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Abstract

Green engineering, sustainability, and sustainable development are topics of
great import to all engineering disciplines. To introduce students to these topics,
hands-on experiments were developed for inclusion within a multi-disciplinary
freshman engineering course. In these experiments, students learned to produce
chocolate truffles and, ultimately, challenged to analyze and optimize the
sustainability of the process with a cradle-to-gate and social life cycle
assessments. Student analyses incorporated waste management strategies,
overall energy and material consumption calculations, carbon reduction
strategies, the use of engineering software, and the importance of fair trade in
this industry. Eighty-nine freshman engineering students at Rowan University
completed the experiments. Pre- and post-tests were used to evaluate the
effectiveness of the course on increasing student knowledge of sustainability, of
sustainable development, and of the impact engineers can have on socioeco-
nomics. Preliminary results indicate that the course was effective in enhancing
student knowledge and awareness of the social and environmental implications
of chocolate manufacturing. A complete analysis and description are presented

in this paper.
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1 Introduction

The continued use and depletion of non-renewable resources warrant critical efforts
to drastically improve the sustainability of current manufacturing processes. In
response, engineering communities have begun discussing ways to increase the
sustainability of current manufacturing processes and everyday lifestyles. This
process, also known as sustainable development, is used to determine ways of
meeting the needs of the present without compromising future generations to meet
their own needs (Brundtland 1987). This broad definition has allowed sustainable
development to be implemented in several different fields. Sustainable development
is now embraced by companies, governments, social reformers, and environmental
activists, who each have their own interpretation of what sustainable development
means (Giddings et al. 2002).

For engineers, sustainable development is defined to include process develop-
ment. Aspects that are often discussed in regards to sustainable development in an
engineering setting include the conservation and improvement of natural ecosys-
tems, minimizing the depletion of renewable and non-renewable natural resources,
waste prevention and management, and the improvement of technologies (Hesketh
et al. 2004). Mathematical and computational tools have been developed to model
the impact of such aspects on industrial processes. One such modeling tool is a
Life-Cycle Analysis (LCA). An LCA is defined as an evaluation of all inputs and
outputs of a process to determine the environmental impacts that are associated with
it (Guinée et al. 2002). An LCA can include, but is not limited to, all stages of a
manufacturing process, including the extraction of resources, the production of raw
materials, the product processing, the use of the product, and its disposal (Guinée
et al. 2002).

With the increased interest in sustainability and sustainable development, ped-
agogical researchers have developed methods of incorporating sustainability into
engineering curriculums (Perdan et al. 2000; Fenner et al. 2005; Elnashaie et al.
2013). Recently, a team in Malaysia discussed methods of implementing sustain-
able development into chemical and biological engineering curricula, using both
centralized and decentralized approaches. The centralized approach involved add-
ing sustainable development concentrations to the major, and adding new courses
that related to sustainable development engineering. The decentralized approach
involved changing the structure of the “core” courses so that they focused on
aspects of sustainable development. Although there has been significant research to
incorporate sustainable development into engineering curricula, there has been
considerably less research in incorporating LCAs into engineering education.
Evans, Galvin, and Doroodchi developed two LCA example problems that can be
used in a chemical engineering curriculum. The two examples, an investigation in
which method is better to use for drying hands and a study on the proper location
for a manufacturing plant, can be used in first year engineering courses (Evans et al.
2008). They found that student feedback to the exercises was favorable, and that
they showed increased appreciation for the viewpoints of others, and a willingness
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to apply their own interpretations based on assumptions. Another example of LCA
incorporation into an engineering curriculum involved biodiesel production. This
project involved first year engineering students creating biodiesel, and then per-
forming an LCA to compare its production to that of traditional petroleum-based
diesel (Farrell and Cavanagh 2014). Their assessment showed an increased con-
ceptual understanding of the LCA process and an average gain of 55 % in
knowledge about LCA’s.

In this paper, we briefly describe experiments for use in an introductory
multi-disciplinary engineering course that focused on sustainable development of
chocolate manufacturing. Specifically, the experiments focused on producing
chocolate truffles while exposing students to engineering concepts such as waste
and waste management, energy requirements, and physical property measurements.
Chocolate manufacturing was chosen not only to keep student interest high, but also
because of negative socioeconomic factors surrounding the industry. The cocoa
production sector has been tied to child trafficking for decades (Nagle 2008). More
recently, child labor has grown in West and Central Africa (where the majority of
cocoa is farmed) due to a demand for larger profits (LaFraniere 2006). Child slavery
and its ties to cocoa harvesting is not frequently considered by chocolate con-
sumers, and as such can stimulate important discussions on social responsibility in
manufacturing. Since the course was an introductory course, the experiments also
incorporated aspects of general engineering education, such as working individually
and in teams to solve engineering problems, designing and conducting experiments,
and also analyzing and interpreting data (Accreditation Board for Engineering and
Technology 2013). The experiments also required the students to conduct an LCA
on the chocolate manufacturing process, prompting them to discuss ways to min-
imize food waste, to lower energy consumption, and to use sustainable, socially
beneficial raw products. The purpose of this paper is to convey our preliminary
results that indicate students gained knowledge and awareness of the social and
environmental implications of chocolate manufacturing.

2 Experiments

Experiments were developed to teach students about sustainable development and
chocolate manufacturing processes. The course was designed to be a multi-
disciplinary course that introduces students to engineering through active learning
activities, i.e. project-based team laboratory experiments (Farrell et al. 2001).
Therefore, the experiments were designed to tie together introductory engineering
concepts and the sustainable development objectives. The experiments had students
work in multi-disciplinary teams in order to complete the objectives of each lab.
The first and seventh experiments were held in a standard computer lab, while the
second through sixth and last experiments were held in a food-grade laboratory that
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contained cooking equipment and food-grade raw materials. Conducting most of
the experiments in a food-grade laboratory enabled the students to gain good
manufacturing practices and obtain hands-on practical lab experience, all while
being able to sample their chocolate truffies.

The first lab of the semester had students conduct research on LCAs and the
chocolate manufacturing process. Students used online resources, such as the
journal databases provided through library services. The second lab of the semester
guided students to create chocolate ganache domes using couverture dark chocolate
(chocolate made with extra cocoa butter) and heavy cream. Students measured the
mass of raw ingredients in the beginning of the experiment, and then measured the
mass of the ganache domes. Students were to see that the masses did not match, and
to speculate why that was the case using a mass balance. Using mass balances was
also reinforced through an exercise in which students calculated the nutritional
information of their ganache domes from the nutritional values of the raw
ingredients.

The third experiment introduced students to the tempering process of chocolate
and energy balances. Tempering chocolate is the process by which chocolate is
heated and agitated in order to recrystallize the fats and oils. Through this process,
chocolate gains qualities such as sheen and brittleness that are considered desirable
in chocolate products (Afoakwa et al. 2008). Students were tasked with manually
tempering chocolate and using watt-meters to determine the energy requirements
for the process. Energy requirements included the energy needed to boil water, the
energy needed to melt chocolate, and the energy needed to maintain an elevated
temperature. The fourth lab of the semester introduced students to a tempering
machine, which controls the temperature of the chocolate automatically, reducing
the likelihood that the chocolate will overheat. (Overheating at any point requires
reinitiation and repetition of the tempering process.) Students compared the energy
requirements for the tempering machine to that of manually tempering. The fourth
lab also asked the students to conduct a statistical analysis on chocolate truffle
products consisting of a dark chocolate ganache center enrobed in tempered milk
chocolate. Students were asked to find the average and standard deviation of the
ganache centers before and after enrobing. Students saw that their standard devi-
ation increased after enrobing. This gave students insight into which processes in
chocolate truffle manufacturing require extensive waste management and which
require quality by design considerations.

The fifth experiment introduced the students to developing and utilizing
empirical relationships. Students were given three chocolate samples of various
cocoa percentages (33.4-90 %) and one sample of unknown cocoa percentage
(70 %). The students were asked to determine the cocoa percentage of the unknown
sample using several techniques, including: developing correlations based on
melting point and absorbance in olive oil at 615 nm, and a taste test. In the taste test,
a student would rate sweetness and bitterness on a scale of 1-10, with 1 being very
little and 10 being very much. Students were then asked which test they felt was the
most accurate and why. The sixth experiment was another investigation into energy
requirements. This time, students had to find the energy required to melt various
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chocolate products. White, milk, and dark chocolate varying from 54 to 90 % cocoa
were used. To determine the energy required to melt the chocolate, students added
boiling cream to chopped chocolate in increments and used a simplified heat
transfer equation to calculate the heat transferred to the chocolate based on the
volume of heavy cream required to melt the chocolate.

The seventh experiment was developed to introduce students to sustainability
software. Students were given a tutorial on SimaPro® and then tasked with finding
life cycle inventory (LCI) data for different raw ingredients that were found in
common chocolate products. The LCI data was then used in the final experiment of
the semester.

For the final experiment, students were required to produce their own chocolate
truffles. Each team created a unique, final chocolate truffie that would appeal to
consumers and also meet sustainability requirements, such as low energy usage and
waste management. The students were also asked to consider social awareness (i.e.
socially responsible manufacturing of raw ingredients). An example of final truffle
products is shown in Fig. 1. Teams were evaluated on their implementation of these
different areas with a team presentation, where they were charged with presenting
their chocolate truffle to a panel of instructors who acted as a chocolate manufac-
turing plant management team that was interested in all aspects of producing their
delectable, including taste. Students were graded based on the information that they
presented and their answers to questions provided by the panel. The taste of the
final truffle product was not considered as part of their grade.

3 Assessment

In order to gauge student learning of sustainable development, assessments were
used both at the beginning and at the end of the semester. The assessment instru-
ment consisted of two parts: a Likert-Scale survey used to determine student
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opinions, and a multiple-choice/true-or-false section used to determine student
learning.

In the Likert-Scale portion of the assessment, students were asked to agree or
disagree with a set of statements. Using this scale, an answer of “1” means the
student “strongly disagrees” with the statement; alternatively, a response of “5”
means the student “strongly agrees” with the statement. Students were asked
questions in regards to sustainability concepts and socioeconomics. Six statements
from the Likert-Scale portion are shown in Table 1, along with the percent increase
of the average response from pre-semester to post-semester. The results of these six
statements are shown in Fig. 2. A two-tailed paired Student’s t-test was used to
determine if the post-assessment data was statistically different from the
pre-assessment data. For five of the six statements, it was determined that the
post-semester assessment data was significantly higher than that of the pre-semester
assessment (p < 1 x 10%). Question 4 saw no significant change (p = 0.325). While
we would have liked to have observed a significant decrease in this answer, we
consider it to be still desirable that the students generally disagree with this state-
ment, since due to variation in the manufacturing of individual entities, nutrition
labels are not 100 % precise. Overall, we found that the students were more con-
fident in their knowledge of sustainable development, socioeconomics, and the
engineering role in these areas.

For the multiple-choice/true-false section of the assessment, students were asked
questions regarding similar aspects to those discussed in the Likert-Scale portion.
Sample questions can be seen in Table 2. Table 2 also contains the percent increase
of correct responses from pre- to post-semester responses. Figure 3 shows the
percent correct responses for the questions shown in Table 2. A two-tailed,
one-sample Student’s t-test was used to determine whether there were significant
changes between pre- and post-semester responses. While we observed a significant
increase in Questions 1, 3, and 4, Question 2 did not have a significant difference

Table 1 Six representative questions from the Likert-Scale assessment, and the percent increase
in the average response for each question

Number Statement Percent
increase (%)
1 I know what a life cycle assessment (LCA) is and what it is used 196
for
2 I know what a social life cycle assessment (s-LCA) is and what it 212
is used for
3 I know where mass and energy are lost in the production of 205
chocolate truffles
4 Nutrition label on food are 100 % precise 6.19
5 It is important that chocolate manufacturers use renewable energy 13.4

resources during production

6 Engineering plays an important role in the everyday production 8.69
of chocolate
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Fig. 2 The results of the Likert-Scale assessment. The statement numbers correspond to the
statements in Table 1. The error bars are 95 % confidence intervals. The asterisk indicates that the
pre- and post-assessment data is statistically different, with a p-value <0.05

between pre- and post-semester results. This differs from the results of the
Likert-Scale portion of the assessment for this topic. From the Likert-Scale results,
it would seem that students feel confident in their ability and knowledge of sus-
tainability and sustainable development, but from the multiple-choice/true-false
section, the results show that students are not able to correctly define sustainability
as it relates to engineering. Another interesting finding from the multiple-choice/
true-false section is that students had a high percentage of correct responses in the
pre-semester test for Question 1. We hypothesize that this is due to the wording of
the question and its possible answers. The correct response for this question was the
only possible answer that contained the word “assessment” in its answer. Therefore,
we think that students most likely determined it to be the correct response by the
process of elimination.

Table 2 Sample questions from the multiple-choice/true-false portion of the assessment

Number Question Percent
increase (%)

1 A life cycle assessment (LCA) is 14.0

2 Sustainability, as it relates to engineering, can be defined as 1.4

3 The majority of cocoa beans come from 80.2

4 Chocolate bars come in many varieties (e.g. milk, dark, or white). 48.3

What is it that makes them different?
Included is also the percent increase of correct responses
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Fig. 3 The percent of correct responses to the multiple-choice/true-and-false section of the
assessment. The questions correspond to Table 2. The asterisk symbol means that the pre-semester
and post-semester results were considered statistically different, p < 0.05

4 Conclusions and Future Work

To increase engineering students’ knowledge about sustainability and socioeco-
nomics, eight experiments were developed for use in a lower-level multi-
disciplinary undergraduate lab-based course. These experiments focused on an
area where socioeconomics concerns are important in the manufacturing of the
product: chocolate truffles. To measure students’ opinions and their gain in
knowledge, an assessment was used at the beginning and end of the semester. From
the Likert-Scale assessment data, it is evident that students felt more confident
about their knowledge in sustainability and sustainable development topics,
including the use of an LCA. The multiple-choice/true-and-false section demon-
strated that the students’ knowledge increased about sustainable development,
socioeconomics, and related engineering concepts. This portion of the assessment
also showed that while students had a high confidence in their knowledge of
sustainability, they were unable to properly define it in regards to engineering. The
inclusion of more time spent discussing sustainability and sustainable development
with regards to engineering and editing experimental handouts to include more
about these concepts are recommended to increase the effectiveness of the course at
increasing student knowledge of global sustainable development.
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