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Study on the Estimation of Proper Compression Ratios for 

Korean Domestic Wood Species by Single Pellet Press1

Hyoung-Woo LEE 2,†
⋅Soon-Bae KIM3

ABSTRACT1)

Single pellet press technology allows for fast, low-cost, and small-scale tests to investigate pelletizing characteristics. 

We estimated proper compression ratios for five Korean domestic wood species through predicted relationships between 

pelletizing pressure 


 and compression ratio based on experimental data obtained from a single pellet press unit. 

The pressures required to obtain a 6-mm-diam pellet of density 1200 kg/m3 were estimated as 111 MPa for Populus 

davidiana, 133 MPa for Robinia pseudoacacia, 136 MPa for Quercus mongolica, 97 MPa for Pinus densiflora, and 

127 MPa for Pinus rigida. On the basis of these pressures, we estimated proper compression ratios to be within the 

range 7.676–8.410 for these species, and we found the compression ratios needed for hardwood species to be somewhat 

higher than those needed for softwood species to obtain the pellet density of 1200 kg/m3.

Keywords: wood pellet, single pellet press, compression ratio, pelletizing pressure, pellet density, Korean domestic 

wood species

1. INTRODUCTION

Pelletization of biomass is considered to provide a 

consistent quality, high energy content and uniform 

size and shape solid energy carrier that facilitates the 

logistics of biomass. Biomass can be compressed into 

pellets when mechanical pressure is applied to the bio-

mass to crush its cellular structure. Typical unit den-

sities of biomass pellets can be as high as 1000 to 

1400 kg/m3 with average of 1200 kg/m3, and the 

bulk densities are about 700 kg/m3 (Sokhansanj and 

Turhollow, 2004).

It is necessary to know about the physical forces 

that build up in the press channel of a pellet mill to 

understand and optimize the biomass pelletizing 

process. Pellets are produced in a pellet mill that gen-

erally consists of a die with cylindrical press channels 

and rollers that force the biomass to flow into and 

through these channels. The physical forces built up 

in the press channel of pellet mill are mainly due to 

the friction between press channel wall and biomass. 

Therefore, determination of these physical forces is 

crucial for understanding and optimizing the pelletiz-

ing process. Basically optimization of pelletizing proc-

ess conditions through the expensive and time-con-

suming “trial and error” experiments is the only way 
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to produce stable pellets. Yang et al. (2017) inves-

tigated the effect of length to diameter ratio of a hole 

in flat die pelletizer on the characteristics of four 

Korean domestic wood species. Recently, a single pel-

let press allows for fast and low-cost tests in very small 

scale to investigate the pelletizing characteristics. This 

technology has been used in various pelletizing studies 

and proven its practicability (Puig-Arnavat et al, 

2016). Lee et al. (2011) investigated pellet qualities 

of two Korean wood species, Larix kaempferi C. and 

Liriodendron tulipifera L. using piston-type single pel-

let press.

Nielsen et al. (2009) found that the important pellet-

izing parameters were biomass species, temperature, 

moisture content, fiber orientation, and raw material 

extractive content through their extensive studies. 

However, their studies were based on short pellets of 

a few millimeters in length. Therefore, the challenge 

in biomass pelletization is to know how the control-

lable process parameters affect the pelletizing pressure 



 in commercial pellet mill. This knowledge will 

help selecting proper pelletizing conditions in real 

situations. In case 

 exceeds the certain proper range 

and becomes too high, the pellet die holes will be 

plugged. On the other hand, at too low 


 pellets 

with acceptable quality cannot be produced.

The pelletizing pressure acting in a press channel 

of pellet mill die can mathematically be expressed as 

following equation (Stelte et al, 2011a):

 

 








 (1)

 
where 

, , , and  is a pre-stressing pressure 

incorporating plasticity in the model, the Poisson’s ra-

tio, the friction coefficient, and the compression ratio, 

respectively. The first index   and the second index 

  denotes the direction of applied stress (longitudinal 

fiber axes) and transverse deformation (radial fiber 

axes), respectively. The compression ratio  is de-

fined as the ratio between the length and diameter of 

the pellet on the die.

Unfortunately, values of 


 and  are not avail-

able in the literature for all type of biomass and not 

available for different temperatures and moisture con-

tents, either. Furthermore, the material specific param-

eter 
 can only be determined experimentally. Stelte 

et al. (2011a) identified that compression ratio  was 

one of the key parameters affecting  . Therefore, 

Stelte (2011b) proposed the simple method that al-

lowed faster testing of new types of biomass by easy 

estimation of the compression curves (  vs. ) up 

to compression ratios relevant for commercial pellet 

mills using single pellet press.

The object of this study was to predict proper com-

pression ratios for five Korean domestic wood species 

through the predictions of relationships between   

and  based on the experimental data using a single 

pellet press (SPP) unit.

 

2. MATERIALS and METHODS

2.1. Material preparation

Five Korean domestic wood species were used for 

this study: Populus davidiana, Quercus mongolica, 

Robinia pseudoacacia, Pinus densiflora, and Pinus 

rigida. All materials were provided as green sawdust 

by Yongsan Sawdust Co., Namwon, Korea. Green 

sawdusts were air-dried to moisture contents of about 

10% for longer than 2 weeks. Moisture contents of 

air-dried sawdust were 10.2%, 10.6%, 11.4%, 9.3%, 

and 11.7% for Quercus mongolica, Populus davidiana, 

Pinus rigida, Pinus densiflora and Robinia pseudoaca-

cia, respectively. Air-dried sawdusts were comminuted 

into particles using knife mill (Model No. LKM2015, 

Drying Engineering, Inc., Korea) equiped with a 3.75 
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kW electric motor with a rotation speed of 1720 rpm. 

Particles were separated by sieve shaker and only the 

particles smaller than 1mm were selected. Prior the 

tests the selected materials were kept in air tight plas-

tic bags.

 

2.2. Single pellet press

Single pellet press was basically composed of worm 

gear jack screw with stroke of 200mm and gear reduc-

tion ratio of 1/6 (Model No. SJ44, Samyang Reduction 

Gear Co., Ltd.), 0.75 kW geared motor with gear re-

duction ratio of 1/75 (Model No. MG-F153, Samyang 

Reduction Gear Co., Ltd.), load cell with capacity of 

100 kN (Model No. SUL-10T, Sentech Co., Ltd.) and 

cylindrical single die made of hardened steel (Fig. 1). 

Die with diameter of 26 mm and length of 70 mm 

was lagged with heating elements and thermal in-

sulation (Fig. 2). K-type thermocouple temperature 

sensor was inserted into this die to maintain uniform 

temperature during pelletizing process. Maximum 

pressure, compression rate, die temperature, and pres-

sure holding time were controlled by programmable 

logical controller (PLC). And all the data was col-

lected by data logging system to monitor the applied 

load and displacement during compression process. 

This enabled a better analysis of the behaviour of 

Fig. 1. Single pellet press.

Fig. 2. Structure of single die (A: Compressing pellet; 

B: Discharging pellet).

friction forces generated between pellet and the wall 

of the press channel.

Pressure was applied using metal piston with diame-

ter of 5.8 mm for 6 mm press channel diameter of 

die. The end of die could be closed using a backstop 

and the force was measured using a load cell. The 

press channel was wiped clean, using a brush, when 

changing raw materials and each test was repeated 

three times to minimize the experimental error.

 

2.3. Pelletizing test procedure

To simulate the pelletizing process within a pellet 

mill, the pellet has to be built up in sequential layers. 

To determine the proper pressure for unit pellet den-

sity of 1200 kg/m3, 0.2 g of material was loaded into 

press channel at the first charge and compressed. Then 

the piston was removed and the second charge of 0.2 

g of material was loaded and compressed again. 

Temperature of die was maintained at 100℃ during 

the compression process and the pressure was released 

after 10 seconds of retention to stabilize the pressure 

in press channel at each charge. After the second com-

pression was finished, backstop of press channel was 
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removed. Then pellet was pushed out from press chan-

nel by piston and mass of pellet was measured. 

Applied pressures were 50, 100, 200, and 300 MPa 

at pressing rate of 5 mm/min. Typically, die temper-

ature is between 100 ~ 130℃, and the pressure is be-

tween 120 ~ 300 MPa for commercial pellet mill 

(Whittaker and Shield, 2017).

Mass was measured by using an electrical balance 

with an accuracy of ±0.001 g. Volume was calculated 

from the diameter and length of pellet using an elec-

tronic caliper with an accuracy of ±0.01 mm, assuming 

a perfectly cylindrical shape. Pellet density was de-

termined immediately following the ejection of the 

pellets. The pressure  to get the pellet density of 

1200 kg/m3 was estimated with the relationship be-

tween applied pressures and pellet densities for each 

species.

The pelletizing process was same as the process for 

determining the proper pressure as above. After the 

pellet was compressed, backstop of press channel was 

removed and   was determined by measuring the 

maximum pressure required to press the pellet out of 

the press channel (Fig. 2).   was defined as the pel-

letizing pressure acting in a press channel of pellet 

mill die in Eq. (1) and mainly due to the friction be-

tween pellet and wall of press channel. Therefore, the 

maximum force needed for the piston to press out the 

pellet could be read as the highest force generated in 

press channel,  .

The increment of compression ratio  was simulated 

by increasing the length of pellet formed in press 

channel with increasing the mass of raw material load-

ed into press channel. For the determination of   ac-

cording to , material loading per charge was increase 

from 0.2 g to 0.6 g with increment of 0.1 g. As materi-

al loading increased, lengths of pellet in press channel 

also increased with the same diameter of pellet. This 

means the increase of compression ratio  (Fig. 3).

Fig. 3. The increment of pellet length to simulate 

the increment of compression ratio.

Diameters and lengths of pellets were measured to 

calculate compression ratios and the relationship be-

tween   and  was determined for each species. 

Finally, the proper compression ratio was estimated by 

applying the pressure  for the target pellet density 

of 1200 kg/m3 to the relationship of   vs. , assum-

ing  =  .

 

3. RESULTS and DISCUSSION

3.1. Pressures and pellet densities

Table 1 shows the pellet densities at various pres-

sure levels for each wood species. The relationships 

between applied pressures and pellet densities for each 

species were modified for linearization using natural 

logs as Eq. (2)(Fig. 4). Then the pressure  to get 

the pellet with density of 1200 kg/m3 was estimated 

for each species as Table 2.

 

ln  ln (2)

 
where , ,  , and  is pellet density, applied pres-

sure, slope, and intercept of line, respectively.

As applied pressure was increased, pellet density 

was also increased for all the species as expected. The 

pressures required to obtain the 6mm-diameter pellet 

with density of 1200 kg/m3 were estimated as 111, 

133, 136, 97, and 127 MPa for Populus davidiana, 

Robinia pseudoacacia, Quercus mongolica, Pinus den-

siflora, and Pinus rigida, respectively (Table 2). It was 
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Pressure

(MPa)

Wood species

Populus 

davidiana

Quercus 

mongolica

Robinia 

pseudoacacia

Pinus 

densiflora

Pinus 

rigida

 50 1120 1121 1121 1176 1170

100 1202 1186 1191 1203 1201

200 1267 1231 1231 1214 1212

300 1280 1264 1252 1257 1223

Table 1. Pellet densities of 6 mm-diameter according to the applied pressure and wood species

(Unit : kg/m3)

Item

Wood species

Populus 

davidiana

Quercus 

mongolica

Robinia 

pseudoacacia

Pinus 

densiflora

Pinus 

rigida

m 0.076 0.066 0.061 0.033 0.024

b 6.556 6.618 6.651 6.862 6.922

R2 0.967 0.992 0.970 0.896 0.950

(MPa) 111 133 136 97 127

Table 2. Slope (m), intercept (b), and R of linearized relationship between applied pressure and 6 mm-diameter

pellet density, and the estimated pressure for pellet density of 1200 kg/m3 for five Korean domestic wood species

Fig. 4. Relationships between pressures and pellet

densities for five Korea domestic wood species.

found that pressure below 140 MPa was enough to 

obtain the 6mm-diameter pellet with density of 1200 

kg/m3 for these five species. Seo et al. (2015) reported 

the densities of pellets produced by a flat-die pellet 

mill were 1324 and 1249 kg/m3 for Pinus densiflora 

and Pinus rigida, respectively.

3.2. Pelletizing pressures

Fig. 5 and Fig. 6 shows the pellet discharging pres-

sure curve for Quercus mongolica and Pinus densi-

flora, respectively. Maximum pellet discharging pres-

sure was higher for Quercus mongolica than Pinus 

densiflora. There were strong fluctuations on pellet 

discharging pressure curve for Pinus densiflora. Pinus 

rigida showed strong fluctuations, too. Pellet discharg-

ing pressure is mainly composed of adhesive friction 

and sliding friction (Nguyen et al., 2015). Therefore, 

higher contents of cohesive components in two soft-

wood species than other three hardwood species seem 

to be the main reason for these fluctuations. It is need-

ed to investigate the differences in cohesive compo-

nents content between these species.

The exponential dependency of maximum pellet 

discharging pressure   on compression ratio  for 

five Korean domestic wood species is shown in Fig. 

7. The model fit to the experimental data was made 
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Fig. 5. Pellet discharging pressure curve for Quercus 

mongolica.

Fig. 6. Pellet discharging pressure curve for Pinus 

densiflora.

Fig. 7. Relationships between compression ratios and 

maximum pellet discharging pressures for five Korea 

domestic wood species.

to show the exponential increase in   as a function 

of . Range of  and   was 1.8 ~ 5.8 and 23 ~ 

45 MPa, respectively.   was the maximum pressure 

loaded as the pellet was pushed out from press 

channel.   was increased and increasing rate of   

was higher as  was increased for all five species. 

There were differences in increasing rate of   among 

five species. The increasing rates of   for Quercus 

mongolica and Robinia pseudoacacia were somewhat 

higher than those for Pinus densiflora and Pinus 

rigida. As the poison ratio of hardwood species is gen-

erally higher than softwood species, stronger expand-

ing force perpendicular to press channel wall is devel-

oped in hardwood species than softwood species when 

they are compressed in press channel (Holm et al., 

2006). This expending force causes friction between 

pellet and press channel wall and increases the pres-

sure required to push out pellet from press channel.

Other reason for the lower pressure required to push 

out pellet from press channel for softwood than hard-

wood species seems to be the higher extractives con-

tent of softwoods. A study suggests that wood ex-

tractives, a wide range of chemical compounds such 

as resin compounds, fatty acids, waxes and sterols, 

might act as lubricants in the press channel, and there-

fore reduce the friction between pellet and press chan-

nel wall (Finell et al., 2009; Carly and Shield, 2017). 

Ahn et al. (2013a) reported that pellet production yield 

was higher for Larix kaempferi C. than mixed hard-

woods at the same pelletizing conditions.

 

3.3. Compression ratios

It has been shown that the pelletizing pressure   

increases exponentially with pellet length, Results of 

regression analysis between compression ratios  and 

the pelletizing pressure   was shown in Table 3. 

Compression ratios at the pressure to obtain the pellet 
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Species Regression equation R2  at 


Populus davidiana  
 0.999 8.361

Quercus mongolica  
 0.971 7.838

Robinia pseudoacacia  
 0.997 8.410

Pinus densiflora  
 0.979 7.676

Pinus rigida  
 0.995 7.975

Table 3. Results of regression analysis on 

 ( in eq.) vs.  ( in eq.) and estimated compression ratio 

at 

 for 6 mm-diameter pellet of five Korean domestic wood species

density of 1200 kg/m3, , were also estimated for five 

Korean domestic wood species. For example, Pinus 

densiflora needed the lowest  of 7.676 among these 

five species. Many of major pellet mill manufacturers 

in the world recommend 7.0 ~ 8.0 for pine wood pellet 

as the optimal compression ratio (Gemco Energy Co., 

Ltd., NA). Therefore, single pellet press technology is 

expected to be possible to estimate proper com-

pression ratios for the pelletization of wood species.

When pelletizing wood biomass, hardwood species 

generally require lower compression ratios than soft-

wood species because the back-pressure increases fast-

er for hardwood than softwood species. This differ-

ences in back-pressure are not fully understood, and 

they are likely caused by the fundamental differences 

in structures and chemical compositions (Holm et al., 

2006). However, in this results hardwood species 

needed somewhat higher compression ratios to obtain 

the pellet density of 1200 kg/m3 than softwood 

species. This means that hardwood species need higher 

pelletizing pressures than softwood species for the 

same pellet density. High compression ratios induce 

higher friction forces in press channel and too high 

friction forces result in plugging of press channel. If 

lower compression ratios were applied for hardwood 

species, pellets with lower densities would be 

produces. Ahn et al. (2013b) could enhance the bulk 

density of pellets from 645 kg/m3 to 662 kg/m3 by 

adding lignin powder as binder for Liriodendron tuli-

pifera L.. Therefore, it is recommended to add binders 

or lubricants when high compression ratio is needed. 

Mixing softwood species with hardwood species also 

can be one of other solutions to lower the proper com-

pression ratios of hardwood species.

4. CONCLUSION 

Single pellet press was used to estimate the proper 

compression ratios to obtain a target pellet density 

1200 kg/m3 for five Korean domestic wood species. 

It was found that the proper compression ratios were 

estimated as 8.410 ~ 7.676 for five wood species and 

hardwood species needed somewhat higher com-

pression ratios than softwood species, as expected. 

Compression ratio estimated for Pinus densiflora was 

7.676 and compression ratio of 7 ~ 8 is generally 

recommended for most commercial pellet mills. 

Therefore, optimization of pelletizing process con-

ditions through this simple single pellet press technol-

ogy can be expected to avoid the expensive and 

time-consuming “trial and error” experiments which 

have been the only way to produce stable pellets so 

far.
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