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Abstract: The increasing incidence of heat-related illnesses and the environmental burden of disposable hydration products highlight the urgent need for innovative and sustainable solutions in occupational settings. This paper proposes a conceptual hydration solution for workers exposed to high heat, such as in civil construction and heavy industries. This solution focuses on personal and environmental sustainability. Market alternatives, dehydration impacts, safety requirements, and environmental guidelines were assessed. The proposed product aims to eliminate disposable plastics, ensure easy handling and maintenance, and preserve an adequate water drinking temperature without electric refrigeration. The final concept—a reusable, thermally insulated portable system—proved to be the most effective, combining ergonomic design, environmental responsibility, and operational safety.
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1. INTRODUCTION
Occupational dehydration is a condition that directly affects workers’ health, safety, and performance, especially for those operating in high-heat environments, such as construction sites, factories, mining, and agriculture. Continuous exposure to heat combined with low fluid intake may cause symptoms ranging from mild fatigue and dizziness to severe heat exhaustion and fatal accidents. This article investigates technical and sustainable alternatives to ensure the safe and effective hydration of these professionals [1,2].
A mild dehydration, a loss of 1 to 2% of total body mass, can impair higher cognitive functions, compromise judgment, reduce attention, and increase reaction time-key elements for performing operational tasks safely [1]. Dehydration also affects body thermoregulation, places stress on the cardiovascular system, and decreases muscular endurance, resulting in lower productivity and an increased risk of occupational accidents [2,3].
Climate change, global warming, and extended work hours have intensified workers’ exposure to harsh environments. The International Labour Organization (ILO) and recent studies in specialized journals have warned about the effects of heat stress on the global workforce [4]. Literature reveals that in tropical countries, up to 20% of the work capacity can be lost during shifts exposed to temperatures above 32°C [5].
At the same time, the improper management of waste generated by traditional hydration solutions, such as disposable plastic cups and bottles, exacerbates the problem by introducing negative environmental externalities. These single-use products have high environmental costs due to recycling difficulties and long decomposition times, estimated at up to 400 years for polypropylene, a commonly used material [6,7].

It is crucial to develop occupational hydration solutions that combine functionality, safety, ergonomics, and sustainability. The approach presented in this paper considers all these variables based on the central question: "How can we hydrate workers while minimizing environmental impact and ensuring safety?". The objective is to design a reusable, non-toxic hydration device, compatible with regular personal protective equipment (PPE), resistant to extreme conditions, and capable of maintaining water at an adequate drinking temperature throughout the work shift.
2. METHODOLOGY
This study was based on the Product Development Process (PDP) and was structured into phases ranging from problem identification to conceptual solution description. The methodological approach was exploratory, technical, and multidisciplinary, integrating tools from product engineering, sustainability, and occupational ergonomics. The initial steps focused on gathering comprehensive information to define the scope of the problem and the existing solutions.

The methodology began with extensive bibliographic research utilizing scientific databases, such as SciELO, Web of Science, and PubMed. When possible, Dimensions AI was used to summarize the references found, easing the understanding of their relevance to this work. Relevant articles were identified using the keywords "worker hydration," "sustainable hydration," "environmental impact reduction," and "workplace safety" combined as a search string. Patent databases were browsed using a similar strategy. The results provided a theoretical foundation for understanding occupational hydration challenges in harsh environments.
Concurrently with the literature review, a benchmarking analysis was performed on both national and international products. This involved assessing the technical attributes, advantages, and disadvantages of existing products in industrial environments. A comprehensive elicitation was conducted based on six key technical attributes: sustainability, assessing environmental friendliness; durability, indicating product longevity; cost, reflecting economic accessibility in large-scale adoption; efficiency, measuring functional performance; environmental impact, quantifying ecological footprint; usability, and determining ease of use. 

The CANVAS Business Model was integrated into the methodology to strategically assess the commercial viability of conceptual solutions. Comprising nine essential blocks, this tool provided a comprehensive framework for visualizing new business structures. It allowed for the analysis of key aspects, including critical partnerships, core activities, value propositions, customer segments, and revenue streams, ensuring a holistic understanding of market potential.
Primary data were collected through interviews and questionnaires administered to civil construction workers, managers, and company directors at the CIMATEC PARK construction site. These insights were crucial for identifying real user needs and preferences regarding hydration solutions in the workplace.
The collected data were then systematically translated into objective requirements using a Quality Function Deployment (QFD) matrix. This process enabled the prioritization of the essential criteria for an effective solution, listed in the following order of relevance: sales price, compactness, portability, weight, volumetric capacity, recyclability, manufacturability, durability, ease of cleaning, biocompatibility, and thermal insulation. This comprehensive result guided the subsequent stages of concept development.
The methodology delineated a Global Function, Figure 1, to establish the primary objective of the solution – to hydrate workers in an efficient, safe, and sustainable manner. This function specifically aims to minimize environmental impacts and enhance health and productivity in extreme work environments.  
Figure 1. Global Function related to worker hydratation.[image: image1.png]Workerand
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Source: Author.
Different operational approaches to address Global Function were explored through Functional Synthesis. Three distinct syntheses were conceived: an individual portable system, a collective fixed system, and a hybrid portable-collective system. Each synthesis represents a unique configuration of components and operational contexts, thus providing a structured framework for comparing potential solutions, Figure 2.
Figure 2. Functional synthesis starts from an empty bottle to ending to drink the liquid.
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Source: Author.
A Morphological Matrix was systematically employed to facilitate the ideation process and to generate diverse technical combinations for the proposed solutions. This creativity tool enables the exploration and evaluation of various design parameters for the inventive process, ensuring a comprehensive consideration of potential component interactions and configurations for concepts.
3. RESULTS AND DISCUSSION

The research began with a literature review using scientific databases such as SciELO, Web of Science, PubMed, and Dimensions AI, aiming to identify the impacts of dehydration in high-temperature occupational environments and map existing sustainable hydration solutions. Keywords combined terms such as “occupational hydration,” “sustainability,” “environmental impact,” and “workplace safety.” Articles were selected based on their technical relevance, practical applicability, and adherence to industrial contexts. In parallel, a patent analysis was conducted with a focus on hydration and thermal conservation devices.

The information gathered from the literature and market analysis supported problem-framing and assisted in defining the technical evaluation criteria. National and international patents were examined in terms of attributes such as durability, ergonomics, thermal capacity, ease of cleaning, and compatibility with personal protective equipment. This content provided the conceptual foundation for structuring the following stages of the product development process.

User needs were identified through interviews and questionnaires conducted with construction workers. The collected responses were organized and translated into technical requirements using a Quality Function Deployment (QFD) matrix, enabling the prioritization of attributes relevant to the project. This translation process allowed subjective perceptions to be converted into engineering parameters, Figure 3.
Figure 3. Quality Function Deployment (QFD), note requirements ranking on the first left column. Higher ranked requirement is sale price, and lower is thermal insulation for the bottle.[image: image3.png]2 5 £
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Source: Author.
Among the prioritized requirements were portability, impact resistance, ease of cleaning, and the ability to maintain water temperature. These attributes served as guiding criteria for generating conceptual solutions, ensuring alignment between real user needs and the technical characteristics of the system being developed.

The functional synthesis phase aimed to structure the main expected functions of the hydration system. Starting from the global function — to hydrate safely and sustainably — secondary and auxiliary functions were derived, such as storing, transporting, conserving, and enabling water consumption under operational conditions. This functional representation served as a basis for developing technical solutions.

The synthesis helped visualize the interaction between components and functions, guiding the ideation process and the application of the morphological matrix. The clear definition of functions contributed to the selection of technically viable solutions that were compatible with the operational conditions identified in field research and benchmarking.
With the functions structured, a morphological matrix was developed to explore technical alternatives for each function in the system. The options included different materials, sealing mechanisms, container formats, lid types, and body attachment methods. The matrix enabled visualization of potential combinations and fostered creative concept generation.

The matrix application led to the identification of viable configurations capable of meeting the technical, ergonomic, and environmental criteria established in the previous phases. This process resulted in three initial distinct concept proposals that were functionally feasible and aligned with user-centered requirements defined in the QFD matrix.
Three concepts were developed based on the generated alternatives: an individual portable system, a fixed collective model, and a hybrid portable-collective solution. Each concept was detailed according to use context, user autonomy, PPE compatibility, and hygiene requirements. A comparative analysis was conducted using technical, sustainability, and usability criteria.

The selected concept was the individual portable system, which demonstrated superior performance. It consists of a reusable container with thermal insulation, made of non-toxic and durable materials, equipped with an anti-drip safety valve and body-attachment mechanism. The final selection was based on its ability to meet user needs and align with the sustainability goals defined for the project.
The matrix application led to the identification of viable configurations capable of meeting the technical, ergonomic, and environmental criteria established in the previous phases. This process resulted in three initial distinct concept proposals that were functionally feasible and aligned with user-centered requirements defined in the QFD matrix.
Three concepts were developed based on the generated alternatives: an individual portable system, a fixed collective model, and a hybrid portable-collective solution. Each concept was detailed according to use context, user autonomy, PPE compatibility, and hygiene requirements. A comparative analysis was conducted using technical, sustainability, and usability criteria.

The selected concept was the individual portable system, which demonstrated superior performance. It consists of a reusable container with thermal insulation, made of non-toxic and durable materials, equipped with an anti-drip safety valve and body-attachment mechanism. The final selection was based on its ability to meet user needs and align with the sustainability goals defined for the project, Figure 4.
Figure 4. Proposed conceptual design, mixing generative AI illustration and image composition.
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4. CONCLUSION

Given the pressing challenges posed by extreme environmental conditions, particularly in high-temperature settings, the need to safeguard workers’ health and mitigate the environmental impacts of disposable products underscores the urgency of implementing innovative occupational hydration solutions. 

This paper presents a portable hydration system that successfully integrates sustainability, safety, and operational efficiency. Designed specifically for construction and industrial environments, the proposed solution offers a durable, hygienic, and high-performance alternative that reduces plastic waste, prevents heat-related illnesses, and reinforces the culture of occupational health and safety. Empirical data gathered from end-users and validated through engineering methodologies confirmed both the technical feasibility and practical acceptance of the system, Figure 5.
Figure 5. Colored conceptual design by generative AI illustration and image composition, highlighting the colors within design in construction worker area context.
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In conclusion, the adopted approach demonstrates a replicable model for other occupational health initiatives, emphasizing the critical role of engineering in advancing socially and environmentally responsible innovations that ensure adequate worker hydration, and must be recognized as a strategic priority within human resource management and industrial safety policies. Investing in sustainable technological solutions is not only an ethical and socially responsible action, but also a prudent strategy to enhance productivity, reduce absenteeism, and foster healthier, safer, and more resilient work environments.
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