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Abstract: The COVID-19 pandemic required higher education institutions to change the modality of
face-to-face to online learning overnight. Adaptations were needed, particularly in industrial process
training in Chemical Engineering and related careers. Students could not access companies and
industries for internships or industrial visits, intended to allow undergraduate students to observe
the process engineers” work in professional spaces. This paper describes a pedagogical strategy to
overcome this limitation. Here, we report an approach applied in an Industrial Processes course,
with students from the 8th to 10th semesters and alumni, from the undergraduate Petrochemical
Engineering program at Yachay Tech University (Ecuador). In this course, the students developed
group projects involving an industrial process analysis focused on economic sectors of interest in
the country. The projects also included a revision of official figures and statistics on production data,
consumption, and perspectives of the different markets. The execution of these projects promoted
students’ active participation through technical discussions by exchanging ideas. A high level of
attendance at synchronic classes reflected a high motivation. Through feedback and interviews, the
students’ comments confirmed the relevance and value of the strategy applied in the course.

Keywords: industrial processes; industrial training; process engineering; problem-based learning;
online modality; COVID-19 pandemic

1. Introduction

The training of undergraduate students in engineering—in different disciplines—involves
conceptual, practical, and industrial process components. In the specific case of Chemical
Engineering and related areas, conceptual training is provided mainly in courses on Funda-
mentals of Chemical Engineering, Unit Operations, Transport Phenomena, and Chemical
Kinetics. Practical training is obtained both in laboratory activities and through the de-
velopment of 3D scale models representing the topics studied in theory classes. Training
in industrial processes can be conducted through elective courses that address industrial
process analysis and process design or through internships and industrial visits carried out
by students directly in companies and industrial facilities, as their first experience in a real-
work context [1,2]. In general, industrial tutors” perception of the internships as pedagogic
tools is good or very good [3]. Currently, the recruitment of new professionals in companies
is commonly based on their performance during internships. Moreover, industrial visits
are an excellent practical pedagogical tool that allows undergraduate students to expand
their vision about the development of engineers in professional spaces [4].

Two experienced professionals in the industrial area, Phillips [5] and Ribes [6], agreed
that to achieve success as a professional in the industrial sector, three elements of interest are
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necessary: (i) a strong understanding of engineering fundamentals, (ii) the application of
that knowledge in real-world cases, and (iii) the integrating vision of the work environment.
It is paramount that engineering students acquire these skills early. Project-based learning
in real scenarios is implemented worldwide to complement the training of engineering
students in the industrial component [7-10].

One of the challenges of teaching in Chemical Engineering programs and related
careers in times of the COVID-19 pandemic is training in industrial processes [11]. Online
learning and distance learning are challenges for STEM (Science, Technology, Engineering,
and Mathematics) academic programs, with the additional difficulty of making changes
overnight. An advantage of the online modality is that it allows the professor to record
classes, and later, students can view them repeatedly [12]. However, an online modality
presents some deficiencies; it considerably decreases the interaction and collaboration
between students and professors and among the students themselves. It also minimizes
group work and discussions. Internet connection problems can occur [13], forcing students
to be absent from synchronic classes or prioritize recorded classes [14].

Due to the collective isolation measures taken worldwide to deal with the COVID-19
pandemic, many of us went into prolonged confinement, being forced to carry out aca-
demic, professional, and work activities from home. This situation caused companies to
suspend internship programs intended to receive students or carry out industrial visits. In
some cases, students carrying out internships at companies and factories at the time were
untimely suspended. Different strategies have been proposed in universities and polytech-
nics worldwide to provide high-quality training in the industrial component [15], “either
by offering students alternative electives online or by carrying out various forms of project
work in their home environment under the online guidance of a tutor” [16]. Additionally,
virtual reality usage in training for the chemical industry has been proposed [9]. Nowadays,
the terminology “emergency remote teaching” has come up as an “alternative term used
by online education researchers and professional practitioners to draw a clear contrast
with what many people know as high-quality online education” [17]. With the appearance
of new variants of COVID-19 [18], it has been necessary to offer educational strategies
that guarantee the training of students at different levels of education, with high-quality
standards [19], including the online modalities [20-25] and blended learning [26].

Yachay Tech University (YTU) is a public higher education institution located in
Ecuador, created in December 2013, where scientific and technological undergraduate pro-
grams are taught in STEM areas. The programs have a duration of five years (10 semesters).
To graduate, students must complete an undergraduate thesis focusing on applied research
or developing case studies on an industrial scale. Currently, this university has five co-
horts of graduates who stand out for their excellent training, which has allowed them to
successfully apply for graduate programs in countries in Europe, the Americas, and Asia.
More details about YTU can be found in Ricaurte and Viloria [27]. Before the COVID-19
pandemic, the YTU organized technical visits to different companies with the intention that
the students could directly observe industrial activity, learn about the value chain, the role
of process engineers or plant engineers, and the applicability of the theoretical foundations
learned during the undergraduate program. The industrial sectors included in the visits
involved cement, textile production, sugar cane processing to obtain sugar or bioethanol,
metalworking, and oil and gas.

To the best of our knowledge, educational strategies related to teaching in indus-
trial processes for undergraduate engineering students in response to emergency remote
education and the emerging need for practical courses are not reported. Therefore, this
study presents a pedagogical proposal for undergraduate students’ training in industrial
processes in times of COVID-19. The motivation was to learn about different industrial
processes from a comprehensive vision focused on the industrial activity in the country,
which allowed them to complement their training in Chemical Engineering and related
areas in times of pandemic, where access to companies and industries is limited for in-
ternships or industrial visits. Videos were presented on different processes to immerse
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themselves in their technical and technological aspects. A fundamental element of this
proposal is that students were asked to review official figures and statistics (global and
local) on production data, consumption, and perspectives of the different markets. The
Industrial Processes course taught in the Petrochemical Engineering program at YIU was
chosen to demonstrate the proposal’s applicability. The students were organized into two-
member teams and were assigned to analyze the country’s industrial processes of economic
interest. The industrial processes analysis was carried out throughout the semester, with
oral presentations that allowed showing the preliminary results and promoting discussion
in class, with the active participation of all students. A technical report was submitted at the
end of the semester, analyzing each industrial process’s technical, technological, statistical,
and economic elements.

2. Course Design and Implementation
2.1. Course Description

The Industrial Processes course is an elective subject in the Petrochemical Engineering
program, which students take from the 8th to 10th semesters. It complements the training in
industrial and large-scale chemical processes. The Industrial Processes course incorporates
technical and engineering elements to analyze and understand the transformation of raw
materials into finished products, where Unit Operations and Transport Phenomena are
applied. Technical aspects are introduced to carry out helpful analysis, based mainly on
the description of typical industrial processes, using Block Diagrams (BD), Process Flow
Diagrams (PFD), and Piping and Instrumentation Diagrams (P&ID). In addition, these
processes help identify critical variables, so students can study the influence of variables on
normal operating conditions to obtain the desired product. The hydrocarbon processing,
petrochemical, chemical, food, and beverage sectors are reviewed. Students also developed
skills to deliver oral presentations and write technical reports in process engineering. Table 1
shows the course syllabus, including the learning outcomes, the competencies developed,
and the class units.

The course was taught six hours per week. At YTU, the semesters are 18 weeks long,
that is, 16 weeks for regular classes and the final 2 weeks for final examinations. The
Industrial Processes course had a duration of 108 h. This course was developed in the Fall
semester of 2020, from October 2020 to February 2021. Because of the COVID-19 pandemic,
the course was designed entirely online, using Zoom and Moodle platforms. The online
classes (synchronous classes) were recorded and made available for students to view later.

2.2. Methods and Students’ Evaluation

The course was based on theoretical-practical classes where different concepts are dealt
with in an organized way, according to the class units proposed in Table 1. The technical
and technological elements of the industrial processes studied were detailed, analyzing
the value chain in-depth. In addition, it considered the following aspects: raw materials,
operating conditions, the technology used and its maturity, finished products, by-products,
and costs. A comparison was made of the main producing and consuming countries of
the finished products to establish balances between the exporting and importing countries.
Additionally, in each class unit, time was devoted to studying the particularity of said
industrial processes in the country and their impact on the domestic economy.
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Table 1. Industrial Processes course: syllabus.
Learning Outcomes Competencies Developed
The students will be able to:
) O  Develop the capacity to analyze

The students will learn to: industrial processes based on their

O  Identify the different stages that make up general description and
an engineering project. engineering drawings.

O  Know the documents and deliverables O  Skills to identify the steps of a typical
associated with an engineering project. large-scale value chain.

O  Describe an industrial process basedon O  Advanced understanding of process
engineering drawings (e.g., BD, PFD, and engineering fundamentals to predict and
P&ID) and identify the value chain of interpret the performance of
raw materials. industrial plants.

O  Make a critical comparative analysis of O  Know the industrial processes of interest
existing processes. to Ecuador.

O  Analyze typical chemical industry O  Application of science and engineering
processes in the South American region, principles to understand
emphasizing Ecuador. chemical processes.

O  Develop teamwork strategies to solve
engineering problems.

Class Units

1. Introduction to Industrial Processes:

N

=~ o e o 0o W

g e e

Engineering design process: project steps, project documentation. Drawings: BFD, PFD,
and P&ID.

Industrial and chemical process analysis: raw materials, chain values, product specifications,
supply chains, technical and economic aspects.

The Rules of thumb for Chemical Engineering and related areas.

. Hydrocarbon Processing Industry:

Natural gas chain value: conditioning, natural gas liquids recovery, and fractionation.
Natural gas valorization.

Crude oil chain value: E&P and refining: production, treatment, distillation. Gasoline and
diesel as the major petroleum products.

Oil and gas industry in Ecuador: production vs. reserves review, production and refining
areas location, domestic market analysis, future projections.

. Petrochemical Industry:

Petrochemical industry review: main products (olefins, aromatics, synthesis gas, methanol).
Olefin production: ethene, propene, butenes, and butadiene.

Main downstream products from the petrochemical industry: ammonia, urea, and fertilizers.
Urea and fertilizers in Ecuador: domestic market analysis, imports, future projections.

. Chemical Industry:

Chemical industry review: main products, global top chemical firms.
Surfactants: sodium dodecyl sulfate (SDS) as the surfactant with the highest
production worldwide.

Production and usage of sulfuric acid, chlorine, and caustic soda.
Lubricating oils: types, world demand, recovery of used lubricating oils.

. Food and Drinks Industry:

Food industry outlook: feeding the entire world population as the technological challenge.
Food and drinks industry in Ecuador: main products, domestic market, sugar production
from sugar cane, dairy farming, beer production, cocoa sector.

Audiovisual elements were used to support the understanding and analysis of the in-

dustrial processes studied. Videos were taken from online video platforms (e.g., YouTube),
faculty resource centers (e.g., Jove), and corporate videos of large companies. The use
of educational videos in Chemical Engineering programs and related areas is likely to
encourage interest and motivation in undergraduate students [28,29]. Likewise, collabora-
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tive learning [10,30] was promoted in the course, with the active participation of students
through the exchange of ideas and constant interaction with the course’s professor.

The industrial processes studied in classes aimed to show how the knowledge acquired
in Unit Operations and Transport Phenomena is integrated. Also, students were introduced
to aspects related to supply chain management and logistics and the role of chemical
engineers and related areas in the company operations.

The students’ evaluation comprised formative evaluation (30%) and industrial analysis
projects (70%). Each of these components is briefly described below:

O  Formative evaluation included the development of weekly short assignments and
oral seminars. The score considered academic quality and punctuality for the short
assignments. Examples of short assignments were (i) the search for statistical data
on fertilizer consumption in Ecuador in the last 10 years, and (ii) the identification of
the stages that make up the urea production process using a PFD. The oral seminar
involved an individual presentation on free issues associated with process engineering
and industrial processes. Additionally, some academic projects in process engineering
topics from previous cohorts at YTU, presented at different international events and
in peer-reviewed journals, were also included in the oral seminars as a strategy to
motivate students [31-33].

O  The industrial analysis projects consisted of developing a project based on the ex-
haustive analysis of an industrial process of strategic and commercial interest for
the country. The course was divided into teams, and each team was assigned the
responsibility of identifying industrial processes in three areas of economic interest.
The industrial analysis project consisted of two parts, identified as A and B. Part A
(process selection) included the justification of the process and industrial interest,
a brief market study (supply and demand), block diagrams, raw materials, main
inputs, and products. Part B (process description) required a detailed description of
the process, process flow diagrams, identification of main streams, critical operational
variables, major equipment, operational philosophy and control, and product quality
specifications. The students made oral presentations (30 min) in each part, with an
executive summary of the process studied. In addition, the delivery of technical re-
ports was requested under the characteristic format of engineering documents. Partial
deliveries of the project were made in weeks #8 and #16 of the semester for parts A
and B, respectively. To develop the industrial analysis projects, the students had to
review technical information related to the value chain in each process and its graphic
representation through BD and PFD. Also, it was necessary to check figures and statis-
tics of production and consumption by consulting official sources, both national and
international. In addition, relationships were established between the country’s indus-
trial activities and their impact on the economy and society. Project-based learning
is one of the most common techniques for training engineering students in different
disciplines [34,35].

In previous semesters, some topics developed by the students of the Industrial Pro-
cesses course were related to sugar production from sugar cane, dairy sector, beer produc-
tion, and cocoa industry.

An important aspect to highlight was that during the development of this course, three
YTU alumni actively participated, they supported the development of process analysis
projects and gave seminars based on their undergraduate theses [36-38]. The aforemen-
tioned could motivate students and promote the formation of knowledge networks in
industrial processes among undergraduate students and alumni of the Petrochemical Engi-
neering program at YTU. Chandra and Supangkat [39] considered that forming knowledge
networks increases students’ technical skills and allows networking with professionals
from different areas of engineering.
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3. Research Methodology

A qualitative research methodology was used in this study [40]. Notes were taken
along the course about technical and educational aspects to respond to “how” was the devel-
opment of the projects. A feedback session was held to determine the students’ perception
of the Industrial Processes course at the semester’s end. In addition, the students were in-
vited to participate in semi-structured interviews. The purpose was to gain insight into how
students adapted to industrial processes online learning during the COVID-19 pandemic
and their appreciation of the strategy applied to teach the course. Filimonyuk et al. [41]
commented on the importance of knowing the opinion of students in the implementation
of educational programs during the pandemic time. We used the purposive sampling
technique, typically used in qualitative studies, in which the researchers decided on the
selection of individuals or groups that have rich knowledge and experiences with a phe-
nomenon of interest [42]. The students agreed to participate in this study and recorded
the interviews. The interviews had a duration of between 20 and 45 min, with an average
interview time of 30 min. All participants answered voluntarily and freely.

The interview included a total of 8 questions and one additional question exclusive
for alumni who participated in this study. The interview questions contained two sections:
(i) those relating to students’ perception of the project during the learning process (Q1 to
Q5), (ii) the strategy applied in the development of this course in times of COVID-19, and
the distance learning (Q6 to Q8). An additional question (Q9) was intended to know the
alumni’s motivation to take this course. Appendix A shows the interview questions.

4. Findings and Discussion
4.1. Course Development

Ecuador is a developing country with an excellent vocation for exporting both raw
materials and finished products; among the main export items are crude oil, minerals (gold
and silver), agricultural products (mainly sugar cane, banana, oil palm, and cocoa), and
aquaculture (shrimp and fresh fish). Non-traditional products have been exported recently,
such as cut flowers, canned fish, textiles and apparel, processed food, and metallurgy. Based
on the contribution to the Gross Domestic Product (GDP) of Ecuador [43], the projects
considered for the analysis of industrial processes were grouped into three categories: the
oil and gas industry, agroindustry, and the circular economy. Table 2 lists the subjects of
the projects developed by the students. Students selected the subject connected to their
undergraduate thesis topics in some cases. Therefore, it was expected that the information
analysis carried out for the Industrial Processes course was also helpful to complete their
Petrochemical Engineering program.

Table 2. Industrial processes course: industrial analysis projects.

Teams Subjects Economic Sectors
A Main processes in o0il chain value at the
Esmeraldas refinery. The Oil and Gas industry
B Natural gas production and processing
in the Amistad offshore field.
Palm oil production and the market
C .
study in Ecuador. Aeroindustr
D NPK fertilizer production and the & y
domestic market needs.
E Biofertilizer production from natural
and mineral sources.
Magnetic separation of black sands
with applications in strategic sectors. The Circular Economy
G Corrosion inhibitor production from

natural sources.
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Next, the technical and methodological elements of interest in developing projects in
each economic sector are presented.

4.1.1. The Oil and Gas Industry

Oil exportation is the most important economic activity in Ecuador [44]. The average
oil production in 2020 was 479 MBD [45]. Until 2020, it belonged to the Organization of the
Petroleum Exporting Countries (OPEC). The hydrocarbon value chain includes onshore
oil production and refining activities and offshore natural gas production and processing.
The projects considered in this economic sector were “Main processes in oil chain value
at the Esmeraldas refinery” (Team A), and “Natural gas production and processing in
the Amistad offshore field” (Team B). The refinery in Esmeraldas province, Ecuador, is a
high-conversion refinery with the country’s largest hydrocarbon processing capacity [46].
The Amistad field is Ecuador’s only offshore natural gas field currently in production [47].

Initially, the students reviewed hydrocarbon production data from official national
entities [48]. They analyzed the geographical distribution and the available infrastructure
of the hydrocarbon business in the country [49]. The students then conducted a detailed
analysis of oil refining and hydrocarbon processing unit operations. They prepared specific
BD and PFD for the refinery in Esmeraldas and the Amistad offshore field natural gas
processing facilities. Students provided a detailed description of each process. Finally, they
analyzed the finished products, quality specifications, and consumption in the domestic
market. Team A had the opportunity to interact with an engineer who works in the
refinery, which was an enriching experience; it allowed them to learn first-hand about the
engineering activities carried out in that industrial facility.

During the oral presentations, relationships between the principal process units in the
oil and gas industry and the fundamentals of Unit Operations and Transport Phenomena
were established. Fregolente et al. [50] highlighted the importance of integrating the
primary subjects of Chemical Engineering and related areas and demonstrating their
applicability in the industrial sector.

4.1.2. Agroindustry

According to agricultural statistics from Ecuador, 2.25 million hectares were planted in
2020, corresponding to approximately 7.93% of the territory [51]. The crops with the highest
production (million metric tons) are sugar cane (11.016), banana (6.023), oil palm (2.446),
rice (1.509), and dry maize (1.431). At the economic level, the GDP of the agricultural sector
amounted to 8,684 MMUSD, which represented about 8.74% of the national GDP [52].
Given the importance of agricultural activities in the national economy, studying industrial
processes in this economic sector and fertilizers in agricultural processes is of interest. The
projects considered in the agroindustry were “Palm oil production and the market study in
Ecuador” (Team C), “NPK fertilizer production and the domestic market needs” (Team D),
and “Biofertilizer production from natural and mineral sources” (Team E).

Initially, the students assessed agriculture statistics related to Ecuador (agricultural
land use, agriculture contribution to GDP, fertilizer consumption by agricultural items, fer-
tilizer supplies in the domestic market) from official national sources [51-53]. Additionally,
they reviewed technical documentation on industrial fertilizer production [54], the fertilizer
market worldwide [55,56], and eco-friendly fertilization [57,58]. The students then carried
out a detailed analysis of the value chain of each of the processes, using BD and PFD,
highlighting raw materials, main inputs, finished products, and by-products. They also
analyzed the supply-demand of the products in the domestic and international markets.

Before the COVID-19 pandemic, a member of Team C completed a six-week internship
in a large-scale, palm oil production company. This experience deepened the students’
analysis of the industrial processes and identified critical operating variables according to
the variability of the raw materials. Team D recognized that NPK (Nitrogen, Phosphorus,
and Potassium) fertilizers are positioned as the most widely used chemical fertilizer in the
agricultural sector. Students found that 99.50% of the fertilizer used was imported [59].
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There is no local industry focused on meeting domestic demand. Most of the imported
fertilizers come from companies in the USA, China, and Russia. There is an excessive
dependence on fertilizer imports; it is a tremendous potential risk for a strategic sector,
such as agriculture. Team E worked with bokashi (a type of compost) as an alternative
for the eco-friendly fertilization of banana crops. The process of banana cultivation and
its treatment for the export market was detailed. Ecuador is the largest banana exporter
globally, and its presence in world trade is increasing [60].

4.1.3. The Circular Economy

The circular economy has been shown to minimize waste generation. Companies
can convert non-traditional natural resources into higher-value products [61]. In Ecuador,
there are ferruginous and titaniferous sands on the coastline, known as black sands, with
potential applications in different economic sectors [62]. Additionally, waste generated in
agro-industrial activities could be recovered on a large scale. The projects considered in the
circular economy were “Magnetic separation of black sands with applications in strategic
sectors” (Team F) and “Corrosion inhibitor production from natural sources” (Team G).

Team F reviewed the composition of black sands and their conventional uses in
different countries. The students found that the joint presence of iron and titanium oxides
naturally could be valued in adsorbents’ formulation for removing contaminants with
applications in the textile industry [63] and the oil and gas industry [37]. They reviewed
statistical data from resource bases of black areas on some beaches of Ecuador. The students
proposed BD and PFD of a magnetic separation process with low environmental impact to
obtain iron and titanium oxides. Finally, they estimated the economic profit of the process.
In particular, Team G identified potential natural sources (from non-edible sources or agro-
industrial waste) to formulate a green corrosion inhibitor. They reviewed agro-industrial
statistics of the country to obtain data on the production and consumption of agricultural
products. The students also examined the traditional value chain of natural sources to
quantify the by-products and waste generated. Then, they elaborated BD to illustrate the
main stages of the production process of green corrosion inhibitors, whose main stage is
the extraction of active ingredients present in natural sources. Inhibitory power data from
Cevallos-Morillo et al. [64] was used to compare the inhibition efficiency of the different
proposals from natural sources.

A remarkable aspect within the circular economy category is that the students had
to review design criteria, engineering criteria, and reference data at a laboratory scale to
define the efficiencies and performance of the stages that comprise the analyzed industrial
processes. Yang et al. [65] suggested that these activities improve the practical engineering
abilities of undergraduate students.

4.2. Students’ Learning

With the development of the projects, the students learned to carry out a compre-
hensive analysis of the industrial processes, which began with a review of engineering
drawings (BD, PFD, and PI1&D) that allowed them to know inputs, outputs, main streams
and equipment, mass and energy balances, and operating conditions. An accurate in-
dustrial process description goes beyond describing the PFD; it must inquire about the
processes’ reference and current operating conditions, supply chain management, and
logistics. Also, it must establish comparisons between the available technological options
and the technology applied in the industrial processes. Anamova [66] highlighted the
competitive advantage of developing competencies in engineering graphics and technical
drawing for chemical engineers and related areas. The preparation of oral presentations
and technical reports in the format of engineering projects allowed students to acquire
skills for reporting results in studies of optimization, scaling, and analysis of industrial
processes [67].
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In addition to the specialized training related to the analysis of industrial processes,
the students reviewed complementary aspects to their academic instruction associated with
the following points:

O  Economic indicators, based on national and international databanks, that is, the
United Nations system [68], and the World Bank [69]. Domestic indicators from
official sources, including the Central Bank of Ecuador [53], and the National Institute
of Statistics [52].

O  Official information on economic sectors at the international level, such as the Or-
ganization of the Petroleum Exporting Countries [70], the Food and Agriculture
Organization of the United Nations [71], and the United Nations Industrial Develop-
ment Organization [72].

O  Specific official information on economic sectors at the national level, such as the
national oil company [48], Ministry of Energy [49], Ministry of Agriculture [51], and
Ministry of Production [73].

O  Product quality specifications and compliance with standards based on national
and international regulations, that is, the International Organization for Standardiza-
tion [74], and the Ecuadorian normalization service [75].

The preceding points contributed to the holistic training of students because it allowed
them to broaden their vision of the economic and technical environment of each of the
industrial processes studied [76]. Furthermore, it offered them the opportunity to train
in areas related to the planning of the different productive sectors of the country by
handling, knowing how to interpret, and extrapolating the statistical data of each economic
sector based on official information. Some authors [77-79] agreed that holistic training
complements the professional skills and increases the vocational level of undergraduate
students, which substantially increases the chances of being absorbed by the industrial
sector or being enrolled in specialized postgraduate programs. Moreover, Alam and
Forhad [80] claimed, “engineering education produces technically skilled human resources,
which is the fundamental key to economic progress”.

4.3. Class Attendance

Figure 1 shows class attendance. The attendance level averaged 91.07% during the
16 weeks of regular classes, with high participation from the enrolled students (#1 to #9)
and the alumni (A1 to A3).

100

B Regular students
O Alumni Mean:

80 |

70 |

Class Attendance (%)

60 -

50

#1 #2 #3 #4 #5 #6 #7 #8 #9 A1 A2 A3
Students

Figure 1. Industrial Processes course: class attendance.
Maintaining student motivation in online courses implies implementing educational

strategies that arouse interest [81,82]. The voluntary and constant attendance of the students
to the classes during the development of the Industrial Processes course was remarkable.
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At YTU, online class attendance can vary widely. Videos were presented in synchronic
classes reflecting the main stages of each of the processes. In addition, active participa-
tion in student classes was promoted through discussion and the exchange of ideas by
proposing scenarios related to the process engineer’s role in the context of the industrial
processes studied.

Internet connectivity is one of the most frequent drawbacks in online classes world-
wide [14,83]. Ecuador is one of the South American countries with the best internet
connectivity in urban areas, with the reality being very different in the marginal areas [84].
However, during the development of this study, internet access in various locations in
Ecuador did not impede students of the Industrial Processes course from attending classes
regularly. Some students (#2, #6) missed classes because of personal problems during the
semester that caused them to be absent from some synchronic classes.

4.4. Feedback and Interview Results

The students highlighted the technical discussions in classes, the integration of knowl-
edge, and the analysis of industrial processes focused on the country’s interests during
the reflection session at the end of the semester. Despite being a course taught online, the
classes were not monotonous in the opinion of the students. The constant participation and
exchange of ideas during the classes aroused interest in the course, reflected in the high
attendance. Likewise, visualizing how the knowledge acquired during the undergraduate
program was integrated into industrial processes broadened the students’ perception of
process engineering. Focusing on the industrial analysis projects on economic sectors of
interest to Ecuador allowed students to learn about the country’s capacities regarding the
availability and value of raw materials. One of the students stated: “With the Industrial
Processes course, it was possible to learn about the adaptability of Chemical Engineering and related
areas to understand industrial processes. It involves the raw material transformation into finished
products in different economic sectors beyond the oil and gas industry, which provides breadth on
the industry sectors in which I could work once I finish my academic program at the University”.

The interviews were designed to explore students’ opinions about the online teaching
and learning outcomes of the Industrial Processes course. The most relevant aspects
exposed by the students are summarized below:

The first part of the interview included questions related to students’ perception of the
project during the learning process (Q1 to Q5). The interviews indicated that the develop-
ment of the projects allowed them to understand and apply concepts learned during the
class and from previous courses in the Petrochemical Engineering undergraduate program.
The students stressed the importance of teamwork. They indicated that working as a team
accelerated the projects” development. In some cases, the teams were composed of students
of different semesters; they noted that this was helpful because higher-semester students
gave an additional perspective to the project. In general, the teams divided the tasks,
established deadlines, and elaborated a schedule to meet (weekly or biweekly) to analyze
and discuss the progress of the project. Pang et al. [85] established that universities should
allow students to develop soft skills to succeed in their professional life as fresh gradu-
ates. Working in teams helped strengthen these skills, including assertive communication,
creativity, and resolution of problems.

The second part of the interview was related to developing the Industrial Processes
course during COVID-19 and distance learning (Q6 to Q8). According to the interviewees,
the methodology used in this course was fruitful and enriching. It allowed them to
understand the industrial processes and related topics. Activities included discussions in
class about the industrial process selected for each team, which helped the students keep
connected with the class and give technical contributions. Students also highlighted the
quality of provided course material (e-learning content), such as PowerPoint presentations,
study guides, charts and engineering drawings, and case studies, as an essential tool for the
learning process. The e-learning content had a positive effect on student satisfaction and
learning quality. Professors should pay special attention to the material prepared for the
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class [22]. The students qualified the teaching-learning strategy in industrial processes as
excellent. They indicated that distance learning was an advantage because online lectures
were recorded and available to the students for later reference. This agreed with previous
studies that mentioned this as an advantage of the online modality [12,13]. The most
significant disadvantage, touched on by the students, was that they could not go on field
trips or industrial visits. Regardless, one of them pointed out: “Even though we were taught
online, we still learned a lot about industrial processes”.

An additional question (Q9) was used to discover the alumni’s motivation to take this
course. Alumni took this class for some reasons, including learning more about industrial
processes and taking advantage of the instructor’s experience in the industry sector before
joining academia.

5. Summary and Conclusions

In this study, we proposed a pedagogical methodology for teaching industrial pro-
cesses courses applied to undergraduate students, which included the development of
industrial process analysis projects focused on economic sectors of interest in the coun-
try. This methodology was implemented in the elective course Industrial Processes of
Petrochemical Engineering at YTU. Students better understood how the industrial process
worked thanks to these industrial analysis projects. Some students had the opportunity
to visit some industrial plants before the COVID-19 pandemic, allowing them to identify
some aspects to be improved on during the processes and the importance of the knowledge
of process engineers. The projects also allowed the students to research and analyze the
financial information related to the industrial processes and familiarize themselves with
the sources of this information, such as national and international official statistics.

In addition, the projects helped students learn about the Ecuadorian industry and the
potential that this country could have with its different natural resources and the industrial
waste that could be used. Understanding production processes allows chemical engineers
to quickly adapt to various industrial sectors, including refineries, floriculture, and food.
Integrating Chemical Engineering with other scientific disciplines and a multiscale ap-
proach is desired for an optimal design of safe products to satisfy industrial needs and
market demands. We believe that this type of practice (i.e., the development of projects) in
class can help link university education and the industry requirements for professionals in
Chemical Engineering and related areas.

The students’ positive comments at the end of the semester, both in the feedback
session and in the interviews, showed that it is possible to maintain their attention during
online classes. One of the tools that helped keep students engaged with the course was
the used material, including videos that reflect the main stages of the studied industrial
processes. The active participation of students was promoted through technical discus-
sions and the exchange of ideas in each of the industrial processes studied. Online classes
strengthen learning independently and allow recurring access to recorded classes. Alumni
participated in the Industrial Process course, helped to develop process analysis projects,
and gave seminars on their undergraduate theses. The research and analysis of the infor-
mation that students carried out for this course were also helpful for the undergraduate
theses they were developing to complete their undergraduate program.

Finally, we can affirm that even though the COVID-19 pandemic limits students’ access
to industrial plants through internships and industrial visits, the implementation of the
methodology proposed in this study provided an approximation to the environment in
the industry and the role performed by process engineers on an industrial scale. However,
the availability of information about a given industrial process and its economic indica-
tors must be considered. This pedagogical methodology could be extrapolated to other
engineering disciplines.
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Appendix A Interview Questions

Q1. Did the project help you better understand the concepts of industrial processes and
process design?

Q2. Was this project helpful in demonstrating the role of process engineers or plant engineers?

Q3. Was this project helpful in understanding complementary information related to a
chemical engineering process, such as economic indicators?

Q4. Was this project valuable in understanding different industrial processes of interest to
Ecuador and understanding its potential?

Q5. Since you worked in a team, did the team’s interaction help you improve your learning?

Q6. How were the learning and formation you received in the Industrial Processes course
during the COVID-19 pandemic?

Q7. What else do you want to say about distance learning in industrial processes?

Q8. How was the strategy applied to develop this class and its characteristics compared
to the other courses you took the semester?

Q9. Only for alumni: Since you are already a former student from Yachay Tech University,
what was your motivation to take this class?

References

1.

Feijoo, G.; Arce, A.; Bello, P; Carballa, M.; Freire, M.; Garrido, J.; Gémez-Diaz, D.; Gonzalez-Alvarez, J.; Gonzalez-Garcia, S.;
Mauricio, M; et al. Potential Impact on the Recruitment of Chemical Engineering Graduates Due to the Industrial Internship.
Educ. Chem. Eng. 2019, 26, 107-113. [CrossRef]

Nadelson, L.; Jemison, R.; Soto, E.; Warner, D. Cultivating a New “SEED”: From an on-Ground to Online Chemistry Summer
Camp. |. Chem. Educ. 2022, 99, 129-139. [CrossRef]

Saputra, J.; Abdullah, A.G. The Perceptions of Automotive Industrial Managers about the Internship Students” Competencies.
IOP Conf. Ser. Mater. Sci. Eng. 2020, 830, 042088. [CrossRef]

Wolff, K.; Dorfling, C.; Akdogan, G. Shifting Disciplinary Perspectives and Perceptions of Chemical Engineering Work in the 21st
Century. Educ. Chem. Eng. 2018, 24, 43-51. [CrossRef]

Phillips, D. Launching a successful STEM career in industry. In Building Your Best Chemistry Career Volume 2: Corporate Perspectives;
ACS Publications: Washington, DC, USA, 2020; pp. 57—-64. [CrossRef]

Ribes, C. Strategies for Success as an Industrial Chemist. Pure Appl. Chem. 2019, 91, 327-330. [CrossRef]

Amiri, A.; Wang, ].; Slater, N.; Najdanovic-Visak, V. Enhancement of Process Modelling and Simulation Evaluation by Deploying
a Test for Assessment and Feedback Individualisation. Educ. Chem. Eng. 2021, 35, 29-36. [CrossRef]

Chan-Pavon, M.; Escalante-Euan, J.; Vazquez-Mellado, F. Use of Project-Based Learning in Real Scenarios as a Learning Assess-
ment Tool. In Proceedings of the 10th International Symposium on Project Approaches in Engineering Education, Brasilia, Brazil,
28 February—2 March 2018; pp. 947-955.

Fracaro, S.; Chan, P; Gallagher, T.; Tehreem, Y.; Toyoda, R.; Bernaerts, K.; Glassey, J.; Pfeiffer, T.; Slof, B.; Wachsmuth, S.; et al.
Towards Design Guidelines for Virtual Reality Training for the Chemical Industry. Educ. Chem. Eng. 2021, 36, 12-23. [CrossRef]


http://doi.org/10.1016/j.ece.2018.08.004
http://doi.org/10.1021/acs.jchemed.1c00280
http://doi.org/10.1088/1757-899X/830/4/042088
http://doi.org/10.1016/j.ece.2018.06.005
http://doi.org/10.1021/bk-2020-1367.ch008
http://doi.org/10.1515/pac-2018-0718
http://doi.org/10.1016/j.ece.2021.01.001
http://doi.org/10.1016/j.ece.2021.01.014

Sustainability 2022, 14, 4776 13 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

Ripoll, V.; Godino-Ojer, M.; Calzada, ]. Teaching Chemical Engineering to Biotechnology Students in the Time of COVID-19:
Assessment of the Adaptation to Digitalization. Educ. Chem. Eng. 2021, 34, 21-32. [CrossRef]

Revilla-Cuesta, V.; Skaf, M.; Navarro-Gonzélez, M.; Ortega-Lopez, V. Reflections throughout the COVID-19 Lockdown: What Do
I Need for Successful Learning of Engineering? Int. ]. Environ. Res. Public Health 2021, 18, 11527. [CrossRef]

Lai, V. Pandemic-Driven Online Teaching—The Natural Setting for a Flipped Classroom? . Biomech. Eng. 2021, 143, 124501.
[CrossRef]

Ghasem, N.; Ghannam, M. Challenges, Benefits & Drawbacks of Chemical Engineering on-Line Teaching during COVID-19
Pandemic. Educ. Chem. Eng. 2021, 36, 107-114. [CrossRef]

Lapitan Jr, L.; Tiangco, C.; Sumalinog, D.; Sabarillo, N.; Diaz, J. An Effective Blended Online Teaching and Learning Strategy
during the COVID-19 Pandemic. Educ. Chem. Eng. 2021, 35, 116-131. [CrossRef]

Pratibha, D.; Anurag, P.; Nagamani, C.; Sruthi Keerthi, D. Impact of Industry Collaboration in Developing Core Engineering
Departments. |. Eng. Educ. Transform. 2021, 34, 468—476. [CrossRef]

Pintari¢, Z.; Kravanja, Z. The Impact of the COVID-19 Pandemic in 2020 on the Quality of STEM Higher Education. Chem. Eng.
Trans. 2020, 81, 1315-1320. [CrossRef]

Hodges, C.; Moore, S.; Lockee, B.; Trust, T.; Bond, A. The Difference Between Emergency Remote Teaching and Online
Learning. Educ. Rev. 2020. Available online: https://er.educause.edu/articles/2020/3/the-difference-between-emergency-
remote-teaching-and-online-learning (accessed on 14 February 2022).

WHO. Update on Omicron. Available online: https://www.who.int/news/item/28-11-2021-update-on-omicron (accessed on
14 February 2022).

Alam, G.M. Does Online Technology Provide Sustainable HE or Aggravate Diploma Disease? Evidence from Bangladesh—A
Comparison of Conditions before and during COVID-19. Technol. Soc. 2021, 66, 101677. [CrossRef]

Balta-Salvador, R.; Olmedo-Torre, N.; Pefia, M.; Renta-Davids, A.-I. Academic and Emotional Effects of Online Learning during
the COVID-19 Pandemic on Engineering Students. Educ. Inf. Technol. 2021, 26, 7407-7434. [CrossRef]

Georges, J.; Magdi, D. COVID-19 Pandemic’s Impact on e-Learning Platforms: A Survey. In Digital Transformation Technology;
Springer: Singapore, 2022; pp. 253-264. [CrossRef]

Kumar, A.; Krishnamurthi, R.; Bhatia, S.; Kaushik, K.; Ahuja, N.J.; Nayyar, A.; Masud, M. Blended Learning Tools and Practices:
A Comprehensive Analysis. IEEE Access 2021, 9, 85151-85197. [CrossRef]

Saa, F.; Caceres, L.; Fuentes, E.; Varela-Aldas, ]. Teaching-Learning in the Industrial Engineering Career in Times of COVID-19.
In Learning and Collaboration Technologies: New Challenges and Learning Experiences. HCII 2021. Lecture Notes in Computer Science;
Zaphiris, P., Ioannou, A., Eds.; Springer: Cham, Switzerland, 2021; pp. 517-530. [CrossRef]

Scholes, C.A. Chemical Engineering Design Project Undertaken through Remote Learning. Educ. Chem. Eng. 2021, 36, 65-72.
[CrossRef]

Valsaraj, B.; More, B.; Biju, S.; Payini, V.; Pallath, V. Faculty Experiences on Emergency Remote Teaching during COVID-19: A
Multicentre Qualitative Analysis. Interact. Technol. Smart Educ. 2021, 18, 319-344. [CrossRef]

Bozkurt, A.; Sharma, R.C. In Pursuit of the Right Mix: Blended Learning for Augmenting, Enhancing, and Enriching Flexibility.
Asian J. Distance Educ. 2021, 16, i-iv. [CrossRef]

Ricaurte, M.; Viloria, A. Project-Based Learning as a Strategy for Multi-Level Training Applied to Undergraduate Engineering
Students. Educ. Chem. Eng. 2020, 33, 102-111. [CrossRef]

Ardhaoui, K.; Lemos, M,; Silva, S. Effects of New Teaching Approaches on Motivation and Achievement in Higher Education
Applied Chemistry Courses: A Case Study in Tunisia. Educ. Chem. Eng. 2021, 36, 160-170. [CrossRef]

Zydney, A.L. Keeping Chemical Engineering Education Relevant. AICKE ]. 2021, 67, e17203. [CrossRef]

Bhat, S.; Bhat, S.; Raju, R.; D’Souza, R.; Binu, K.G. Collaborative Learning for Outcome Based Engineering Education: A Lean
Thinking Approach. Procedia Comput. Sci. 2020, 172, 927-936. [CrossRef]

Carrasco, B.; Avila, E.; Viloria, A.; Ricaurte, M. Shrinking-Core Model Integrating to the Fluid-Dynamic Analysis of Fixed-Bed
Adsorption Towers for HyS Removal from Natural Gas. Energies 2021, 14, 5576. [CrossRef]

Ricaurte, M.; Luna, S.; Mosquera, S.; Sarmas, J.; Zenteno, ].; Viloria, A. Design of a Plant for Ethanol Production from Sugarcane:
Application to the North Zone of Ecuador. Bionatura Conf. Ser. 2019, 2. [CrossRef]

Villarroel, J.; Palma-Cando, A.; Viloria, A.; Ricaurte, M. Kinetic and Thermodynamic Analysis of High-Pressure CO, Capture
Using Ethylenediamine: Experimental Study and Modeling. Energies 2021, 14, 6822. [CrossRef]

Bazhenov, R; Sabirova, V.; Samorukov, A.; Berseneva, S.; Beknazarova, S. Technologies of Embedded Project-Based Learning for
Undergraduate Engineering Students. J. Phys. Conf. Ser. 2021, 2001, 012028. [CrossRef]

Sola-Guirado, R.; Guerrero-Vacas, G.; Rodriguez-Alabanda, 0. Teaching CAD/CAM/CAE Tools with Project-Based Learning in
Virtual Distance Education. Educ. Inf. Technol. 2021, 1-23. [CrossRef]

Cobo, J. Design of a Pilot Scale Sand Filter to Evaluate the Color Removal Capacity of Iron-Titaniferous Sands of Ecuador in
Textile Effluents. Undergraduate Thesis, Yachay Tech University, Urcuqui, Ecuador, 2020.

Iglesias, I.; Jiménez, M.; Gallardo, A.; Avila, E.; Morera, V,; Viloria, A.; Ricaurte, M.; Tafur, J. Mechanical Properties and X-
ray Diffraction Analyses of Clay/Sand Pellets for CO, Adsorption: The Effects of Sand Content and Humidity. Oil Gas Sci.
Technol.—Rev. d’IFP Energ. Nouv. 2021, 76, 49. [CrossRef]


http://doi.org/10.1016/j.ece.2020.11.001
http://doi.org/10.3390/ijerph182111527
http://doi.org/10.1115/1.4052109
http://doi.org/10.1016/j.ece.2021.04.002
http://doi.org/10.1016/j.ece.2021.01.012
http://doi.org/10.16920/jeet/2021/v34i0/157197
http://doi.org/10.3303/CET2081220
https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning
https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning
https://www.who.int/news/item/28-11-2021-update-on-omicron
http://doi.org/10.1016/j.techsoc.2021.101677
http://doi.org/10.1007/s10639-021-10593-1
http://doi.org/10.1007/978-981-16-2275-5
http://doi.org/10.1109/ACCESS.2021.3085844
http://doi.org/10.1007/978-3-030-77889-7_36
http://doi.org/10.1016/j.ece.2021.03.003
http://doi.org/10.1108/ITSE-09-2020-0198
http://doi.org/10.5281/zenodo.5827159
http://doi.org/10.1016/j.ece.2020.09.001
http://doi.org/10.1016/j.ece.2021.05.004
http://doi.org/10.1002/aic.17203
http://doi.org/10.1016/j.procs.2020.05.134
http://doi.org/10.3390/en14175576
http://doi.org/10.21931/RB/CS/2019.02.01.10
http://doi.org/10.3390/en14206822
http://doi.org/10.1088/1742-6596/2001/1/012028
http://doi.org/10.1007/s10639-021-10826-3
http://doi.org/10.2516/ogst/2021030

Sustainability 2022, 14, 4776 14 of 15

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.
52.
53.
54.
55.
56.
57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.
69.
70.
71.
72.

Veloz, C.; Pazmifio, C.; Ricaurte, M. Predictive Modeling of Primary Settlers in Wastewater Treatment Plants Based on Artificial
Neural Networks. Boletin 2021, 52, 85-91.

Chandra, Y.; Supangkat, S. Smart Community Model Using TOGAF to Help Higher Education Students on Internship Program.
In Proceedings of the 2020 International Conference on ICT for Smart Society (ICISS), Bandung, Indonesia, 19-20 November 2020;
pp- 1-6.

Creswell, ] W. Educational Research: Planning, Conducting, and Evaluating Quantitative and Qualitative Research, 4th ed.; Pearson
Education: Boston, MA, USA, 2012; ISBN 978-0-13-136739-5.

Filimonyuk, L.; Ivashova, V.; Burlyaeva, V.; Sorokina, E.; Litvinova, E. Implementation of the Agricultural University Educational
Programs during a Pandemic: Participants” Opinions. E3S Web Conf. 2021, 258, 10017. [CrossRef]

Etikan, I.; Musa, S.; Alkassim, R. Comparison of Convenience Sampling and Purposive Sampling. Am. . Theor. Appl. Stat. 2016, 5,
1-4. [CrossRef]

Sanchez, M.; Ochoa, M.W.S ; Toledo, E.; Ordoéiiez, J. The Relevance of Index of Sustainable Economic Wellbeing. Case Study of
Ecuador. Environ. Sustain. Indic. 2020, 6, 100037. [CrossRef]

Tulcanaza-Prieto, A.; Morocho-Cayamcela, M. The Evolution and Takeoff of the Ecuadorian Economic Groups. Economies 2021,
9, 188. [CrossRef]

BP. Statistical Review of World Energy; BP p.l.c.: London, UK, 2021.

Barraza, F; Uzu, G,; Jaffrezo, J.-L.; Schreck, E.; Budzinski, H.; Le Menach, K.; Dévier, M.-H.; Guyard, H.; Calas, A.; Perez, M.-L;
et al. Contrasts in Chemical Composition and Oxidative Potential in PM10 near Flares in Oil Extraction and Refining Areas in
Ecuador. Atmos. Environ. 2020, 223, 117302. [CrossRef]

Gallo, E; Sola, A.; Rosero, J.; Gonzalez, J. Thermal-Numerical Simulation of the Gas Offshore Production Undersea Facilities at
the Amistad Field. In Proceedings of the Offshore Technology Conference Brasil, Rio de Janeiro, Brazil, 29-31 October 2019.
Petroecuador. Cifras Institucionales; EP Petroecuador: Quito, Ecuador, 2021.

MERNNR. Mapas Petroleros Del Ecuador; Ministerio de Energia y Recursos Naturales No Renovables: Quito, Ecuador, 2021.
Fregolente, L.; Venturelli, H.; Rodrigues, J.; Da Silva, E.; Diniz, I.; Maciel, M. Project-Based Learning Applied to Distillation and
Absorption Education: Integration between Industry and a Chemical Engineering Undergraduate Course. Chem. Eng. Trans.
2018, 69, 427-432. [CrossRef]

MAG. Sistema de Informacion Piiblica Agropecuaria; Ministerio de Agricultura y Ganaderia: Quito, Ecuador, 2021.

INEC. Ecuador En Cifras; Instituto Nacional de Estadistica y Censos: Quito, Ecuador, 2021.

BCE. Informacién Econdmica; Banco Central del Ecuador: Quito, Ecuador, 2021.

Park, M. The Fertilizer Industry, 1st ed.; Woodhead Publishing Ltd.: Cambridge, UK, 2001; ISBN 978-1-85573-461-6.

FAO. World Fertilizer Trends and Outlook to 2020; Food and Agriculture Organization of the United Nations: Rome, Italy, 2017.
Fertilizers Europe. 2019/20 Overview; Fertilizers Europe: Brussels, Belgium, 2021.

Olle, M. Bokashi Technology as a Promising Technology for Crop Production in Europe. J. Hortic. Sci. Biotechnol. 2021, 96, 145-152.
[CrossRef]

Quiroz, M.; Céspedes, C. Bokashi as an Amendment and Source of Nitrogen in Sustainable Agricultural Systems: A Review. J.
Soil Sci. Plant Nutr. 2019, 19, 237-248. [CrossRef]

Vasco, C.; Torres, B.; Jacome, E.; Torres, A.; Eche, D.; Velasco, C. Use of Chemical Fertilizers and Pesticides in Frontier Areas: A
Case Study in the Northern Ecuadorian Amazon. Land Use Policy 2021, 107, 105490. [CrossRef]

FAO. Banana Market Review 2019; Food and Agriculture Organization of the United Nations: Rome, Italy, 2020.

Burneo, D.; Cansino, J.; Yiiiguez, R. Environmental and Socioeconomic Impacts of Urban Waste Recycling as Part of Circular
Economy. The Case of Cuenca (Ecuador). Sustainability 2020, 12, 3406. [CrossRef]

Lagos, K.J.; Marinkovic, B.A.; Dosen, A.; Guaman, M.V.; Guerrero, V.H.; Pardo, E.; Pontén, P.I. Data on Phase and Chemical
Compositions of Black Sands from “El Ostional” Beach Situated in Mompiche, Ecuador. Data Brief 2020, 32, 106214. [CrossRef]
Perez, S.; Sharadqah, S. Successive Methods for the Separation of Titanium Oxide from the Black Sands of Ecuador. J. Ecol. Eng.
2018, 19, 186-190. [CrossRef]

Cevallos-Morillo, C.; Cisneros-Pérez, P; Llive, R.; Ricaurte, M.; Reinoso, C.; Meneses, M.; Guaman, M.; Palma-Cando, A. Croton
Lechleri Extracts as Green Corrosion Inhibitors of Admiralty Brass in Hydrochloric Acid. Molecules 2021, 26, 7417. [CrossRef]
Yang, Y.; Zhang, Y.; Xiong, X.; Zhang, W.; Chen, W.; Ge, S. From Lab Scale to Mass Production: A Project-Based Learning on
the Preparation of (S)-Epichlorohydrin for Enhancing College Student Engineering Practical Abilities. J. Chem. Educ. 2021, 98,
3804-3812. [CrossRef]

Anamova, R. Engineering and Graphic Education during and after the COVID-19 Pandemic: Challenges and Opportunities. AIP
Conf. Proc. 2021, 2389, 100007. [CrossRef]

Piccinno, F,; Hischier, R.; Seeger, S.; Som, C. From Laboratory to Industrial Scale: A Scale-up Framework for Chemical Processes
in Life Cycle Assessment Studies. J. Clean. Prod. 2016, 135, 1085-1097. [CrossRef]

UN. UNdata a World of Information; United Nations: New York, NY, USA, 2021.

WB. World Development Indicators Database; World Bank: Washington, DC, USA, 2021.

OPEC. Annual Statistical Bulletin; Organization of the Petroleum Exporting Countries: Quito, Ecuador, 2021.

FAO. Food and Agriculture Data; Food and Agriculture Organization of the United Nations: Rome, Italy, 2021.

UNIDO. Open Data Platform; United Nations Industrial Development Organization: Vienna, Austria, 2021.


http://doi.org/10.1051/e3sconf/202125810017
http://doi.org/10.11648/j.ajtas.20160501.11
http://doi.org/10.1016/j.indic.2020.100037
http://doi.org/10.3390/economies9040188
http://doi.org/10.1016/j.atmosenv.2020.117302
http://doi.org/10.3303/CET1869072
http://doi.org/10.1080/14620316.2020.1810140
http://doi.org/10.1007/s42729-019-0009-9
http://doi.org/10.1016/j.landusepol.2021.105490
http://doi.org/10.3390/su12083406
http://doi.org/10.1016/j.dib.2020.106214
http://doi.org/10.12911/22998993/79417
http://doi.org/10.3390/molecules26247417
http://doi.org/10.1021/acs.jchemed.1c00483
http://doi.org/10.1063/5.0063501
http://doi.org/10.1016/j.jclepro.2016.06.164

Sustainability 2022, 14, 4776 15 of 15

73.
74.
75.
76.
77.
78.
79.
80.

81.

82.

83.

84.

85.

MPCEIP. Cifras; Ministerio de Produccién, Comercio Exterior, Inversiones y Pesca: Quito, Ecuador, 2021.

ISO. Standards; International Organization for Standardization: Geneva, Switzerland, 2021.

INEN. Catdlogo de Normas Técnicas; Servicio Ecuatoriano de Normalizacién: Quito, Ecuador, 2021.

Kukurina, O.; Trusova, M.; Vorotnikova, Y.; Dell’Angelo, A.; Manenti, F. Design and Implementation of a Joint Training Program
for Chemical Industry Fellows. Chem. Eng. Trans. 2021, 86, 1381-1386. [CrossRef]

Alam, G.M.; Giacosa, E.; Mazzoleni, A. Does MBA'’s Paradigm Transformation Follow Business Education’s Philosophy? A
Comparison of Academic and Job-Performance and SES among Five Types of MBAian. J. Bus. Res. 2022, 139, 881-892. [CrossRef]
Hidayatuloh, M.; Muslim, S. Absorption Level Vocational High School Graduates in Industrial. J. Phys. Conf. Ser. 2021,
1833, 012019. [CrossRef]

Uhlemann, J.; Costa, R.; Charpentier, ].-C. Product Design and Engineering—Past, Present, Future Trends in Teaching, Research
and Practices: Academic and Industry Points of View. Curr. Opin. Chem. Eng. 2020, 27, 10-21. [CrossRef]

Alam, G.M.; Forhad, M.A.R. What Makes a Difference for Further Advancement of Engineers: Socioeconomic Background or
Education Programs? High. Educ. 2021. [CrossRef]

Belenko, V.; Klepikova, A.; Nemtsev, S.; Belenko, T. COVID 19 Accelerator of Changes in the Readiness of University Teachers to
Use Distant Learning Technologies. In Proceedings of the 5th International Scientific and Practical Conference “Distance Learning
Technologies”, Yalta, Crimea, 20-25 September 2021; pp. 62-74.

Ma, W.; Luo, Q. Pedagogical Practice and Students’ Perceptions of Fully Online Flipped Instruction during COVID-19. Oxford
Rev. Educ. 2021, 1-21. [CrossRef]

Benalcéazar, M.; Barona, L.; Valdivieso, A.; Vimos, V.; Velastegui, D.; Santacruz, C. Educational Impact on Ecuadorian University
Students Due to the COVID-19 Context. Educ. Sci. 2022, 12, 17. [CrossRef]

Cordero, D.; Borsic, Z.; Icaza, D.; Farfan, C. Web Accessibility for Socioeconomic and Education Development in Excluded Areas
of Eastern Ecuador. In Perspectives and Trends in Education and Technology; Springer: Singapore, 2022; pp. 433-444.

Pang, E.; Wong, M.; Leung, C.H.; Coombes, ]J. Competencies for Fresh Graduates” Success at Work: Perspectives of Employers.
Ind. High. Educ. 2019, 33, 55-65. [CrossRef]


http://doi.org/10.3303/CET2186231
http://doi.org/10.1016/j.jbusres.2021.10.038
http://doi.org/10.1088/1742-6596/1833/1/012019
http://doi.org/10.1016/j.coche.2019.10.003
http://doi.org/10.1007/s10734-021-00741-4
http://doi.org/10.1080/03054985.2021.1994382
http://doi.org/10.3390/educsci12010017
http://doi.org/10.1177/0950422218792333

	Introduction 
	Course Design and Implementation 
	Course Description 
	Methods and Students’ Evaluation 

	Research Methodology 
	Findings and Discussion 
	Course Development 
	The Oil and Gas Industry 
	Agroindustry 
	The Circular Economy 

	Students’ Learning 
	Class Attendance 
	Feedback and Interview Results 

	Summary and Conclusions 
	Appendix A
	References

