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ABSTRACT 

The optimization of sugar agro-industrial value chains, characterized by their 
complexity and inefficiencies, requires comprehensive tools such as value 

stream mapping. The objective is to implement value stream mapping to 
model the sugar agro-industrial chain of the Boris Luis Santa Coloma agro-

industrial company. A quantitative methodology was applied in three stages: 

selection of a management team, modeling using value stream maps, and 
identification of improvements through Kaizen events. The initial map revealed 

a total cycle time of 4969 hours and waiting times of 35 hours. After 

implementing improvements, significant reductions were achieved, such as a 

19,1 % reduction in industrial cycle time. The application of value stream 
mapping proved to be an effective tool for visualizing and optimizing the chain, 

generating positive impacts on operational efficiency. 

Keywords: value chains; supply chains; sugar agroindustry; lean 

manufacturing; value stream mapping. 

 
RESUMEN 

La optimización de las cadenas de valor agroindustriales azucareras, 

caracterizadas por su complejidad e ineficiencias, requiere herramientas 

integrales como los mapas de flujo de valor. El objetivo es implementar los 

mapas de flujos de valor para la modelación de la cadena agroindustrial 

azucarera de la empresa agroindustrial azucarera Boris Luis Santa Coloma. Se 
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aplicó una metodología cuantitativa en tres etapas: selección de un equipo 

gestor, modelación con mapas de flujo de valor, e identificación de mejoras 

mediante eventos Kaizen. El mapa inicial reveló un tiempo total de ciclo de 
4969 horas y tiempos de espera de 35 horas. Tras la implementación de 

mejoras, se lograron reducciones significativas, como un 19,1 % en el tiempo 

de ciclo industrial. La aplicación de los mapas de flujo de valor demostró ser 
una herramienta efectiva para visualizar y optimizar la cadena, y genera 

impactos positivos en la eficiencia operativa. 

Palabras clave: cadenas de valor; cadenas de suministro; agroindustria 

azucarera; lean manufacturing; mapas de flujo de valor. 
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Introducción 
The optimization of material and intellectual resources is considered a natural 
process in human development, linked to logistics. Its purpose is to organize, 

arrange, and use inputs or tools based on the ordering, improvement, and/or 
distribution of specific processes in organizations [1], viewed in turn as a new 

way of approaching business management that improves quality and is also 
considered a tool that provides competitive advantage [2, 3]. 

The organization of the logistical system is the connecting bridge between 
production and markets, which are separated by time and distance. 

Furthermore, it directs all efforts to meet customer requirements. Its 
management has evolved towards integration, aiming to optimize business 

logistics [4]. Pérez Marroquín [5], from a perspective based on maximizing 

efficiency, recognizes the complexity and need for a holistic approach in 

logistical management where the synchronization of marketing, sales, 
purchasing, finance, and production processes constitutes the first step 

towards the consolidation of logistical networks. 
With the maturity of logistical networks in the early 1980s, a new management 

approach emerged: supply chains [6], an approach that constitutes the 

process of planning, executing, and controlling the flows of materials, 
economic-financial, information, knowledge, and return [7] from the point of 

origin (suppliers) to the point of consumption in order to meet customer needs. 

Among its main challenges are [1]: avoiding shortages of essential goods, 

evolving on the fly with new technologies, waste management in processes, 

based on risk management, the training of new competent professionals, and a 
focus on effectiveness. 

Supply chains are sometimes confused with value chains, but their 

conceptualization is different [8]. While supply chains focus on guaranteeing 

and maintaining an agreed level of service with the customer, value chains 

focus on generating value for the product or service to be delivered. The value 
chain is made up of the set of activities that add value to the final product, 

ranging from its mere conception, through its production, distribution, and 
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commercialization, to collection or recycling after use, generating competitive 
advantage through the continuous identification of improvement opportunities 

[9]. Antúnez Saiz and Ferrer Castañedo [10] summarize that it includes all 

activities that influence the creation of value and that in many cases, without 

creating it, condition its superior quality. 

The relationship between value produced and value perceived constitutes the 

essence of competitive dynamics and gives the value chain great utility for 
strategic analysis, something similar to what is addressed in supply chains with 

customer service. Table 1 shows the main differences between supply chains 

and value chains. 
 

Table 1 - Conceptual differences between Supply Chains and Value Chains. 
Aspects Supply Chains Value Chains 

Management 
Focus 

Customer Value 

Objective Maintain a set service level (SL) for 
the customer. 

Generate value (identify improvement 
opportunities in C1, C2, C3, C4). 

Main Links  Suppliers  
 Production  
 Distribution  
 Customers 

 Suppliers' value chain 
 Value chain of other business units 
 Value chain of distribution channels 
 Customers' value chain 

Scope of 
Management 

Process 

Start: Identification of links and 
mapping of the supply chain.  

End: Evaluate customer satisfaction 
(SL). 

Start: Identification of improvement 
opportunities by value chain links. 

End: Evaluate the level of added value in the 
value chain. 

 

As a main similarity, both encompass the logistical subsystems that form the 
basis of management, business logistics, and the internal supply chain, 

through their interconnection with other logistical systems, and both are based 
on enhancing linkages. Therefore, it can be said that a value chain preexists 

within a supply chain. 

Sugar agro-industrial value chains are distinguished by their structural 
complexity, the multiplicity of actors involved (producers, processors, 

distributors, and consumers), and the need for efficient coordination to 

maximize the generation of added value. These chains require the integration 
of activities from the provision of raw materials to transformation and 

commercialization, where efficiency in the management of product, 

information, and financial resource flows is fundamental for their competitive 

performance [11]. Sustainability emerges as a central axis, evaluated through 

economic, social, environmental, and resource dimensions, which demands 
multi-criteria evaluation models and continuous improvement strategies, such 

as process optimization, technology implementation, and institutional 

strengthening [12]. 
In this context, risk management and adaptability to market fluctuations are 

essential to maintain resilience and profitability, requiring the identification and 

mitigation of risk agents along the chain [13]. Finally, the generation of added 

value and the equitable distribution of benefits among actors are persistent 

challenges, where innovation, investment in technology, and collaboration 

among the links of the chain are determining factors for the sustainability and 
competitiveness of the sector [14, 15]. 
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The use of Value Stream Mapping (VSM) in modeling sugar agro-industrial 

value chains allows for the comprehensive visualization of productive 

processes, identifying inefficiencies, waste, and bottlenecks, as well as 
opportunities for improvement in sustainability and competitiveness [16]. 

These maps, which graphically represent the journey of materials and 

information from origin to final product, have been used to integrate tools such 
as life cycle analysis, simulation, and Lean management, which facilitates the 

identification of critical points and the prioritization of interventions in the chain 

[17]. Their application has proven key to optimizing processes, reducing 

losses, improving decision-making, and moving towards more sustainable and 
resilient chains [18]. 

An analysis of different studies implementing VSM for modeling the sugar 

agro-industrial value chain [7, 16, 17, 19] allows summarizing that relevant 
gaps persist: the lack of studies that comprehensively combine different 

methodologies, the scarce adaptation of maps to specific contexts, the 

tendency to address only effects and not root causes, the limitations of 

traditional maps due to their static nature, and the difficulty in modeling 
complex dynamic behaviors. 
Consequently, the research objective is to implement VSM for modeling the 
sugar agro-industrial chain of the Boris Luis Santa Coloma agro-industrial 

company. 
 

Methods 
The study was framed within a quantitative research methodology with a 

descriptive approach [20] applied to a specific case study: the Boris Luis Santa 
Coloma sugar agro-industrial company, in the province of Mayabeque, Cuba. 
Figure 1 shows the procedure proposed in the research. 

Procedure Objective: Establish a systematic methodology to 
comprehensively visualize, analyze, and model all flows and processes of the 

sugar value chain, in order to identify waste and improvement opportunities. 
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Fig. 1 - Procedure proposed in the research. 

 

Stage 1. Selection of the Value Chain Management Team 
The formation of the team was conceptualized not as a simple selection, but as 

the creation of a "talent cohort." The search prioritized a hybrid profile 
combining technical knowledge in agronomy, logistics, and industrial processes 

with transversal competencies in data analysis, systemic thinking, and change 

management. The premise was that the complexity of the modern sugar chain 
requires synthesizing diverse perspectives to decipher its integral dynamics. 
To objectify this search and transcend mere curricular assessment, the Artola 

Pimentel Expertise Coefficient [21] was applied. This tool allowed quantifying 
and balancing a triple profile: procedural wisdom (practical experience), 

analytical agility (ability to interpret data), and ecosystem vision 
(understanding of the sector as a whole). 

 

Stage 2. Modeling using Value Stream Mapping 
Step 2.1. Collection of primary data in the different links of the 

chain 
The analysis of the value chain, based on its processes, allows understanding 

its functioning, evaluating its efficiency, and identifying improvement 

opportunities. Each link fulfills a specific function in the transformation of the 

product, so it is essential to recognize how these activities interact to 

understand their contribution to the whole. The main links and indicators to 
analyze appear in table 2. During this step, all information related to activities, 

their duration, resources, and main risks is recovered (these were represented 

in a risk matrix of impact vs. probability). 
 

Table 2 – Main links and indicators for creating the maps. 
General Link Description Indicator to Analyze 

Agricultural Link Cultivation - harvest - collection -  Cycle time per hectare 
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transport to mill  Yield (ton cane / hectare) 
 Mechanical / manual harvest index 
 Waiting time at collection point 

Industrial Link Reception - milling - clarification - 
evaporation - crystallization - 

centrifugation - drying - 

packaging 

 Process capacity per stage 
 Operational cycle time 

 Intermediate inventories 

 Extraction rate and efficiency 

Commercial Link Storage - distribution - customers  Delivery times 

 Stock levels 
 Order fulfillment rate 

 

Step 2.2. Mapping of the current value chain and analysis of 
stakeholder groups 

To map the value chain, the precepts defined by Hernandez Nariño et al. [7] 

were considered. An analysis of the main actors and their relationships was 

carried out based on their classification into: (1) suppliers, (2) producers, (3) 

distributors, (4) marketers, and (5) customers. The implementation of a 
supplier selection technique that optimizes the operational management of 

production systems and strengthens customer relationship management is 

proposed [22]. 

Step 2.3. Construction of the current value stream maps 
For the construction of the current VSM, Microsoft Visio software was used, 

starting from the integration of the information obtained from the mapping. 
The procedure proposed by Sánchez Suárez et al. [17] was used for its 
creation. 

Step 2.4. Identification of improvement opportunities 
To identify improvement opportunities, an approach based on Kaizen bursts 

(Kaizen events) was used, allowing the prioritization of problems according to 
their severity and urgency. Through brainstorming sessions, potential solutions 

were generated by considering three key axes: market studies to analyze the 
environment and sector trends, innovation and optimization of the production 
system, and strategic investment in development. 
Each improvement proposal was evaluated based on three fundamental 

questions: 

1. How to make processes more efficient and fluid? 

2. In what way can actors collaborate to optimize production and 
distribution? 

3. How to ensure that resources are used strategically to improve the 

system's profitability and sustainability? 

Step 2.5. Construction of the future value stream map 
The future VSM aims not only to visualize an improved model but also to 

transform the structure of the production system to make it more efficient, 

sustainable, and competitive. It is not enough to make superficial adjustments; 
it involves rethinking how processes, actors, and resources are integrated, 

ensuring that each improvement introduced has a real impact on the value 
chain's performance. 

 

Stage 3. Continuous monitoring of results 
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Quantitative assessments were carried out based on the efficiency index per 
link [17], which relates the current times in each of the activities and the 

projected future value from corrective actions. For corrective actions that have 

a direct influence on time reduction, the criteria of the management team and 

members of the AZCUBA group's board of directors were taken into account. 

These analyses were complemented by qualitative assessments of the 

economic, social, and environmental benefits for the sector. 
 

Results 
From the application of the proposed methodology, the following results are 

obtained: 

 

Stage 1. Selection of the value chain management team 
The value chain management team was composed of nine experts, all with a 

competence level between 0.89 and 0.97. Of these, four are from the AZCUBA 
business group, three are from the Boris Luis Santa Coloma sugar agro-

industrial company, and two are researchers and academics (one from the 
University of Matanzas and one from the Havana Agricultural University). 

 
Stage 2. Modeling using value stream mapping 

Step 2.1. Collection of primary data in the different links of the 
chain 

Table 3 shows the collection of primary data from the links of the sugar agro-
industrial value chain of Boris Luis Santa Coloma. Figure 2 shows the risk map. 

 
Table 3 - Collection of primary data from the links. 

Link Number of 
Activities 

Duration (time) Resource Type 

Primary prodution 8 12 – 24 months  Material Resources 
Human Resources 

Distributor 1 (TRANSMEC) 5 24 – 72 hours Material Resources 
Human Resources 

Industrial production 10 24 – 72 hours Material Resources 
Human Resources 

Distributor 2 (ENCARGA) 5 2 – 4 hours Material Resources 
Human Resources 
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Fig. 2 – Risk map of the sugar value chain. 

 

Step 2.2. Mapping of the current value chain and analysis of 
stakeholder groups 

Table 4 shows the relationship matrix of the main stakeholder groups of the 
Boris Luis Santa Coloma sugar agro-industrial company. Once the value chain 
links, the involved actors, and the interaction between the different system 

components were defined, the current value chain was mapped, representing 

material, financial, and information flows (Figure 3). The chain was presented 
to experts, where 100% approved the proposed value chain by affirming that it 

describes their current real operation. 
 

Table 4 - Stakeholder relationship matrix. 
Stakeholder Groups 1 2 3 4 5 6 

1. General Manager - x x 0 x 0 

2. Cane Compensation Manager x - x 0 0 0 

3. Brigade Chief, Collection Center x x - x 0 0 

4. Mill Administrator 0 0 x - 0 0 

5. Commercial Department x 0 0 0 - x 

6. TECNOAZUCAR 0 0 0 0 x - 
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Fig. 3 – Current value chain map. 

 

Step 2.3. Construction of the current value stream maps 
The current VSM was constructed, identifying as main problems: non-

compliance with production plans due to low crop yields, deficient pest control 
systems, deficiencies in production demand planning, unnecessary movements 

due to poor organization and route optimization, unnecessary internal 

movements of operators in the mill, increased rework due to poor quality 
control systems, increased queues in cane reception at the mill, and non-

compliance in payments. The modeling yielded total cycle times of 4969 hours 

and total waiting times of 35 hours. 
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Step 2.4. Identification of improvement opportunities 
A working session was held with 100 % of the experts where the current 

conditions of the value chain were presented, as well as the current models 
and the deficiencies detected during their implementation, to jointly propose 

improvement opportunities. Among the main ones are: 
 Use of private transport for moving sugar cane in support of state 

transport. 

 Creation of a collection center to streamline reception and weighing 

processes before factory processing. 
 Define a collaborative demand planning model to adjust inventory levels 

in the factory. 

 Implement a customer relationship planning system focused mainly on 
optimizing contracting processes. 

 Implementation of a customer-centric payment management system 

with the implementation of electronic payments. 

 Conduct a capacity study in the factory to reduce queues caused by 
bottlenecks. 

 

Step 2.5. Construction of the future value stream map 
Based on the improvement opportunities, an action plan was created and 
implemented from July 2024 to July 2025, with two measurements: one in 

January 2025 and the second in July 2025. With the latter, the future value 
stream map was modeled (figure 4). 
 

 
Fig. 4 – Future value stream map. 

 

Stage 3. Continuous monitoring of results 
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Table 4 shows the impact analysis and its evolution in the two measurement 
periods. 
 

Tabla 4 – Measurement of the impact of the implemented improvement solutions. 
Link IEa  

(January 2025) 
IEa  

(July 2025) 
Evolution 

TCT WT TCT WT TCT WT 

Primary prodution 28,4 % 35 % 31,6 % 50 % 3,2 % 15 % 

Distributor 1 (TRANSMEC) 40 % - 50 % - 10 % - 

Industrial production 35 % 28,5 % 19,1 % 33,3 % -15,9 % 4,8 % 

Distributor 2 (ENCARGA) 0 % - 0 % - 0 % - 

Customer 26 % 0 % 28,6 % 0 % 2,6 % 0 % 
Where: TCT (Total Cycle Time) y WT (Wait times). 

 

The application of the procedure allowed identifying and eliminating activities 
that do not add value (waste), all of which results in impacts in the economic, 

social, and environmental spheres. 

 
Economic Impact 

 Optimization of transport routes influences the distance traveled and 
reduces fuel consumption. The reduction of inter-link transport time from 

2 to 1 hour represents substantial savings in logistical costs. 
 The 19.1% reduction in cycle time and 33.3% in waiting times implies 

greater machinery availability, more efficient use of energy (steam, 

electricity), and a reduction in the cost per ton of sugar produced. 

 Clarification of roles through the responsibility assignment matrix avoids 
duplication of functions and time lost in inefficient coordination. 

Personnel are assigned to value-added activities, increasing apparent 
labor productivity. 

 Increases the volume and quality of sugar production and its derivatives, 

and creates exportable surpluses or for the national industry, reducing 
the need to import sugar or finished products that could be 

manufactured locally. 
Social Impact 

 Strengthening of local capacities through training, raising the technical 

and managerial competencies of professionals and technicians in modern 
management tools, fostering local innovation. 

 Empowers actors by giving them the tools to analyze and improve their 

own processes. 

 Contributes to farmers and cooperatives integrating more fairly and 
efficiently into the chain. The possibility of using their own transport and 

streamlining reception and payment processes improve their income and 

economic stability. 

 Fosters local development by strengthening primary and logistical local 

links; innovation retains more value within the Mayabeque territory, 

generating indirect jobs and stimulating the provincial economy. 
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 Contributes to food security by guaranteeing stable production of food, 

strengthening national sovereignty by reducing dependence on sugar 

imports or other products that can be substituted by cane derivatives. 
 Contributes to the preservation of the sugar cultural and productive 

heritage of the territory, which is a source of identity and pride for sugar 

communities. 
Environmental Impact 

 Optimization of transport routes, efficient load planning, and reduction of 

truck travel and waiting times lead to a direct decrease in greenhouse 

gas emissions, contributing to Cuba's national and international 
commitments in climate change mitigation. 

 The reduction of stops and bottlenecks in the industrial process entails 

more stable and efficient consumption of steam and electricity, 
decreasing the carbon footprint of production. 

 Contribution to the circular economy through the utilization of by-

products such as bagasse, which can be efficiently used as fuel for 

renewable energy generation (biomass), reducing dependence on fossil 
fuels. 

 Integration and collaboration among actors for the processing of filter 
cake as organic fertilizer, closing the nutrient cycle and returning them to 

the cane fields, thus impacting waste reduction and optimization of 
resource use to promote significantly more sustainable circular business 

models. 

 Contribution to more efficient and monitored agricultural practices 
derived from better chain management contribute to the long-term 

conservation of soil and water resources, which are the basis of agro-
industrial production. 

 

Discussion 
The VSM implementation in the sugar agro-industrial value chain of the Boris 
Luis Santa Coloma company proved to be an effective tool for comprehensively 

visualizing flows and processes, allowing the identification of inefficiencies, 
waste, and bottlenecks. The results obtained reflect a significant improvement 

in efficiency indicators, especially in the reduction of cycle and waiting times in 

productive and logistical links, validating the usefulness of VSM as a diagnostic 
and continuous improvement instrument in complex agro-industrial contexts 

[17, 18]. However, the study also evidenced limitations inherent to traditional 

maps, such as their static nature and the difficulty in modeling complex 

dynamic behaviors, which coincides with that indicated by El Kammouni et al. 

[19]. 
One of the main contributions of this research was the integration of a 

multidisciplinary approach in the formation of the management team, through 

the application of the Artola Pimentel Expertise Coefficient [21] to guarantee a 

balance between technical knowledge, analytical agility, and systemic vision. 

This approach facilitated not only the identification of operational problems but 
also the proposal of solutions aligned with the economic, social, and 

environmental dimensions of sustainability, as proposed by Yani et al. [12] and 
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Asrol and Yani [14]. Nevertheless, important gaps remain that open new lines 
for future research. 

First, it is necessary to develop dynamic or adaptive VSM, capable of 

incorporating uncertainty variables and seasonal fluctuations typical of the 

sugar agro-industry. The integration of tools such as agent-based simulation or 

dynamic system modeling, like the approach explored by Sumadi and Ardiani 

[11], would allow anticipating scenarios and evaluating the impact of 
interventions before their implementation, thus overcoming the rigidity of 

conventional VSM. 

Another promising line is the integration of VSM with other optimization and 
sustainability assessment methodologies. Although this study conducted a 

qualitative assessment of impacts, future research could formally incorporate 

life cycle assessment (LCA) or the use of multi-criteria indicators, as suggested 

by Masudin et al. [15], to more precisely quantify the environmental and social 
footprint of the proposed improvements. This would be especially relevant in 

the context of the circular economy, where the utilization of by-products like 

bagasse and filter cake acquires a strategic role. 
Additionally, the need to explore the potential of digitalization and Industry 4.0 
technologies in the mapping and management of sugar value chains is 

identified. The incorporation of IoT sensors, big data, and real-time 
collaboration platforms could transform VSM into living, automatically 

updatable tools, facilitating continuous and proactive monitoring, as envisioned 

in the approaches of Morosini Frazzon et al. [6] and Burinskiene et al. [2]. 
Finally, it is recommended to extend the application of VSM to other critical, 
less explored links, such as financing systems, knowledge management, or 

interaction with public policies. The complexity of agro-industrial chains, as 
pointed out by Pérez Pravia and Vega de la Cruz [8], requires a holistic 

approach that transcends operational optimization and addresses the 

institutional and governance determinants that condition their performance 

and resilience. 

 

Conclusions 
1. The effectiveness of VSM is segmented and critically depends on inter-link 

governance. Although the application of VSM allowed reducing the total 

cycle time by 19,1 % in the industrial link, the improvement in the primary 

production link was only 3,2 %, evidencing that Lean tools alone do not 
overcome structural disconnections. The absence of formal collaboration 

mechanisms between producers, industry, and distributors limits the 

systemic impact, confirming that technical optimization previously requires 
a collaborative governance architecture. 

2. The quantitative identification of waste through VSM reveals critical 

inefficiencies, but its elimination demands multifaceted interventions. The 

initial mapping quantified 4969 hours of total cycle time and 35 hours of 

waiting, identifying operational bottlenecks. However, correcting these 

problems was not resolved solely with flow adjustments but demanded 
structural interventions such as the creation of a collection center and the 
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redefinition of planning models, demonstrating that VSM data must be 

translated into organizational and investment changes to materialize 

improvements. 
3. The sustainability of the documented improvements requires continuous 

and adaptive monitoring, beyond the static future map. Although the future 

value map projected a 33,4 % reduction in cycle times and a 5,72 % 
reduction in waiting times, the disparate evolution between links—such as 

the 10 % advance in the TRANSMEC distributor versus 0 % in ENCARGA—

underscores that implementation is heterogeneous and subject to local 

factors. This highlights the need to complement VSM with real-time 
monitoring systems that allow dynamic adjustments and ensure the 

permanence of efficiency gains. 
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