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Summary 

In this report, strategies and technologies are screened for their potential to predict heat issues and 
mitigate the negative effects of occupational heat stress during heat waves, thereby maintaining workers’ 
health and well-being, and productivity. The present paper focus specifically on heat stress in the 
manufacturing sector while we refer to the parallel papers for industry specific issues in agriculture, 
tourism, transport and construction.  

Considering that workers in the manufacturing industry mainly work indoors (and in settings where 
industrial heat may interfere with the environmental factors of importance) a first step in providing timely 
alert (and associated advice systems) was developing a model that would allow for prediction of the actual 
indoor heat stress based on weather forecasts.  

The thermal conditions may vary a lot across workstations (even within one manufacturing plant) and for 
assessment of the individual heat load, it is suggested that a network of temperature and relative humidity 
sensors are installed in critical regions of the manufacturing process. The effect of the external 
environment on the internal/individual work conditions can then be analysed and used to train a neural 
network model to accurately predict heat stress, based on short-range weather forecasts. Such a tool can 
serve as an early warning system capable of predicting the effect of impending heat waves on the health 
and well-being of workers, and ability to perform work.   
 
Another approach is assessment of the effect of the internal factory conditions on the mood and well-being 
of the workers, particularly during heat wave episodes. This may be obtained via feedback-systems e.g. 
touch sensitive screens can be placed at strategic locations in the factory, allowing the workers to provide 
ratings of their perception of temperature, humidity, thermal comfort and fatigue. This information provides 
instantaneous information regarding workers’ heat strain, and can also be used for advanced analyses 
(utilizing the neural network) and provide predictions of thermal comfort and heat strain during heat waves.  

The thermal stress and comfort of a larger population of workers can also be represented by a humanoid 
thermal robot/manikin. Its humanoid structure ensures that the heat exchange between the environment 
and the robot/manikin will simulate that between a human body and the ambient air. Its core and shell is 
embedded with thermal sensors, mimicking the manner in which the body perceives its thermal status. 
The essential component is the mathematical model of thermal comfort based on the neurophysiology of 
temperature perception. The model receives temperature information from the core and shell regions and 
provides a rating of thermal comfort.  

During the course of the Heat Shield project, we implemented several heat stress mitigating strategies 
within a manufacturing plant producing automobile rear lights as well as tested selected interventions in 
an aluminium extrusion company. Combining these experiences with a systematic evaluation of methods 
and considering their feasibility (for industry specific settings) the following strategies are recommended:  

• Increased air flow – either at local workstations or via general ventilation of the production hall: A system 
of ducts can be installed within a production hall establishing an acceptable air flow in the plant (that may 
be individually adjusted at the local work stations – alternatively individual workers may use an electrical 
fan in proximity to their work station). This will enhance/benefit evaporative heat loss and convective (as 
long as the air temperature is below ~35 °C).   

• Optimize hydration strategies: The prevalence of dehydrated workers is in general high (also in the 
manufacturing industry) – securing easy access to unlimited amounts of cooled water and reminders to 
rehydrate following work is of utmost importance. 

• Breaks and pacing: Workers will eventually slow down or take more infrequent breaks, if the heat load is 
too high - including brief planned breaks (preferably in cool areas of the plant) or allowing a small lowering 
of the pace (especially at the onset of a heat wave) may prevent excessive loss of working time later in 
the day or “post heat wave fatigue” (observed to be as big an issue as the effect during the actual heat 
wave). 

• After work – day to day recovery: During heat waves workers should be encouraged to rehydrate 
(considering both replacement of water and salt deficits) and spend time in cool environments to 
allow/contribute to the recovery from the heat stress experienced at work. 

• Clothing: Workers should be provided with and/or encouraged to wear clothing with low thermal and 
evaporative resistance. Many settings require that workers wear protective clothing (which may increase 
the individual heat strain), but it is possible to implement solutions (ventilation mesh or use more breathable 
materials for certain parts) without compromising safety (the protective requirements and effects of the 
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clothing). For critical (hot) areas of the manufacturing process, workers may be provided with 
ventilated/evaporated vests for enhanced evaporative heat loss. In the event that the company is providing 
workers with any component of their clothing ensemble, then it would be prudent for the company to have 
these garment components tested with appropriate thermal manikins, thus ensuring that they are issuing 
workers with appropriate garment components. In a hot environment, the garments should have low 
thermal resistance (ie. low insulation), and allow optimal evaporation of sweat from the skin. Clothing 
design should also allow efficient exchange of the air within the clothing microenvironment.  

 
  


