good capacity of the computational solution in obtaining data regarding air renewal or 
removal of contaminants. The possibilities of using computer simulation can complement the monitoring of the 
environment through sensors. The previous design of ventilation systems through computer models is a 
possibility of use, thus anticipating the needs of the environment. 

Keywords: Indoor Air Quality, Computational Solution, FDS, CONTAM, Eulerian Box Model.  
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Abstract 

Cities, due to their high population density, are characterized by a high built-up area, extensive soil sealing, and 
low vegetation cover. In urban areas water is generally exploited in a linear process: "extract from adjacent 
freshwater ecosystems - use - dispose". Stormwater management aims to discharge rainwater quickly to avoid 
flooding. However, when rainfall exceeds the capacity of drainage systems, widespread flooding eventually 
occurs in urban spaces. On the other hand, when dry weather persists, there is a need to watering green spaces 
in order to maintain them. In this case, water is again used in a linear fashion: drinking water is often used since 
there are no other water sources that can be considered (1). The impossibility of circular water management in 
urban areas makes these spaces particularly vulnerable to extreme droughts and floods, which in a climate 
change scenario are increasingly frequent. It is therefore urgent to increase the resilience of cities by promoting 
measures to make cities "Water Wise Cities" (2). The implementation of green infrastructures as a complement 
to grey infrastructures is crucial to achieve this goal. These green infrastructures include Nature-Based 
Solutions (NBS) that provide various environmental services (e.g. water, soil, and biodiversity conservation, 
making cities more resilient to climate change) and socio-economic services (e.g. creating places to live, jobs, 
property valuation). 

Green roofs are an example of NBS that can be used in conjunction with other tools aimed at promoting the 
circular economy of water in urban spaces. These structures are built based on technical and scientific 
guidelines and result from planting vegetation on a substrate followed by several layers of other materials that 
sit on a built structure (3). Green roofs can be constructed at ground level or on top of buildings and are efficient 
solutions to mitigate flooding as they delay the peak flow of stormwater, releasing the water gradually (sponge 
effect) and avoiding overloading the stormwater drainage system. Part of this water infiltrates and is retained 
in the substrates, being released during dry periods by evapotranspiration (4). In addition to being important 
tools for circular urban water management, these structures also offer potential benefits in terms of aesthetic 
value, biodiversity conservation, noise, air pollution, and "heat island" effect reduction, ultimately promoting 
energy efficiency and the reduction of CO2, and other greenhouse gas emissions. 

However, although the widespread implementation of green infrastructure in urban spaces is foreseen in 
European (e.g. European Green Deal) and global (e.g. Sustainable Development Goals - United Nations Agenda 
2030) policies and strategies, there are still difficulties for large-scale implementation. These difficulties are in 
part due to the fact that the concept of green infrastructure is relatively new and complex, nor sufficient 
quantitative analysis and indicators. As a result, it is very difficult for policy makers to integrate it into various 
policies. On the other hand, there is still a widespread lack of knowledge by the public and private sectors, as 
well as the general public, of the high potential contribution of this natural engineering tool for water and 
energy management in urban areas, which, together with the need for the intervention of professionals from 
different disciplines, hinders a greater implementation of these infrastructures in urban areas. 

Therefore, the aims of the present communication are:  

1) Presenting the project "Exploring the functioning and functions of green roofs in water management: 
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A prototype for experimental and interactive activities", winner of the 1st prize in the environment 
catégory of thé idéas contést “Idéias Hidrodinâmic@s” promotéd by Ciência Viva, Fundação Calousté 
Gulbenkian, and Águas do Tejo Atlântico, that will be implemented in IPB;  

2) Discussing the state of the art of green roofs in Portugal; 

3) Introducing somé approachés on gréén roofs that aré béing dévélopéd by thé téam, namély in Mastér’s 
degree theses. 

Keywords: Green Roofs, Urban Water Management, Circular Economy, Nature-Based Solutions 

References 

[1] D. Pearlmutter et al., «Closing Water Cycles in the Built Environment through Nature-Based Solutions: The Contribution of Vertical 
Greening Systems and Green Roofs», Water, vol. 13, n. 16, Art. n. 16, jan. 2021, doi: 10.3390/w13162165.  

[2] «The IWA Principles for Water Wise Cities», International Water Association. https://iwa-network.org/publications/the-iwa-
principles-for-water-wise-cities/ (acedido 7 June 2022). 

[3] C. S. C. Calheiros, B. Castiglione, e P. Palha, «Chapter 14 - Nature-based solutions for socially and environmentally responsible new 
cities: The contribution of green roofs», em Circular Economy and Sustainability, A. Stefanakis e I. Nikolaou, Eds. Elsevier, 2022, pp. 
235–255. doi: 10.1016/B978-0-12-821664-4.00015-7. 

[4] C. S. C. Calheiros e A. I. Stefanakis, «Green Roofs Towards Circular and Resilient Cities», Circ.Econ.Sust., vol. 1, n. 1, pp. 395–411, jun. 
2021, doi: 10.1007/s43615-021-00033-0. 

  



 

 
49 

Environmental Assessment of an Urban 
Wastewater Treatment Plant by Calculating the 

Carbon Footprint 

Laís Fabiana Serafini1 [0000-0002-0379-9212], Cláudio Costa2, 
Marcelo Bortoli3 [0000-0002-0924-9027], Manuel Feliciano4 [0000-0002-3147-4511] 

1 Instituto Politécnico de Bragança, Portugal 
2 TRATAVE – Tratamento De Águas Residuais Do Ave, S.A. 

3 Universidade Tecnológica Federal do Paraná (UTFPR-FB), Brasil 
4 Centro de Investigação de Montanha, Instituto Politécnico de Bragança, Portugal 

lais.serafini@hotmail.com; claudio.costa@tratave.pt; marcelobortoli@utfpr.edu.br; msabenca@ipb.pt 

Abstract 

Wastewater Treatment Plants (WWTPs) are responsible for reducing the polluting potential of wastewater and, 
in this way, they are seen as infrastructure that benefits the environment. However, the treatment units convert 
constituents of the wastewater into non-negligible amounts of greenhouse gases (GHG), causing changes in air 
quality and contributing to climate change. The main GHGs associated with the emissions from WWTPs are CO2, 
CH4, and N2O, which are also emitted in greater quantities by human activity[1]. 

This study aimed at evaluating the carbon footprint associated with the operation phase of a (WWTP), located 
in the north of Portugal, adopting a methodological approach of Life Cycle Assessment (LCA)[2]. In addition, in 
order to propose a set of measures leading to the reduction of GHG emissions from the WWTP under study, a 
set of alternative scenarios was also assessed. 

After defining the objectives and the scope of the study, an inventory form was prepared to collected all 
necessary data and information directly from the WWTP managers, as well as from a set of other available 
information sources. The inventory was organized with basis on the methodology adopted by the 
Intergovernmental Panel on Climate Change, which separates the contribution of emissions by 3 different 
categories - direct, indirect internal and indirect external emissions [3]. The inventory was also carried out for 
a set of alternative scenarios related to changes in the treatment process, implementation of renewable energy 
and management of sludge produced at the WWTP. The carbon footprint was then estimated for all situations 
using an éxcél tool, adaptéd from thé computér application “Calculating thé carbon footprint of Swédish 
wastéwatér tréatmént plants” (SVU 12-120). 

The basic equations used in  the calculation of the GHG emissions are presented below [4]: 

 𝐶𝑂2 = 10−6 ∗ 𝑄𝑤𝑤 ∗ 𝐶𝐵𝑂5 ∗ 𝐸𝑓𝑓𝐶𝐵𝑂5  ∗ 𝐶𝐹𝐶𝑂2 ∗ [(1 − 𝑀𝐶𝐹𝑤𝑤 ∗ 𝐵𝐺𝐶𝐻4 )(1 −  𝜆)] (1) 

 𝐶𝐻4 = 10−6 ∗ 𝑄𝑤𝑤 ∗ 𝐶𝐵𝑂5 ∗ 𝐸𝑓𝑓𝐶𝐵𝑂5  ∗ 𝐶𝐹𝐶𝐻4 ∗ [(𝑀𝐶𝐹𝑤𝑤 ∗ 𝐵𝐺𝐶𝐻4 
)(1 −  𝜆)] (2) 

  𝑁2𝑂 = 𝑄𝑖 ∗ 𝑇𝐾𝑁𝑖 ∗ 𝐸𝐹 𝑁2𝑂 ∗ 
44

28
∗ 10−6 (3) 

The main results are shown in Figure 1 and Figure 2. Figure 1 shows the total carbon footprint separated into 
direct and indirect emission sources.  

Figure 2 presents the possible reductions resulting from the implementation of some changes.  



 

 
50 

 

Figure 1 - Relative contribution of each process of the study system to the carbon footprint. 

 

Figure 2- Total annual CO2e emission and carbon footprint reduction for each process of the study system, after 
implementation of some alternative scenarios. 

In general, the carbon footprint obtained was 1.3 kg CO2e/m3 of treated wastewater. The results show that the 
biological processes of treatment of the WWTP liquid phase constitute the most relevant direct source of GHG, 
followed by indirect sources related to the use of energy and sludge management. The evaluation of the studied 
scenarios allowed to obtain footprint reductions of up to 26%, motivated mainly by the implementation of 
renewable energies and by the change in the treatment of wastewater. 

Keywords: GHG; Equivalent carbon dioxide; Methane; Nitrous oxide; Environmental impacts; Climate change.  
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Abstract 

The Covid-19 pandemic has been changing the lifestyle, changing routine activities, such as no need to go to the 
office every day, and avoiding spending time on public transportation. Due to the restrictive measures, 
companies have decided to implement the working from home system, allowing the activities could continue. 
This measure can be directly related to some environmental impacts, either by reducing the use of fossil fuels 
when people travel or by spending more time at home, increasing their consumption of electricity, water, and 
industrializéd products, for éxamplé. Thé débaté was préséntéd whén wé obsérvéd data from thé “Instituto dé 
Pésquisa Econômica Aplicada (IPEA)” [1] which shows about 11% of Brazilian workérs migratéd to work from 
home, corresponding to 8.2 million people working from home. This significant number of workers, each in 
their own homes, can generate significant impacts on the environment, whether positive or negative. 
Furthermore, the results of the research show that the geographic issue directly influences these data, since an 
increase in electricity consumption of 20% to 30% was observed in some regions of the United States, while in 
the United Kingdom this consumption increased by 15% days after the beginning of the blockade [2]. In Brazil, 
it was seen that in the first half of 2020, there was a significant reduction in CO2 emissions in the electricity 
sector (19%), resulting from the reduction in consumption in the commercial (9.6%) and industrial (5.6%) 
classes, with a small increase in the residential class (0.3%) [3]. In the Brazilian transport sector, there was a 
reduction of 11% [3], in the emission of CO2, due to the restrictions imposed on the population. Additionally, 
data show that the impact on the generation and solid urban waste increased significantly, increasing 13.4% 
between 2019 and 2020 [4] [5]. Due to these regional differences, the research adopts the descriptive approach 
concerning the main reflections that work from home has caused to the environment, intending to propose 
suggestions to mitigate the negative impacts, toward making outline goals possible in the Paris Agreement [6]. 
Finally, the research was conducted to generate hypotheses to be analyzed in future research, due to the 
uncertainty of the impacts caused by work from home, which may be perceived in the coming years. Regardless 
of the full return of the activities, it has been seen that the impacts of remote work are results of the lifestyle 
and consumption habits of these workers, and it is up to the companies to create measures that reduce the 
impacts of this activity, encouraging the control of consumption, either by the energy efficiency of new 
environments or the reduction of solid waste of daily consumption.  
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Abstract 

Green areas are spaces studied by several areas of science, such as environmental education, which has an 
auxiliary aspect in the study of these areas, to preserve them. Thus, this branch of study is of great importance 
to society, to understand the chemical processes existing in nature, and thus, generate clarification on 
environmental changes in the absence of these areas and raise awareness of their conservation. 

Through studies carried out, we seek to discover new methods to increase the quality of life in urban spaces, as 
it is known that they are essential for maintaining a balanced environment. In view of this, the following 
research question arises: How can awareness about the creation and conservation of urban green areas be 
worked as part of Environmental Education in high schools in the cities of Araguanã and Zé Doca? 

Awareness in the school environment about the creation and conservation of urban green areas can be effective, 
so the research aims to: identify the current ecological landscape of local urban green areas from the perspective 
of research participants; sensitize local communities to the creation and conservation of urban green areas, 
through didactic sessions aimed at high school education in these cities; to evaluate the contribution of the 
didactic proposal to the awareness of the research participants. 

Green areas have been reduced over time, this reduction is strongly associated with imbalances in the 
énvironmént and thé growth of citiés, diréctly altéring thé fauna, “thé lack of afforéstation, for éxamplé, can 
bring thermal discomfort and possible changes in the microclimate, and as these areas also assume a role of 
léisuré and récréation of thé population, thé lack of thésé spacés intérférés with théir quality of lifé.” Guimarãés 
[1]. So, this reduction interferes negatively in the sustainable balance, in addition, the community does not 
understand that because of this absence there are environmental impacts that affect the entire community and 
potentiate the sensations arising from the greenhouse effect. 

According Brazil [2] Environmental Education comprises the processes through which the individual and the 
community build social values, knowledge, skills, attitudes, and competences aimed at environmental 
conservation to achieve quality of life and sustainability. The methodology used had the purpose of sensitizing 
the school community of Araguanã and Zé Doca about the creation and conservation of urban green areas, the 
didactic sessions were carried out with high school students during Biology classes. Created based on the 
aspects of Brazil [3], specifically in Natural Sciences and its Technologies. 

Initially, a preliminary approach was carried out through a questionnaire about the students' knowledge about 
environmental conservation and green areas. The questions asked were 1) What do you understand about 
environmental conservation? 2) Have you ever heard about environmental education? 3) What do you 
understand about green areas? 4) How important are they in cities? 5) In your opinion, who benefits from the 
creation and preservation of these areas in cities? 

Of the 40 students, 30 showed basic knowledge on the subject (75%), the others (25%) showed more 
knowledge on the subject. For the students, 27 (67.5%) described their presence in cities as being of great 
importance, the other 13 (32.5%) did not know how to answer clearly. 

After the application of the questionnaire, the workshops were carried out to consolidate the knowledge on the 
subject addressed and to enable other interactions between them and the theme. After carrying out them, the 
theme aroused their interest. For some there were significant changes in their responses from the interactions 
and discussions held. 
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Since environmental education is a continuous process through which students acquire knowledge and 
information on how to intervene directly in environmental impact and conservation, as showed by Lima end 
Amorim [4], it needs to go beyond schools, being possible agents that transform reality, fighting for the creation 
and preservation of urban green areas, thus enabling a better quality of life in cities. 

Keywords: Urban Green Areas, Environmental Education, Quality of Life. 
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Abstract 

Tools aimed at promoting sustainability such as Life cycle Analysis (LCA) linked to continuous improvement 
tools such as Kaizen, if well combined, can contribute positively to an integrated waste management. The 
proposal is argued that the combined application of these two tools, can reduce or even eliminate problems in 
production chains waste management. The combination of kaizen and sustainable development is documented 
to increase quality, customer satisfaction, decreasing costs and reducing lead time [1]. The LCA is a key example 
of a well-known environmental practice [2]. Through LCA it is possible to quantify the impacts related to a 
specific process or the combination of these processes within waste management. In LCA environmental aspects 
of each stage of the materials production process and services are considered until their disposal [3].  

The educational institutions are important vectors of knowledge and propagation of innovation concepts, they 
can contribute to boost knowledge, culture, human values, and progress [4] and impact their immediate 
environment but also along their value chains, thus calling for life cycle approach [5]. For this the idea of this 
work is the application of these tools in educational institutions context.  

In order to carry out research a literature review on LCA and Kaizen in Educational Institutions, the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) method was used. For the bibliometric 
research, the software OpenRefine and VOSviewer were used for data handling. Therefore, both methodology 
and the software have been increasingly applied for scientific advancement [6], and can maximize the chances 
of reaching the objective of the study, with greater precision and more data. 

The systematic review of the literature through the PRISMA showed the relationship of LCA and Kaizen in the 
Educational Institution considering the twenty articles – the highest number of citation and the published year 
and concluded that there are no studies with the application of combined methodologies (LCA and Kaizen) in 
educational institution. However, it was identified that Kaizen can be very well applied in services, by combining 
methodologies that can contribute to the improvement of educational institutions in both financial, 
environmental and social dimensions [7]. In addition, analysing information such as authors, research areas, 
research objective, research focus and main findings, it was possible to verify the scope of the articles studied 
in the performance of the triple bottom line (TBL) - Social, Environmental, Financial and models, which consider 
the three performances. Thus, through the analyzed models, it was possible to design one that could be applied 
to LCA and Kaizen in an educational institution. 
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Figure 1 - Proposed model to improve the economic, environmental and social performance 

The first step of the model is to identify the problem or define the institution's priority. In this way, it is possible 
to use the LCA to identify the waste to be worked on. Given that the LCA helps companies assessing the 
énvironméntal impacts associatéd with éach stagé in a product's lifé cyclé and to idéntify thé “hot spots,” or 
most important environmental impacts across the supply chain [8], this phase that through the collection of 
substantial amounts of data to analyze a product/waste to be defined to be worked on. The result of this phase 
will form the basis for the beginning of the next step. The second phase begins with the objective of improving 
the issues that had the greatest environmental impact on the institution, according to the LCA carried out in the 
first step. In this way, the Kaizens themes will be defined, planned, a database will be developed and the weeks 
Kaizens will be implemented, considering the team definition, training, tools application and results 
presentation. The third phase will take place through the measurement of the results obtained in the developed 
Kaizens. It is important to define the indicators (from the database developed), measurement of environmental, 
financial and social gains and analysis of results/impacts in terms of sustainability in the educational institution 
studied. 
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Abstract 

The world population increased significantly during the last century, with a major relocation from rural to 
urban areas being observed. With the population shift to urban areas, cities worldwide have been facing 
complex problems in providing adequate services to citizens, such as health, education, traffic and waste 
management. The waste generated in cities is one of the most complex problems to manage due to intricate 
composition and stochastic generation. Most recent data (2018) registered a waste generation of 195 million 
tonnes of municipal solid waste (MSW) from European Countries, representing around 500 kg of waste 
generated per capita [1]. The municipal solid waste management system (MSWMS) requires innovative 
strategies to deal with increasing difficulty and waste content. One of the tasks in this system that has been the 
focus of studies towards optimization is the waste collection, which is responsible for a significant share of total 
operational costs. In most cities/companies dealing with MSW, this task is performed in a traditional way, in 
which drivers are responsible for route planning, or the route is previously planned and scheduled. This 
approach can lead to inefficient time and fuel expenditure once the trucks might travel to empty dumpsters or 
even take longer to collect full dumpsters. 

In this scenario, with the constant evolution of information and communication technologies, the waste 
management sector could take advantage of this to improve overall performance. One particular strategy that 
has shown promising results is the use of Wireless Sensors Network to collect real-time data regarding the 
waste level and apply this information for route planning. In this solution, the physical network contains real 
data, and the optimization algorithm uses this data as input to find the shortest path for waste collection [2]. 
The literature on this topic is rich with different problems developed to model the real scenario, most 
considering the known vehicle routing problem (VRP) as starting approach. Due to the increased interest in 
waste collection, a new formulation of the VRP arose, the Waste Collection Problem (WCP). In brief, this 
formulation considers multiple dumpsters that need collection and a set of trucks that can be used to collect 
these dumpsters, with only one central depot. The objective of the problem is then summarized on the collection 
of the waste following the shortest path. Like the classic VRP, WCP also has different variations, each 
considering specific constraints to approach the formulation from the actual situation [3].  

In this work, three metaheuristic algorithms available in Open-Source Google OR-Tools were assessed to 
optimize the waste collection of 20 paper waste dumpsters in the city of Bragança, Portugal. Waste level 
throughout the days studied was determined based on a stochastic approach, considering the region nearby 
each dumpster. The complete system is comprised of 3 modules: i) initialization and levels update, ii) selection 
of dumpsters to be collected, and iii) route optimization. The initial level in module i was defined using uniform 
distribution probability, and module ii selects all dumpsters for collection once every two days. Modules i and 
ii exchange information to set levels to 0 once dumpsters are emptied. Finally, the third module will find the 
best route for collection days using Guided Local Search (GLS), Tabu Search (TS), and Simulated Annealing (SA). 
It is essential to highlight that algorithms solve the problem modeled as Capacitated Waste Collection Problem. 
In other words, the objective is to collect all the waste from dumpsters in collection days on the shortest path, 
without ever exceeding the capacity of the vehicles. The period considered for this study was 30 days, and three 
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trucks were assigned for the waste collection. 

At the end of 30 days, it was possible to observe that load carried was the same, and the total distance traveled 
was similar using the three algorithms, with an advantage for GLS compared to SA and TS. This result shows 
that all three options of search algorithms available in the tool are good for route optimization. For instance, 
total distances traveled were 339.779, 345.933 and 351.840 km using GLS, TS, and SA, respectively. Each 
algorithm also returns daily routes followed, which allows the graphical representation of pathways for 
comparison purposes, as shown in Figure 1. Furthermore, a comparison of the collection cost was carried out 
between the optimized solutions and the company's real scenarios practiced today. This comparative analysis 
revealed the reduction of at least 6 euros per m3 of waste collected using the routes proposed by the algorithms 
to improve waste collection. 
 

 

Figure 1 - Graphical representation of collection routes for different algorithms. 

Keywords: Waste Collection Problem, Optimization, Google OR-Tools. 
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Abstract 

Urban mobility brings many challenges and opportunities, particularly regarding sustainability. It is natural 
that we want better living conditions, we are naturally given to consuming, even when there is no need, we 
increasingly want to travel, socialize, enjoy and it is not easy to accept that we will most likely have to change. 
It is no longer a distant future, but the present that we are living. Even in the face of successful solutions, 
receptivity is far from being massified and in most cases it imposes compromises in terms of comfort and quality 
of life, sometimes even imposing new habits and ways of being. 

In addition, not all of us have the same perception of the situation seriousness, or the same willingness to 
compromise. And this can happen for numerous reasons, namely physical or health limitations, financial 
limitations, different beliefs/motivations, or different ways of facing problems. It is even common that the 
staunchest defender of certain solutions, when faced with other equally plausible solutions, is completely 
insensitive or even opposed. In fact, the same individual may have different needs/preferences relatively to the 
place where he is or the activity he is performing, that is, preferences that vary with time and place. In a broader 
context of mobility, in which individuals in their daily lives move and visit different places, often with the 
presence of more people, the situation is even more complex, the variability of preferences increases, and it is 
necessary to combine preferences/needs of different individuals. 

Emerging technologies, within the Internet of Things (IoT) scope and smart spaces [1], allow us to aspire to 
capable solutions in line with the urban mobility and sustainability demands and, at the same time, to promote 
better conditions of comfort and well-being, without imposing sacrifices or changes in habits and considering 
the specificities of each individual, at different time and place. 

These solutions whose success depends in part on the autonomy of operation, not requiring any direct and 
conscious participation of people, for the ability to make the best decisions given the current context and future 
expectations, the context being defined by the characteristics of the environment. Including the dynamics, 
namely those resulting from the presence/involvement of people, but also for the transparency of action, not 
being evasive and, if possible, fulfilling its function without people realizing the existence of the 
technology/solution simply the most convenient happens. There are other factors that should not be neglected, 
such as those related to security and privacy. In this paper, the authors propose an architecture that considers 
these requirements so that, in a non-evasive way, it adapts the different spaces that the user frequents (house, 
work, leisure, others) to their personal preferences, such as temperature, humidity, sound, environment, etc. 

The architecture includes the different devices needed, to identify users, as well as the communication 
technologies to be used to transfer the preferences of each user to the system. The architecture includes a multi-
agént systém that allows managing conflicts of préféréncés through a usér’s hiérarchy and that considérs saféty 
values for each preference, to safeguard the different actuators (air conditioning, fan coils, multimedia, etc.) 
present in space. It was developed, focusing on the definition of each user's preferences in a smartphone 
application, which allows the user's preferences to be transferred to the space, without the need to perform any 
interaction, they can also be passed through smartwatches, fitness bracelets and similar devices, which 
currently have different communication technologies such as Bluetooth Low Energy (BLE), Near Field 
Communication (NFC) or Wifi-Direct. It also contains a local processing solution, currently supported by a 
Raspberry Pi, and will be present in each space where we want to adapt to different preferences. Each of these 
systems constantly receives each present user preferences. Based on the multi-agent system, it calculates the 



 

 
60 

optimal preferences to be applied to each space at a given time. It is also responsible for sending these to the 
different actuators present in the space. 

The multi-agent system has different layers (simulation, data acquisition, user information, actuation) [2]. 
Briefly, there is an agent for each user present, containing their preferences, and there is an agent that 
represents the space, containing eventual constraints, such as security values and others that may exist, namely 
in public spaces. Each of these agents aims to represent the interests of the involved parties. For example, the 
agent representing the space should be focused on an efficient use of equipment, minimizing energy costs, 
enhancing the durability of the equipment, minimizing maintenance costs. Taking advantage of the different 
hierarchies, an equation was devised that meets the different preferences to define the optimal solution, which 
will be sent to the different actuators. 

𝑝𝑟𝑒𝑓𝑉𝑎𝑙𝑢𝑒 =
∑ 𝑢𝑃𝑛

𝑢𝑠𝑒𝑟=1 ∗𝑢𝐻𝑃+(𝑠𝑃∗𝑠𝑃𝑟𝑜𝑝)

∑ 𝑢𝐻𝑃𝑛
𝑢𝑠𝑒𝑟=1 +𝑠𝑃𝑟𝑜𝑝

 (1) 

In (1), is depicted the equation for calculate the preference value to apply in the actuators present at the space. 
In this equation we have: n - number of users present in space; uP - each user preference for the space; uHP - 
each user hierarchy proportion; sP - space preference; sProp - space proportion. 
For the equation, different hierarchical proportions defined to respond to different possible situations were 
used, namely introducing the concept of family (parents/children) for the domestic space, the concept of 
employee/boss in the professional space, and the concept of owner/responsible of space in different public 
spaces. The entire architecture was implemented at this stage in the testing process, to be able to assess its 
performance. Different parameters were defined to assess the performance of the multi-agent solution, namely 
the following: Number of agents used, Agent speed reasoning, Information filtering, Environment perception 
time. 

The entire component referring to the privacy and security of users' information was also carried out, using 
anonymization techniques to eliminate any user identification possibility, as it would be critical to have the 
entire history of a particular person containing the information of the places that attended and respective hours. 
From the analysed state of art, it was concluded that there are only small and isolated projects, which aim to 
analyse this problem, and a solution that satisfactorily meets the needs of this new reality and its specificities 
has not yet been developed. It can then be concluded that this work will make a significant contribution to the 
field of sustainable urban mobility, achieving maximum comfort for the user in the different spaces that he 
frequents in his daily routine, and it is still possible to maximize efficiency. 
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Abstract 

The European Union (EU) aims to be net-zéro gréénhousé gas émissions by 2050, in liné with thé EU’s 
commitment under the Paris Agreement from 2015. Several policies are being implemented to pursue this goal, 
and in the 30 year period (1990-2020) there has been a significant decrease of the emissions of about 34% [1], 
due to mainly the penetration of renewables and improvements in the energy efficiency. Also, the Covid-19 
pandemic and the associated recession contributed to the decrease measured in 2020. Besides the foreseeable 
economic takeoff, the majority of the sectors have been decreasing their emissions, with the exception of the 
transport sector, refrigeration and air conditioning [1]. In this context, the vehicle fleet electrification provides 
a vital step to a climate-neutral economy transition [2,3], being a promising way to reduce GHG emissions. 

By 2020, more than one in ten vehicles registered in the EU were electric, increasing by a total of around 1 
million units over the seven-year period [4]. However, electric vehicle (EV) adoption faces several barriers, 
including high purchase price, long recharging time, reduced range, and lack of charging facilities [2]. From 
these considerations, the following question arises: without attractive customer costs, the electric based 
technologies will not enter the market and the goal of reducing GHG emissions will not be achievable? On the 
other hand, the actual trend of expanding battery size to improve EV autonomy can be detrimental to GHG 
impacts [5]. Nevertheless, the ambitious EU road transport CO2 reductions may be technically feasible by 2050, 
it should be kept in mind that delayed actions in 2020-2030 may compromise the achievement of the targets 
[6, 7].  

Governments should consider significant investments and incentives, including improvements of European 
renewable electricity production, development of new infrastructure across Europe (charging stations) [4, 6] 
and significant and sustainable political incentives such as purchase subsidies [4]. Furthermore, there is 
sufficient evidence to state that, in most countries, GHG mitigation in the transport sector requires the 
implementation of strong and integrated policy mixes [8] taking into account consumer behaviour [5]. 
Therefore, it follows that electromobility targets should be implemented not only on a local scale, but also on a 
national and global scale.  

The context above motivates the actual research to analyse how the literature has been discussing GHG 
reduction through vehicle fleet electrification. Furthermore, it was verified that studies particularly focus on 
empirical investigations, which reveals the need for a study that analyses the evolution of the research field, so 
far. To this end, it was decided to carry out a bibliometric analysis using the software Biblioshiny [9] from the 
Bibliometrix R package [10]. Initially, the Web of Science database was used and the keywords "GHG", "electric 
vehicle", "road" and "transport" were used, which resulted in 660 documents. Subsequently, inclusion criteria 
were specified to screen studies, which reduced the sample to 320 articles. Still, having found that some studies 
did not meet the objective, the selection process was carried out by analysing the titles of the documents, 
resulting in a final sample of 222 scientific studies. Content analysis was performed based on the main 
documents, according to the number of citations.  

The bibliometric analysis showed that there has been a growing interest in the theme, since 68.47% of the 
papers were published in the last five years (2018-2022). From the scientific production, geographically, it was 
found that China (n=159), the USA (n=105), and the UK (n=90) were the main producers in the field of EVs for 
GHG emissions reduction. Furthermore, the journal "Transportation Research Part D-Transport and 
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Environment" proved to be the most published in this field of research. The thematic evolution provided a global 
view of the changes, highlighting that GHG emissions, energy, consumption, electric vehicles and efficiency 
present themselves as the main directions to advance the thematic discussion. Furthermore, the thematic map 
providéd promising information for réséarchérs in thé fiéld of EVs’ pénétration to mitigate GHG emissions, since 
it presented the level of development and relevance of each of the topics addressed. It could be observed that 
studies related to (i) EVs to reduce GHG emissions and (ii) energy consumption to answer to climate change 
corresponds to the development trend of this research field. Given the importance of EVs in mitigating GHG 
emissions, further discussions and research on strategies and policies need to be considered. Furthermore, it is 
suggested that governments offer more incentives to deploy EV adoption in order to address significantly high 
fuel economy and ultra-low and even zero disposal GHG emissions. The work developed aims to give future 
researchers in this scientific field awareness of the most significant paths of the potential reduction of GHG 
emissions, in the short and medium terms.  

Keywords: GHG Emissions, Electric mobility, Bibliometric Analysis.  
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Abstract 

Since the Paris Climate Agreement in 2015, governments and businesses worldwide have stepped up, taking 
the actions needed to reach a global average temperature target well below 2 °C above the pre-industrial levels 
[1]. Several initiatives are related to reducing greenhouse gas (GHG) emissions (CO2, CO, NOx, among others) 
that can occur with the use of technologies aimed at decarbonizing various sectors. Many initiatives have been 
taken to solve this problem, including encouraging and using biofuels such as biodiesel2,3 and ethanol. However, 
green H2 has been standing out in recent years due to its properties and application possibilities. The global 
shift toward contributing to meet the Sustainable Development Goals (SDGs) and decarbonization has triggered 
a substantial boost in the hydrogen (H2) industry. This industry, in turn, offers several alternatives for the use 
of hydrogen in the transition toward a low-carbon economy: as an energy carrier and storage medium for 
conversion back to electricity, as a fuel for all modes of transport and mobility, and as a potential substitute for 
fossil hydrocarbons in industries such as steel and petrochemicals. H2 has gained importance because it is a 
carbon-free fuel with high heating value and a high energy carrier with less volume, which can significantly 
reduce carbon emissions [2].  

A carbon-free hydrogen society has been the goal of the hydrogen energy transition. Thus, the production of the 
so-called green H2 has been approached preferentially based on hydrogen production through the electrolysis 
of water using renewable energy sources. These processes have been in progress for some time, and the 
production of hydrogen via alkaline water electrolysis is now a mature technology with commercially available 
mégawatt (MW) scalé installations [2]. In this sénsé, théré aré two paths to producé “cléan” H2: (i) production 
from nonrenewable raw material sources (e.g., natural gas) together with carbon capture and sequestration, or 
(ii) H2 production, avoiding and/or minimizing the formation of CO2 and making use of renewable sources of 
raw materials (e.g., biomass, biogas, among others) and energy (e.g., solar, wind, among others). The latter 
include the so-called zero-carbon routes, without CO2 generation and with low carbon (with CO2 generation 
reduced to acceptable levels). Furthermore, the production of H2 requires an abundant amount of low-cost 
water or simple hydrocarbons (preferably methane). Green H2 consumes at least 9 kg of water per kg of H2, 
while gray and blue H2 require half this amount (when produced by steam reforming methane with a gas–water 
exchange reaction). Indeed, water is a limited resource in many regions, with uses in several sectors, such as 
energy, agriculture, and sanitation. In many regions, the scarcity of this resource does not allow for the 
production necessary to meet local demand. In addition to the higher water consumption, green H2 requires 
approximately 11 times more energy per unit of H2 produced when compared with non-renewable routes 
(before carbon capture), which need to be cheap [2-4].  

Greening the global H2 supply would require approximately 3.90 TWh of electricity annually, representing 60% 
more than the combined energy generated globally by wind and solar photovoltaics in 2020 (2.44 TWh). 
Currently, electrolyzers can only reach the competitive limit of USD 2 kg-1 when opérating on “fréé” éléctricity 
30% of the time or more, dramatically limiting the supply of H2. In 2020, without the necessary demand, 1.6 
TWh of renewable energy had to be wasted by the California Independent System Operator (CAISO), an amount 
corresponding to 28.9 kt H2. However, CAISO data show that only 50 MW electrolyzers could achieve a capacity 
factor of 30% of the wasted energy, enough to produce only 451 t of H2. While H2 is seen as an alternative to 
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reduce the waste of excess renewable energy, converting the excess energy into H2 may subsequently reflect 
losses of up to 70% in turbines or fuel cells (energygasenergy). The simplest solution to avoid wasting 
energy would be to increase demand. The problem lies in a business model that focuses on the worldwide use 
of electrolyzers, whose production cost is not yet appealing for industries to start buying energy to produce 
green H2 continuously, thus causing intermittent production. On the other hand, blue H2 is not associated with 
the electricity supply network, has a low cost, and can be continuously produced, as methane is also 
continuously produced in several locations. Projects related to green H2 production are still expensive 
compared with those using fossil fuels. According to the International Energy Agency (IEA), green H2 from wind 
energy costs between USD 4-10 kg-1 and USD 7-17 kg-1 when solar energy is used, while gray H2 produced from 
fossil fuels costs USD 1-2.50 kg-1. However, the production of gray H2 generates close to 9.5 kg CO2 kg-1 H2. For 
this reason, the carbon market becomes an ally for projects involving green H2 to become economically viable 
[2,5].  

In summary, the main purpose of using H2 is to decarbonize the economy, and it makes sense to use the H2 that 
offers the most significant environmental benefit. However, there are cases where the use of blue H2 is more 
appropriate. For instance, if a natural gas plant has access to the entire transport infrastructure, it makes sense 
to use this H2, contributing to emission reductions with a carbon capture process. Regardless of whether H2 is 
green or blue, caution must be exercised when embarking on projects aimed at building new transport 
networks or H2 plants based on non-renewable sources, due to the high construction cost of new infrastructure 
and the long-time horizon of these projects. It is necessary to include in the equation whether the option for 
blue H2 with carbon capture will justify the investment in the long term [2].  

Keywords: Green Hydrogen, Energy Transition and Sustainable Development, Decarbonization.  
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Abstract 

During the last decades, the performance of carbonaceous electrodes in water and wastewater treatment by 
means of capacitive deionisation (electrosorption), electro-oxidation, and electrodeposition has caught growing 
interest among researchers. Porous carbon-based electrodes typically provide a high surface area and hence, 
rate of electron transfer and electrocatalytic active sites [1]. The preparation of carbon electrodes requires 
binders, to agglomerate and retain the carbonaceous material particles that form the final electrode. Fluorine-
containing resin materials such as polytetrafluoroethylene (PTFE) are widely used as a binder, as they have an 
excellent chemical and thermal resistance [1]. For this reason, PTFE has been widely used as a binder for the 
fabrication of carbonaceous cathodes for energy storage, particularly in microbial fuel cells and 
capacitor/supercapacitor devices. Cathodes prepared by deposition of carbon black (CB) on carbon felt using 
PTFE as binder have shown promising results for in-situ production of H2O2. This fact is particularly relevant 
for their application in electro Fenton systems for the oxidation of bio-recalcitrant organic pollutants in 
wastewater [1]. An effective electrochemical H2O2 production is a potential advantage for Fenton-like systems 
which have the oxidant as one of the main operational costs [2]. 

In this work, carbon-based cathodes based on CB and PTFE were prepared using only these components (non-
supported on carbon felt), as shown in Fig. 1. For that purpose, 5 g of 60 wt.% PTFE (Sigma-Aldrich) and 1 g of 
CB (acetylene, 100 % compressed, supplied from Alfa Aesar) were mixed in water (Fig. 1a). The paste obtained 
was kneaded and pressed in a stainless-steel mould (Fig. 1d) and afterward, the electrode was demoulded to 
obtain rectangular cathodes with size 30x50x3 mm (Fig. 1c). Finally, the cathodes were dried at 80 ᵒC overnight, 
and later they were calcined at 360 ᵒC for 1 h (Fig. 1d). 

 

Figure 1 - Schematic procedure of flat carbon electrodes based on CB and PTFE. 

The performance of the cathode was tested in a non-pressurized undivided electrochemical chamber working 
with 80 mL volume (V) using a platinum electrode as anode (2.25 cm2) with a separation distance of 25 mm 
from the CB-based cathode (submerged surface area of 12 cm2). In a typical run, 80 mL of 50 mM Na2SO4 was 
placéd in thé réactor’s chambér aftér thé appropriaté adjustmént of thé pH to 3 with 1 M H2SO4. The chamber 
was continuously bubbled with 0.5 mL min-1 air by a peristaltic pump and magnetically stirred. The 
electrochemical hydrogen peroxide production from oxygen reduction was monitored upon reaction time (t), 
taking samples periodically, during 3 h. Different current intensities (I) were explored and the concentration of 
H2O2 (CH2O2) was determined by TiOSO4 colorimetry method at a wavelength of 405 nm [3]. The current 

efficiency (CE) was determined as CE = 2·F· CH2O2·V/(I·t), where F refers the Faraday constant (96 487 C mol -1) 

[1]. 
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Figure 2 represents the H2O2 production obtained with the same CB/PTFE carbon-based electrode applying 
different current intensities. Activity decays from the first use of the cathode until the third one (data not 
shown). Thereafter, the oxidant production was kept constant, and the cathode was used at the different current 
intensities for more than once to assure a reproducible behavior. The working potentials observed was constant 
upon the reaction time and reach values of 2.4, 3.2, 4.1, 5.0, 6.0 and 6.9 V for the applied current intensity of 6, 
12, 24, 36, 48 and 60 mA, respectively. The hydrogen production was kept only by washing with distilled water 
(non-aggressive methods were applied for its reusability). As observed, the carbon-based cathode can generate 
up to 199 mg/L of H2O2 at the highest current applied (60 mA). However, the current efficiency (CE) 
considerably decreased increasing the current applied, reaching 13 % at 60 mA, whereas 92% was obtained at 
6 mA. 

 

Figure 2 - Hydrogen peroxide production at different current intensity. 
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Abstract 

Polycyclic aromatic compounds (PACs) are a large group of mainly anthropic-originated organic compounds. 
PACs include the well-known polycyclic aromatic hydrocarbons (PAHs), and their oxy- and nitro derivatives 
[1]. These organic pollutants are mainly originated from pyrogenic (incomplete fossil fuels burning and biomass 
combustion) and/or petrogenic (oil exploration and fossil fuels leaks) sources [2,3]. Intense road traffic and 
wood and fossil fuels burning (such as coal, gasoline, diesel, and kerosene) are the main sources that contribute 
to PACs emissions to the atmosphere [3]. They also may be transferred to other environmental compartments, 
becoming ubiquitous. Once in the atmosphere, high molecular weight PAHs and their derivatives (nitro-PAHs 
and oxy-PAHs), having high partition coefficient (log kow) and low vapor pressure, are mostly found in the fine 
particles (<2.5 µm) [2]. Therefore, they represent a serious concern to the human health once they can penetrate 
deep in the lungs. Thus, the investigation of the occurrence of PACs in fine particulate matter (PM2.5) is of 
utmost human health and environmental importance. In this work, we have reported the levels of PAHs and 
their oxy- and nitro-derivatives in PM10 and PM2.5 samples collected around Todos os Santos Bay (BTS), the 
second largest Brazilian bay. In turn, the occurrence of PACs in different environmental compartments such as 
water, sediments, and marine biota were also investigated.  

PM10 and PM2.5 samples were collected in two different sites: (i) at an underground floor of a bus station 
(12°58’S, 38°30’W, 52 m altitudé) whéré only héavy-duty vehicles fueled with biodiesel-diesel mixes are 
allowed (in Salvador, State of Bahia, Northeastern Brazil), and (ii) in a coastal area (BTS), which a mixed fleet 
were running with variable proportions of hydrated ethanol, gasoline, diesel, and biodiesel fuels at the sampling 
period. The analytes were extracted from PM samples using the microextraction procedure developed by Santos 
et al. [4]. Briefly, a 4.15 cm2 filter section was cut off and extracted with 500 µL of dichloromethane:acetonitrile 
mixture (82 %:18%, v v-1) using a miniaturized extraction device. The extract was injected into GC-MS in the 
single ion monitoring mode (SIM).  

The results from the PM10 samples collected in the underground floor of a bus station showed the PAH levels 
ranged from <LOQ to 15.0 ng m−3, whereas nitro- and oxy-PAHs concentrations ranged from <LOD to 69.4 ng 
m−3, and from <LOQ to 115 ng m−3, respectively. In general, the concentrations levels determined in this work 
for PAHs and its derivatives were similar to those observed in urban areas. However, the concentrations of the 
potent carcinogenic benzo[a]pyrene ranged from 1.42 to 4.49 ng m−3, which exceeded the air quality standard 
established by the European Union (1.00 ng m−3) [4]. Regarding PM2.5 samples, the concentration of PAHs and 
nitro-PAHs in the bus station ranged from 853 to 2025 pg m-3 and from 378 to 1305 pg m-3, respectively, being 
higher than those determined in the coastal area (PAHs 0.32 – 122 pg m-3, nitro-PAHs 95 – 414 pg m-3) [5]. It is 
worth mentioning that the potent mutagens 2-nitrobenzathrone and 3-nitrobenzathrone were found in PM2.5 
samples in concentrations ranging from 59 to 431-pg m-3. Although the presence of these carcinogenic and 
mutagen compounds in PM2.5 may be a reason for concern, the cancer risk estimated by incremental lifetime 
cancer risk (ILCR) was calculated for both urban and coastal sites. The ILCR values calculated in this study 
presented low values, showing low cancer risk incidence although the ILCR values for the bus station were 
around 2.5 times higher than the ILCR from the coastal site [5]. 
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Regarding PACs are ubiquitous pollutants, we also investigated their occurrence in polychaetes and ascidians. 
Once they are sessile organisms, we found that these organisms could be considered a more reliable pollution 
indicator instead of fishes. Regarding polychaetes, our finds showed that low molecular weight PAHs were the 
main species detected within the samples (100 % of detection frequency) and median concentrations ranging 
from 33 to 243 ng g-1 dw, whereas high molecular mass PAHs were detected with frequency detections ranging 
from 51.7 % (coronene) to 82.8 % (benzo[a]pyrene). Principal component analysis, ternary correlations, and 
diagnostic ratios were used to indicate principal contamination sources. Our data showed mixed sources, with 
petrogenic predominance over pyrogenic sources. This could be explained considering that BTS has an intense 
traffic of small boats and commercial ships, besides petroleum exploration and discharges of effluents from 
petrochemical industries. These activities have contributed to increasing the concentration of PAHs in 
sediments [6] and, consequently, in benthic organisms, such as polychaetes [7]. Besides PAHs, nitro-PAHs and 
oxy-PAHs were also detected in polychaetes [7]. The potent mutagenic 3-nitrobenzanthrone was found in all 
polychaetes samples, ranging from 110 – 5,180 ng g-1 dw. Benzanthrone, another important mutagenic 
compound, was found in concentrations ranging from <LOD to 520 ng g-1 dw. On the other hand, PAHs levels in 
ascidians ranged from <LOD to 278 ng g-1 dw. High molecular mass PAHs such as fluoranthene (<LOQ – 48.5 ng 
g-1), pyrene (15.0 – 150 ng g-1), chrysene (7.39 – 278 ng g-1), benzo[ghi]perylene (26.9 – 45.7 ng g-1), and 
coronene (9.12 – 165 ng g-1) were found at higher concentration levels than the low molecular mass PAHs. This 
may indicate a significant contribution of pyrogenic sources. In addition to PAHs, oxy- and nitro-PAHs also were 
detected in ascidians samples but in a lesser quantity than polychaetes. 3-nitrobenzanthrone was only found 
below the limit of quantification in ascidians. In conclusion, we observed that polychaetes and ascidians have 
an interesting ability to bioaccumulate PAHs and PAH-derivatives and they might be useful as an indicator of 
marine pollution.    
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Abstract 

Climate change has become one of the most worrying environmental issues today, as its effects cross all 
geographical borders. Currently, the great majority of the scientific community justifies the worsening of 
climate change due to the high emissions of Greenhouse Gases, such as carbon dioxide [1]–[3]. The challenge 
on this worrisome environmental problem is in finding sustainable and low-cost solutions to mitigate climate 
change effects, such as  promoting urban green spaces as potentially relevant CO2 sinks [4]–[6].  

In this study, we sought to evaluate the potential of a grass covered surface located in the city of Bragança, 
Portugal, as a carbon sink, by measuring carbon dioxide fluxes through its atmosphere/surface interface. This 
green space was subjected to regular grass cutting, during the period between February and June 2021. The 
CO2 fluxes were continuously measured using the LI-8100A system from LI-COR Biosciences ®, equipped with 
a transparent chamber. The study also involved monitoring edaphic and meteorological parameters, as well as 
vegetative parameters such as phytovolume and biomass produced.  

The results obtained showed the existence of an expected intraday pattern in which the grass surface behaved 
as a sink during a considerable part of the solar hours and as an emitter in the complementary period (Fig. 1 
(B)). This pattern was visible throughout the observation period, but it was marked by a decrease in CO2 
absorption capacity by the surface and, simultaneously, by an increase in emissions of this greenhouse gas, 
throughout the spring season (Fig. 1 (A)). This trend was also observed in other studies [7], [8].  

  

Figure 1 - CO2 Fluxes. (A) Time evolution over the evaluation period; B) Comparison of the average daily profiles of each 
month of analysis. 

In general, the surface behaved as a source of CO2 during the evaluation period, with a net emission flux of 
approximately 0.7 g C m-2 d-1. Studies carried out also show a positive mean term, indicating that the turf has 
a greater emitter characteristic in the spring period [7], [9]. However, the contribution of the turf as a sink for 
Greenhouse Gases, in relation to the absence of vegetation on the ground, minimized the upward CO2 fluxes, 
i.e., from surface to the atmosphere. In addition, possible human influences that can impair the sink 
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characteristics of the surface, such as irrigation and fertilizer applications, were observed. Another human 
action that disfavours the absorption of CO2 by the turf is the frequent cutting to which it is subjected, with the 
consequent reduction of photosynthetic capacity, due to the reduction of biomass that compromises the 
vegetative performance. 

Keywords: Carbon Dioxide, Net Ecosystem Flux, Soil Respiration. 
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Abstract 

This work aims to analyse the state-of-the art of the electric vehicle supply chain, through bibliometric and 
systematic reviews, using quantitative analysis indicators and qualitative analysis. The main objective is to 
analyse the electric vehicle supply chain in the period before and after the Covid-19 pandemic.  

The analysis conducted in this work was based on documents found in the Scopus database, through the 
following String: TITLE-ABS-KEY(("electric vehicle*") AND ("supply chain" OR "supply chain management" OR 
"supply chain risk management" OR "supply chain resilience")). From the String used, 478 documents were 
found, and 81 articles were selected after applying filters. The bibliometric review was carried out with the 
support of the Bibliometrix software, using the following indicators: a) partnership between countries; (b) co-
occurrence of the author's keywords; (c) publications per year; (d) publications by country; and (e) impact 
factor of journals.  

In the systematic review, the PRISMA meta-analysis method was applied to analyse the ten most cited articles. 
Basically, this method is composed of a four-phases diagram, such as: (i) Identification, (ii) Screening, (iii) 
Eligibility and (iv) Included [1]. For the PRISMA meta-analysis, filters were applied to select only documents 
classified as articles, written in English, published between 2018-2022 and classified as open access. 

According to the results, China presented the greatest international cooperation. This can be explained by its 
role as the main manufacturer of products in scale among emerging economy countries, allowing it to achieve 
competitive market prices. Brazil did not present documents published in international cooperation, but can 
contribute for reducing supply costs and minimizing the environmental impacts caused by the use of electricity 
from the burning of fossil fuels, because of its potential to generate renewable energy, such as solar and wind, 
in addition to having a mostly renewable electricity matrix (Energy Research Company - EPE, 2020).  

Through thé authors’ kéywords analysis, it was possiblé to obsérvé that thé lifé cyclé analysis was thé most 
recurrent type of analysis among studies on the electric vehicles supply chain and is directly linked to the 
environmental impacts caused by the consumption of electricity and the production of batteries.  

It is important to emphasize the economic feasibility of implementing the electric vehicle. Upgrading the 
electricity grid just to support electric mobility could result in negative macroeconomic impacts. The costs of 
owning and driving were not calculated as much. It is because most recent studies have focused on reducing the 
production costs of fuel and electric vehicle components.  

The lithium-ion battery was analysed in most studies found, especially about Chemical components, such as 
cobalt and lithium. The scarcity and disruptions of lithium, cobalt and nickel supply chains can hinder large-
scale lithium-ion battery production, in addition to making it unfeasible for electric vehicles to have a 25% 
market share by 2050 [3]. It is very important to know the remaining battery life, as it is a factor that directly 
affects the supply chain and allows reducing the impact on demand-side management. (Wang et al. (2021). 

Although the supply chain has been the focus of studies, supply chain risk management has been relatively less 
studied. Recently, the pandemic caused by the new Coronavirus has impacted several sectors due to the 
protective measures implemented to reduce contamination, such as lockdown. The Covid-19 pandemic also 
caused uncertainties in the neodymium-iron-boron (NdFeB) magnets supply chain, which is a magnetic type 
used in electronic components of the electric vehicle.  
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The years 2020 and 2021 were the most outstanding in terms of publications. Possibly, this highlight was due 
to the advance of the pandemic caused by Covid-19, bringing challenges to the supply chain. Brazil does not 
participate in publications on the topic. One possible explanation is that the electric vehicles used in the country 
are imported, not being produced on Brazilian soil. 

The journals Energies, Sustainability, Applied Energy, and Energy Policy, which presented 8, 7, 3, and 3 
published documents, had an h index equal to three, considering the articles published between 2018-2022. 

Supply chain transparency for sustainability has not been studied as much. This is an important point, because 
by obtaining transparency between internal processes, it is possible to improve collaboration throughout the 
supply chain, from optimizing the traceability of raw materials, components and products [5]. 

Through the meta-analysis performed, it was possible to find some answers to the questions prepared. The raw 
material supply chain management has been extensively studied. However, the focus of the studies is on 
recycling components for reuse, through their remanufacturing. The environmental impact assessment was 
extremely important, and it is between the analyses conducted in the most cited articles. However, not only the 
environmental analysis must be done, but also the costs and profits analysis in the production chain. The most 
studied supply chain bias was the closed-loop supply chain, which considers the production chain and the 
collection of the product at the end of its useful life. Cobalt was clearly the most studied element. This is because, 
according to studies analysed in the bibliometric review, the demand for this metal tends to increase 
proportionally with the number of electric vehicles, since it compounds the lithium-ion battery. 

It is hoped that the results presented here can help researchers in the conduction of new works and government 
agencies in the elaboration of the decisions to be taken. 
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Abstract 

It is argued that, by 2025, cities that deploy digital applications and systems that seek urban mobility, may end 
up reducing transit and displacement times by up to 20% on average, gas emissions by 15%, accelerate 
emergency responses at average by 20%, and reduce fatalities by 10%. [8]. This is expected from cities that are 
smart, sustainable, dynamic and knowledge generating, linked to the new wave of technologies provided by the 
rise of the fourth industrial revolution, also called Industry 4.0 [6]. One of the most widespread models for the 
concept is the European Smart Cities [10]. In this proposal, six dimensions should be mandatory, with actions 
focused on public policies to result in a more intelligent urban environment. The dimensions are: Smart 
Governance, Smart economy, Smart living, Smart environment, Smart mobility, Smart people. After more than 
10 years of the fourth industrial revolution [2], it can be said that industry 4.0 has added enormous value not 
only to factories, but also to a whole new way of life for human beings [1]. In this way, digital technologies can 
assist in the management and organization of smart city routines, thus becoming  part of the city itself [9]. 
Residents of these types of cities need to pursue reducing energy consumption and environmental impacts, 
especially in large urban agglomerations. Therefore, this paper proposes to understand the current state of the 
litératuré on thé topic Smart living and its impacts on thé sustainablé lifé stylé within thé smart citiés’ 
phenomenon. As such, a literature review was carried out in the Scopus and Web of Science databases  in which 
51 articles were identified at the end of the filtering and analysis steps. The bibliometric analysis was performed 
with the help of the Vosviewer software. The main result of the bibliometric was the mapping the main authors, 
countries of research institutions and keywords of the portfolio. It is pointed out that the biggest link of 
keywords belongs to the word Smart Living, but that the main choice of the authors to approach the theme is 
the term Smart city. Other results consist of an analysis of the synergy of how smart people provide sustainable 
behaviors in smart cities and industries 4.0, thus allowing a potential to develop a sustainable culture 4.0. Thus, 
smart life should encompass innovations related to improving health, education and social services, as well as 
increasing citizen participation through e-government projects, which should have a positive effect on the 
environment, reduce vulnerability and improve security [7]. Cities are now beginning to support the life of a 
new generation of human beings who are interconnected with the internet and with the intelligent thinking of 
4.0 compared to what it was 20 years ago in the advent of the modern internet [4]. Smart cities have the 
potential to allow the reduction of impacts to the environment and an improvement in sustainable policies and 
practices such as recycling, circular economy and encourage the use of renewable energy in architectural 
models of homes and cities. In addition, smart living is based on people's accessibility, integration with 4.0 
technologies, digital inclusion, maximum benefit of cities [5]. The main implications of this article are that, in a 
postcovid-19 world, smart living models may be able to complement people's education 4.0 and this can become 
a new intersection in the education approach theme about industries 4.0, sustainability and smart cities 4.0. 

Keywords: Smart cities, Smart living, Industry 4.0 
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Abstract 

Urban mobility is an issue that impacts the quality of life of the population in large urban centers, and when the 
issue of sustainability is added the complexity of the problem increases involving more boundary variables 
[1][2]. Because it is a multidisciplinary theme, the issue requires a rigorous and integrated study of the 
requirements of the mobility system, which led the research group in Metrology - ITM, from the Federal 
Institute of Education of Alagoas - Brazil, to develop a proposal for sustainable urban mobility in order to meet 
the needs of vocational education students. 

The scientific methodology was adopted with the initial hypothesis of the possibility of improving urban 
mobility in order to supply the commuting needs of vocational education students in Brazil through the use of 
electric bicycles.  

The first step was to conduct a social survey to delineate the most critical aspects in the transfer of students to 
the educational institution. 

The result allowed the survey of functional requirements needed for a mobility system for the city of Maceió, 
besides confirming the use of electric electric bicycles as a possible solution. 

In Brazil the price for the final consumer of this mode of transportation is still expensive, so a market research 
on the availability of products for electric propulsion in the national market was conducted in order to design a 
bicycle with affordable prices for students.  

Thé projéct, naméd MoobiVérdé™, was contémplatéd in thé 2018-2019 PIBIC (PIBIC modality) and the 
prototypé of an éléctric bicyclé was producéd and naméd "2MOOVE™ Bicyclé".  

This prototype used conventional bicycle parts such as ratchets, bearings, chains to design a mechanical 
coupling system of a permanent magnet DC electric motor with 250W power operating at 36 V. This result 
generated the proposal of a kit to convert conventional bicycles into electric bicycles from low cost conventional 
parts, with an autonomy of 60km per charge.  

The second moment of this work was the renewal of the PIBIC-2019-2020 project, which enabled the 
development of embedded electronic systems and also the realization of operation tests, autonomy, recharge 
and travel times within the urban perimeter of the city of Maceió in Alagoas-Brazil. 

The use of telemetry techniques based on microprocessor platforms like Arduino and Espressif, made it 
possible to collect data in real time during the use of the prototype, which allowed proving that electric 
propulsion of less than 350W meets the needs of mobility in flatter urban centers, with altitude variation within 
the range of 50 meters and displacement distances in the range of 40 km [3][4].  

This electronic system determines the bicycle's geographic position, allows it to control the use lock, the 
bicycle's electrical parameters, and the user's biological signals. Research on this mass of data is generating new 
work involving the aspect of health, physical fitness and the use of the electric bicycle as aerobic exercise. 

The third stage of this work was the design of a business model for shared use of electric bicycles, managed 
automatically using a smartphone application. 
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This shared use model, called Mobi2Moove, allows the sharing of the same bicycle between students via 
smartphone. Thus, a mobile phone application was developed and tested to validate the shared use business 
model. 

This application allows locating the bike, checking its state of charge and use, unlocking the bike for use, and 
collecting data via GPRS/GSM communication network, centralizing the data in a file server. 

Another important aspect in the development of this work is the energy strategy used for the electric bicycle 
recharging system. Developing a modular system for recharging the bicycle culminated in the Eletroposto 
project, which is the current stage of this proposal [4][5]. 

The implementation of the first recharge module has the characteristic of serving as an information and 
business service center, integrating intelligent energy management, photovoltaic microgeneration system, 
energy storage system, sale of food products, urban surveillance, digital access point, and urban shelter, being 
conceived in the form of attachable modules allowing to adjust the number of recharge points and generation 
capacity, according to the needs of each geographical point within the model. 

It is important to highlight the main results obtained so far, they are: A prototype bicycle with electric 
propulsion using nationalized components worth less than 1. A prototype bicycle with electric propulsion using 
nationalized components valued at less than 170 Euros, with 280W of power and autonomy of 30Km/charge, a 
model of a kit to convert common bicycles into electric ones using nationalized components, a totem for 
recharging sealed lead-acid batteries 12V/12A/h, an ESP-32 microprocessor based embedded module with 
GSM/GPRS connection for geographic reference of position and instantaneous speed, which integrates with a 
smartphone application, and the model of an electric station for recharging electric vehicles, notebooks, and 
smartphones. 

Currently an effort is being undertaken to improve the power management system on the bicycle during use. 
Microprocessors are being tested to implement intelligent algorithms for current control at the moment of 
acceleration, proportional to the cyclist's effort on the bike pedal.  

Despite these prototypes have served as validation for the developed models, a greater effort is needed to 
achieve the dissemination of this model in the Campi of the Federal Institute of Alagoas, in this sense a website 
is being designed to disseminate the information to reproduce the prototypes and disseminate the results 
achieved. 

Keywords: Urban Mobility, Sustainable, Prototype.  
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Abstract 

Electrification of the transport sector in Cape Verde, followed by the construction of a flexible and dynamic 
national charging infrastructure, turns to be one of the best technological developments and economical 
advances in the country. Cape Verde has a strong dependence from the fossil fuels to support the current 
transport sector and to produce electric energy. In fact, only 18,3 % of Capé Vérdé’s éléctricity is obtainéd from 
renewable sources [1], which résults in a déép impact on thé country’s financial résourcés and on thé 
environment, due to the inherent greenhouse gas (GHG) emissions. 

Through the creation and implementation of the National Program for Energy Sustainability and the Master 
Plan for thé Eléctricity Séctor, along with othér instruménts, Capé Vérdé’s Govérnmént plans to accélératé thé 
energy transition aiming at reaching 30% of electricity production from renewable sources in 2025, 50% in 
2030 and 100% in 2040 [2]. Within the energy transition scenario, the effort is to promote a low carbon 
économy, whilé stréngthéning thé country’s économic compétitivénéss, with thé Govérnmént having thé rolé of 
promoter, facilitator, partner and regulator of a market for the production and energy supply. This transition 
takes place in alignment with the Sustainable Development Goals 7 – Clean and affordable energy, as well as the 
country’s main commitménts on climaté changé [2]. From the total fossil fuels imported in 2020, the major 
parcel was consumed by the transport sector (41,83%) assuming just the use of diesel and gasoline, followed 
by the production of electricity, in a total of 38,69%, as presented in Figure 1. 

 

Figure 1 - Fossil fuél’s consumption by séctor [3]. 

Despite Cape Verde has lower emissions when compared with other countries, with 0,99 tCO2eq per capita [4, 
5], there is still a compromise aiming at reducing the GHG emissions further and increasing the penetration of 
renewable energy, as part of honouring the Paris Agreement and the United Nations Framework on Climate 
Change. Another strategy to decrease the consumption of fossil fuels and GHG emissions in the transport sector 
is to implement policies able to accelerate the deployment of the electric mobility in the country. Those policies 
aim at, by 2026, 15% of the new acquisitions of the national fleet consisting of electric vehicles, as well as the 
penetration of 30% of electric vehicles in the public administration, managers and members of the Government. 
In the same way, an effort is being made to proportionally increase the electric vehicle charging infrastructures 
[6].  

In thé contéxt abové, this work présénts a study casé aiming to analysé thé éléctric mobility’s dévélopmént in 
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Cape Verde, and the amount of GHG emissions that is possible to avoid with the usage of electric vehicles (EV). 
The study case consists in the analysis of the fleet of a company located in Sal Island that has been replacing the 
conventional vehicles using internal combustion engines (ICE). Up to now, the fleet includes six electric vehicles 
in detriment of 6 diesel ICE vehicles for the daily activities. The performed analysis exploits the GHG emissions 
avoided by the fleet changes, by using the software COPERT 5 [7], a EU standard vehicle emissions calculator 
that uses vehicle population, mileage, speed and emissions and energy consumption for a specific country or 
region as inputs to generate results. 

Thé pérforméd analysis considérs two scénarios. Thé first oné is baséd in thé EV’s charging from 100% 
renewable sources which results in a total of 30 tons of GHG émissions savéd. Thé sécond oné, éxploits thé EV’s 
charging from the utility grid, from which the electric energy is not zero emissions, corresponding to a decrease 
of 30% of the total GHG emissions, which results in a real saving of 21 tons, due to the inherent pollution from 
the electricity production in the Island.  

Keywords: Electric Mobility, Renewable Energy, Greenhouse Gas Emissions, Transport Sector. 
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