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1. EXECUTIVE SUMMARY 

The transportation sector employs 11 million people accounting for ~5.1% of total employment in EU and 
~4.6% of total GDP. The sector is central to Europe’s economic growth, but also of importance for 
everyday mobility and safe transportation of citizens. Occupational tasks and main heat issues may be 
divided into two main areas:  
1) Driving/steering/navigation of vehicles with safety as the primary factor of importance. During 
these tasks the workers metabolic rate and internal heat production is usually low, but heat stress may 
threaten attention, performance in combined cognitive and fine motor tasks, therefore, influence driving 
skills and safety. 2) All associated services and logistic (i.e. more manual tasks such as 
loading/unloading the vehicle or manual handling of goods in warehouses etc. including work in both 
conditioned/unconditioned spaces) or office work. The present work primarily focuses on 1) and 
challenges related to occupations in vehicle cabins, while tasks outside vehicles resemble other 
industrial work. We refer to parallel Heat-Shield reports on solutions to mitigate heat stress for workers in 
the construction and manufacturing industries for detailed advice). 
The major issues contributing to discomfort and heat stress in vehicle cabins is excessive external 
heating of the cabin air and cockpit surfaces (i.e. greenhouse effect), and the heterogeneity of exposure 
related to solar radiation, shading elements and conditioning systems. This is especially burdensome 
since there is no or limited possibility to seek shadow, change body orientation or lower the work pace 
during driving. In addition, a high vigilance level is required during work despite the monotonous work 
periods. On the other hand, dehydration (due to irregular eating times, avoidance of physiological 
breaks, drinking as distraction during work) may be aggravated by heat stress and strongly interfere with 
driving skills and safety. Heat-Shield studies have also identified that heat stress (without dehydration) 
may impair complex motor performance and especially so if tasks are alternating (i.e. multitasking 
activities are more affected than “stand-alone” tasks). However, even mild dehydration (~2% equal to 
levels prevalent for 70% of all workers across Europe) will aggravate the negative influence from heat 
stress and tasks performance relying on combined cognitive and motor function become markedly 
impaired. The loss of productivity in this case may relate to increased number of transportation 
accidents, decreased road safety and elongated breaks between shifts. Furthermore, sleep deprivation 
and fatigue (due to unsocial working hours, sleeping with lack of comfort and hygiene in the cabin, 
sleeping in the heat) can further contribute to decline of cognitive performance. 

In the long term, irregular eating times and bad nutrition at inappropriate times, and long hours of sitting 
and the irregular rhythm of the life of employees in the sector may impair the workers’ health condition 
(i.e. overweight and obesity, high blood pressure and metabolic disorders such as diabetes and 
hyperlipidemia) promoting cardiovascular diseases and sleep related disorders. Deteriorated health 
conditions make drivers even more sensitive to exposure to hot environmental conditions especially 
when higher physical activity is periodically demanded. 

To avoid excessive heating of the cabin/vehicle and prevent negative effects on cognitive performance 
and productivity, the following mitigation measures have been identified as highly relevant: 

• Prevent/minimize the risk of sleep deprivation – secure the ability to get enough sleep before 
and between work-shifts, i.e. provide possibility for recovery/sleeping in cool environment, 
following circadian rhythm with working times whenever possible 

• Prevent dehydration – even mild hypohydration influence visuo-motor performance. Supply with 
cold drinks and remind workers to rehydrate between work-shifts 

• Reduce solar radiation effect on the cabin and the driver – e.g. via conscious use of AC, use 
of low-transmissivity/high-reflectivity glazing elements, solar shading solutions (sunshades), and 
high-reflectivity paints 

• Reduce heat load on the driver by increasing the air flow in case AC is not available to 
facilitate evaporation of sweat and prevent excessive increase in core body temperature 

• Consider using clothing with good moisture management properties (work/sport clothing 
with low resistance to evaporation) to increase evaporative heat loss particularly in very hot cabin 
conditions. Consider seat ventilation in this case. 
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• If re-scheduling of work or changed timing of certain tasks is possible prefer cooler times of 
the day for performing the most demanding manual tasks and use peak heat periods for activities 
with low metabolic heat production 

 
In addition to the above listed solutions and strategies focussed on lowering heat load on the 
driver/worker, the transport sector should also aim at reducing AC-requirement and develop more energy 
efficient methods for prevention of high temperatures inside vehicles. Our advanced modelling 
analyses indicate that combined use of low-transmissivity/high-reflectivity glazing elements and high-
reflectivity paints can reduce heat/radiative load on cabin substantially and lower peak AC 
loads/requirements by almost 40%. 
This can provide a substantial improvement in vehicle fuel efficiency and tailpipe emissions, and 
both vehicle producers and consumers should consider this as attractive; both from an economic point of 
view and in relation to the environmental footprint perspective. 

2. Introduction 

It is quite clear that occupational heat stress can negatively affect workers health and their performance 
capacity, which subsequently may lower productivity and income for the individual and/or company costs 
directly related to a loss in working efficiency or indirectly via illness/sickness. The present report is part 
of a series of five papers (industry specific reports on each of the key EU sectors [manufacturing, 
construction, transportation, tourism and agriculture]). Overall the papers focused on defining, screening 
and optimizing appropriate technical and biophysical solutions to counter the negative impact of high 
thermal stress imposed by the combination of adverse environmental conditions, industrial heat 
production, the workers own/internal metabolic heat production, conditions and confounding factors such 
as protective clothing or other work related factors that may conflict with heat dissipation.  
 

 
 
 
Figure 1 Overview on occupational aspect of human heat balance 
 

Human function depends on a balance between internal (metabolic) heat production and heat-exchange 
with the environment. When a worker is physically active, the metabolic energy release will increase in 


