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Executive Summary 
 
This study is probably the first official attempt to compare painting, printing, ink-jet and foiling from 
a technical, financial and performance standpoint.  
 
There is no single, simple conclusion to this comparison, which is natural since the technologies 
compared are complicated. A great deal depends on the specific need of the product or process. 
However, there are some conclusions from this study and some of them are of significant interest. 
 
The total cost of production in the cases studied shows, that printing and painting have the lowest 
cost, foiling is a close follower but still more expensive, whereas ink-jet printing is much more 
expensive. On the other hand ink-jet printing is much more flexible for individual surface effects in 
short/small series. 
 
Surface resistance is probably or can be the same in all technologies. They can all be tailor made 
according to the requirements of the customer. 
 
Painting and printing are much better than other technologies when the products are shaped in 
many different profiles. They are also better to seal between a flat surface and edges compared to 
foiling technologies. 
 
In every factory, regardless of technology, there are rejects in the production process. Here is a large 
difference in to what extent the rejects can be reworked. It is very hard in foil technology and very 
easy for printing, painting and ink-jet technologies.  
 

Background 

For industrial coating of wooden surfaces, various technologies can be used. Examples are printing, 
painting, foiling and lacquering. Regardless of technology chosen, the investment cost in production 
equipment is high and long term decisions are required.  Up until today, no official comparison 
between the technologies exists. The purpose of this report is to provide such a comparison between 
the two main technologies used in industrial coating of wooden surfaces – foiling, printing and 
painting. The comparison is made from a technical, financial and performance standpoint. 
 
When working with this report, it has become obvious that the market lacks good, comparative data 
within several areas.  That is why the data and conclusions in this report sometimes are based on 
well known sources and sometimes are best estimates from experienced people and experts from 
the industry.  
  
The report should be perceived as a snapshot of the situation because the development of painting, 
printing as well as foiling is of course under continuous development. Focus in the report lies mainly 
on furniture, kitchen and flooring segments. 
 
The report begins with a description of the production of the coating materials – foil and print/paint. 
This is then followed by a more detailed comparison between the two technologies foiling and 
printing/painting. Parameters studied are for example the processes, practical capacity, 
maintenance, flexibility, investment as well as variable costs.  
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1. Production of coating materials for wooden surfaces 

There are mainly two ways of coating wooden surfaces – by means of painting/printing or foiling. The 
production of paint and foil will be described below, in the first chapter of this report.

1.1 Production of  foil 
 
1.1.1 General information 
Foil is a one- or multi- layer material made from artificial components. The thickness is no greater 
than 0,5 mm. 

Of the total amount of foil produced in Europe, the main part is used to give a wood grain pattern on 
a printed surface. See figure 1. 

 

 

  

 

 

 

 

 

 

 

Fig  1. Foil segments.

 

1.1.2 Types of foil in the wood finishing industry 
In the wood finishing industry we see different kinds of foil, for example  

� Finish Foil, FF (pre- and post- impregnated) - used most often in furniture and door 
production. Finish foil is one of the most common foils in the wood finishing industry. 

� Polypropylene foil , PP -  dedicated especially for panel doors. 

� Polyvinyl Chloride foil, PVC – used especially for panel doors and window frames;                                  
could be applied on various shapes, for any size and on MDF(medium density fiber board) 
usually. 

� High Pressure Laminate, HPL – usually impregnated with melamine or urea resins, glued on 
fiberboard or MDF and dedicated for kitchen furniture. 

F o i l     s e g m e n t s 

70-75% 

 

Printed surface – 
wood grain pattern 

15-20% 

 

Printed surface – 
fancy pattern 

5-10% 

 

Solid colours 
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� Low Pressure Laminate,  LPL - glued on fiberboard, MDF or HDF and dedicated for kitchen 
and bathroom furniture. 

� Melamine foil – printed décor paper impregnated with duroplastic resin; used for furniture. 

� Semi-impregnated, cellulosic film - used for furniture and wall panels; specifically used for 
smooth and rounded surfaces; may also be used to cover embossed surfaces. 

As can be seen from the list above, some of the foil types are also used for interior doors and kitchen 
doors. They are applied on wood or wood-based materials such as fiberboard, chipboard, MDF 
(medium density fiberboard) and HDF (high density fiberboard). See examples in the photographs 
below. 

 

 

 

 

 

Melamine foil 

                  HPL 

PVC   foil 
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As mentioned above finish foil is one of the most common foils in the wood finishing industry. Pre-
impregnated finish foil (FF) is pre-impregnated décor paper, usually impregnated by the paper 
producer and printed and lacquered by the foil manufacturer. Impregnation is a process in which the 
paper is absorbed with resins and covered with lacquer surface. The quality of the impregnation 
determines the quality of the final product.  
 
Pre-impregnated FF is more flexible and suitable for both wrapping and flat surface lamination. Finish 
foil also comes in the form of post-impregnated foil. The post-impregnated foil is applied on flat 
surface lamination with roller press, cold/hot press or double belt press.  
 
A general view of the pre- and post-impregnated product structure is shown in figure 2 and 3 below. 
Layers 1 and 2 make up the foil and the lacquer could in turn be made up of several layers. 

 
 
 

Melamine foil 
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Product structure pre-impregnated foil: 
1. Lacquer 
2. Pre-impregnated with adhesive bond,  
sometimes printed, decor paper  
3. Substrate (wood-based product)  

Fig 2. A general view of the pre-impregnated product structure. 

 
 

 

Product structure post-impregnated foil:
1. Lacquer 
2. Post-impregnated decor paper,  
printed and unprinted 
3. Adhesive bond 
4. Substrate (wood-based products) 

Fig 3. A general view of the post-impregnated product structure.

 

1.1.3 Production process 
Producing foil means saturation of decorative papers by means of impregnation with resin mixtures. 

The printing process of decorative papers dedicated to saturation, is made by means of gravure print. 
(see below for further explanation) The roller with the specific gravure rotates in the ink-vessle. 
Excess of ink is removed by a doctor blade. The pattern of the gravured surface on the metal roller is 
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transferred on to the paper sheet by means of pressing rubber rollers. Each ink layer or part of the 
pattern is dried.  

Impregnation mixtures consist of melamine, urea and acrylic resins.  

The scheme of an impregnation – drying line is presented in figure 4. 

 

Fig 4. 

 

Scheme of impregnation – drying line 

1-spooling off machinery; 2-impregnation unit; 3- drying tunnel; 4- cooling tunnel; 5- sheet leading 
machinery; 6-  extended unit; 7- spooling on unit; 8-  cutting up unit 

 

Decorative paper is placed in the spooling off unit (Fig. 4; 1). The paper sheet is led from roll to roll  
to the impregnation unit (Fig.4; 2), where the saturation process takes place. Sometimes, after the 
spooling off unit, an additional drying IR (Infrared) tunnel is installed – in case of excess paper 
humidity. Before proper saturation, the paper sheet is wet by a damping roller. After that, the paper 
sheet is partly dipped in to the impregnation tub where the proper saturation process takes place. 
Simultaneously the ventilation process is in progress, by means of a special roller located above the 
impregnation tub. The paper sheet is then again dipped into the impregnation tub. The amount of 
impregnation mixture needed is regulated by a dosing roller.  

As the process continues, the impregnated paper sheet is led to a drying tunnel (Fig.4; 3) where 
evaporation of liquid and the curing process of resin takes place. The saturated paper sheet is led 
over an airbag caused by fan units. Hot air is the drying media.  

Dried paper is transported to a cooling tunnel (Fig. 4; 4) and then to a sheet leading machinery (Fig.4; 
5) where the paper sheet is automatically led to central position. The extended unit (Fig. 4; 6) is used 
for hauling the paper sheet from previous units and also for cooling down the paper by means of 
rollers which are filled up with cold water.  

Impregnation – drying lines are equipped with a counting device which provides for registry of the 
number of meters of product produced. Dependant on destiny, impregnated paper is spooled on or 
cut up in the proper units (Fig. 4; 7 – 8). 

After the impregnation, it´s time for the lacquering process.  
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Sometimes, before lacquering, a radiation process takes place. Then, a micro porous structure 
appears and provides better adhesion. 

Lacquers used in the foiling industry are:  

PU(polyurethane) 

� the slower curing time sometimes create a problem 

� could dissolve the plasticizers which are encapsulated in the foil 

� good scratching and chemical resistance 

� used for matt and deep matt systems 

WB (waterborne) 

� do not fulfill requirements regarding chemical resistance 

� could be used for a high gloss system 

� used rather for the interior furnishing of vehicles than in the furniture industry 

UV 

� possible for use in the foiling technology, but could cause problems with flexibility and 
brittleness 

� the applied UV product is gelled, and then the foil is rolled 

� final full curing must be done at the furniture factory site 

Lacquers used in the foiling industry are comparable (regarding formulations) with products used in 
the furniture industry. 

In figures 5 and 6 are photographs of printing of pattern on to already impregnated paper and 
lacquering of décor paper (already impregnated and printed with wooden pattern) 

 

Fig 5. Printing of pattern onto already impregnated paper 
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Fig 6. Lacquering of décor paper (already impregnated and printed with wooden pattern) 

 

1.1.4 Quality control 
Foil manufacturers use an extensive array of quality control measures for checking the ready 
product:   

� Surface resistance to adhesive tape 

� Lacquering layer adhesion to printed base paper 

� Surface resistance to cold liquids (water, coffee, tea, vinegar, oil, ink, blackcurrant juice) 

� Scratching resistance 

� Surface resistance to temperature changes 

� Foil applied on board in extreme transport conditions  

� Resistance to dry heat 

� Resistance to humidity 

� Surface tension 

� Paper porosity 

� Surface smoothness 

� Abrasive resistance 

1.2 Production of paint  

1.2.1 General information 
Production of paint is all about getting a good formulation, handling and control of the raw materials, 
semi fabrics and the final product through the production process. The only process, except the 
quality control, that is complicated and relatively energy consuming is the dispersion/grinding of the 
pigments. 
 
To guarantee consistently high performance of the final paint, it is vital to ensure that all raw 
materials used in the manufacturing process are of high quality. 
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1.2.2 The composition 
Paint is composed of pigments, solvents, resins, and various additives. The pigments give the paint 
colour; solvents make it easier to apply; resins help it dry and give the paint its correct properties; 
and additives serve as everything from fillers to anti-fungicidal agents. Hundreds of different 
pigments, both natural and synthetic, exist. The basic white pigment is titanium dioxide, selected for 
its excellent concealing properties, and black pigment is commonly made from carbon black. Other 
pigments used to make paint include iron oxide and organic pigments for reds, metallic salts for 
yellows and oranges, and iron blue and chrome yellows for blues and greens.  
 
Solvents are water and various low viscosity, volatile liquids. They include organic solvents such as 
alcohols, esters, and ketones. The natural resins most commonly used are lin-seed, coconut, and 
soybean oil, while alkyds, acrylics, epoxies, and polyurethanes number among the most popular 
synthetic resins. Additives serve many purposes. Some, like calcium carbonate and aluminum silicate, 
are simply fillers which give the paint body and substance without changing its properties. Other 
additives produce certain desired characteristics in paint, such as the thixotropic agents, driers, anti-
settling agents, anti-skinning agents, defoamers, and a host of others that enable paint to cover well 
and last long.  
 
Paint is generally custom-made to fit the needs of industrial customers. For example, one might be 
especially interested in a fast-drying paint, while another might desire a paint that supplies good 
coverage over a long lifetime. Paint manufacturers provide such a wide range of colours that it is 
impossible to keep large quantities of each on hand. 
 

1.2.3 Production process 
The main manufacturing of paint can be described by the following two processes:  

1. Clear Lacquers: 
Dissolver

Resins
Solvents
Additives

Raw Materials

Filtration and 
Filling

QC

Quality Control Packing
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2. Pigmented Paint: 
Dissolver

Pigments
Resins

Solvents
Additives

Raw Materials Thinning

Dissolver/Mixer

Filtration and 
Filling

QC

Quality Control Packing

Pearlmill

Grinding

Dispersing of raw materials 
For clear lacquers all the ingredients are dissolved in this operation. For paint the pigment is 
premixed with resin (a wetting agent that assists in moistening the pigment), one or more solvents, 
and additives to form a paste. In the next step there are two alternatives: 

1) The paste mixture for most industrial solvent paints is routed into a pearl mill, a large 
cylinder that agitates tiny glass or ceramic beads to grind the pigment particles, making them 
smaller and dispersing them throughout the mixture. The mixture is then filtered to remove 
the pearl particles.

2) Instead of being processed in pearl mills, the main part of the water and UV-based paints are 
processed in a high-speed dispersion tank. There, the premixed paste is subjected to high-
speed agitation by a circular, toothed blade attached to a rotating shaft. This process blends 
the pigment into the solvent.  

Thinning 
Whether created by a pearl mill or by a high speed dissolver, the paste must now be thinned to 
produce the final product. Transferred to a large tank, it is agitated with the proper amount of 
solvent for the type of paint desired. 
 
For clear lacquers, thinning is most often not needed.

 

1.2.4 Quality control 
Paint manufacturers utilize an extensive array of quality control measures. The ingredients and the 
manufacturing process undergo stringent tests, and the finished product is checked to insure that it 
is of high quality. A finished paint is inspected for its: 
 

� Density 

� Fineness of grind 

� Dispersion 

� Gloss 

� Viscosity and shade 
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� Colour 

� Resistance of the colour to fading 
 

 Paint is then applied to a surface and studied for: 
 

� Bleed resistance 

� Rate of drying 

� Texture  

� Hiding power 

� Resistance to weathering (sun, water, extreme temperature, humidity or sulfuric gases) 
 

1.2.5 Filtration and filling 
The finished paint product is finally pumped through a filter system before it is filled in to the can, 
drum or container.  
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2. Surface finishing of wood based products 

In this chapter, the processes and various technologies for coating of wooden surfaces in furniture 
production will be compared. The comparison concentrates on the main differences between the 
foiling and the printing/painting processes  - more specifically continuous foiling versus roller coating 
- and the specific parameters reviewed are the process including edges/joints, practical capacity and 
staff, maintenance, flexibility, rejects, environment, investment  and variable costs. These 
parameters are the most important to consider in planning the production - is it long-term 
production of a single type of element or is it production of a wide range of elements and patterns.  
Furthermore, the study has been dived into three sub groups under each parameter. These are: 

Painting Solid colours i.e. white, black, red 
 

 Printing Mainly imitation of wood pattern; printing by indirect gravure or digital 
 

Foiling Including décor paper and finish foil of single colours 

However, for the most part printing and painting are together presented as one subgroup. 

2.1 Processes 
 
Painting/printing 
Below, in figure 7, is the general flow of a painting/printing process for a furniture element 
described. 
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Fig 7. The flow of a painting/printing process 
 
In a general painting/printing process the substrates are initially cut into correct dimensions, 
formatting. In the next step the edgebands are applied. An edgeband is the band which is applied on 
the edge of the substrate to cover the edge of the substrate. The edgebands usually have the same 
pattern/colour as the surface of the substrate. As the edgeband has little more width than the 
thickness of the substrate, the edgeband is adjusted down to the right height/thickness and profile.  
After the edgebanding the holes of the element are drilled and then it´s time for the paint 
application. Depending on whether the end result is to be a solid colour or a wood imitation, the 
process is a little bit different. 

A solid coloured surface is produced by applying filler on the board, the filler is cured and sanded. 
Then the basecoat is applied two or three times and in the end the surface is covered with a top-
coat. Normally all the paints are UV-based and cured by UV-light. 
 
If a wood imitation by printing is wanted, the process is the same up to the two base-coats. Then the 
substrate with the base-coats is heated up to promote the printing ink to dry if a water based system 
is used. Printing normally takes place with 2-3 different colours. Depending on the surface resistance 

Panel saw 

Formatting/ Edgebanding 

Drilling 

Painting/ Printing 

Packing 
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needed, a sealer can be applied and/or only a top-coat to get the right gloss and to protect the 
printing layer. More details on the various coating systems can be found later in the report. 
 
If two sides shall be painted or printed the substrates are transported back to the in-feed for a 
second pass through the line. Rejects will be re-coated in the same way as a bare substrate. 

Finally, the end product is sent to the packaging department  

Foiling 
In a basic foiling line, see figure 8 below, the substrates are applied with adhesive on both sides 
simultaneously. Then the foil is applied and pressed onto the substrate. The foil is continuously fed 
from a roller to the line and substrates. The applied amount of adhesive is sensitive. Too small 
amounts will give problems with adhesion and too large amounts will give a bad impression of the 
foiled surface. The foil is then cut between the substrates so that the substrates could be separated 
from each other in the line. After that the substrates can be sawed into the right dimensions if this 
has not been done before.  
 
If the elements have been cut to the right dimensions before the foiling step, it is possible to apply 
adhesive and foil to two of the edges. The foil is wrapped around two of the edges to the other side 
to create a good joint between the two foils. Application of edgebands can then take place on the 
other two edges of the element. If the elements need better protected edges, edgebands have to be 
used on all four edges of the more sensitive foil.  
 
Finally the elements are drilled and sent to packaging. 
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Fig 8.The flow of a basic foiling line 

2.1.1 General differences between the processes 
One of the main differences between painting/printing and foiling is that in printing/painting, there is 
a need to control the applied amount of paint and the process in order to fulfill the requirements of 
shade, gloss etc. When using a foil there are no possibilities to change the colour, gloss etc during the 
process. These parameters have been fixed in the production of the foil in accordance with the 
requirements specified by the customer. The length of a foiling line is normally shorter than a 
painting/printing process, and in the foiling process, there is need for only one pass through the line, 
in order to foil both sides of the substrate. In the table below there is a schematic overview of how 
the coating systems are built up step by step in the different technologies.  

 
 

Foiling 

Panel saw 

Edgebanding 

Cutting 

Drilling 

Packing 
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Table 1. Main differences between the painting/printing and the foiling systems. 
 
 

 
 
 
 

2.1.2 A comparison between various coating systems 
Above, the painting/printing and the foiling processes have been described from a general 
perspective. In the following, the coating technologies for painting/printing and foiling are further 
explored and compared. The parameters considered are type of substrate, type/way of application, 
type of surface system and shape of substrate  
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 Painting / printing Foiling 

Type of substrate - solid wood - medium density fiberboard 
MDF 

-  glue board - high density fiberboard HDF 

- veneer - honey comb constructions 

- medium density fiberboard 
MDF 

- chipboard 

- high density fiberboard HDF  

- honey comb constructions 

- chipboard 

- plywood 

- oriented strand board OSB 

 

 

 Painting / printing Foiling 

Type / way of application -roller application - continuous foiling line 

- spraying - membrane pres 

-  curtain coating -shelf press 

-  flow coating  

-  vacuum 

- dipping 

- brushing 

- wiping 
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 Painting / printing Foiling 

Type of coating system - ultraviolet - UV - finish foil - FF  

- waterborne - WB - ABS 

- water borne +UV  WBUV - polyvinylchloride - PVC 

- waterborne + polyurethane 
WBPU 

- low pressure laminate - LPL 

 

- polyester -PE - high pressure laminate - HPL 

- acid catalysed - AC - polypropylene - PP  

- polyurethane - PU - melamine 

- nitrocellulose - NC 

 

 

 Painting / printing Foiling 

Shape  of substrate 

 

-  all types of sizes and profiles 

 

- mainly flat and squared 

 

 

As can be seen from the pictures above, the painting technology – compared to foiling - gives more 
flexibility and more possibilities in terms of type of substrate and ways of application. Also when it 
comes to the possible range of surface systems and the shape of the substrate, the painting 
technology can offer a higher degree of flexibility. All those factors and their combinations make the 
painting technology more universal and flexible. 

Painting / printing 
Finished surface means surface coated by pigmented products (paints) or clear coats (lacquers) or 
printing systems.  

Before applying the finish, the substrate has to be prepared by means of a sanding / grinding 
operation, in order to remove dust and other particles, to even the surface and to provide good 
adhesion between the paint product and the substrate. 

Finishing of wood and wood based materials with painting technology could be done in different 
ways depending on type of application and type of lacquering products. It is worth noting that one 
system can consist of one or several layers of different lacquering products – see pictures below – 
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depending on requirements regarding the properties of the finished surface (aesthetic-decorative 
features, chemical and mechanical resistance).   

Combining the systems (see below), offers a huge opportunity both in terms of creating lacquering 
systems and in the possibility to optimize the cost-performance ratio. That is one of the painting 
processes´ benefits. 

Below in figure a-d, eight different combinations of lacquering systems are presented in more detail. 

Figure a. The left hand system consists of two layers of multi-coat product which could work as a 
sealer and as a topcoat applied on solid wood or veneer. It gives the impression of open pores, a 
natural wood effect. This is a good example of a simple system where the sealer and topcoat layer 
are made of the same product (called “multicoat”). The system is convenient for furniture producers 
who have limited possibilities regarding application units/lines, because one roller coater machine is 
enough to accomplish such system by double application. Such a system is recommended for 
highlighting the beauty of natural substrate as wood or veneer, to show the deepness, structure and 
pattern of substrate. It presents high aesthetic-decorative performance. 

The right hand system consists of six layers of different products from the same chemical range: 

�  filler for filling up deep holes present in substrate 

� heavy filler / putty for filling up medium-sized holes in substrate 

� light filler for filling up and making surface substrate more even 

� basecoat for hiding the substrate structure and building the colour 

� basecoat with good sanding properties for preparing the surface for a sanding operation to 
make it smoother and finally 

� topcoat for reaching final colour, appearance, chemical and mechanical resistance 

All those layers of the system are made from UV-cured products, which differ in between themselves 
in terms of usage and chemical characteristic. Such complex system creates a surface with high 
performance of aesthetic-decorative features and good chemical and mechanical resistance. It is 
recommended for surfaces with higher demands. 
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              Multi-coat system                          Standard system within one range of products (UV products) 

Figure a. 

 

Figure b. The left hand system consists of three layers of multi-coat product which could work as a 
basecoat and as a topcoat applied on solid wood or veneer. It gives the impression of open pores, a 
natural wood effect. It is similar to the left hand system in figure a, but includes one more layer of 
lacquering product and at the same time gives a higher degree of chemical and mechanical 
resistance. 

The right hand system consists of six layers of different products, five of them are from the same 
chemical range (UV) and one of them  is from a different chemical range (WBUV – waterborne 
product cured partly by UV radiation): 

� Adhesion promoter for reaching good adhesion between substrate and other layers of the 
lacquering system, 

� UV heavy filler / putty for filling up medium-sized holes in substrate 

� UV light filler for filling up and making surface substrate more even 

� UV basecoat for hiding the substrate structure and building the colour 

� UV basecoat with good sanding properties for preparing the surface for a sanding operation 
to make it smoother 

� UV topcoat for reaching final colour, appearance, chemical and mechanical resistance 

This complex system combines two types of lacquering products in terms of chemistry –a 100%  
UV cured material (UV) and a waterborne product cured with UV light (WBUV). This sophisticated 
combination offers the possibility to decrease the cost of the system (compared to a 100% UV 
system – as in the right-hand system of figure a) and gives a high performance of aesthetic-
decorative features and a good chemical and mechanical resistance. 

 

UV Sealer 

UV  Topcoat 

        UV Filler 

UV Heavy filler=putty 

       UV Light filler 

       UV Basecoat 

    UV Basecoat - good sanding 
    properties 

UV  Topcoat 

       UV Basecoat 
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               Multi-coat system                  Standard system within two ranges of products (WBUV and UV )                               

Figure b. 

 

Figure c. The left hand system consists of two layers from different chemical ranges (UV) and 
(PU=polyurethane): 

� UV filler is for filling up the surface 

� PU topcoat is for reaching very good mechanical and chemical resistance of the surface 

This is an example of a non-complicated system which gives an effect of open pores and natural 
wood with high aesthetic-decorative performance and good degree of chemical and mechanical 
resistance. 

The right hand system consists of six layers of different products. Five of them are from the same 
chemical range (UV) and one of them is from a different chemical range (WBUV waterborne product 
cured partly by UV radiation): 

� UV filler for filling up deep holes, 

� UV heavy filler / putty for filling up medium-sized holes in substrate 

� UV light filler for filling up and making the surface substrate more even 

� UV basecoat for hiding the substrate structure and building the colour 

� UV basecoat with good sanding properties for preparing the surface for a sanding operation 
to make it smoother 

� WBUV topcoat for reaching final colour, appearance, chemical and mechanical resistance 

This complex system combines two types of lacquering products in terms of chemistry –a 100% UV 
cured material (UV) and a waterborne product cured with UV light (WBUV) as a top layer. This offers 
extra application possibilities because a WBUV product could be applied by means of spraying. The 
sophisticated combination leads to decreased cost of the system  (compared to a 100% UV system – 
as in the right-hand system of the figure a) and gives a high performance of aesthetic-decorative  
features and good chemical and mechanical resistance. 

Adhesion promoter 

UV Heavy filler=putty 

        UV Light filler 

            UV Basecoat 

  UV Basecoat – good sanding 
  properties 

                 UV Topcoat 

UV Basecoat x 2 

    UV Topcoat 
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Standard system within two ranges of products       Standard system within two ranges of products   
(PU and UV )                                                                     (WBUV and UV)        

Figure c. 

Figure d. The left hand system consists of two layers of product from the same chemical range –  
WB = waterborne products: 

� WB basecoat for base coating of substrate and building colour if pigmented 

� WB topcoat for reaching demanded appearance in terms of colour, gloss, structure, chemical 
and mechanical properties  

This is a good example of a waterborne, pigmented system for finishing of wood-based materials 
such as chipboard, MDF, HDF etc. It is recommended and applicable for children´s furniture, wooden 
toys and picture / paint frames. It also gives a wide range of application possibilities for furniture 
producers. High performance of aesthetic-decorative features is an advantage. 

The right hand system consists of two layers of products from different chemical ranges – UV – cured 
and AC - acid cured: 

� UV filler for filling up the surface 

� AC topcoat for reaching demanded appearance in terms of colour, gloss, structure, chemical 
and mechanical properties  

Here is an example of a simple system combining two types of lacquering products – UV cured and 
acid curing. This offers a possibility for various ways of application which is convenient for furniture 
producers. The surface presents good aesthetic-decorative features and a high degree of chemical 
and mechanical resistance. It could be applicable for kitchen and bathroom fronts. 

 

 

 

             UV filler 

UV Heavy filler=putty 

        UV Light filler 

            UV Basecoat 

  UV Basecoat – good sanding 
  properties 

                WBUV Topcoat 

UV Light filler 

    PU Topcoat 
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Standard system within one range of products (WB)      Standard system within two ranges of  
                     products (SH and UV)                    

Figure d. 

 

Description of a lacquering / painting process with a UV system in a roller application on honey 
comb substrate  
Elements come to the lacquering department with finished edges – glued ABS. An automatic in-
feeder installed at the beginning of the UV line, load elements on the conveyor.  Elements are 
sanded by means of a sanding and fladdering / brushing machine. The finishing process is done by 
means of a UV roller machine, which could be equipped with a glazing roller (then the UV roller is 
called a light filler machine) or not (then the UV roller is named an RC roller coater). UV lacquering 
materials are applied in a number of layers (see figure 9 below) on the surface to create a whole 
system which usually consists of: 

� UV Fillers are applied in one or two layers, usually in a roller coater with a smoothing roller. 
The amount of application depends on the board/substrate quality and vary in the range of 
20 – 50 g/m2. A good quality board needs smaller amount of application than a bad quality 
board. The reason for using filler is to fill up the substrate, close the surface and prepare it 
for sanding before base coating. 

� UV Sealers are sometimes applied instead of a second layer of filler in order to build up a 
finishing system, to seal the substrate and to create an easily sand able layer. The UV Sealer 
is usually applied in an RC roller coater machine and the amount of application is approx. 10-
20 g/m2. 

� UV Basecoats are to build the system, colour and hiding power. The UV Basecoats are 
applied in 1, 2 or 3 layer(s) in an amount of 8-15 g/m2 for each layer. 

� WB Ink – for printing – is usually applied by means of 1-3 printing heads, each with a 
different pattern. Depending on the final finishing (pattern + colour) ink could be in one 
colour (the same colour on each printing head) or in different colours each.  The amount of 
applied ink is normally in the range of 2-5 g/m2. In figure 9 a building up of a printed pattern 
is illustrated. 

 

       Light UV filler 

             SH Topcoat 

   WB Basecoat 

    WB Topcoat 



 26 

  

  

Fig 9. Building up of a printed pattern 

� UV topcoat. If the final finishing is transparent, top lacquers are used. If the final finishing is 
pigmented, top paint is used. Topcoats are applied in 1 or 2 layers, in an amount of 4-24 
g/m2, by means of a smooth roller coater machine or opti roller coater machine. [Smooth 
roller coater – the application roller has smooth surface and is usually dedicated for 
application of a thin layer of lacquer. The opti roller coater has grooves and usually is 
dedicated for application of a thick layer of paint]. The first layer is called sealer. The function 
of the sealer is to give a thicker protective layer than the last layer, which mainly gives the 
gloss of the surface. Topcoat is applied to give the final resistance and aesthetic-decorative 
features of the finished substrate. 
 
Each UV layer has to be gelled or cured. After the top coating and curing process, an out-
feeder machine takes out elements from the conveyor. 
 
After finishing of the elements, they are moved to the packing department. 
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Fig 10. Standard system within one range of products ( UV )                                                                           

In the case of UV products – the systems can be applicable for roller application or spray-automat 
application. Similar systems can be created within other chemical groups of products and can then be 
applicable in other ways, for ex. hand-spraying, curtain-coating, deeping, flow-coating, wiping or 
brushing. 

Foiling 

Before foiling, the substrate has to be prepared by means of a sanding / grinding operation in order 
to remove dust and other particles, to even the surface and calibrate the thickness, to provide good 
adhesion between foil and adhesive which is applied on substrate. 

Foiling of wood based materials could be done with different types of foil and by means of different 
machinery – presses. 

PVC, PP, melamine, HPL and LPL foil can be applied on the substrate by means of membrane presses 
or shelf presses. PVC, PP and melamine foils offer the possibility to apply the foil on various profiles 
of curved processing.   

In a membrane press the elements are located in the press. Then the sheet of foil is put on top of the 
element and the membrane (part of the machine) presses the components together. 

Light UV filler x 2 

        UV Sealer 

            UV Basecoat x 3 

                 Ink x 3 

         UV Topcoat x 2  
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A shelf press is equipped with several shelves on which elements are put together with sheets of foil. 
The press is locked and the components are pressed together. 

FF foil is applied in a continuous foiling line. Machinery producers offer today the classical surface 
lamination bonding with dispersion adhesives or urea formaldehyde glues, as well as an innovative 
system of bonding with hot melt adhesives. 

Generally foiling lines consist of brushes for cleaning edges and brushes for cleaning of flat surfaces;   
heating sections, both side adhesive applications, both side foil application with an unwinder unit, 
roller press.

Fig 11. Surface bonding with dispersion adhesives

Fig  12. Surface bonding with urea formaldehyde glues 
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Fig 13. Surface bonding with hot melt adhesives. 

 

 

 

Fig 14. With dispersion adhesives for the surface - 
 optional with dispersion or hot melt for the edges. 

 

Fig 15. A combined in-line edge sealing for profiled particle board edges 
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Fig 16. Surface and edge lamination can today be realised with compact lines, with hot melt bonding. 
This line works with pre-coated surface materials. The adhesive is reactivated in-line. 

 

2.2 Edges/joints 

Painting/printing 
In printing, edgebands are applied on all four edges by gluing. The process of applying an edgeband 
is: 
 
Formatting � application of adhesive� application of the edgeband� cutting� profiling of the 
edgebands to the same thickness as the element. 
 
The elements are painted and/or printed after the edgeband application, which results in the coating 
covering the top of the edges, see figure 16 below, leaving no marks from the edgebanding machine. 
 
 
 
 
  
 
 
 
 
Fig. 16 

Edgeband 

Substrate 

Paint system 
Filled gap 
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Fig 17.  Result of the joint between the  Fig 18. Printing of wood imitation overlapping  
painted surface and the edgeband. the edgeband. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19 

Edgeband 

Substrate 

Foil 

Gap 
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Fig 20. Result of the joint between the foiled surface and the edgeband 
 
As the edge is protected by the edgeband, and the side of the edgeband is painted, the total edge 
will be more robust in its function. As could be seen in figure 16 above, the lacquer has the possibility 
to fill a smaller volume between the edgeband and the substrate if there is a gap. This is not the case 
for the foil, figure 19. There is always an open area between the foil on the substrate and the edge. 
An edge with an ABS-band (mixed polymer of Acrylicnitril-, Butadiene and Styrene monomers ) is 
more tolerant to damages to the edges compared with a foil which is more sensitive. 
 

Foiling 
The edges are covered in two different ways when using foil - the foil is utilized to cover two of the 
edges, and the other two edges are applied with an edgeband. 
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Fig 21. Edgebanding of a furniture element from a top view.  
 
When foil is used, you get the same pattern on the edges as on the top surface of the element. As 
the foil is relatively thin and sensitive to damages the edges are a critical area in the production and 
the handling of the element. The foil covered edges are also sensitive to damages in the customer´s 
use. In some cases, the joint of the foil is visible when the ends meet during the wrapping of the foil. 
To overcome this, a solution is to apply a clear lacquer on top of the foil, around the joint to 
camouflage it.  
 
As the edgeband is applied after the foil has been applied, the calibration of the substrate’s thickness 
needs to be more precise to achieve a good result. 
 
An older furniture element which has been foiled has a tendency to have cracks at the edges due to 
internal movements in the elements. These movements originates mainly from changes in 
temperature and humidity, and the foil is not elastic enough to handle these movements. If cracks 
are created, the edges become more sensitive to water etc. 
 
In summary – For painting/printing, the edges are first covered by the edgeband and afterwards the 
painting/printing takes place. This makes the edge become more robust than for foiling.  
 
In foiling it is possible to have the same pattern on two of the edges as on the top surface of the 
element. The other two edges have to be covered with an ordinary edgeband.  

2.3 Practical capacity 

Painting/printing 
The process normally runs in 2 to 3 shifts every day. Within some printing lines for furniture, it is 
possible to produce approximately 8000 m2 ready goods per shift or 24000 m2 per day. One benefit 
for painting/printing compared to foiling is that it is possible to run multiple elements parallel 
(normally 2 up to 4 elements) to each other within the same line. There is no limitation regarding the 
elements having different widths. The capacity of the production is mainly decided by the machinery, 
drying/curing, feeding and un-loading of the line. Specific parameters affecting the practical capacity 
are: 
 
 

Edge with foil 

Edge with edgeband 

Surface with foil 
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-whether the substrate shall be painted on both sides or not 
-the capacity of the line can be balanced with filling up the multiple rows  
 
As an example, for a UV line the capacity is up to 18 000 m2/shift with an average level of 8000 
m2/shift. This goes well with the general example above and indicate that 1000 m2/h is a common 
capacity. 

 
 
Foiling 
The process normally runs in 2 to 3 shifts every day. A foiling line has the capacity today to produce 
from 6500 m2 to 19000 m2 finished goods per day. The utilization of the line depends on: 
 
-the number of changes of the dimensions (length, height and width) of the furniture elements 
-if the substrate shall be coated on one or two sides 
-the layout of the lines 
 
To utilize the lines better there is a clear goal to speed up the processes from the lower levels. To 
change pattern will cause a shorter setting time compared to the painting or printing line. Elements 
with one and the same size over a long period of time could be more favourable to run in a foiling 
line. The pace of production is mainly decided by the machinery, application of glue, wrinkling of the 
foil, feeding and un-loading of the line. 
 
For a continuous foiling line the capacity is approximately 7000 m2 / shift, which is also in the 
ballpark of 1000 m2/h. 

In summary – The practical capacity of a painting/printing line versus a foiling line is about the same 
but to large extent dependent upon the length of the production series and whether there is a 
substantial variation in thickness and shapes of the elements. A large variation in element 
dimensions promotes a painting/printing line. 

2.4 Staff 

The number of operators per line and shift in the production has been estimated. The staff is defined 
as persons who are in close connection to the process itself, not forklift drivers etc. Parameters 
which decide the number of operators at a line are: 
 
-Feeding 
-Unloading 
-Need of quality control 
-The width of the line. An operator has to be able to pick out elements etc from its place along the 
line. 
-Need of maintenance of the process 
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Painting/printing 
0-2 persons to load the line (automatic or manual) 
2-4 operators at the line 
1-2 persons for quality control and packaging on pallets 

 
The total number of operators is in the range of 3-8 to operate a printing alternatively a painting line. 

 
Foiling  
0-2 persons to load the line (automatic or manual) 
3 operators at the line 
1-2 persons for quality control and packaging on pallets 

 
The total number of operators is in the range of 4-7 to operate a foiling line 

 
In summary – In order to operate a printing/painting line or a foiling line, the same number of people 
are needed.  

2.5 Maintenance 
 
Painting/printing 
Standard maintenance of the process line has to be done every day of the week. 
 
-Cleaning of UV rollers - approx. 30 min, after paint – approx. 15 min 
-Changing of roller coater – approx. 25 min. 
-Changing of printing rollers in the printing machine – approx. 3h 
-Cleaning and synchronizing of printing heads should be 2-3 h. The working time (from brand new to 
worn down) depends on the producer and vary from 3 months till 6 months when working 5 days/ 
week, 24 h/day.  
 
Engraved steel rollers are sooner or later worn down and lose their ability to print in a good manner. 
The normal life length is approximately 5 months when printing 24 h/day, 5 days/week. The worn 
down rollers can be re-engraved. Re-engraving of a set of rollers normally takes less than 3 weeks 
including transports, if well planned. Changing of a set of engraved rollers takes approximately 2-3 h 
for a well trained team. Synchronization after a change of rollers shall not take more than 45 
minutes; often less. 
 
The doctor knives of the engraved and rubber roller are also worn down, and the recommendation is 
to change these knives every work shift. The changing time is approximately 30 min. The wearing 
down problem also occurs when printing is done on a foil. It’s an issue for both techniques. 
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Foiling 
Standard maintenance of the process line has to be done every working day of the week. In addition 
the application rollers for the adhesive have to be cleaned at least at every stop. The cleaning time is 
then approximately 1 h. 
 
In summary - Changing of pattern and colour in a printing/painting line cause more washing 
compared to a foiling line. There are also more rollers which have to be checked with respect to its 
functions, especially when printing. The standard maintenance of a foiling line is to wash the 
adhesive from the rollers before longer stops. 

 

2.6 Flexibility 

The need for flexibility could be relevant if the production consists of a variation of elements with 
respect to length, thickness and width. However, it could also be interesting with a short setting time 
if the dimension of the element is fixed, more or less only one size, but there is a variation of the 
pattern. The product program decides the level of flexibility needed. 

Painting/printing 
In a combined painting and printing line it is easy to change from one solid colour to another or to a 
printed pattern, by loading the different rollers and print stations with the demanded coatings and 
inks. The setting time is about one minute. 
 
If the printing technology is used it is possible to create more individual patterns. The same pattern 
can be printed in different colours by changing the inks and/or the base-coat. With a set of engraved 
rollers in the application line it is rather easy to change the appearance of the printed surface from 
one to another by adjusting/changing the colours of the base-coat and printing ink. See example in 
figure 22. 
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Fig 22. A set up with the same pattern but different colours is achieved quickly with a smart system. 
 
In a lacquering line there is no need to adjust the width and the length when these change. However, 
when the height changes, an adjustment must be made. This goes for a foiling line as well. A 
lacquering line handles elements with dimensions 200 x 200 mm in parallel with e.g. 1200 x 2000 as 
long as the height is the same.  
 
The real flexibility will come when the ink technology is fully implemented on the market. By using a 
basic primer a lot of patterns can be created, from wood imitation to fancy patterns. By using a 
tinted primer the need of the expensive ink-jet inks can be substantially reduced. 

 
 
Foiling 
When using foil you must rely on the producers of foil and their competence to maintain the quality 
and their capability to supply. The bigger you are as a customer, the greater your possibilities are to 
have an impact on the foil producer.   
 
The flexibility of the foil is mainly based on the fact that it is easy to change pattern. If elements shall 
be produced with a new pattern/colour, it is basically only to change to another roll of foil. However, 
if the foil shall be unique, it must be produced and bought in a minimum quantity. The foil producer 
uses the same kind of engraved steel rollers and suppliers as are used in a printing line. The rolls of 
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foil are produced in certain widths which have to be cut to fit better with the furniture elements. 
Waste is then created. 
 
The setting time and fine tuning of a foiling line from one dimension to another is approximately 1-2 
hours and has to be done in a foiling line every time the dimensions of the elements are changed. 
The foil has to be changed when the width is changed. If the thickness of the elements is changed, a 
new setting is needed for the line. This takes less than 15 minutes. 
 
In summary – The degree of flexibility needed is determined by your product mix or product 
program. With the printing technology, it is possible to create more individual patterns. The same 
pattern can quite easily be printed in different colours. The flexibility in terms of variations of 
patterns will come when the ink technology is fully implemented in the market. In a combined 
painting and printing line, it is easy to change from one solid colour to another or to a printed 
pattern. 

The flexibility of the foil mainly comes from the fact that it is easy to change pattern. It is basically to 
change from one roll of foil to another. When using foil you must however rely on the foil producer 
to deliver in time and to maintain the right quality. 

Since the rolls of foil are produced in certain widths which then have to be cut to fit better with the 
furniture elements, more waste is created in foiling. 

2.6.1 Possible shapes of the elements 
Foiling can only be done on elements which have right angle corners, not on elements which have 
circular, oval etc. shapes. 

 
 
Shape suitable for               Shapes only suitable for painting/printing  
painting/printing or foil 

2.6.2 Change of patterns/colours – speed 
Patterns or colour will be necessary to change sooner or later depending on order stock. 

 
Painting/printing 
To change a printing-colour application, rollers of coloured print coat and engraved printing rollers 
need to be washed and cleaned. The putty, filler and clear topcoat need not to be changed.   
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If printing is done and there is a total change of pattern, at least the printing rollers need to be 
washed down and exchanged to new rollers. Normally the colour of the print coat rollers is also 
changed which means that they also need to be cleaned. 

 
In the case of printing, a smart system can be used by using a limited number of base-coats and a set 
of printing rollers which can give several types of e.g. wood imitation patterns when combined in 
different ways. This was shown in figure 19. 

 
The time to change three engraved steel rollers in the printing-step including cleaning, takes less 
than 3 hours for a well trained team. Washing down and cleaning the rollers take < 1 h. To change 
three basecoats take < 1 h.  
 
One way of speeding up the setting time for changing colour pattern, is to use parallel application 
units.  
 
Foiling 
The time needed to switch the foil in a lamination line, is estimated to 15 minutes (excluding change 
of dimensions). The time to change setting depends on whether there is just a change in pattern 
(same dimension of the furniture element) or also a change in the dimensions. Changing foil rollers 
take about 15 minutes. 
 
In summary – Changing from one existing pattern colour to another is easier for foil compared to 
printing/painting, if the dimensions of the elements are the same. With frequent changes in 
dimensions and thickness, the foiling process is more time consuming. 

Changing of pattern for printing or solid colour is more time consuming than for foiling. However, 
with double set up of printing and coating rollers, the changing time can be reduced drastically. 

2.6.3 Development of new patterns/colours 

Painting/printing 
In order to develop a new printing pattern, there is a need to have a discussion with the engraving 
companies regarding colour, pattern etc. The process includes adjustment of the printouts from the 
engraving company to the buyer. When the pattern has been established the buyer needs to contact 
a manufacturer of the coating and/or printing inks for the system. This company has to look at the 
pattern and its separations into the different colours and basecoat (background colour) and match 
the proposed colour separation from the engraving company. At last there is a need to test the 
ordered rollers in the printing line in full-scale with respect to colour, metameri, hiding of the 
substrate, smoothness etc. In practice this testing will make use of some production time. The final 
approval, or the go or no go decision, of the new printing pattern will be taken first when reference 
samples have been printed.  
The challenge with implementing a new pattern in printing is the price of new rollers and the work to 
set the correct base-coats and blends of the inks. This has to be verified in full-scale. 
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Fig 23. Wood pattern based on base-coat and three rollers. 

Foiling 
Several producers of foil, yearly present new patterns to the market in their own design studios. A 
potential customer can buy a specific pattern or start a development project of a new pattern based 
on a presented pattern. The development of a pattern on a foil is a process between the foil 
manufacturer and the customer, regarding pattern, colour, resistance properties, thickness etc. A 
typical lead time for creating a completely new pattern, is up to 5-7 months. Larger users of foil have 
bigger potential to design their own exclusive patterns compared to smaller users. The large 
furniture manufacturers have discussions directly with the foil producer and do the foiling of the 
board themselves. Smaller manufacturers may buy foiled board in standard colours and patterns and 
use this board in their production of furniture. 
A typical lead time for ordering already developed foil is approximately 4 months. 

In summary –With the paint and printing process there needs to be cooperation between the 
customer and the paint supplier when developing a new colour pattern, as well as a validation of the 
concept in full scale. When choosing a foil, you buy the result directly.  

 On the other hand, it is possible to optimize the paint and printing process to improve the result and 
reduce the costs.  

 

 
 

 

Base-coat Print roller 1 Print roller 2 Print roller 3 

Print rollers 1+2+3 
incl base-coat 
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2.7 Rejects 

The possibility to rework improper elements or rejects is considerably better for painting/printing 
than for foiling. 
 
With the painting/printing technology approximately 70% of improper elements can be recoated. 
The total number of rejects is in the range of 3-8% depending on pattern, colour and type of 
construction of the element. 
 
With the foiling technology, there´s only a chance to repair < 3% of the rejects. The reason for this 
low number is that the preparations of the wooden surface for re-foiling, cause reduced thickness of 
the substrate. This is normally not acceptable from a quality standpoint. The total number of rejects 
in a foiling line is approximately 3-5%. In the table below is a summary of the amount of rejects, 
possible rework and waste for foiling and painting/printing respectively. 
 
  Rejects Rework of the rejects Total waste of total prod. 
Foiling  3-5% <3%  3-5% 
Painting/printing 3-8% >70%  0,5-2,4%  
 
Below is a list of causes of the rejects for painting/printing and foiling. 

 
Painting/printing 
 

� Uneven surface depending on too large variation of thickness within one and the same 
element, especially for board on frame. 

 

� Difficulties to fill the board due to board with large pores/holes. 
 

� Bad synchronization resulting in improper pattern (printing) 
 

� Dust and dirt 
 

� Improper curing 
 

� Improper sanding 

 
 
Foiling 
 

� Uneven surface depending on too large variation of the thickness within one and the 
same element. 

 

� Problem to fill the board 
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� Bad adhesion between film and substrate 
 

� Wrong amount of adhesive 
 

� Dust particles between foil and substrate 
 

� Coarse structure of the substrate 
 

� Wrapping – sharp edges or wrinkling 
 

� Incorrect application of edgeband 
 

� Gap between edgeband and foil 
 
Rejects will also be produced when the lines are stopped due to technical problems or emergency.  
 
In summary - With printing, the number of rejects is much lower than with foiling. This is due to the 
fact that there is a possibility for reworking rejected elements in painting/printing. In this aspect 
there is a factor two between the compared technologies.  

 

2.8 Customer claims 

 The general main customer claims regarding painting/printing and foiling are: 

Painting/printing 

� Visual impression of the surface pattern 
 

� Impression of not optimized colour matching 
 

� The scratch resistance is not good enough 
 

Foiling 

� Damages to foil 
 

� A visible gap between the edgeband and the foil 
  

� The board´s structure under the foil could be visible 
 

� Dust and dirt 
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� Not good enough adhesion between foil and board 
 

2.9 Environment 
 
Process and product development processes are constantly aiming for higher efficiency – to get more 
from less. In combination with a systematic environmental work, the impact on the environment 
from materials and processes has decreased successively. 
 
The printing processes are today UV and water based systems with very low levels of organic 
solvents. Adhesives today rarely contain organic solvents. Washing liquids are low in volatile organic 
compounds (VOC) and can be regenerated or used as fuel. The processes are continuously improved 
and optimized, making the amount of for example excess foil, less. The list of improvements which 
have resulted in lower environmental impact could be made a lot longer. This goes for both 
painting/printing and foiling. 
 
In order to make a reasonably relevant comparison of the carbon footprint and/or other 
environmental impacts of painting/printing and foiling respectively, a Life Cycle Assessment (LCA) of 
the two ways of coating wooden furniture would be needed. To cover the full range of 
environmental impacts it is necessary to start such a study with a useful functional unit of say 1 m2 of 
similar product coated with the two different techniques.  
The study would have to encompass all the impacts from cradle to ready product and also take into 
consideration the flexibility of the two techniques, with emphasis on the possibility to rework rejects.  
However, this is considered to go beyond the scope of this report. 
 

2.10 Investment 

The choice of technology defines for a longer period of time the process flexibility. Is the production 
aimed towards large volumes with more or less fixed dimensions, patterns and colours or shall a 
wide range of different dimensions, patterns or colours be manufactured? 
 
Other aspects to consider are the trends in technology and in the market. The digital printing will for 
example be a strong player in the future. The cost of this technique is however on a higher price level 
today. In the table below some investment costs are listed. Since the numbers are taken from the 
flooring business the product categories are divided according to what’s common in the flooring 
industry. 
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Costs Painting & 
printing 

Digital 
printing 

Finish foil 

Investment in machine equipment (k€) 2000 2100 2200 

Annual production capacity (km2) 30 4.5 18.2 

Operators/shift 4 4 2-3 

Annual personal costs (k€) 943 943 545-817 

Annual cost for heat and electricity (k€) 345 225 188 

Need of space (m2) 5800 3500 1500 

The investment estimation is from the 4th Flooring symposium, 2008, which was presented by T. 
Schreck at Bürkle Process Technologies. 

Below is an estimation of the production cost for the different coating technologies. 
 

Costs Painting & 
printing 

Digital 
printing 

Finish foil 

Production cost excl material (k€) 2640 2150 1905 

Production cost excl material (€/m2) 0.09 0.48 0.10 

Cost of material 
(substrate+coating/layer) (€/m2) 

2.54 3.32 2.73 

Total production cost  (€/m2) 2.63 3.80 2.83 

The investment estimation is from the 4th Flooring symposium, 2008, was presented by T. Schreck at 
Bürkle Process Technologies 

 
The printing m² price is 10-20% lower than for foiling. This is based on the calculations above and the 
information from companies who worked with both foiling and painting (including a full 
printing/painting system versus foil and adhesive) 

2.11 Variable costs 

The main variable costs of the materials of the different processes are specified below. The cost 
parameters of greatest importance are glue, foil, edgeband and the paint-system.  
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Parameter  Printing Solid colour  Foil 
  Gravure and   Decor 
  Digital  Finished 

 
Substrate  Yes Yes Yes  
Glue  No No  Yes 
Foil  No No Yes 
Sanding paper  Yes Yes Yes 
Edgeband  4 sides 4 sides 2/4 sides 
 
Paint-system  - - No 
 Putty/filler Yes Yes - 
 Basecoat 1 Yes Yes - 
 Basecoat 2 Yes Yes - 
 Basecoat 3 No Yes - 
 Printing Yes No - 
 Sealer (demands) No - 
 Added clear Top Yes No (Yes, if décor) 
 Pigmented Topcoat  Yes 

3. Conclusions 

3.1 Highlights of the studied technologies 

Painting/printing High volumes can be achieved even with different sized elements (width, 
length, and thickness) .
The responsibility of the pattern/colour lies in-house in cooperation with 
the supplier of lacquer.
Lower investment cost as well as variable costs.
Support from the supplier of the lacquer system.

 
Ink-jet  There´s a high level of flexibility. 
  Works on non flat surfaces. 
  Limitless pattern freedom. 
  This technique is expensive today, but costs will probably decrease. 
 
Foiling High volumes can be achieved only with the same sized elements 

(width, length, and  thickness) 
  The responsibility of the pattern lies on the supplier. 



 46 

 

3.2 Summary of painting/printing versus foiling 

The table below summarizes the strengths and weaknesses of the studied technologies, considering 
a number of parameters. Following the table, are comments to the table. 
 
In the table, (R) refers to the result of the surface and (P) refers to the process parameters. 

Parameter Painting & printing Ink-jet Foil 

 Indirect 
gravure 
printing 

Solid 
colour 

General production capacity of flat elements  
(R) 

+ + - + 

General production capacity of profiled 
elements  (R) 

- + - 0 

Changing thickness of the substrate  (P) + + + 0 

Thickness tolerance of the substrate (P) + + ++ - 

Different size of the elements (P) + + + - 

Different shapes of the elements (P) + + - - 

Possibility to handle differences in board 
quality (P) 

+ + + - 
 

Flexibility to handle small series (P) 0 + ++ 0 

Customized colour (R) + ++ ++ - 

Customized pattern (R) 0 NA ++ - 

Manufacturing on demand (P) + + ++ - 

Profiled surfaces (P) - ++ - + 

Rework of rejects (P) ++ ++ ++ - 

Surface resistance (R) + + + + 

Edge (R) + + + - 

Optimization of the resistance level of  
surfaces  (P) 

+ + + - 

Possibility to use different  chemistry in the 
system  (R) 

+ + + - 
 

Long production series  (R) + + 0 + 

Cost/m2 (R) ++ ++ - + 

++  optimal   (P) = Concerns the Process 
+  good   (R) = Concerns the Result 
0  possible 
-   difficult 
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3.3 Comments to the table above 
 
General production capacity for flat elements 

The general production capacity for flat elements is categorized as good for indirect gravure printing 
and solid color. The reason being the possibility to fill up the line to the optimal level in width with 
elements - the production can run in 1, 2, 3, 4 or more rows – depending on the width of the 
elements. 

Grade “minus” for digital printing is a result of the fact that with the current state of the art 
technology, the maximum width is 600 mm compared to 1300 mm for a normal foiling or 
painting/printing line.  The speed of a ink-jet line is in the range of 25 m/min with god print result 

The capacity of foiling flat elements is in the same range as for printing and painting. Foiling of 
elements with a profile has a lower capacity due to the membrane process.  A limitation is that the 
dimensions of the elements need to be the same for a longer period of time. Every change in 
dimensions or thickness will cause longer or shorter setting times and rejects. 

General production capacity for profiled elements 

The general production capacity of profiled elements is categorized as difficult for indirect gravure 
printing and digital printing because those two technologies are dedicated and applicable for flat 
surface. 

A good production capacity is achieved by solid colours.  This is due to the fact that it is possible to 
run flat or profiled surfaces and therefore speed up the painting process and hence increase the 
capacity. 

Grade (0) for the foiling technology means that depending on the type of foiling technology used,  it 
is possible to influence the production capacity. When using a continuous press, it is possible to 
influence the capacity, but for a membrane press it is difficult or almost impossible, as it is limited by 
the size of the membrane. 

Changing thickness of the substrate 

For painting and printing the thickness adjustment can be made in an easy way either manually or 
automatically. To make similar adjustment with foiling where you also have wrapping over the edge 
it is more difficult and will take longer time. The adjustment for a foil-line is more precise and the 
equipment needs to be adjusted to more accurate measurement. 

Thickness tolerance of the substrate 

Application rollers used for printing and painting is made of rubber.  The rubber is normally between 
25 and 50 shore hardness. These rollers have the possibility to manage some thickness tolerances 
within the same element or between elements.  The tolerance they can handle is approximately 0,5 
mm. For foiling it is important to have well calibrated elements with the same thickness. Pressing 
rollers or plates are made by metal and have no flexibility. For Ink-jet, there is a non-contact between 
applicator and substrate so the tolerance is higher. 
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Different size of the elements 

The limiting factors for a paint or print line are the maximum width, the shortest length and a 
possible loading and unloading device. For width and length pieces can be mixed randomly as long as 
they are within in the lines parameters. Using an automatic feeder and stacker the settings here 
decides limitations but it can easily be re-programmed and changed. For foiling you also have to 
adjust the preparation of the edges which makes this less flexible and more complicated to change. 

Different shapes of the elements 

As long as the elements are within minimum length and maximum width, pieces can be painted or 
printed easily. For foiling in line pieces need to be more or less square. For other shapes they have to 
be handled off line and cannot be wrapped over the edge. 

Possibility to handle differences in board quality 

For printing, painting and ink-jet it is possible to fill the board with more or less filler. In this way, it is 
possible to, in a controlled way, take care of variations in board quality. 

Flexibility to handle small series  

When it comes to flexibility to handle small series, the ink-jet is optimal. It easily handles small series. 
The set up procedures are almost eliminated. For painting and printing the flexibility is still relatively 
good, but longer time is needed for changes including cleaning. The most time consuming in terms of 
changing from one colour series to another is foiling. The same order also goes for scrap and waste 
because of changing between small series. However, the startup time/implementation time for a 
new pattern/paint is shorter for foil compared to printing/painting, because the “result” is more or 
less ready when the foil has arrived. It just has to be applied. 

Customized colour  

Colours are easy to customize for all coating systems except for foiling. Many foil producers have a 
standard assortment to buy from. Exceptions from this standard assortment take a long time to 
develop and are also more expensive, if they cannot be produced in very large series. 

Customized pattern  

The categorization for the parameter “customized pattern” follows the same arguments as for 
“customized colour”. However it is more difficult for printing since specific printing rollers have to be 
ordered. 

Manufacturing on demand   

For indirect gravure printing, solid colour and especially digital printing, the manufacturing of liquid 
material is often a very quick process with short lead times for the customer. For foil it is a bit 
different. A typical lead time for foil is approximately 4 months. If the customer wants to have a new 
pattern / colour of the foil, the development is time consuming. This is a fact also when the 
difference in appearance is slight compared to an already existing product. Referring to printing / 
painting technology – manufacturing on demand could be much less time consuming, especially 
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when only a colour change is considered. When a new pattern is asked for, new gravure of printing 
heads is needed, which prolongs the time needed to achieve the desired result. 

Profiled surfaces 

Surfaces which have a profile e.g. door skins can be coated by either spraying or by foiling. The roller 
coating is not a preferred choice if the profile is steep and strong. The spraying process has the 
possibility to take care of more difficult shapes and profiles. 

Rework of rejects 

In a paint-process it is possible to re-paint a not accepted surface. If foil is used this is not possible. A 
not accepted surface covered by foil has to be handled as waste. There is no or a very limited 
possibility to repair an element coated with foil. A rule of thumb is that a paint process creates less 
than half of the waste of a foiling process with respect to rejects.  

Robust edges 

Edges are often loaded to mechanical damages and wears, which makes it a normal requirement to 
have edges which can stand these loadings. 

Foil on the edges is very sensitive to damages due to its thin thickness. Normally there is a porous or 
soft material on the edges which does not support the foil on its backside. A paint system uses 
edgebands which have a toughness and mechanical robustness within themselves. 

Surface resistance 

Similar surface resistance can be achieved by painting and foiling. Depending on the choice of paint 
system or foil type it is possible to achieve different levels of surface resistances. It is also possible to 
match a corresponding paint-system to a foil type. Optimization of the paint system can be done in- 
house by combining different types of chemistry and thickness of the layers. Changing the resistance 
level of a foil means that you have to exchange the whole foil quality. 

Edges 

In the printing and painting process the gap between the edgeband and the substrate is filled by the 
paint and printing system. The disadvantage for the foiling process is that the gap cannot be covered 
by the foil, due to the fact that the edgeband is applied after the foiling. The gap can be a potential 
starting point to de-lamination etc if the area with an open gap is exposed to liquids. 

Optimization of the resistance level of surfaces 
 
The possibility to optimize the right resistance level of different surfaces by varying single 
components in the coating system is good, based on experience, in the case of indirect gravure 
printing, solid colour and digital printing technologies. This is motivated by the fact that when 
building up each system, you can choose from a wide range of different components (layers of the 
system) in terms of chemical and mechanical resistance. There is a possibility to achieve a variation 
of the resistance levels of different surfaces of the object, divided into e.g.  A-, B- and C-levels. 
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Apart from that it is worth highlighting that during production/finishing the process, there is a chance 
to influence the final result, by means of adjusting a number of application parameters:   

* Adjustment of the amount of applied lacquering products 

* Adjustment of the amount of UV energy during gelling/curing process 

* Adjustment of the curing speed 

* Adjustment of the temperature of applied lacquering products 

Grade “minus”  for foil in this aspect indicates lack of possibilities to adjust and optimize the right 
resistance level in the process. Finished surface is a foil surface, which means that you are not able to 
influence any parameter of the final product in terms of finishing aspects. The resistance level has to 
be decided when purchasing the film and the same resistance has to be used on all surfaces of the 
actual object. There is no possibility to divide the surfaces into A, B and C qualities. 

Possibility to use different chemistry in the system 

Possibility to use different benefits of different types of chemistry in the paint system is estimated as 
good in the case of indirect gravure printing, solid color and digital printing technologies. This is due 
to the fact that during creating/building the system you can combine different types of lacquering 
products to achieve a final result which fulfills the surface requirements in terms of aesthetic-
decorative features and chemical and mechanical resistance. The number of combinations is 
unlimited. This gives an opportunity to maintain or adjust the cost/performance ratio of the surface 
over the long term perspective, in cooperation with the supplier. 

Grade “minus”  for foil in this aspect means that it has to be agreed with the foil producer at the 
beginning what requirements should be fulfilled by the foiled surface. When the foil is produced 
there is almost no chance to make any changes.  

Long production series 

Long production series are categorized as good for indirect gravure printing, solid colour and foiling 
technologies because there are no colour or pattern changes needed. This gives an advantage in 
terms of time, work and value for money, efficiency and complexity of a process. 

The estimation is neutral, in total, for the ink-jet. From one perspective ink-jet technology is optimal 
due to the fact that it is not influenced by the length of series in terms of time, work, value for 
money, efficiency and complexity of the process. That means that no matter how long the 
production series is, the capacity of the process is always the same. The real drawback, today, is the 
cost of the inks. 

Cost/m2 

When comparing the cost between the different applications, several issues have to be considered. 
The cost of the coating can be both less and more costly depending on the quality of the paint/print 
or the foil that is compared. Overall, the cost of paint/ print is lower than for foil. The investment 
cost is lower for paint/ print but also here the comparison is difficult to make, since it depends on the 
capacity and quality needed. Energy consumption for foil is slightly less than for paint/print. There is 
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one aspect for which paint/print is superior to foil. This is rework and scrap. A painted/printed 
surface you can easily rework but a foiled surface is difficult to rework. An ink-jet printed surface is 
more expensive due to the higher cost of ink and investment 
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