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Abstract: Conventional convective kiln drying is nowadays the most common way of drying wood in the 
Republic of Croatia, but it takes a relatively long time for the wood to dry. Therefore, wood processing 
companies have lately been investing in vacuum-press kilns. Those kilns allow them certain flexibility 
and speed to respond to customer requests, since the drying processes in them are usually much 
shorter. Since vacuum-press technology is a novelty in wood processing companies in the Republic of 
Croatia, in this paper vacuum-press drying process in one Croatian wood processing company was 
analysed from the point of occupational health and safety. The hazards which are present during the 
preparation and implementation of drying in vacuum-press kilns were detected and basic guidelines for 
safe operation in accordance with ISO 9001 standard are proposed. 
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1. INTRODUCTION 
 

During the production of wooden products at least one of the thermo-hydro-mechanical 
processes of wood modification has to be conducted, e.g. wood drying. Wood drying is an 
obligatory process which has to be conducted before the final products are made, because the 
water from wood has to be expelled. If possible, each wood processing company will strive to 
implement air drying before artificial drying in order to reduce energy and time consumption 
and thus lower production costs. Nowadays, artificial technical drying is usually conducted at 
atmospheric pressure, mostly in a form of conventional convective kiln drying.  

 

  

Figure 1. Air drying of wood  
(photo: Klarić M.) 

Figure 2. Conventional convective kiln 
drying (photo: Klarić M.) 

 

Conventional convective kiln drying is nowadays the most common way of drying wood 
in the Republic of Croatia, but this technology implies a relatively long drying time. Therefore, 
wood processing companies have lately been investing money in vacuum-press kilns, as this 
technology ensures certain flexibility and speed to respond to customer requests, since the 
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drying processes in them are usually much shorter. In vacuum-press kilns the reduction of the 
boiling point of water at low pressure facilitates an important overpressure to enhance moisture 
migration (Torres, 2011) and drying, therefore, due to the use of lower temperatures, drying 
defects are also fewer. 

Occupational health and safety (OHS) is an extensive multidisciplinary field, invariably 
addressing the issues related to scientific areas such as medicine – including physiology and 
toxicology – ergonomics, physics and chemistry, as well as technology, economics, law and 
other areas specific to various industries and activities (Alli, 2008). OHS is incredibly important 
in any organization, and it is necessary that OHS is constantly improved and upgraded, 
especially with the introduction of new technologies. It is shown that the top management that 
provides its full support to what can be called a “culture of safety”, has the best safety records 
(Michael and Wiedenbeck, 2004). According to the International Labour Organization, more 
than 7600 people die from work-related accidents or diseases every single day (ISO, 2021a).  
The company can confirm its commitment to occupational health and safety and implementing 
„culture of safety“ by implementing the ISO 45001 standard for Occupational Health and Safety 
Management. ISO 45001 standard builds on the success of earlier international standards in 
this area such as OHSAS 18001, the International Labour Organization’s ILO-OSH Guidelines, 
various national standards and the ILO’s international labour standards and conventions (ISO, 
2021a). Although wood industry is a business sector where workers encounter many hazards, 
this industry is at the bottom with regard to number of ISO 45001 certificates, as only 0.16 % 
certificates in the World are from wood industry (ISO, 2021b). Since ISO 45001 certificate is 
one of the main indicator of OHS awareness this shows that wood industry is still not developed 
enough in that area. Implementation of integrated systems for quality (ISO 9001) and OHS (ISO 
45001) with identification of risk management and application of different methods such FMEA 
can help companies to prevent injuries. Research on implementation of “ISO” standards 
confirm foregoing, since the awareness on ISO 9001 standard implementation is still not 
developed enough, and the companies decide to certify due to market requirements (Klarić, et 
al., 2014). 

Vacuum-press technology is a novelty among wood processing companies in the 
Republic of Croatia. Therefore, the aim of this paper is to analyse the hazards present during 
the preparation and implementation of drying in vacuum-press kilns in order to define basic 
guidelines for safe operation in accordance with the ISO 9001 standard. 

 
 

2. MATERIAL AND METHODS 
 

Two vacuum-press kilns (Turboenergetika d.o.o., VSOP-6 II) were delivered and installed 
in one wood processing company in Republic of Croatia during first part of 2021. The kilns are 
cylindrical in shape and made of stainless steel (A304). Basic specification of the individual kiln 
is as follows: kiln dimensions are 1.8 m (dia.) × 11.8 m (length), stack dimension are 2 × (5.06 
× 1.18 × 1.3 m), installed heating power is 100 kW, the heating medium is water (drying up to 
65 °C), there are 44 aluminium heating plates and dimensions of each plate are 506 × 118 × 
1.5 cm. Transport of wood in to the kiln is via cart. Both installed kilns are identical, and they 
are shown on Figures 3. and 4. 
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A comprehensive and meticulous analysis of the initial commissioning of the vacuum-
press kilns has been conducted. Research data were collected during kiln filling with wood and 
start of the drying process. During this procedure, the kiln manufacturer experts were also 
present to provide additional clarification. 

 

  

Figure 3. Vacuum-press kilns  
(photo: Klarić M.) 

Figure 4. Interior of vacuum-press kiln 
(photo: Klarić M.) 

 
 

3. RESULTS AND DISCUSSION 
 

During the commissioning of the vacuum-press kilns, the data were collected and 
analysed, i.e., a risk assessment was performed. In general, activities during data gathering 
were as follows: determination of material and equipment, study of applied technology, 
establishing work procedures, identification and mitigation of risk for workers, analysis of 
hazards and risks, determination of safety measures. 

 
3.1. Hazards 

Many hazards have been taken into account during risk assessment, but only those 
recognized as having the most significant risk potential are listed. Almost everything in 
workplace may pose a risk and cause harm by itself or in combination with other factors. 
Therefore, constant monitoring and detection of hazards needs to be carried out in the future. 

 
3.1.1. Mechanical hazards 

Forklifts – there is very high risk and potential for harm. Forklift drivers are driving fast in a 
narrow space with poorer visibility due to buildings and turns. There is a possibility of wooden 
elements falling from the pallets, crushing workers with pallets or lowering the pallets on 
worker’s feet. The risk could be reduced as follows: manipulation area for workers and forklifts 
should be marked, workers should wear shoes with a protective cap, reflective protective vests 
and protective helmets; by constant education of workers and forklift drivers on safety 
measures. 

Means of horizontal load transfer – there is low risk and potential for harm. The wood enters 
the kiln on carts that travel on rails and during this process there is a possibility of crushing 
workers body parts. As carts cannot move quickly due to the heavy weight, there is a low 
probability of injury. In order to mitigate the risk and ensure the quality, procedure for loading 
kiln with safety measures should be implemented.  
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3.1.2. Hazards of falls 

At the same level – there is medium risk and potential for harm. There is a possibility of 
workers falling at the same level, either over the rails of the cart, or due to a possible mess 
around the kiln. To reduce the risk, skipping rails should be prohibited, the work surface around 
the kiln should not be clogged and all this risks can be reduced by implementation of procedures 
and constant training. 
 
3.1.3. Hazards of electricity 

There is low risk and potential for harm. Electrical installations are well done, and are in 
accordance to safety requirements, protected with all of warnings clearly visible. However, the 
potential danger is always present and the worker should work with caution. 
 
3.1.4. Thermal hazards 

Hot substances – there is medium risk and potential for harm. There are pipes with hot water 
used for heating in the kilns. The pipes are mostly well insulated. There are vacuum pumps on 
the back of the kilns, and they can develop a high surface temperature of the pump and 
surrounding parts. In order to mitigate the risk only authorized executives and maintenance 
workers should access the space where the pumps are located and shall handle pipes 
according to procedures. 
 
3.1.5. Chemical hazards 

Acids from wood dissolved in condensate – there is low risk and potential for harm. During 
the drying process, small amount of easily soluble wood compounds may end up in the 
condensate discharged from the kilns. These condensates may be acidic. However, 
condensate is not under pressure, it should not be very hot, and the amounts of easily soluble 
wood compounds in condensate are generally small, but workers should be informed that they 
exist.  
 
3.1.6. Biological hazards 

Infected people – there is low risk and potential for harm. As for biological hazards, the only 
danger is from people infected with infectious diseases that spread easily, e.g. SARS-CoV-2. 
 
3.1.7. Physical hazards 

Reduced pressure – there is medium risk and potential for harm. With this technology, the 
wood is dried at pressures lower than atmospheric in a hermetically sealed kiln, which cannot 
be opened from the inside. The worker must never stay inside the kiln during operation. Strict 
working procedures should be implemented, which will prescribe the procedure for filling the 
kiln. Workers need to be trained on the danger of “vacuum” in the kiln. 
 
3.1.8. Statodynamic effort 

Repetitive movements with the use of force / hard physical work – there is low risk and 
potential for harm. When the kiln is being filled with wood, the wooden elements need to be 
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stacked by hand on heating plates for several hours. Of course, wooden elements weigh only 
up to several kilograms, depending on their dimensions. The other problem is the mass of 
aluminium heating plates that workers stack between each row of wood. It is recommended to 
install a cargo handling system to assist the transfer of plates and wood samples. 

In the next chapter safety instructions for work with vacuum-press kilns are summarized. 
It should be borne in mind that these instructions are the basis for further upgrading in 
accordance with the hazards identified in the future. 

 
 

4. GUIDELINES FOR SAFE OPERATION  
 

HAZARDS: 
 Mechanical hazards (forklift manipulation, movement of kilns cart with wood in and 

out of the kiln)  
 Hazards of falls at the same level (fall over the rails of the wagon) 
 Hazards of electricity (the kiln uses electricity to operate) 
 Thermal hazards (there are hot pipes with hot water inside, the vacuum pump and 

some parts nearby may be hot) 
 Chemical hazards (the condensate may be acidic) 
 Biological hazards (infections of fellow co-workers) 
 Physical hazards (dangerous reduced pressure-vacuum is in the kiln during 

operation, statodynamic strain during load handling) 
 

SAFETY INSTRUCTIONS 
 Only trained and authorized personnel is allowed to operate the plant. 
 It is forbidden to approach and operate the plant under the influence of alcohol or/and 

drugs. 
 Before starting work, be sure to check that the kiln is in proper condition and that 

everything is in order, including that the protective devices are in place. 
 Be sure to wear the protective equipment assigned to you (minimum: work clothes, 

work shoes with a cap, reflective protective vest and protective helmet). 
 Take care of your colleagues you work with and do not disturb them with conversation 

or jokes while working. 
 If an injury or dangerous situation occurs, inform the manager present, in order to take 

appropriate measures to protect the life and health of those present. 
 Manipulative space and work space must be clean and free from obstacles. 
 Pay attention to the movement of forklifts and other vehicles and pay attention to 

manipulative paths. 
 Be careful how you move and walk, and do not walk over the rails of the cart. 
 Watch out for colleagues when you push the cart in and out of the kiln. 
 The kiln uses electricity to operate, watch out for possible live parts. 
 The kiln uses hot water, and some parts can be very hot, do not touch the pipes or 

other hot parts. 



14th International Scientific Conference WoodEMA 2021 
THE RESPONSE OF THE FOREST-BASED SECTOR TO CHANGES IN THE GLOBAL ECONOMY 

6 

 The parts around the vacuum pump can be very hot, do not touch the installation 
around pumps. 

 The condensate coming out of the kiln may be acidic, do not touch it. 
 Hold your body properly while carrying the load, and do not carry too much weight. 
 Observe all signs related to occupational health and safety 
 Condensate from the kiln must not be spilled uncontrollably into the environment and 

into work area. 
 
 

5. CONCLUSION 
 
Occupational health and safety (OHS) is very complex because there are an incredible 

number of factors and interactions among the factors that affect safety at work. Through this 
article an attempt was made to assess the hazards and risks in this case on two installed 
vacuum-press kilns in one wood processing company in Republic of Croatia. As known, it is 
very hard to detect all possible dangers and risks in a production process or in a particular 
technology. With this article it is given a good basis regarding the basic instructions for safe 
work on vacuum-press kilns, but in each specific case and organization it is necessary to 
identify and mitigate the risk, constantly upgrading the instructions and staff training on safety 
procedures. This need to be done especially when new technology has not been used before 
in an organization. In conclusion, besides safety instructions, during any work it is important to 
be dedicated to work at the moment, to work thoughtfully and not sloppily, and to be present 
with thoughts and use common sense.  
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