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Key indicators of the Cuban sugar agro-industrial value chain: content analysis
by processes and dimensions of performance and sustainability

Indicadores clave de la cadena de valor agroindustrial azucarera cubana: analisis
de contenido por procesos y dimensiones de desempeifio y sostenibilidad

Yasniel Sanchez Suarez!

ABSTRACT

Introduction: The sugar agroindustry has historically been a main pillar
of the Cuban economy, and its shift toward a sustainable model required
indicator systems capable of integrating the productive, economic,
social, environmental, and technological aspects of the value chain. The
goal was to characterize the key indicator system of the Cuban sugar
agroindustrial value chain through a content analysis by key process and
by performance and sustainability dimensions.

Methodology: A mixed approach was applied, of a descriptive-analytical
type, through documentary and content analysis of the institutional
indicator matrix, with a coding scheme covering seven dimensions of
performance and sustainability.

Results: The results showed 124 indicator relationships, mostly
concentrated in the production and capacity dimensions (23.4%), physical
resources and inputs (19.4%), compared to a low representation in the
economic-financial dimension (8.1%) and innovation and technology
(3.2%), the latter without explicit quantitative indicators in support
processes. Comparison with the literature showed a contrast: a greater
emphasis on environmental aspects and digitalization in international
literature.

Conclusions: It was concluded that the indicator system needs a
rebalance towards environmental sustainability and innovation to align
with recent frameworks for measuring the performance of agro-industrial

value chains.

Keywords: Agricultural Economics, Agricultural Statistics, Food Industry,

Sustainable Development.
JEL Classification: .66, 033, Q13.
Received: 10-05-2026 Revised: 10-08-2026

Editor: Alfredo Javier Pérez Gamboa

"Universidad de Matanzas. Matanzas, Cuba.
2Universidade de Sao Paulo. Sio Paulo, Brasil.

SUniversidad Agraria de La Habana. Mayabeque, Cuba.

04, Pietro Mendonca de Santis Sica?

>4, Darian Sama Mufioz> ¥ 04

RESUMEN

Introduccién: La agroindustria azucarera constituyé histéricamente un
eje principal de la economia cubana, y su reconversién hacia un modelo
sostenible demandé sistemas de indicadores capaces de integrar las
dimensiones productiva, econémica, social, ambiental y tecnolégica de
la cadena de valor. El objetivo fue caracterizar el sistema de indicadores
clave de la cadena de valor agroindustrial azucarera cubana, mediante un
andlisis de contenido por proceso clave y por dimensién de desempefio
y sostenibilidad.

Metodologia: Se aplicé un enfoque mixto, de tipo descriptivo-analitico,
mediante andlisis documental y de contenido sobre la matriz de
indicadores institucional, con un esquema de codificacién en siete
dimensiones de desempeiio y sostenibilidad.

Resultados: Los resultados evidenciaron 124 relaciones de indicadores,
concentradas en las dimensiones de produccién y capacidad (23.4%),
recursos fisicos e insumos (19.4 %), frente a una baja representacion de
las dimensiones econémica-financiera (8.1%) y de innovacion y tecnologia
(3.2%), esta tltima sin indicadores cuantitativos explicitos en los procesos
de apoyo. La comparacién con la literatura mostré un contraste: mayor
peso de lo ambiental y la digitalizacién en la literatura internacional.
Conclusiones: Se concluyé que el sistema de indicadores requiere
un rebalanceo hacia la sostenibilidad ambiental y la innovacién para
alinearse con marcos recientes de mediciéon del desempeno de cadenas

de valor agroindustriales.
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Key indicators of the Cuban sugar agro-industrial value chain: content analysis by processes and dimensions of performance and
sustainability

INTRODUCTION

The competitiveness of agro-industries depends largely on the capacity of their supply and value chains to generate,
capture, process, and utilize information and knowledge regarding the performance of all their constituent links. Porter
(1985) defined the value chain as the disaggregation of an organization into relevant primary and support activities; from
this perspective, value chain analysis became a key tool for identifying sources of competitive advantage and differentiation
in an increasingly globalized market. Walters and Lancaster (2000) introduced the concept of value strategy, noting that
chain competitiveness required internal efficiency and coordination. Subsequently, Gereffi et al. (2005) incorporated
the governance dimension into global value chain analysis, demonstrating that the distribution of power among actors—
producers, suppliers, buyers, marketers, and regulators—decisively influenced what information was measured, what was
targeted for control and by whom, and the shared purpose of all links in the chain.

Research focused on performance measurement revealed an evolution from systems centered on economic-financial
indicators toward multidimensional frameworks that explore internal processes, customer satisfaction, and staff training
and development. Neely et al. (1995) addressed this transition and warned of the risk of indicators that merely replicated
historical biases toward economic-financial metrics without delving into operational capabilities, quality, or innovation;
in a later study, Neely et al. (2000) proposed adopting a process-based approach for the design and updating of these
systems. In this regard, Bourne et al. (2000) emphasized that, while the initial design is important, the periodic updating
and adjustment of indicators are equally crucial. Kaplan and Norton (1992) proposed the balanced scorecard as a concrete
tool, establishing a balance among financial, customer, internal process, and organizational learning perspectives. In the
specific context of supply chains, Gunasekaran et al. (2004) proposed a performance measurement framework structured
by planning levels (strategic, tactical, and operational) and supply chain links; this framework was later updated by
Gunasekaran and Kobu (2007) through a systematic literature review on logistics and supply chain metrics. Meanwhile,
Beamon (1998) emphasized that supply chain design should be evaluated simultaneously in terms of resources, outputs,
and flexibility—three categories that anticipated many of the multidimensional classification schemes used today.

In addition to these contributions, the discussion on corporate sustainability expanded in the late 1990s; Elkington
(1997) introduced the “triple bottom line” concept to integrate economic, social, and environmental dimensions into
business performance evaluation. Seuring and Miiller (2008) subsequently applied this approach—via a literature review—
to sustainable supply chain management (SSCM), identifying the primary barriers to its implementation. Carter and
Rogers (2008) advanced the theory of sustainable supply chain management (SSCM) by linking the three sustainability
dimensions with other supporting processes—such as risk management, transparency, strategy, and organizational
culture—a framework that Carter and Easton (2011) later updated through a systematic review of empirical research.
Ahi and Searcy (2013) formally compared definitions of green management and SSCM, while Jabbour et al. (2013)
systematized the most widely studied green management practices (cleaner production, eco-design, reverse logistics, and
green purchasing) and noted the persistent scarcity of studies focusing on social and governance dimensions, in contrast
to the predominance of the environmental dimension in the strict sense.

In the specific case of the sugarcane agro-industry, international literature has documented similar barriers across
sustainability dimensions; in this regard, Viegas et al. (2024), in a systematic review of sustainability indicators in sugarcane
production, identified a clear predominance of environmental and economic-financial indicators over social ones. In Brazil,
numerous studies have addressed the technical and environmental efficiency of processing plants: Bordonal et al. (2018)
comprehensively reviewed the sustainability of Brazilian sugarcane production; Duarte et al. (2019) and Lemos et al.
(2019) identified agro-industrial practices associated with the technical efficiency of sugar and ethanol mills; Carlucci et
al. (2021) compared environmental factors and impurity levels between Brazilian and Australian mills; and Gongalves et
al. (2021) proposed strategies to simultaneously improve the environmental efficiency and economic profitability of these
facilities.

From a life cycle assessment (LLCA) perspective, Ometto et al. (2009) evaluated Brazilian sugarcane ethanol, while
Tsiropoulos et al. (2014) compared that production with India’s, and Rodrigues and Machado (2024) updated the LCA of
the sugarcane supply chain in Brazil's Central-West region. Jonker et al. (2016) and Khatiwada et al. (2016) optimized the
configuration of bioenergy supply chains based on sugarcane and eucalyptus, whereas Kadwa and Bezuidenhout (2015)
and Santoro et al. (2017) addressed the consistency of sugarcane supply to a South African mill and the optimization of
mechanized harvesting routes, respectively. Higgins (2006) and Renouf et al. (2013) documented Australian experiences
regarding the optimization of sugarcane transport and product diversification with an environmental focus. In Asia,
Yuttitham et al. (2011) and Prasara-A et al. (2019) evaluated the carbon footprint and the social and environmental
sustainability of sugarcane-derived products in Thailand, while Singh et al. (2025) applied system dynamics to analyze the
Indian sugar supply chain. Garcia et al. (2016) provided evidence on the carbon footprint of Mexican sugar production,
and Machado and Da Cruz (2022) analyzed the socioeconomic sustainability of the international sugarcane trade.
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In the Latin American and Caribbean context, Contreras-Lisperguer et al. (2018) used Life Cycle Assessment (LCA)—
incorporating environmental, economic, and social perspectives—to evaluate electricity cogeneration from sugarcane
bagasse in Jamaica; this provides a key reference for the comprehensive sustainability assessment of a sugar agro-industry
structurally similar to Cuba’s. Meanwhile, Chavez et al. (2020) and Gilani et al. (2020) proposed programming models
for the sustainable planning of upstream operations and sugarcane bioethanol supply networks. In contrast, Mota et al.
(2015) offered a general framework for the design and planning of sustainable supply chains that explicitly integrated the
three dimensions of sustainability.

Regarding these results within the agro-industrial context, two directly relevant trends were identified: (1) the water-
energy-food nexus approach—characterized by Correa-Porcel et al. (2021) as an emerging framework for the agri-food
sector and analyzed by Hamidov and Helming (2020) specifically regarding agriculture or water-intensive agricultural
products; in this same vein, Zarei et al. (2021) developed and prioritized sustainability indicators for agricultural systems
based on this approach, while Haghjoo et al. (2022) constructed and validated tools to assess this relationship at the
farm level; and (2) digitalization and Industry 4.0 technologies as a significant component of agri-food indicator systems:
Hassoun et al. (2023) reviewed applications of digital transformation in the agri-food industry, whereas Morella et al.
(2021) systematized the implementation of Industry 4.0 technologies across the agri-food supply chain and proposed key
indicators to measure their benefits. From a social perspective, Orou Sannou et al. (2023) systematically reviewed social
sustainability indicators in agri-food systems. They concluded that, despite recent growth, this dimension remains less
developed than the economic and environmental dimensions—a finding consistent with that reported by Jabbour et al.
(2013) regarding green supply chain management in general.

In Cuba, the sugar agro-industry was a strategic pillar of the national economy; over time, it underwent restructuring,
highlighting the need for indicator systems capable of simultaneously monitoring agricultural, industrial, commercial,
economic-financial, environmental, and social performance across the entire supply chain—all within a context of financial,
energy, input, and technological constraints. Recent studies on sugar supply in Matanzas utilized statistical forecasting
(Garcia-Lopez et al., 2024) and machine learning techniques (Garcia et al., 2022) to improve industrial planning based on
historical series of physical supply chain indicators; these studies demonstrated both the availability of quantitative data
in the region and the need to systematize and critically evaluate the set of indicators used to build those mathematical
models. Meanwhile, Sanchez Suérez et al. (2026) propose an integrated framework that accounts for the adoption of
artificial intelligence and the circular economy in the management of sugar agro-industrial value chains.

Despite the volume of international literature on the sustainability of the sugar value chain, studies providing a
systematic characterization—based on institutional documentation—of the complete input-output indicator system for a
specific sugar value chain (broken down by key process and by performance and sustainability dimensions) were rare, as
were studies comparing this structure against performance measurement frameworks and the international experience
of the sugar agro-industry itself. This gap was particularly significant in the Cuban context, where the scarcity of studies
published in indexed databases regarding the design of sugar value chain indicator systems stood in contrast to the
sector’s strategic importance to the national and regional economies.

Consequently, this research aimed to characterize the key indicator system of the Cuban sugar agro-industrial value
chain through a content analysis based on key processes and dimensions of performance and sustainability.

METHODOLOGY

The research was conducted within a post-positivist paradigm using a mixed-methods approach—predominantly
quantitative with a qualitative component—as it combined the systematic counting and classification of indicators
(quantitative approach) with the interpretation of their semantic content for thematic coding purposes (qualitative
approach). In terms of scope, the study was descriptive-analytical and cross-sectional: descriptive, as it characterized
the structure of the indicator system as it existed at the time of analysis; and analytical, as it established relationships
between processes, sustainability dimensions, and supply chain links, comparing them against specialized literature. The
design was non-experimental and documentary, based on the content analysis of a primary institutional source (from the
AZCUBA business group), without variable manipulation or intervention regarding the unit of study.

The object of study was the indicator matrix for the sugarcane value chain from the AZCUBA business group—specifically
its current revised version (2026)—organized according to Porter’s (1985) value chain model into five primary processes:
(1) agricultural production, (2) harvesting, (3) sugar production, (4) production of derivatives, and (5) commercialization;
and four support processes: (1) procurement of supplies; (2) planning, financing, and internal control; (3) human resource
management; and (4) technological development and innovation.

For each primary process, the institutional matrix documented the process inputs and outputs in a structured manner,
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along with the indicators associated with each input and output; for support processes, the matrix documented qualitative
inputs and outputs without associated explicit quantitative indicators—a circumstance analyzed as a significant finding of
the study. Specific indicator data sheets supplemented this documentary source for each primary process—available in the
same institutional record—which served as a source of triangulation to verify the consistency of the indicators extracted
from the general matrix (Figure 1).

Figure 1.
Analysis of information in the institutional matrix

Indicadores de

entrada
Procesos primarios
(5)
Indicadores -
cuantitativos Indlcadpres de
salida
Ficha de Matriz
indicador Institucional
Registro general
de indicadores Indicadores de
entrada
Procesos de apoyo
(4)
Indicadores Indicadores de
cualitativos .
salida
Source: own elaboration
Note: the figure appears in its original language
Information processing
Information processing was carried out in three successive phases (Table 1).
Table 1.
Information processing phases
Phases Name Actions Objective

Phase1l  Extraction and The entire content of the matrix was transcribed electronically, Distinguish the number of indicator-
normalization and the text of each indicator was standardized to identify formally process relationships from the
identical indicators repeated across multiple processes or lists.  number of unique indicators

contained in the system.

Phase 2 Thematic coding Each unique indicator was classified into one of seven performance Group the indicators according to
and sustainability dimensions, which were deductively derived the dimensions of sustainability.
from the literature review: production and capacity; physical
resources, inputs, and land; quality, market, and customer;
economic-financial; labor and community; environmental and
efficient resource use; and innovation and technology.

Phase 3 Relational Frequency matrices were constructed cross-referencing primary Approximate the continuity of
analysis and support processes with the seven sustainability dimensions, information between consecutive
distinguishing between input and output indicators. links in the chain.

Note: All processing was carried out in a Microsoft Excel spreadsheet, ensuring the traceability and reproducibility of the indicator
count based on the source file.

The coding scheme integrated Elkington’s (1997) triple bottom line approach—along with the operational breakdown
proposed by Carter and Rogers (2008) and Seuring and Miiller (2008)—for the economic, social, and environmental
dimensions; Beamon’s (1998) distinction between resource, output, and flexibility indicators and Gunasekaran et al.’s
(2004) multilevel framework for the production and resource dimensions; and the separation between market/customer
and learning/innovation indicators proposed by Kaplan and Norton (1992) for the quality-market and innovation-
technology dimensions.

hitps://doi.org/10.58763 /rc2026642 4 Region Cientifica. 2026; 5(2)



Sanchez Suérez et al

Each indicator was coded by a single researcher based on its literal wording; ambiguous cases were recoded using
an alternative criterion (sensitivity analysis), and the resulting distribution was compared with the original, revealing no
variations exceeding two percentage points in any dimension.

Literature review

The literature review underpinning the theoretical framework and the discussion of results was conducted using a
structured search strategy to ensure transparency in accordance with the PRISMA 2020 statement principles (Page
et al,, 2021), although it did not constitute a full systematic review. The Scopus, Web of Science, and SciELO databases
were consulted using combinations of thematic descriptors—such as “value chain,” “sugarcane,” “sugar agro-industry,”
“sustainability indicators,” and “performance measurement” and their Spanish equivalents (“cadena de valor”, “cafia
de aztcar”, “agroindustria azucarera”, “indicadores de sostenibilidad”, “mediciéon del desempefio”)—restricted to peer-
reviewed articles published primarily within the last 15 years; however, seminal theoretical works were included without
time restrictions when they served as essential references in the field. Priority was given to scientific articles, and any

references with unconfirmable metadata were excluded. The search was conducted on September 18, 2026.

Methodological limitation

It is acknowledged that the study relied on a single institutional documentary source and on coding performed by
a lone researcher, without a second independent coder to allow for the calculation of an inter-researcher agreement
coefficient; while this limitation was partially mitigated through triangulation with process-specific records and the
described sensitivity analysis, it did not replace the robustness that multiple coding would provide in future studies.

RESULTS AND DISCUSSION

General structure of the value chain and nature of its indicators

The value chain analyzed was organized—based on Porter’s (1985) model and the proposal by Sanchez Suérez et
al. (2026)—into five sequentially arranged primary activities and four cross-cutting support activities (Figure 2). This
structure aligned with the sequential linkage logic described by Walters and Lancaster (2000) and the chain governance
principle noted by Gereffi et al. (2005), insofar as each primary process received the outputs of the preceding process as
inputs and transferred its own outputs to the next one.

Figure 2.
Structure of the sugar agro-industry value chain

ACTIVIDADES DE APOYO

Planificacion,

Adquisicion de : o Gestion de recursos Desarrollo tecnoldgico e
o financiamiento y . .,
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Source: own elaboration based on the institutional value chain indicator matrix.
Note: the figure appears in its original language.
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A key initial finding was the markedly asymmetric nature of the indicator system as it applied to primary versus
support activities. While the five primary processes explicitly documented 124 relationships between indicators and
processes (59 linked to inputs and 65 to outputs, representing 92 unique indicators after removing overlaps between
processes), the four support activities—comprising a total of 15 management subprocesses and 26 qualitative inputs
and 23 qualitative outputs—lacked any associated explicit quantitative indicators in the institutional matrix. This gap
aligned with warnings from Neely et al. (1995) regarding the risk that indicator systems prioritize what is measurable
and visible—in this case, primary physical production—over support functions crucial to the chain’s sustainability, such
as human resource management or technological development through innovation. This was particularly significant given
that the institutional matrix qualitatively assigned the outputs linked to environmental management, corporate social
responsibility, and the chain’s technological competitiveness precisely to the “technological development and innovation”
support activity.

Input and output indicators by primary and support process

Table 2 summarizes the number of inputs, outputs, and indicators associated with each primary process in the chain.
Agricultural production (12), harvesting (13), and sugar production (14) accounted for the highest numbers of input
indicators, respectively; these were primarily associated with the control of physical resources—such as land, water,
varieties, and machinery—as well as raw material quality at the time of cutting. Sugar production recorded the highest
number of output indicators (n=14), linked to industrial yield and finished product quality. In contrast, commercialization
showed the fewest documented outputs (n=3) despite a comparatively high number of inputs (n=7) and input indicators
(n=11). This suggests a chain with more advanced measurement systems in its production links than in its commercial
link—a finding that contrasts with the importance Beamon (1998) and Gunasekaran et al. (2004) attributed to customer
service and commercial responsiveness indicators within a balanced performance measurement system.

Table 2.

Inputs, outputs, and indicators by primary process of the value chain

Primary process Inputs Input indicators Outputs Output Total
indicators

Agricultural and livestock production 8 12 8 16 28

Harvesting 6 13 7 14 27

Sugar production 8 14 6 14 28

Production of derivatives 8 9 5 12 21

Marketing 7 1 3 9 20

Total 37 59 29 65 124

The support activities comprised a total of 15 management sub-processes: three in supply acquisition (importation,
procurement of raw materials and domestic supplies, and services); four in planning, financing, and internal control
(external finance, internal finance, internal control, and planning); four in human resource management (employment and
wages, capacity building, occupational health and safety, and personnel management); and four in technological development
and innovation (research, new technologies, continuous improvement, and social and environmental responsibility). As
previously noted, none of these sub-processes included explicit quantitative indicators in the matrix; this limited the
ability to systematically track numerical data regarding aspects such as staff numbers and qualifications, access to external
credit, or the implementation of environmental and quality management systems—all of which were documented solely as
qualitative inputs or outputs.

Distribution of indicators by performance and sustainability dimension

The 124 primary indicators, grouped according to the seven methodologically defined sustainability dimensions, yielded
the distribution shown in Figure 3. The dimensions of “production and capacity” (23.4%) and “physical resources, inputs,
and land” (19.4%) together accounted for nearly two-fifths of the indicator system, followed by “labor and community”
(17.7%) and “quality, market, and customer” (16.9%). At the opposite end lie the economic-financial dimension (8.1%), the
environmental dimension (11.3%), and the innovation and technology dimension—with only 3.2% of the indicators, the
lowest of all analyzed categories—factors that could undermine the competitiveness of the chain.

This distribution revealed a pattern diverging from that described in classical literature on performance measurement
systems, which noted the historical predominance of financial indicators over operational ones (Kaplan & Norton, 1992;
Neely et al, 1995); in the chain analyzed, the economic-financial dimension was among the least represented (8.1%),
whereas the operational and physical resource dimensions accounted for the largest share of the system. This finding was
consistent with the historical emphasis placed—within the Cuban sugar agro-industry management model—on the physical
control of agricultural and industrial processes; however, it mirrored, in reverse, the very imbalance that Gunasekaran
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et al. (2004) and Neely et al. (1995) identified as undesirable: a system of indicators skewed toward the production-
operational aspect, with gaps requiring analysis in the economic-financial, environmental, and innovation dimensions.

Figure 3.
Distribution of the 124 relationships by primary process and performance and sustainability dimension
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The low representation of the environmental dimension (11.3%) contrasted with the growing importance this dimension
has gained in international literature regarding sugarcane sustainability, particularly in markets where the sector is
strong, such as Brazil. Viegas et al. (2024) identified a predominance of environmental indicators in global sugarcane
production, highlighting an increasing number of studies on carbon footprint and LCA applied to this agro-industry
in Brazil (Bordonal et al., 2018; Ometto et al, 2009), Mexico (Garcia et al., 2016), Thailand (Prasara-A et al., 2019;
Yuttitham et al,, 2011), and the Caribbean (Contreras-Lisperguer et al., 2018). In the Cuban supply chain analyzed, the
identified environmental indicators were essentially limited to the percentage of burnt cane, foreign matter content, and
specific indicators of environmental impacts associated with harvesting and industrial production; notably, no explicit
indicators were identified for carbon footprint, water consumption, bagasse energy efficiency, or the management of waste
and vinasse—despite the fact that international literature has extensively documented the potential of the latter as sources
of environmental and energy value within the sugarcane value chain (Gongalves et al., 2021; Jonker et al.,, 2016; Khatiwada
et al,, 2016).

Meanwhile, the innovation and technology dimension lacked quantitative indicators in support processes and included
only four (3.2%) in primary processes; this stood in stark contrast to the central role that Hassoun et al. (2023) and Morella
et al. (2021) attributed to digitalization and Industry 4.0 technologies—specifically the deployment of digital traceability
tools, sensor systems, and real-time data analysis as explicit, measurable components of contemporary agrifood systems.

The “labor and community” dimension, accounting for 17.7% of the indicators, was comparatively more prominent than
in other international studies on the sustainability of agri-food supply chains. Jabbour et al. (2013) and Orou Sannou
et al. (2023) noted that, internationally, the social dimension was the least developed of the three pillars of the triple
bottom line; consequently, the relatively high representation of labor and community indicators in the Cuban supply
chain analyzed—linked primarily to occupational health and safety and community contributions—represented a relative
strength of the system vis-a-vis international trends, even though this coexisted with a virtual absence of social indicators
regarding participation or the perceptions of sugarcane-growing communities, attributes identified by Orou Sannou et al.
(2023) as among the least explored.
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Continuity of indicators between consecutive processes

Analyzing the alignment between the output indicators of one process and the input indicators of the subsequent
one made it possible to estimate the degree of informational continuity across the chain—factors that foster integration
and collaboration between links. The relationship between harvesting and sugar production demonstrated the highest
level of continuity, with five shared indicators; this reflected the pivotal role of raw material quality as a critical control
variable during the transition between these two processes, consistent with the importance attributed to potential
sugarcane yield in recent Cuban studies on industrial forecasting (Garcia et al, 2022; Garcia-Lopez et al, 2024).
Conversely, the relationships between the sugar production and derivatives production links, between sugar production
and commercialization, and between derivatives production and commercialization showed only one shared indicator—or
none at all—suggesting limited explicit traceability of quality and performance data toward the final links of the chain. This
discontinuity is significant when viewed in light of the arguments made by Beamon (1998) and Carter and Rogers (2008)
regarding the need for visibility and traceability throughout the entire chain as a prerequisite for sustainable management.

Contrast with the international experience of the sugar agro-industry

Table 3 presents a comparative analysis—highlighting specific dimensions—of the Cuban sugar value chain against
a set of international experiences documented in the literature. The comparison revealed that, while the international
studies focused primarily on environmental and economic-production dimensions, the Cuban value chain exhibited an
indicator profile oriented mainly toward physical production control and the labor and community dimensions, with less
emphasis on environmental and economic-financial aspects—and, above all, on innovation and technology.

Table 3.

Comparative analysis with a dimensional focus identified in the Cuban sugar value chain

Experience Predominant dimensional emphasis Source

Brazil (sugar and alcohol mills) Technical, environmental, and energy Carlucci et al. (2021); Duarte et al. (2019);
efficiency (cogeneration, LCA) Lemos et al. (2019); Ometto et al. (2009)

Thailand (cane-derived products) Carbon  footprint and  social and Prasara-A et al. (2019); Yuttitham et al.
environmental sustainability (2011)

Australia (transport and diversification) Harvest logistics and environmental product Higgins (2006); Renouf et al. (2013)
diversification

Jamaica (bagasse-based cogeneration)  Integrated environmental, economic, and Contreras-Lisperguer et al. (2018)
social sustainability (LCA)

India (sugar supply chain) Systems dynamics applied to supply chain Singh et al. (2025); Tsiropoulos et al.
efficiency (2014)
Cuba (chain analyzed) Physical-production control and labor/ Present study

community dimensions; low levels of
environmental resources and innovation

This comparison did not imply a negative assessment of the Cuban sugar system under analysis, given that it responded
to management priorities historically focused on physically securing production amidst severe material and financial
constraints; however, it did reveal a concrete opportunity for modernization: the explicit incorporation of quantifiable
environmental indicators—specifically regarding bagasse energy efficiency, waste and vinasse management, and water
consumption—as well as indicators for innovation and digitalization in the corresponding support activities, in line with
trends documented by Hassoun et al. (2023), Morella et al. (2021), and the body of environmental studies on sugarcane
agro-industries reviewed in this work.

CONCLUSIONS

The input-output indicator system for the analyzed sugar value chain was structured into five primary processes and
four support processes. While 124 relationships between indicators and primary processes were documented, the support
activities lacked explicit quantitative indicators—despite encompassing functions crucial to the chain’s sustainability,
such as human resource management, financial planning, and technological development and innovation.

The distribution of indicators across sustainability dimensions revealed a concentration in the production and capacity
dimension and the physical resources and inputs dimension, contrasted with comparatively low representation of the
environmental and innovation/technology dimensions. This finding stood in contrast to the greater emphasis placed on
these latter dimensions in recent international literature regarding sustainable sugar agro-industrial value chains and
digitalization.
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Analysis of process continuity revealed a higher density of shared indicators in the relationship between harvesting
and sugar production—linked to raw material quality control—compared to virtually non-existent continuity regarding the
derivative production and commercialization stages; this highlighted an opportunity to improve information traceability
in the final segments of the chain.

The indicator system requires rebalancing toward environmental sustainability, innovation, and digitalization through
the incorporation of explicit quantitative indicators for support activities and the chain’s final stages, without overlooking
the relative strength shown by the labor and community dimension compared to documented international trends. A
limitation of the study was its reliance on a single institutional document source coded by one researcher; future research
could expand triangulation through multiple coding and time-series analysis of the indicators themselves, thereby
consolidating a national reference framework for assessing sugar value chain sustainability.
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