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Abstract

The main goal of this study was to analyze the economic,
productive, and environmental impacts of applying circular economy
principles in a chocolate manufacturing plant. The specific objective
was to develop and validate a standardized method for measuring
productivity, operating costs, and environmental sustainability
during the production process. The research was driven by the high
resource demand and substantial waste generation in the chocolate
industry, emphasizing the need to adopt effective models that
optimize inputs and reduce losses. To achieve this, a quantitative
descriptive—explanatory approach was carried out, conceptualizing
the factors that influence the production process and their cause-
and-effect relationship, using quantitative tools of industrial
engineering, life cycle analysis in various scenarios, flow diagrams
and pilot tests in the plant, in order to evaluate the impact of the
indicators on costs, productivity and circularity. The findings
revealed that adopting circular practices led to significant
improvements. These included a 9.1% increase in operational
efficiency, reduced operating costs per unit, a higher daily yield, and
a 95% increase in the model index. This reflects enhanced resource
utilization and emphasizes both economic and environmental
benefits. Additionally, cocoa losses translated into economic losses
between USS$ 2,914 and USS 3,283. The originality of this research
lies in presenting a repeatable, measurable procedure that combines
productivity, viability, and sustainability, providing a reference
model for other food industries aiming to transition toward
sustainable, competitive economic models.
chocolate

Keywords:  Circular  economy,  sustainability,

production, waste reduction, profitability.

I. INTRODUCTION

In recent years, the adoption of the circular economy (CE)
has increased worldwide; however, it continues to pose
significant challenges. The available tools can be enhanced in
terms of transferability, credibility, adaptability, and general
applicability across different industrial sectors [1]. In Latin
America, this paradigm has gained particular relevance as the
transition toward sustainable development models faces major
challenges. Previous studies show steady growth in innovative
proposals with the potential to generate both economic and
environmental benefits in the region [2]. Conversely, the model
policies aspire to cultivate closed-loop systems that curtail
waste generation and resource consumption. However, their
practical implementation remains constrained [3]. Therefore, to
achieve a model of sustainable production and consumption
(SPC), it is essential to optimize resource use and minimize

losses. In this context, an analysis of the challenges faced by the
food industry becomes imperative [4]. Consequently, the food
industry must adopt a restorative and regenerative structure to
achieve a viable system, redefining goods and services to
reduce waste and negative environmental impacts [5]. One
possible strategy is the adoption of regenerative practices in
food manufacturing, which requires shifting away from
viewing products as disposable consumer goods and instead
treating them as temporary services [6]. The present research
was developed empirically through continuous observation of
the chocolate production process to create an economic model
that allows the determination of operating costs.

The collaborative economy is a system that aims to
decouple economic growth from resource consumption by
implementing strategies such as closing material loops,
redesigning products for their entire life cycle, and promoting
industrial symbiosis [7]. From a production perspective, this
model encourages the cascading valorization of by-products
and the redesign of processes at the micro level. It integrates
economic, social, and environmental measurements to improve
system viability and cooperation along the supply chain [8]. In
the food industry, the circular economic model is understood as
the comprehensive management of agri-food waste throughout
the entire chain to reduce resource consumption, reusing and
recycling materials to convert waste into high-value products
[9]. The relevance of this research lies in its potential to
generate economic benefits for chocolate-producing industries,
which also cause significant environmental impacts due to
intensive resource use and waste generation during production.
Consequently, studies demonstrate that raw material production
(64.64%) and chocolate manufacturing (28.90%) are the stages
that contribute most to environmental impact, particularly
through inputs such as powdered milk, sugar, and cocoa
derivatives [10]. On the other hand, cocoa production leaves a
substantial ecological footprint, as assessed through life cycle
analysis (LCA), with emissions, energy consumption, and
resource depletion identified as critical hotspots [11]. Given the
challenges faced by companies in the food sector, it is essential
to study the effects of the economic model in a chocolate
manufacturing plant.

This study examines the relationship between recycled
material indicators and gross domestic product, thereby
analyzing the impact of this model and its contribution to
achieving sustainable development [12]. The reuse of resources
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provides a transformative approach to the food industry by
promoting environmental health, human well-being, and
economic prosperity, even reshaping the sector through
sustainable waste management practices, supply chain
optimization, and efficient resource use to minimize
environmental impact [13]. The arguments presented explain
why a viable and sustainable economic model should be
adopted in a chocolate manufacturing plant. Research on
chocolate production indicates that certain processing stages
exhibit a disproportionate environmental impact, making them
the primary focus for sustainability efforts [14]. Likewise, other
studies highlight that an adequate understanding and proper
measurement of the model’s concepts are essential for
transforming food systems and guiding industrial policies [15].
Therefore, the expected results will not only benefit the plant’s
internal operations by reducing costs and waste but also serve
as a reference model for other food companies seeking to
transition toward recycled-material-based models with tangible
impacts.

The development of this research is organized as follows:
Section 2 presents the methodology, using a quantitative
descriptive—explanatory approach. Section 3 presents the
results through tables and figures. The discussion, including
comparisons with other authors and analysis based on the
obtained results, is presented in Section 4. Finally, Section 5
outlines the study conclusions and directions for future
research.

Literature review

The following section is based on a qualitative review of
scientific databases (Scopus, Web of Science, and
ScienceDirect), from which relevant information from national
and international studies was extracted to support the present
research.

1.1 International studies

In a study conducted by researchers [16], a D-optimal
mixture design was applied using cocoa pulp juice (91-95%),
unfermented cocoa powder (1-5%), and CMC (0.5-4%) as a
stabilizer. The optimal formulation consisted of 95% juice, 4%
cocoa powder, and 1% CMC, resulting in a sorbet with
favorable properties and good sensory acceptance (5.8-7.4).
Furthermore, bioactive compounds, including theobromine,
catechin, caffeine, epicatechin, and rutin, were analyzed,
revealing a sustained increase in viability during storage. These
findings underscore the potential of cocoa by-products as
sustainable and functional ingredients for the development of
probiotic sorbets with nutritional and sensory appeal. In the
research conducted by the author [17], the objective was to
propose a chocolate cake in which wheat flour was replaced by
cocoa bean shell powder (CSp). Five formulations were tested,
with varying percentages of CSp: 25%, 50%, 75%, 100%, and
0%. Cakes containing up to 75% CSp exhibited satisfactory
sensory acceptance, demonstrating promising potential for the
food industry.

A study conducted by [18] investigated the conversion and
utilization of empty fruit bunches (EFB) from oil palm within
an industrial plant. The results indicated that the hydrocarbon
fuel properties were improved. Regarding synthesis gas
obtained through air gasification of hydrocarbons, the lower
heating value ranged from 4.7 to 6.6 MJ/Nm3, while the cold
gas efficiency ranged from approximately 39.1 to 55.1%. The
methane accumulated in the liquid products was 213.8 L/kg
COD and 154.5 L/kg COD for food/microorganism ratios of 1:2
and 1:3, respectively. Mass and energy balances demonstrated
that the overall process is promising for future
commercialization. Research by [19] adopted a multimethod
approach applied to 285 manufacturing companies, aiming to
analyze how organizational capabilities and sustainable
manufacturing practices influence environmental performance.
The results demonstrated a statistical power of 0.998, which
exceeded the 0.950 obtained in the a priori analysis. This
finding confirmed the validity of the data and the statistical
robustness of the findings.

Conversely, the article developed by researcher [20]
examined the feasibility of producing powdered sugarcane pith
as a partial substitute for sugar in cakes. The results of the
analysis indicated that the pith contains 2.00% protein, 3.20%
fat, 30.67% crude fiber, 30.20% dry matter, and 1.97% ash.
Concurrently, the sugarcane peel demonstrated higher
concentrations of protein (2.56%), fat (4.63%), fiber (63%), and
minerals. Replacing 25% of the sugar resulted in a cost increase
to USD 2.457, representing a 37.63% rise. Replacing 50% of
the sugar led to a cost escalation to USD 3.148, marking a
76.3% increase. In the study by [21], the financial feasibility of
artisanal chocolate processing in Ghana was evaluated. The
initial investment amounted to 29,776 GHS (USD 5,125), and
the annual operating costs totaled 40,415 GHS (USD 6,957),
with a cost of capital of 27%. Financial analysis demonstrated
a positive NPV of 107,637 GHS (USD 18,525), a BCR of 1.75,
and an IRR of 108.62%. These findings suggest that artisanal
chocolate production is financially viable and could positively
impact local economic development and employment.

On the other hand, the study conducted by [22] analyzed
cookie formulations in which defatted cocoa shell flour (DCSF)
replaced 10%, 20%, 30%, or 40% of wheat flour and was
compared with a control formulation (C0). Compared with CO
cookies, those containing DCSF exhibited 400% higher
phenolic compound content, 250% more flavonols, 130% more
soluble fiber, and over 1000% more insoluble fiber. In the
article developed by [23], the authors illustrate how their
revalorization model can close material cycles by valorizing by-
products and achieving technical and environmental
improvements at low raw material costs. According to
researchers [24], a comprehensive literature review on
electromobility within the context of the circular economy was
conducted, highlighting the benefits of decarbonization in key
sectors such as transportation (24% of global CO2 emissions),
construction (37%), and energy (31%). Nurserymen have
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expressed interest in transitioning toward a circular economy
model. This interest is driven, in part, by the increasing
consumption of mineral fertilizers in the European Union. Since
2009, the annual consumption of mineral fertilizers in the
European Union has increased by approximately 1.54 million
Mg. This increase reflects the growing importance of
addressing sustainability in the sector. This point has been
noted by scholars [25]. In the article developed by researcher
[26], a systematic review was conducted (264 articles from
2010 to 2020, with 53 analyzed in depth) to outline the
characteristics of a sustainable city and propose an urban
transition framework. Concurrently, the study by [27] proposes
a holistic ecodesign strategy that integrates the end-of-life
(EOL) and the beginning-of-life (BOL) of products by
facilitating information exchange.

The work carried out by [28] presents a roadmap that
proposes four key lines of action: closing regulatory gaps,
promoting circular economy literacy, optimizing waste
management, and regenerating natural flows. This roadmap is
designed to support both emerging startups and established
companies to facilitate the transition toward sustainable
business models.

In the production of white chocolate using by-products
extracted from concentrated sea buckthorn juices, these by-
products represent functional food ingredients and a rich source
of bioactive compounds. This approach is based on a factorial
combination of two types of by-products (with or without oil)
and three different concentrations (5%, 10%, and 15%), and its
effects on the rheological, quality, color, antioxidant, and
mineral properties of chocolate were evaluated [29].

1.2 National Studies:

A thorough investigation was conducted by researchers
[30] through a systematic review of the application of circular
economy in the agri-food supply chain, using databases such as
Scopus and Web of Science. Their search identified 1,200
articles, of which 100 studies were selected. The results showed
that research is mainly concentrated on waste management
(35%), resource efficiency (25%), and sustainable practices
(20%), demonstrating that the valorization of by-products
significantly contributes to waste reduction and improved
sustainability in the food sector. Researchers [31, 32, 33]
analyzed the implementation of circular economy strategies in
Peruvian agri-food systems through a qualitative case study
focused on small producers participating in farmers’ markets.

The guide to good practices for the model in the cocoa
value chain, developed by Mincetur in 2023 [34], sought to
identify strategies applicable to cocoa producers and processors
in Peru. This objective was pursued through an analysis of the
production cycle, waste flows, and opportunities for
valorization. The findings indicated that more than 40% of
cocoa by-products can be reintegrated as agricultural or
industrial inputs through composting, bio-inputs, and material
transformation. It was concluded that reuse represents a pivotal

approach for enhancing the competitiveness and sustainability
of the Peruvian cocoa value chain.

A. Problem Statement

Currently, food sector industries face challenges in
improving performance through efficient resource use and
waste reduction. In this context, there is an increasing need to
implement practices aligned with the principles of chocolate
production processes. The objective of this implementation is
to optimize input utilization and minimize environmental
impact. However, studies such as [35] indicate that in the agri-
food sector, the application of this model still lacks a uniform
methodological framework, as existing proposals are limited to
specific contexts or scales and do not define procedures that are
replicable in industrial environments. In light of this situation,
the following research questions are hereby proposed:

e How can a standardized procedure be structured to
quantitatively analyze and evaluate the implementation of
circularity in a chocolate manufacturing plant, ensuring its
efficiency and sustainability?

e Which stages and techniques should be considered to
design a standardized procedure for implementing
circularity in a chocolate manufacturing plant?

e Which variables should be considered to measure
operational efficiency and waste reduction within the
production process under a sustainable economy approach?

e Which variables should be considered to measure
productivity in terms of environmental viability and
replicability in other chocolate plants within the sector?

B. Objective

The present study aims to quantitatively evaluate the
implementation of the economic model in a chocolate
manufacturing plant to measure operational efficiency,
operating costs, production performance, and long-term
environmental sustainability. The research was conducted in
three stages: first, designing the model implementation
procedure; second, establishing measurement indicators to
assess performance and waste reduction; and third, validating
the results through empirical observation to ensure
environmental effectiveness and potential replicability in other
manufacturing plants, thereby contributing to improved
sustainable management within the food industry.

C. Hypothesis

The implementation of a sustainability model in a
chocolate manufacturing plant makes a positive, measurable
impact on productivity, waste reduction, and environmental
development. This approach enhances the utilization of raw
materials by valorizing by-products and reincorporating them
into the production process, thereby minimizing waste
management losses and costs. Likewise, measuring and
regulating resource traceability through internal recirculation
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and control flows enables the assessment of productivity. The
employment of standardized techniques within the model has
been demonstrated to enhance process management, increase
energy efficiency, and promote an organizational culture
oriented towards continuous improvement. This study makes a
direct contribution to the development of the chocolate
production system, indicating that business profitability and
environmental stewardship can coexist within a responsible and
replicable industrial model.

Il. METHODOLOGY

The current research was conducted in a nutrition-focused
company, utilizing a quantitative descriptive-explanatory
approach to analyze the actions of the economic model
implemented in food production and to explain their interaction
with environmental viability. This is an applied study insofar as
its results are oriented towards optimizing resource use and
improving operational performance in the food sector [36].
Regarding information sourcing, both primary and secondary
data derived from the analysis of real business processes were
utilized. In terms of depth, the study is descriptive, as it details
sustainable production procedures, and explanatory, as it
identifies cause-and-effect relationships among the factors that
determine the effectiveness of reuse in an industrial context.
Finally, the research design is non-experimental and cross-
sectional, since the variables were observed without direct
manipulation and data collection was carried out at a single
point in time, to analyze the interactions and effects between
sustainable practices and environmental viability. For better
understanding, the conceptualization of the relevant factors is
presented below.

Operating Cost

The sustainable model has been shown to significantly
impact operating costs, with a notable increase in plant
profitability. This is a result of the reduction of losses and the
valorization of by-products, which directly enhance economic
efficiency [37]. Implementing strategies for recycling materials
and utilizing reverse logistics can optimize supply chains. This
leads to greater efficiency in resource and energy use, reduces
operating costs, and minimizes environmental impact [38, 39].
The following formula will be used to determine the operating
cost:

T.0.C

U.P.D. M
0O.C.= Operating cost per day, total cost associated with daily

operations (USD/unit).

0C/day =

T.0.C.= Total operating cost, the sum of all operating costs
accumulated during one production day (USD).

U.P.D.= Units Produced per Day, the total number of units
manufactured in one day (units).

H1: The implementation of practices reduces the operating
cost per unit in the chocolate manufacturing plant.

Process Productivity

Given the growing need for sustainable resource
management, it is essential to implement innovative approaches
within the model paradigm, such as controlling productivity
throughout the process. The study addresses the complexity of
evaluations based on measurement indicators and highlights the
need for robust frameworks to accurately assess reuse in
production processes [40]. Consequently, it is detailed how the
resilience derived from this transition can drive a
transformative change in productivity, demonstrating the
model’s impact beyond environmental balance and extending
its influence to strategic management and organizational
performance [41]. The following formula will be used to

determine productivity:

oy = %2 1100 2
=7 X (2)

DY = Daily yield, representing the percentage of inputs converted
into final products meeting quality standards (%).

GUSD = Good Units Output per Day, number of units that meet
quality standards daily (units).

EU = Equivalent Input Units, total number of units processed per
day (units).

H2: The adoption of circular economy strategies increases
yield (%) and process productivity in the chocolate
manufacturing plant.

Environmental Sustainability

The quantitative aspect of sustainability focuses on
measuring waste reduction, resource consumption, and the
impact reduction associated with chocolate manufacturing. This
is considered a key issue within the sustainable model. The
redesign of packaging and the valorization of by-products have
been demonstrated to be effective strategies for reducing the
ecological footprint of food products [42]. Likewise, the
incorporation of such strategies in manufacturing companies is
associated with improvements in environmental performance
and organizational transformation [43]. To determine
sustainability, the following formula will be used:

RMM
Cl = TMM 3)

Cl = Circularity Index, measures the efficiency of recycled and

reused material utilization in the production process (dimensionless).

RMM = Reused Material Mass, the amount of recycled and
reused materials during the daily production process (kg).

TMM = Total Material Input Mass, the total amount of material
entering the daily production process (kg).

H3: The implementation of the model increases the reuse
index and reduces environmental impacts in the chocolate
manufacturing plant.

2.1 Implementation Sequence of the Engineering Tool in
the Study
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In this context, the established methodological sequence
aims to structure a prototype procedure for implementation and
continuous evaluation in the chocolate manufacturing plant.
This methodology was developed using a sustainable industrial
engineering approach, incorporating criteria related to
productivity, costs, and environmental balance. The process is
organized into six sequential stages, each containing specific
activities and control mechanisms supported by applied
techniques, such as measurement tools and performance
indicators. The operational sequence is described below:

Fhase 1
Mase & —— Nagrnmsis of
Validarson and the
rane e riog I'rodecting
Fraces
Muase S Mase L
Quanriarve e ntifican
virliatmen o o0 of huws
results and losses
Paase | rse 3
applicatinn Mocel

al the procedure
prototype  Temmm®®  4eigs

Fig. 1. Methodological sequence for the implementation of stages in the
chocolate manufacturing plant

Stage 1. Diagnosis of the Production Process

At this stage, a comprehensive analysis of the production
process is carried out to identify inefficiencies in resource use,
as well as waste generation and energy losses. Bizagi Modeler
software is utilized as a modelling tool to map the workflow
(see Fig. 3) and to observe the different process phases. Direct
on-site observation was conducted to collect data on material
losses, energy consumption, and operational efficiencies in
each process activity. A daily record of economic losses is
implemented to quantify waste and establish a baseline level of
efficiency, which serves as a reference for designing the
economic model and defining key performance indicators.

Stage 2. Identification of Flows and Losses

Material and energy flows within the production process
are mapped to identify areas to optimize resource use. Tools
such as the Ishikawa diagram and the Pareto chart are used to
identify the causes and effects that constrain the process and
generate inefficiencies, and subsequently to determine the
flows with the greatest impact on costs and waste. This phase
aims to identify valuable or recyclable flows, thereby
contributing to improving process efficiency and viability.

Stage 3. Design of the Model Procedure

At this stage, a procedure for implementing the circular
economy model in the chocolate manufacturing plant has been
devised. Life Cycle Analysis (LCA) is utilized to evaluate the
environmental impacts of each phase of the process. The

objective is to develop a structured model that optimizes
resource use, reduces waste, and maximizes material reuse,
ensuring that the procedure is both replicable and sustainable.

Stage 4. Pilot Application of the Prototype

The designed model is applied to a pilot production line to
evaluate its viability before full-scale implementation. During
this phase, indicators such as costs, productivity, and generated
waste are monitored. Continuous observation and systematic
data recording enable validation of the model’s strategies and
allow for adjustments to enhance operational and financial
effectiveness.

Stage 5. Quantitative Evaluation of Results

At this stage, the results obtained after implementing the
model are evaluated using statistical analysis to compare
performance before and after its application. Reductions in
waste, energy savings, productivity improvements, and
decreases in operating costs are measured to quantify the
improvements and verify the effectiveness.

Stage 6. Validation and Continuous Improvement

In this final stage, the model is validated through the PDCA
cycle (Plan-Do-Check—Act) and internal audits. Sustainable
KPIs are evaluated to measure their impact on operational
efficiency and environmental sustainability. The goal is to
ensure this model can be replicated in other plants and foster
continuous improvement over time, thereby reinforcing its
long-term viability and effectiveness. The implementation
sequence is delineated in Table 1.

Table 1. Summary of the Implementation Sequence
Stage Main Applied Tools Evaluated Expected
Activity Indicators Outcome
1 Process Bizagi Modeler | Waste, energy | Identification
diagnosis consumption of critical
points
2 Flow Ishikawa, Input/output Detection of
identificat Pareto flows valuable
ion flows
3 Procedure LCA Process reuse | Structured CE
design model
4 Pilot Observation, Cost, Operational
applicatio recording productivity, validation
n waste
5 Quantitati Statistical Quantificatio Measurable
ve analysis n of results
evaluation improvements
6 Final PDCA Sustainable Continuous
validation KPIs improvement
and
replicability
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I1l. RESULTS

The findings presented below not only reflect the
behaviour of the variables analyzed in the case study, but also
allow these patterns to be contrasted with models previously
documented in national and international research. Therefore,
data interpretation must consider both methodological
limitations and the opportunities for practical application that
emerge from the results. In this manner, the findings not only
provide empirical evidence to validate the hypothesis but also
offer relevant insights to support decision-making and the
formulation of improvement proposals aimed at productivity,
cost efficiency, and environmental resilience.

Figure 2 illustrates production-related losses in relation to
the number of affected jars or containers. During September,
losses amounted to USD 2,913.83, while in October they
increased to USD 3,283.25. This increase indicates a negative
trend in process efficiency, associated with both product losses
and the number of compromised containers.

Fig 2. Reprocessing Summary by Produced Container

In Fig. 3, the stages that ensure the quality of heminic iron—
fortified chocolates are delineated. In the first sequence, within
the filtration area, particles larger than 3 mm and metallic
particles greater than 30 um are removed within 15-20 minutes,
thereby ensuring product safety. In the molding area, the
chocolate defects (e.g., staining and cracking) are detected at
temperatures of 50-55 °C. Subsequently, in the conditioning
area, the subprocess is carried out. At this stage, defective
chocolates are identified, separated, weighed, and placed in a
container for transfer to the reprocessing area. Conversely,
chocolates that are free from defects are packaged. Finally, the
packaging is sealed at 60 °C, with sealing times of 2.4 seconds
for jars containing 40 units and 1.1 seconds for jars containing
12 units.

Figure 4 shows that reprocessing in the manufacturing of
heminic iron—fortified chocolates results from multiple
interacting factors rather than a single cause, as illustrated in the
diagram. Inadequate staff training and mistakes in manual
record-keeping lead to inconsistencies in inventory control.
When combined with the absence of clear policies and
procedures and the lack of periodic reviews of stock levels,
these issues increase the risk of waste. Moreover, the absence

of reliable reports and inaccurate demand calculations has a
detrimental effect on production planning, resulting in
inefficient management.

FISHBONE DIAGRAM - CAUSE OF REPROCESSING

N T
s "PO0ULCTION
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bativ'g RO NI
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Fig. 4. Ishikawa diagram of reprocessing in the production process

In Fig. 5, the Pareto diagram shows that the main problems
in the production process are concentrated in the method and
labor categories. Causes such as unclear inventory policies
account for nearly 40 cases (19%), while manual recording of
inputs and outputs results in approximately 30 cases (34%).
Together, these two causes represent more than 50% of the
accumulated incidences, confirming their critical impact.

Pareto Chart
Production Process Analysis

- ——

Fig. 5. Pareto diagram related to reprocessing

In Table 2, the Life Cycle Analysis (LCA) shows that
implementing reprocessing led to a substantial increase in total
production, reaching 7,650.585 kg over two months (compared
to 7,355 kg without reprocessing). Concurrently, there was a
significant reduction in generated waste, from 312.73 kg to
17.145 Kkg. Despite a marginal increase in manufacturing costs
from USD 264,425.25 to USD 265,699.02, attributable to
reprocessing-related expenses, a total of 295585 kg of
chocolate were recovered, thereby attaining a circularity index
of 95%. This approach substantially reduced environmental
impact, highlighting the benefits of optimizing resource use and
minimizing waste in the chocolate manufacturing plant over the
two-month production period.
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Fig. 3. Production process of the chocolate plant by Bizagi

Table 2. Summary of the Life Cycle Analysis (LCA)

Indicator Withou.t With )
reprocessing reprocessing
Total Production 7,355 kilos 7,650.585 kilos
Generated waste 312.73 kilos 17.145 kilos
Production Cost S/890,175.65 S/ 894,461.63
Chocolate Recovery 0 kilos 295.585 kilos
Reuse Index 0% 95%
Environmental Impact Higher Reduced

Reprocessing in the chocolate manufacturing plant is part of
the sustainability strategy, wherein generated waste is
reincorporated into the production process. As shown in Fig. 6,
94% of the total waste is recovered, significantly reducing
losses. This process optimizes resource utilization and
minimizes waste generation.

RECOVERY OF LOSSES THROUGH THE CIRCULARITY
PROCESS
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Fig. 6: Reprocessing in the Chocolate Manufacturing Plant

As shown in Figure 7, total production increased by 9.10%
due to reprocessing, thereby enhancing operational efficiency.
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Waste generation was reduced by 95%, indicating a significant
decrease in losses. A 0.48% increase in production costs was
observed. However, this increase can be justified by the
additional costs of reprocessing, which are expected to generate
savings in the long term. The recovery of chocolate materials
reached 295.585 kg, previously considered waste, achieving a
95% reuse rate. This demonstrates excellent material reuse.
Consequently, the environmental impact was significantly
mitigated by reduced waste generation and enhanced resource
utilization.

Fig. 7 Post-application test results

As illustrated in Figure 8, a dashboard was used to validate
the effectiveness of the model implementation, presenting
visual data on the proposed model, operational efficiency, and
reduction of environmental impact. The final validation through
these KPIs demonstrates that the model is effective and
replicable, with positive results supporting its implementation
in other chocolate manufacturing plants.
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Fig. 8. Final Validation

As demonstrated in Figure 9, fixed costs remain
constant over time, while variable costs increase in
proportion to the number of units produced. Consequently,
the unit cost of chocolate bars tends to decrease as
production increases, thereby evidencing economies of
scale. Converging conclusions were reported by [44], who
observed that analyses of economies of scale demonstrate
that market conditions do, in fact, determine selling prices
and exert a more substantial influence on manufacturing
profitability than production costs themselves.

& Total cost = Fixed cost + Unit Variable Cost « Chocolates
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(o | N Unit cost = ————— /ST vansstecost \

e 1

| Fixed Cost ’

s Bz ol /

Vi V2 gChocolates

Fig. 9: Cost behavior in relation to the quantity of chocolates manufactured.
IV. DISCUSSION

The main objective of this research was to analyze the
implementation of the model in a chocolate manufacturing
plant, evaluating its impact on operational efficiency, waste
reduction, and environmental footprint improvement. To this
end, specific procedures were developed to measure
effectiveness within production processes, and the impact
across the different phases of chocolate manufacturing was
assessed. The results reveal that reprocessing increased total
production from 7,355 kg to 7,650.585 kg, improving
operational efficiency. In addition, generated waste was
significantly reduced from 312.73 kg to 17.145 kg, confirming
the system’s effectiveness in achieving a 94.5% reduction in
waste. Although manufacturing costs increased slightly by
0.48%, 295.585 kg of chocolate were recovered, raising the
circularity index to 95%. These findings support the model’s
effectiveness in the reuse of resources and by-products.

Figure 6 and Table 2 show that reprocessing recovered
94% of the waste, confirming that this approach significantly
reduces waste management costs. The research results validate
the hypothesis that the revalorization of the model in the
chocolate manufacturing plant improves operational efficiency.
Even though manufacturing costs have increased slightly, the
long-term savings from waste reduction and by-product
recovery compensate for this increase. The substantial decrease
in waste, observed in both Figure 2 and Table 2, highlights the
model’s capacity to optimize the resources used in the
production process, thereby contributing to the sustainable
development of the plant. The results obtained are consistent
with those reported by [45], who demonstrated how and when
green strategic intent enables public sector organizations to
implement circularity practices using the dynamic capabilities
perspective. Complementarily, a systems-oriented analytical
approach  underscores the necessity for diversified
sustainability model strategies adapted to transition profiles,
particularly in wvulnerable ecosystems, thereby providing
valuable insights for future research and decision-making [46].
These authors also identified a reduction in waste and
environmental impact following the implementation of
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sustainable practices in the chocolate industry. Likewise, they
suggest that the Product Circularity Indicator offers a more
comprehensive assessment of circularity by considering
multiple life-cycle stages, efficiency, and unrecoverable waste,
resulting in differences in circularity evaluations [47]. On the
other hand, three plant layout proposals were highlighted
according to the needs of the company and the laminated
guadua board manufacturing process, and the alternatives were
evaluated in terms of efficiency [48].

Furthermore, researchers [49] determined whether circular
model alternatives enhance revenue and resource efficiency in
cocoa production. The implementation of the model in the
chocolate manufacturing plant not only improved operational
efficiency but also provided a holistic approach to
sustainability. However, the transition to this model presents
challenges, such as the initial adaptation costs and the need to
train personnel in new practices. Finally, in response to the
economic and environmental challenges posed by the
accumulation of organic waste, there has been a growing focus
on developing alternative methods for valorizing cocoa bean
shells (CBS) and converting them into higher-value products.
[50].

V. CONCLUSION

The objective of the present study was to quantitatively
evaluate the implementation of the model in a chocolate
manufacturing plant, focusing on its impact on productivity,
operational efficiency, and environmental responsibility. To
this end, a specific implementation procedure was devised, with
a set of measurement indicators established to validate the
results through empirical observation. A notable finding of the
research was a substantial reduction in production losses, from
179.9 kg to 6.7 kg after the implementation of reprocessing, as
illustrated in Table 2. This enhancement in operational
efficiency resulted in a 9.1% increase in production
performance. Furthermore, the circularity index attained a
remarkable 96%, signifying optimal utilization of recycled
resources. Moreover, the implementation of an information
system facilitated data collection and provided a platform for
rapidly evaluating indicators against updated benchmarks,
enabling the timely identification of opportunities for
continuous improvement [51].

The findings presented in this study have significant
practical applications in the food industry. The implementation
of the model has enabled a long-term reduction in operational
costs and has minimized environmental impacts, thus serving
as a benchmark for other companies in the sector. The
optimization of resource use and the recycling of materials have
been shown to enhance plant competitiveness, thereby
contributing to the sustainability of the industry. This approach
has the potential to be replicated in other food manufacturing

facilities that are seeking to reduce waste and improve
operational efficiency. Subsequent research will continue to
examine the feasibility of extending the model to other stages
of the nutrition sector, following the example of [9] in
transforming agri-food residues. Furthermore, the integration of
advanced recycling and reuse technologies in the sector, as
proposed by [36], will be explored to further improve supply
chain efficiency. New approaches to measuring sustainability
in production processes will also be investigated, as suggested
by [16], to ensure that sustainable models are effective at scale.
The integration of the model not only enhances organizational
competitiveness but also reduces environmental impacts,
improving  operational  effectiveness, and  fostering
sustainability in the food sector.

REFERENCES

[1]  Bais, B., Molinaro, M., and Orzes, G. (2025). Assessing circular economy
at the company level: Comparison of tools and methodological
challenges. Sustainable Production and Consumption, Vol. 59, pp. 112-
126. https://doi.org/10.1016/j.spc.2025.07.002

[2]  Ospina-Mateus, H., Marrugo-Salas, L., Castilla, L. C., Castellon, L.,
Cantillo, A., Bolivar, L. M., Salas-Navarro, K., and Zamora-Musa, R.
(2023). Analysis in circular economy research in Latin America: A
bibliometric  review. Heliyon, Vol. 9(9), 19999, pp. 1-
21. https://doi.bibliotecaupn.elogim.com/10.1016/j.heliyon.2023.e19999

[3] Modic, D., Chetan, S., Ul-Durar, S., Arshed, N., and De Sisto, M. (2025).
What is a circular economy champion? Defining a homegrown concept in
an emerging field. Journal of Cleaner Production, Vol. 523, pp. 2-11,
146408. https://doi.org/10.1016/j.jclepro.2025.146408

[4]  Sharma, M., Joshi, S., and Govindan, K. (2023). Overcoming barriers to
implement digital technologies to achieve sustainable production and
consumption in the food sector: A circular economy perspective.
Sustainable Production and Consumption, Vol. 39, pp. 203-215.
https://doi.org/10.1016/j.spc.2023.04.002

[5] Arshad, R. N., Abdul-Malek, Z., Roobab, U., Ranjha, M. M. A. N.,
Jambrak, A. R., Qureshi, M. 1., Khan, N., Lorenzo, J. M., and Aadil, R.
M. (2022). Nonthermal food processing: A step towards a circular
economy to meet sustainable development goals. Food Chemistry: X,
Vol. 16, 100516, pp. 1-12. https://doi.org/10.1016/j.fochx.2022.100516

[6] Sakao, T., Bocken, N., Nasr, N., and Umeda, Y. (2024). Implementing
circular economy activities in manufacturing for environmental
sustainability. CIRP Annals - Manufacturing Technology, Vol. 73(2), pp.
457-481. https://doi.org/10.1016/j.cirp.2024.06.002

[7]  Soo, A, Gao, L., and Shon, H. K. (2024). Machine learning framework
for wastewater circular economy — Towards smarter nutrient recoveries.
Desalination, Vol. 592, 118092. pp. 1-19.
https://doi.org/10.1016/j.desal.2024.118092

[8]  Alhakiim, S. Z., Normasari, V., Islahudin, N., and Ginta, T. L. (2024).
Optimizing Briquette Performance of Mushroom Cultivation Waste
Omah Jamur Ungaran Used the Taguchi Method: Circular Economy
Approach.  Engineering  Journal, Vol. 28(12), pp. 1-17.
https://doi.org/10.4186/ej.2024.28.12.1

[9] Pandey, A. K., Thakur, S., Mehra, R., Kaler, R. S. S., Paul, M., and
Kumar, A. (2025). Transforming Agri-food waste: Innovative pathways
toward a zero-waste circular economy. Food Chemistry: X, Vol. 28,
102604, pp. 1-16. https://doi.org/10.1016/j.fochx.2025.102604

[10] Wang, S. and Dong, Y. (2025). Analyzing the environmental footprint of
the chocolate industry using a hybrid life cycle assessment method.
Cleaner Engineering And Technology, Vol. 25, 100912, pp. 1-12.
https://doi.org/10.1016/j.clet.2025.100912

[11] Darmawan, D., & Mutalib, A. (2024). Evaluation of environmental

impact on cocoa production and processing under life cycle assessment

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026


https://doi.org/10.1016/j.spc.2025.07.002
https://doi.bibliotecaupn.elogim.com/10.1016/j.heliyon.2023.e19999
https://doi.org/10.1016/j.jclepro.2025.146408
https://doi.org/10.1016/j.spc.2023.04.002
https://doi.org/10.1016/j.fochx.2022.100516
https://doi.org/10.1016/j.cirp.2024.06.002
https://doi.org/10.1016/j.desal.2024.118092
https://doi.org/10.4186/ej.2024.28.12.1
https://doi.org/10.1016/j.fochx.2025.102604
https://doi.org/10.1016/j.clet.2025.100912

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

method: From beans to liquor. Environmental Advances, Vol. 15, 100481,
pp. 8-10. https://doi.org/10.1016/j.envadv.2023.100481

Bakir, H. and Aral, N. (2025). Sustainable development in the context of
a circular economy. Journal of Environmental Management, Vol. 394,
127366, pp. 1-8. https://doi.org/10.1016/j.jenvman.2025.127366

Rabbi, M. F., and Amin, M. B. (2024). Circular economy and sustainable
practices in the food industry: A comprehensive bibliometric analysis.
Cleaner And Responsible Consumption, Vol. 14, 100206, pp. 13-15.
https://doi.org/10.1016/j.clrc.2024.100206

Véazquez-Rowe, ., Mogrovejo, P., Mufioz-Sovero, E., Socorro, P. G.,
Murga, J., Madhanaroopan, S., Fotovat, S., Stanley, T., Bartl, K. and
Quispe, 1. (2025). Life Cycle Assessment of organic chocolate production
in Peru. Cleaner Environmental Systems, Vol. 19, 100322, pp. 12-14.
https://doi.org/10.1016/j.cesys.2025.100322

Zhang, Q., Dhir, A., and Kaur, P. (2022). Circular economy and the food
sector: A systematic literature review. Sustainable Production and
Consumption, Vol. 32, pp. 655-668.
https://doi.org/10.1016/j.spc.2022.05.010

Arfelli F., Roguszewska M., Torta G., lurlo M., Cespi D., Ciacci L. and
Passarini,F. (2024), Environmental impacts of food packaging: Is it all a
matter of raw materials?, Sustainable Production and Consumption, Vol.
49, pp. 318-328. https://doi.org/10.1016/j.spc.2024.06.032

Tadtan, A., Tanukul, K.,Chaipoot, S., Kanthakat, G., Sangpimpa, W.,
Srichan, P., Renaldi, G., and Sukeaw, S. R., (2025). Utilization of
unfermented cocoa powder and cocoa pulp juice for the development of a
probiotic sorbet with bioactive properties, Applied Food Research, Vol.
5(2), pp. 1-12, 101335,
https://doi.bibliotecaupn.elogim.com/10.1016/j.afres.2025.101335
Attasophonwattana, P., Sitthichirachat, P., Siripaiboon, C., Ketwong, T.,
Khaobang, C., Panichnumsin, P., Ding, L., and Areeprasert, C. (2022).
Evolving circular economy in a palm oil factory: Integration of pilot-scale
hydrothermal carbonization, gasification, and anaerobic digestion for
valorization of empty fruit bunch. Applied Energy, Vol. 324, pp. 3-13,
119766.
https://doi.bibliotecaupn.elogim.com/10.1016/j.apenergy.2022.119766
Kwasi A. I., Quaicoe, J., and Gartchie, G. J. (2024). Modelling circular
economy capabilities and sustainable manufacturing practices for
environmental performance: Assessing linear (PLS-SEM) and non-linear
(fsQCA) effects. Technological Forecasting and Social Change, Vol. 205,
pp. 6-16,
123501.https://doi.bibliotecaupn.elogim.com/10.1016/j.techfore.2024.12
3501

Abdolkhani, H., Ghasemi-Nejad, M., Mojtaba, F. S., Amin, M. M., and
Afsharnia, F. (2025). Study on the production of powdered sugarcane pith
as a novel approach and its application in the confectionery industry (A
case study). Results in Engineering, Vol. 26, pp. 1-13, 104782.
https://doi.bibliotecaupn.elogim.com/10.1016/j.rineng.2025.104782
Kwamena, C. B., Bavorova, M., Appiah, L., Asiedu, P., Adams, F., and
Tetteh Jumpah, E. (2025). Boosting the industrial capacity of Ghana in
artisanal chocolate processing: a financial feasibility study. Scientific
African, Vol. 27, pp. 1-11, e02611.
https://doi.bibliotecaupn.elogim.com/10.1016/j.sciaf.2025.02611
Denardi, S. I., Gayola, I., Marchi, C. M., Vanin, F., and Elisabete da
Costa, C. (2025). Defatted cocoa bean shells as an alternative flour for
cookie production within a circular economy approach. Food Research
International,  Vol.  221(part.  4), pp- 1-11,  117543.
https://doi.bibliotecaupn.elogim.com/10.1016/j.foodres.2025.117543
Dominguez-Candela, I., Garcia-Garcia, D., Perez-Nakai, A., Lerma-
Canto, A, Lora, J., & Fombuena, V. (2021). Contribution to a Circular
Economy Model: From Lignocellulosic Wastes from the Extraction of
Vegetable Oils to the Development of a New Composite. Polymers, Vol.
13(14), 2269, pp. 22-26. https://doi.org/10.3390/polym13142269

Filho, W. L., Abubakar, I. R., Kotter, R., Grindsted, T. S., Balogun, A.,
Salvia, A. L., Aina, Y. A., & Wolf, F. (2021). Framing Electric Mobility
for Urban Sustainability in a Circular Economy Context: An Overview of
the Literature. Sustainability, Vol. 13(14), 7786, pp. 1-23.
https://doi.org/10.3390/su13147786

Smol, M. (2021). Transition to Circular Economy in the Fertilizer
Sector—Analysis of Recommended Directions and End-Users’

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]

[40]

Perception of Waste-Based Products in Poland. Energies, Vol. 14(14),
4312, pp. 2-19. https://doi.org/10.3390/en14144312

Lakatos, E. S., Yong, G., Szilagyi, A., Clinci, D. S., Georgescu, L.,
Iticescu, C., & Cioca, L. (2021). Conceptualizing Core Aspects on
Circular Economy in Cities. Sustainability, Vol. 13(14), pp. 10-21, 7549.
https://doi.org/10.3390/su13147549

Mangers, J., Minoufekr, M., Plapper, P., and Kolla, S. (2021). An
Innovative Strategy Allowing a Holistic System Change towards Circular
Economy within Supply-Chains. Energies Vol. 14(14), pp. 2-17, 4375.
https://doi.org/10.3390/en14144375

Montocchio, C., Marcha, A., Brokensha, R., Andriamahefazafy, M.,
Schuman, C., Failler, P., and Yuan, H. (2025). A circular economy
roadmap for African and Indian Ocean developing island states. Circular
Economy Vol. 4 2), pp. 1-13.
https://doi.org/10.1016/j.cec.2025.1001434

Murariu O., Lipsa F., Carlescu P., Frunzd G., Ciobanu M., Cara 1.,
Murariu F., Stoica F., Albu A., Tallarita A., Caruso G. (2024). The Effect
of Including Sea Buckthorn Berry By-Products on White Chocolate
Quality and Bioactive Characteristics under a Circular Economy Context.
Plants, 13, 2799. Pp. 1-17. DOI: 10.3390/plantas13192799

Cahyadi, E. R., Hidayati, N., Zahra, N., & Arif, C. (2024). Integrating
Circular Economy Principles into Agri-Food Supply Chain Management:
A Systematic Literature Review. Sustainability, 16(16), 7165, pp. 1-17.
https://doi.org/10.3390/s5u16167165

Vaésquez Neyra, J. M., Gomes Haensel Schmitt, V., & Cequea, M. (2025).
Sustainable circular strategies and short supply chains among smallholder
producers: The case of Peru’s Agroferias Campesinas. Agricultural and
Food Economics, 13, 77. https://doi.org/10.1186/s40100-025-00423-0
Cotrina Teatrino, M., Marquina-Araujo, J. (2025). Circular economy in
the mining industry: A bibliometric and systematic literature review.
Resources Policy, Vol. 102, . 2-14, 105513.
https://www.sciencedirect.com/science/article/pii/S0301420725000558?
via%3Dihub

Parodi, A., Villamonte-Cuneo, G., Loboguerrero, A., Martinez-Barén, D.,
Véazquez-Rowe, 1. (2022). Embedding circularity into the transition
towards sustainable agroforestry systems in Peru. Science of The Total
Environment, Vol. 838(3), pp. 1-9,156376.
https://doi.bibliotecaupn.elogim.com/10.1016/j.scitotenv.2022.156376
Mincetur (Ministerio de Comercio Exterior y Turismo) (2023). Guide to
good practices for circular economy in the cocoa value chain. pp. 5-
68.https://www.gob.pe/institucion/mincetur/informes-
publicaciones/4823762-guia-de-buenas-practicas-de-economia-circular-
en-la-cadena-de-valor-del-cacao

Aznar-Sanchez, J., Mendoza, F. M., Ingrao, C., Sabina, F., Bezama, A.,
Nemecek, T., & Gallego-Schmid, A. (2020). Indicators for Circular
Economy in the Agri-food Sector. Resources Conservation and
Recycling, Vol. 163, 105028, pp- 1-2.
https://doi.org/10.1016/j.resconrec.2020.105028

Bagur-Femenias, L., Perramon, J., Del Mar Alonso-Almeida, M., &
Llach, J. (2024). Empirical evidence of organizational transformation:
The subsequent consequence of the causal relationship between the
adoption of circular economy strategies and their performance. Heliyon,
Vol. 10(12), 32987, pp. 1-11.
https://doi.org/10.1016/j.heliyon.2024.e32987

Moustabchir, A., Ouakil, H., & Ouazzani, H. E. (2024). Modeling the
Circular Economy in Food Production: Insights from a Dynamic
Stochastic General Equilibrium Analysis. Scientific African, Vol. 26, pp.
15-17, e02479. https://doi.org/10.1016/j.sciaf.2024.e02479

Le, T. T., Kieu, X. H., Behl, A., & Pereira, V. (2022). Building up more
sustainable food supply chains: Implications for sustainable development.
Journal Of Cleaner Production, Vol. 378, pp. 2-13, 134650.
https://doi.org/10.1016/j.jclepro.2022.134650

Aguilar, C., Guevara, Y., Urquiaga, F., Layza, E., & Siqueira, A., (2025).
Electrochemical separation of chromium/collagen from wet blue in a
single step: Recycling of tannery waste to promote a circular economy.
Results in Engineering, Vol. 26, 104828, pp.2-9.
https://linkinghub.elsevier.com/retrieve/pii/S2590123025009053
Pilipenets, O., Gunawardena, T., Hui, F. K., Mendis, P., & Aye, L. (2025).
A novel circular economy framework: Assessing process circularity

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026


https://doi.org/10.1016/j.envadv.2023.100481
https://doi.org/10.1016/j.jenvman.2025.127366
https://doi.org/10.1016/j.clrc.2024.100206
https://doi.org/10.1016/j.cesys.2025.100322
https://doi.org/10.1016/j.spc.2022.05.010
https://doi.org/10.1016/j.spc.2024.06.032
https://doi.bibliotecaupn.elogim.com/10.1016/j.afres.2025.101335
https://doi.bibliotecaupn.elogim.com/10.1016/j.apenergy.2022.119766
https://doi.bibliotecaupn.elogim.com/10.1016/j.rineng.2025.104782
https://doi.bibliotecaupn.elogim.com/10.1016/j.sciaf.2025.e02611
https://doi.bibliotecaupn.elogim.com/10.1016/j.foodres.2025.117543
https://doi.org/10.3390/polym13142269
https://doi.org/10.3390/su13147786
https://doi.org/10.3390/en14144312
https://doi.org/10.3390/su13147549
https://doi.org/10.3390/en14144375
https://doi.org/10.1016/j.cec.2025.100143
https://doi.org/10.3390/su16167165
https://doi.org/10.1186/s40100-025-00423-0
https://www.sciencedirect.com/science/article/pii/S0301420725000558?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0301420725000558?via%3Dihub
https://doi.bibliotecaupn.elogim.com/10.1016/j.scitotenv.2022.156376
https://www.gob.pe/institucion/mincetur/informes-publicaciones/4823762-guia-de-buenas-practicas-de-economia-circular-en-la-cadena-de-valor-del-cacao
https://www.gob.pe/institucion/mincetur/informes-publicaciones/4823762-guia-de-buenas-practicas-de-economia-circular-en-la-cadena-de-valor-del-cacao
https://www.gob.pe/institucion/mincetur/informes-publicaciones/4823762-guia-de-buenas-practicas-de-economia-circular-en-la-cadena-de-valor-del-cacao
https://doi.org/10.1016/j.resconrec.2020.105028
https://doi.org/10.1016/j.heliyon.2024.e32987
https://doi.org/10.1016/j.sciaf.2024.e02479
https://doi.org/10.1016/j.jclepro.2022.134650
https://linkinghub.elsevier.com/retrieve/pii/S2590123025009053

through resource flow and emissions analysis. Resources Conservation
and Recycling, Vol. 215, pp. 11-14, 108083.
https://doi.org/10.1016/j.resconrec.2024.108083

[41]  Perramon, J., Bagur-Femenias, L., Del Mar Alonso-Almeida, M., &
Llach, J. (2024b). Does the transition to a circular economy contribute to
business resilience and transformation? Evidence from SMEs. Journal Of
Cleaner Production, Vol. 453, pp. 2-9, 142279.
https://doi.org/10.1016/j.jclepro.2024.142279

[42] lbach, M., Tatum, K., & Knieling, J. (2025). Crafting open innovation for
collaboration: Insights into multi-actor dynamics for the circular economy
transformation. Journal of Innovation & Knowledge, Vol. 10(5), pp. 1-10,
100799. https://doi.org/10.1016/j.jik.2025.100799

[43] Wensing, J., Rubiconto, F., Lazaro, A., & Van Leeuwen, E. (2025).
Diverse paths to circularity: Clusters of circular food behaviors and their
predictors. Sustainable Production and Consumption, Vol. 58, pp. 91-99.
https://doi.org/10.1016/j.spc.2025.06.016

[44] Olba-Ziety, E., Krzyzaniak, M., Stolarski, J., and Jerzy, S. M. (2025).
Economic efficiency of production of camelina and spelt wheat in organic
intercropping systems. Industrial Crops and Products, Vol. 237, pp. 11-
13, 122190.
https://doi.bibliotecaupn.elogim.com/10.1016/j.indcrop.2025.122190

[45]  Zahoor, N., Usman, M., Khalid, A., Aboelmaged, M. G., & Yasin, N.
(2025). Green strategic intent, artificial intelligence capability, and
behavioral dynamics of achieving circular economy goals in the public
sector. Technological Forecasting and Social Change, Vol. 221, pp. 7-10,
124362. https://doi.org/10.1016/j.techfore.2025.124362

[46] Flor, D., Friant, M. C., Powell, T. W., Lewis, C. N., Charnley, F., &
Galloway, T. S. (2025). Identifying positive tipping points for a circular
economy transition: A systematic analysis at an island scale. Journal Of
Cleaner Production, Vol. 522, pp. 1-18, 146300.
https://doi.org/10.1016/j.jclepro.2025.146300

[47]  Sazdovski, I., Batlle-Bayer, L., Bala, A., Margallo, M., Azarkamand, S.,
Aldaco, R., & Fullana-i-Palmer, P. (2024). Comparative assessment of
two circularity indicators for the case of reusable versus single-use
secondary packages for fresh foods in Spain. Heliyon, Vol. 10(6), pp. 1-
12. https://doi.org/10.1016/j.heliyon.2024.e27922

[48] Torres, K. J., Florez Pefia, L. S., Sanchez, C. W., and Castafieda
Pefiaranda, M. (2020). Metodologia SLP para la distribucion en planta de
empresas productoras de Guadua Laminada Encolada (G.L.G).
Ingenieria, 25(2), 103-116. https://doi.org/10.14483/23448393.15378

[49] Van, H.B., Solano, A, Riafio, J., Méndez, C. and Medaglia, A. L. (2024).
Decision-making for circular economy implementation in agri-food
systems: A transdisciplinary case study of cacao in Colombia. Journal of
Cleaner Production, Vol. 434, pp. 8-12, 140307.
https://doi.bibliotecaupn.elogim.com/10.1016/j.jclepro.2023.140307

[50] Sanchez, P. D., Hashim, N., and Muhammad, D. R. (2025). Properties,
uses, and utilization methods of cacao (Theobroma cacao) bean shells
(CBS), and applications of emerging green extraction techniques — A
review. Journal of Food Composition and Analysis, Vol. 145, pp. 15-17,
107823.
https://doi.bibliotecaupn.elogim.com/10.1016/j.jfca.2025.107823.

[51] Rukundo, R., Bergeron, S., Bocoum, I., Pelletier, N., & Doyon, M.
(2021). A Methodological Approach to Designing Circular Economy
Indicators for Agriculture: An Application to the Egg Sector.
Sustainability, Vol. 13(15), pp. 16-19, 8656.
https://doi.org/10.3390/su13158656.

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and
Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026


https://doi.org/10.1016/j.resconrec.2024.108083
https://doi.org/10.1016/j.jclepro.2024.142279
https://doi.org/10.1016/j.jik.2025.100799
https://doi.org/10.1016/j.spc.2025.06.016
https://doi.bibliotecaupn.elogim.com/10.1016/j.indcrop.2025.122190
https://doi.org/10.1016/j.techfore.2025.124362
https://doi.org/10.1016/j.jclepro.2025.146300
https://doi.org/10.1016/j.heliyon.2024.e27922
https://doi.org/10.14483/23448393.15378
https://doi.bibliotecaupn.elogim.com/10.1016/j.jclepro.2023.140307
https://doi.bibliotecaupn.elogim.com/10.1016/j.jfca.2025.107823
https://doi.org/10.3390/su13158656

