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consolidates the ingredients, size and pricing information into a simple calculation box 

for mill personnel to quantify the implications of each density variation. This Microsoft 

Excel spreadsheet calculates the change in density based on the density difference of the 

total materials used in an optimal situation versus the given current situation.  
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Calculating the Added Cost of Over-Densifying Particleboard	  

 

Introduction 
 

Wood products facilities are often grouped together in industry clusters. This allows all 

stages of the industry to operate at a lower cost due to shorter material transportation. 

Early in the twentieth century logs were processed in sawmills, with the waste material 

put to very little use; it was commonly burned in the open. The global demand for wood 

products has risen and competition has become stronger; these facilities can no longer 

afford to waste any material. 

Primary wood products are goods that are milled from raw logs. A primary processing 

facility may include lumber mills and veneer peelers. Secondary processing facilities use 

the primary products to create something closer to a final product the customer may see, 

such as tables, chairs or plywood. As these materials proceed from raw material to 

finished product, over half of the initial material is subject to waste. This is where wood 

composite mills come in to play. Wood chips are used to create paper and medium-

density fiberboard (MDF); often used to produce things like panels for moldings.  Scrap 

bark and branches are burned as biomass for heat and electricity. Smaller particles such 

as sawdust and shavings are used to produce particleboard.  
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Background 
  

Figure 1 outlines the raw material flow of wood products. 3 At the top of the image are 

the primary wood products with the amount of initial raw material. As you move down 

the image, arrows indicate wood waste flow to other areas of production. At the bottom 

are the amounts of finished products from each source. Notice how less material enter the 

pulp and board mills than end up as finished product due to the amount of residual 

material from other industries. For sawn lumber and plywood applications, less is leaving 

than is entering it.  

 

Total Harvest
865 MMCF (3.6 BBF)

Other Mfrs.
6 MMCF

Plywood & 
Veneer Mfrs.
138 MMCF

Pulp & Board
Mills

82 MMCF

Sawmills
639 MMCF

Residue to 
pulp & board
213 MMCFResidue to 

pulp & board
45 MMCF

Residue for 
Energy

69 MMCF

Residue to 
pulp & board

1 MMCF

Residue for 
Misc.

16 MMCF

Residue for 
Energy

11 MMCF

Unutilized
residue

<0.5 MMCF
Lumber 

Shrinkage
22 MMCF

Other primary
products
4 MMCF

Finished
Plywood & veneer

78 MMCF

Raw materials for 
Pulp, paper & board

products
340 MMCF

Finished lumber
& other sawn products

317 MMCF

Residue for 
Misc.

1 MMCF

Residue for 
Misc.

3 MMCF

 

Figure 1. Flow of raw materials in the Oregon forest industry.  
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Particleboard manufacturing is a well-designed process in waste recovery. It is a non-

structural composite panel most commonly used in cabinetry and furniture. A low 

resistance to moisture restricts its use to interior applications. As stated above, 

particleboard utilizes low-end material like sawdust and planer shavings from sawmills 

that cannot be used for other products. The ‘furnish’ (the term used in the industry for the 

raw wood materials) in particleboard has to undergo preprocessing before it reaches the 

production line. These particles are first broken down into roughly the appropriate size. 

They are then passed through separate cyclones which remove fine dust particles. The 

removed dust particles are hazardous for human lungs due to their microscopic size and 

may absorb too much resin in the blending process. Green and dry material are then 

broken down and run through dryers (Figure 2) to reach a consistent moisture content. 

Some green material entering the dryer can be as high as 70% moisture content. The core 

material (described below) reaches a higher temperature in the dryer in order to achieve a 

lower moisture content.1   

There are three layers to particleboard: Two outer face layers and an inner core layer. The 

core layer provides the bulk and strength of the panel consisting of coarser particles and a 

lower moisture content for greater resin adherence. The face layers create a smooth, 

consistent surface using smaller particles than the core. It reaches a higher moisture 

content to offset evaporation from the heat of the press and improve thermal conduction 

to the core layer. This smooth surface also helps apply laminate coatings.  
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Figure 2. A particulate rotary dryer. 

Blenders mix the furnish with resin, wax and other additives, using a spray nozzle for 

even distribution. Wax is added to give the panel a degree of moisture resistance. It also 

helps to keep machines from plugging and adds stability to the final panel. A scavenger is 

added to neutralize chemical impurities from the resin. Lastly, a catalyst is included to 

facilitate the thermosetting conversion of curing the board.2 Urea formaldehyde is the 

most common resin due to the strength, cost-effectiveness and versatility1. Since it 

contains formaldehyde, trace amounts are emitted from the surface of the board. These 

emission levels are constantly tested to ensure they stay under the continuously-

tightening limits of the California Air Resources Board (CARB) and proposed EPA limits 

currently under review.  

The layered panel goes through a pre-press to preliminarily compress the material and is 

then trimmed to a rough length and width before entering the press. Depending on the 

grade and thickness of the panel, the board is pressed for a range of 2-10 minutes. The 
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temperature of the press chemically cures the resin, which gives the resin a higher 

bonding strength to the wood particles.  A portion of the moisture from the face material 

is driven to the core material and the rest evaporates from the surface of the press.  

 

 

Figure 3: A wicket cooler allows the boards to cool enough to stack in units. 4  

The post-pressing process is one of ‘pruning and shaping.’ Panels are first cooled in a 

wicket-cooler (Figure 3) and then trimmed to a uniform dimension. From there they are 

sanded to a specific thickness and banded together in units. Some panels may go through 

a lamination process on-site while others undergo lamination processes at the customers’ 

facility.  
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Standards and Properties  
 

Two of the particleboard mill’s products are produced to standards specified by the 

American National Standards Institute (ANSI A208.1-2009). The products produced 

under this standard are underlayment for flooring applications and door cores. The ANSI 

standard determines an appropriate grade based on a panel’s density; these grades must 

meet certain performance criteria such as internal bond strength, hardness, bending 

strength, stiffness and so on.  However, for the majority of the company’s products, the 

standards are based on customer expectations and communication. All standards are 

translated in recipes within the recipe list, whether a national standard or a customer-

established standard. If a panel does not meet the target density for the given grade, the 

board can be “downgraded” to a lower quality panel. This avoids disposing of the whole 

panel because it did not meet the initial standards. If the panel ends up being too low of a 

grade to sell, it may be converted into sticker stock (e.g., footings for finished units) or 

saved as waster sheets. They cannot be re-manufactured into another panel completely 

due to the chemical reaction that occurs between the resin and the wood during the hot 

press.  The company uses density as the primary indicator of panel quality because the 

density of a panel is closely linked to the critical aspects of product performance.  Line 

operators will tend to keep density on the higher side as a precautionary measure to 

ensure that the panel will meet the customer’s expectations or to address upset conditions 

which the added weight will often mask.  
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Methods 
 

1. Pricing 

To calculate the added cost of a given panel grade and thickness we first need to know 

the material (i.e. furnish, resin, wax and other additives) cost of each panel. For the 

purpose of this project we are only concerned with the material cost of a given set of 

panels, not any time or energy variables. The particleboard company currently operates 

two production lines which we will simply refer to as  Line 1 and Line 2. Each line uses 

the same furnish, catalyst and wax on a cost basis. The face and core resin, typically urea 

formaldehyde, differs slightly in content between the face and core and between each 

line. 

As the spreadsheet was being constructed and the calculations were established for each 

standard, the prices of each material are pulled from the same original sheet. Prices for 

these materials ebb and flow with the market; keeping this master sheet makes price 

changes simple and all-inclusive. Table 1 below gives an idea of the percentage of each 

ingredients cost with respect to the total material cost. Furnish, which makes up the 

majority of the panels volume, consists of roughly half the material cost. Both face and 

core resin make up 39% of the material cost. Wax and other required additives make up 

the other 11%.  
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Average percent material cost 
Furnish 50.8 

Face resin 16.1 
Core resin 23.0 
Total resin 39.1 
Scavenger 6.9 

Wax 2.6 
Catalyst 0.4 
Total 100 

 
 
Table 1. Average cost of each material as a percent of the total material cost. Furnish 
and resins represent the majority of the cost, while wax and other additives are a smaller 
percentage. 
 

2. Price standardization 

The prices given in the master list are not in the same units. Furnish is sold on a bone-dry 

ton basis (BDT, i.e., tons of wood at 0% moisture content), scavenger is sold by pounds 

of solids, and resin is sold by pounds of liquid. An example of the calculations will be 

provided below to clarify this concept. The figures have been slightly altered for 

confidentiality reasons, yielding appropriate but hypothetical results.  
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Material Prices* 
BDT Furnish $ 56.82 

  
 Solids/lb 

Scavenger Resin $ 0.39 
  
 Liquid dollars/lb 

L1 face resin $ 0.23 
L2 face resin $ 0.26 
L1 core resin $ 0.29 
L2 core resin $ 0.31 

Catalyst $ 0.12 
Wax $ 0.42 

Specialty MUF* Resin $ 0.31 
Specialty MUF Resin 

(ULEF**)  
$ 0.30 

 

Table 2. Hypothetical prices for material.  Prices are realistic, but have been 
altered to protect proprietary company information. 
*MUF- Melamine-Urea-Formaldehyde 
**ULEF- Ultra-Low-Emitting Formaldehyde  
 

 

Example:  

For a ½” panel, the given target density is 50 lbs/cubic ft. It contains 200 pounds of 

furnish, 50% of which is face material at 8% MC and the other 50% is core material at 

3% MC.  

Wood furnish is given in the recipe in bone-dry tons. To calculate the amount of wood 

in the panel, the moisture content (MC) of each face and core layer are factored out of the 

final panel weight.  
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Face material- 200  !"#  !  0.50  (%  !"  !"!#$)    !   !
!.!"

 = 92.59 lbs bone-dry face material 

Core material- 200  !"#  !  0.50  (%  !"  !"!#$)    !   !
!.!"

 = 97.09 lbs bone-dry core material 

In total there is 189.68 lbs. of bone-dry wood in this panel. 

The price for scavenger resin is given in dollars per solid pound. The rest of the material 

is reported in dollars per liquid pound. Resin is applied in liquid gallons, requiring a 

conversion for each value.  

• Example: Usage of 0.25 gallons of scavenger resin. The gallons of resin are first 

converted into pounds. Following that is a conversion from liquid resin to solid 

resin. The conversion below means that every gallon of liquid resin yields 0.635 

gallons of solid resin. 

0.25  !"#  !   !".!"  !"#
!"#

! .!"#  !"#$%
!  !"#$"%

=   1.61  !"#  !"  !"#$%  !"#$%  

 

• Example: Usage of one gallon of other liquid material (face resin, core resin, 

wax, etc.). The liquid-to-solid conversion is not necessary because the other 

materials are given in dollars per liquid pound.  

Face resin: 1  !"#  !   !.!"  !"#
!"#

= 9.98  !"#  !"#$"%  !"#$%  

Core resin: 1  !"#  !   !".!"  !"#
!"#

= 10.06  !"#  !"#$"%  !"#$%  

Wax: 0.1  !"#  !   !.!"  !"#
!"#

= 0.826  !"#  !"# 
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3. Price of a panel  

Using values from Table 2, the price of materials and the amount of material per panel 

have been calculated. Table 3 shows the example panel with the prices of each material 

and a total amount.  

 Material Equations 

 Material Equation  Price  
(dollars) 

Furnish $56.82  !"#  !"#  !  
189.68  !"#
2000  !"#  

5.39 

Scavenger resin $0.39
!"   !  1.61  !"# 

0.63 

Face resin $0.26
!"   !  9.98  !"# 

2.59 

Core resin $0.31
!"   !  10.06  !"# 

3.12 

Wax $0.42
!"   !  0.83  !"# 

0.35 

Total  12.08 

 

Table 3. With the target specifications in the established recipe, the material cost of one 
panel will equal $12.08. Refer to Table 2 on page 9 for the list individual ingredient 
prices.  
 

4. Determining added cost 

We have determined the price of a panel at the target density of 50 lbs./cubic ft. What 

happens when the press operator alters the settings such that the actual density increases 

to 53 lbs./cubic ft.? For this calculator, the ratio of materials remains constant throughout 

fluctuations in density. Solving for the difference in density will give us the material cost 

of the overly-dense panel.  

!"#$%&  !"#$%&'
!"#$%&  !"#$%&' =   

53
50

!"#
!"! !  $12.08 = $12.80 
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   !"#$!%  !"#$%  !"#$%   $12.80− !"#$%!  !"#$%  !"#$%   $12.08
= !""#"  !"!"  !"#  !"#$%   $!.!" 

 

At the given specifications, $0.72 will be the additional material cost of each panel. This 

value is the starting point for calculating the added cost over time. With given press times 

and time lapses, calculations can be made for added cost per press load (most 

particleboard mills have presses that produce multiple panels at a time, for example a 

‘12-opening press’), added cost per ‘thousand feet’ and added cost per shift. Per thousand 

feet is a standardized measurement, meaning per thousand square feet based on a ¾” 

panel. In short, it is the amount of panels per volume: 1000 square feet by ¾”. These 

three scales are reported in the final box of the ‘added cost calculator.’ See “Results” for 

images of these pop-up boxes.  

5. Calculating added cost 
 

• At 12 panels per press load, the first calculation of added cost reads:  

12  !  $0.72 = $!.!"  !"#  !"#$$  !"#$ 

• Solving for the value “1000 feet” is the same as finding how much of a unit is in 

the volume of 1000 square feet by ¾”. One takes the surface area in question and 

multiplies it by a scale of ¾”. Given that the press dimensions are 4.5’ by 24.66’, 

the total surface area of the 12-opening press load is calculated as: 

4.5  !".
!"#$ℎ !

24.66  !".
!"#$%ℎ !

12  !"#$%&
!"#$$  !"#$ =   1332  !". !". 
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1000  !". !".
!  !  !, !"#$%&  !"#! !

!"#$#
!"#$%& 

For ½” thick panels, the number of press loads to produce 1000 square feet is calculated 

as: 

1000  !". !".
1332  !"  !".!"#  !"#$$  !"#$ !

3/4
1/2 = 1.13  !"#$$  !"#$% 

Therefore, 1.13 press loads will be required to produce 1000 square feet of ½” thick 

panels. Continuing our example, the added cost per 1000 square feet is then: 

1.13  !"#$$  !"#$%  !
$8.64

!"#$$  !"#$ = $!.!"  !"#  !"#$%&'(  !". 

• Lastly, if this hypothetical situation were continued for a full eight-hour shift, 108 

loads will be produced. This is based on a calculation in the recipe list for the 

given grade and thickness of the panel.  

108  !  $8.64 = $!"".!"  !"#  !"#$% 

 

           6. Application 

This section outlines the process the calculator goes through when calculating the 

numbers to report when determining added cost. For Line 1 there are seven grades that 

apply to 16 thickness variations. Since not all thicknesses apply to each grade there are 53 

combinations. For Line 2 there are nine grades in the calculator representing 27 different 

thicknesses. In total there are 98 combinations within Line 2. These are the most common 

grades and thicknesses for this particleboard mill; while the calculator represents the vast 

majority of products it does not include the entirety of the product line.  
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The key information for producing panels (i.e., required amounts of furnish, resin, wax, 

etc. to produce each combination of thickness and grade) is stored in a Microsoft Excel 

spreadsheet labeled “Recipes List.” This is a constant set of data that a computer applies 

to the incoming material depending on the grade and thickness of the product. The data 

necessary to execute the calculations for this project is linked to a separate sheet within 

the spreadsheet to process the calculations without being visually overwhelming to the 

user. The portion visible to the end user is a button that runs the calculator. The Visual 

Basic for Applications (VBA) programming language and macros were used to automate 

and streamline the calculator for ease of use. The program automatically finds the user-

selected grade, pairs it with the selected thickness and uses the appropriate calculations 

(described above) based on the chosen values.  
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Results – Using the Calculator 

 The user interface is a pop-up box, engaged by the click of a button at the top of the 

“Recipes List” window. The calculations box has similarities and differences within each 

line. For both lines there are drop down boxes to select the grade and thickness (Figure 

4). Also, there is a text box to enter actual density. Additionally, as shown in Figure 5, 

Line 2 has an option button that allows the user to select the width of panel being 

produced. This option calculates the press width to four, five or six feet.  

 
 
Figure 4. The calculation box with the two drop-down arrows selected.  
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Figure 5. Line 2 added cost calculator box with the option button of press thickness.  
        

   

The results box appears once the user hits “Go” with the specific panel and target density 

information (Figure 6). The results will appear as a dollar amount using the concept 

above within the “Recipes List.” Dollars lost are reported in: Per thousand feet, per shift 

and per load.  

 

 

Figure 6. Results box 
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Once the user selects the grade, thickness and actual density from above, the calculator 

can quickly compute the added cost of density increases. While this increase appears 

minor, cost adds up quickly over time. The results box shows immediate added costs such 

as ‘per load’ and ‘per thousand feet.’ Thousand feet, as mentioned above in the Methods 

section, is industry terminology for 1000 square feet of material on a ¾” basis. Lastly it 

provides a look into the near future, with a “per shift” calculation. From there it is easy to 

imagine months, years, and so on which could be added to the results window if desired.   

If the user enters an invalid combination of thickness and grade, the program has been 

designed to detect that and report it to the user (Figure 7). This avoids the program 

crashing or wiping the initial information the user entered.  

 

Figure 7. Error message for invalid grade/thickness combination 
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Figure 8. Error message for invalid density entry 

If the user enters an invalid character in the density section, the program will display the 

box shown in Figure 8. This is another way to avoid accidental inputs crashing the 

program. Instead, they select “OK” and are directed to the first box to enter another 

combination. 
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Conclusion 

Particleboard is a commodity product that runs on narrow profit margins and makes its 

money on the efficient production of large volumes of product. In this way, long press 

runs of a certain product are the most profitable to produce. During long press runs, it is 

important to get as close to the target density as possible without any external 

circumstances interrupting the flow. The added cost calculator combines the prices and 

ingredients of particleboard into one simple operation. The fluctuating prices of materials 

are easily adjusted in the spreadsheet without interfering with the functionality of the 

program.  

This calculator allows line operators to quickly visualize the profit loss of running at a 

given setting. Similar calculations have been executed in the past, but for set instances. 

The company knows they will incur additional costs if they ‘overproduce’ panels, but this 

does not take in to account the ever-changing variations in pressing. If the mill runs at 

46.5 lbs. per cubic ft. one day and 47.1 lbs. per cubic ft. the next, the calculator can 

accommodate for this and report a difference in additional material cost in a timely 

fashion. 

Potential use 

 As far as mill personnel accountability, the values reported from the calculator could be 

required information for logging data from long runs. I envision the line operator writing 

the average density of the run, the data from the calculator and how many issues occurred 

during that time span.  
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Limitations 

The scope of the calculator had to be limited due to the amount of confounding variables 

and time constraints through the implementation of this project. In its current state the 

calculator does a sufficient job of generalizing the processes of density variation. It varies 

the material inputs in direct relation to density, which is a good estimate for most 

operations. That being said, resin adjustments happen frequently, often disproportionately 

to density increases. Resin boosts are simple solutions when physical properties are 

subpar.  

Resin is an expensive component of the total panel, leading to a potentially costlier panel 

than this calculator would indicate. On top of this increase, a confounding variable of the 

resin would complicate the coding to a point where the thesis would have required a 

significant time extension. When resin is increased, the density may not need to remain at 

as high of a level. If a higher percentage of resin is in the board, it can hold together a 

panel with a lower density and still maintain adequate physical testing.  

Another limitation is the energy and manpower costs associated with over-pressing 

particleboard panels. If cycle time is increased, that uses more energy and more man-

hours. It also lowers the amount of product you can produce in a day. Thus, to be 

completely accurate in the added cost calculations, the increased energy and time usage 

are factors to be considered in the overall process. Whereas the exclusion of resin will 

lower the current added cost estimation, energy and time variables will raise it.  

 

 



21	  
	  

Future work 

The next step in developing this program is the inclusion of resin as a variable, separately 

as face and core applications. This is a significant factor of cost and can determine 

whether a board increases in density. Resin is approximately ten times more costly than 

wood by weight, meaning costs can inflate more quickly than if a simple density 

adjustment were in order. Profits will be suppressed if a board requires a temporary rise 

in resin. The overall density in this situation, however, could stay the same. The current 

calculator would interpret a no-density fluctuation in this instance.  

Another significant factor that can quickly add cost to operations is cycle time. The 

necessity to increase cycle time means less cycles per shift, less finished product per day 

and ultimately less profit. This will also add to the complexity of the calculator, meaning 

the user is required to enter more data for each calculation. The person carrying out future 

projects will have to determine whether they want the calculator to be as accurate as 

possible or as simple and easy to use. There may end up being multiple versions of this 

calculator; one for quick checks and another for more thorough data calculations.  

Iin addition, on-site validation studies would be useful. This could include operator and 

energy cost analyses in addition to material cost. It would further confirm the 

combination of information as a whole: The price calculations, the recipes and the 

conversions. A sample recipe would be used for the given press run. Each density 

measurement and ingredient input would be strictly measured. There would be an 

accepted monetary value for a certain batch of finished boards; the material profit loss (if 

any) would be represented in the excess material price of the actual panels.  
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