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Abstract. Analysis of acquisition and potential 
usage of conifer cones from Polish seed extrac-
tion houses between 2009–2012. The paper pres-
ents data on acquisition of conifer cones from 
16 seed extraction plants operating on the terri-
tory of Poland during four consecutive years from 
2009 to 2012. A high variability was observed in 
provision of seed units to the seed exaction plants 
related to speci  city of a given seed year. Dur-
ing the four analyzed years the most commonly 
acquired cone was that of Scots pine – above 1.3 
thousand Mg, and the most rare were pines of 
common  r – 31 Mg. The plants that process the 
largest number of cones are seed extraction plants 
in forest districts of Jarocin, Kluczbork and Rytel 
where over 600 Mg of cones were extracted. Co-
nifer cones, which are usually treated as waste, 
may be utilized as an energy source. After seed 
extraction their mass decreases from 16 to 30% 
depending on the species. The analysis showed 
that the annual quantity of conifer cones that can 
be used as an energy source is on average 270 Mg 
of empty cones. 

Key words: seed, extraction, plants, extraction 
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INTRODUCTION

Every year in Poland collected are seeds 
of both deciduous and coniferous tree 
species. Seeds of most coniferous trees 
are stored in cones and acquiring them re-
quires thermal or mechanical processing. 
The seeds are obtained from the cones in 
specialized seed extraction plants. These 
are business units where conifer cones 

are stored, cleaned, extracted in special 
chambers or cabinets and, eventually, 
sold or incinerated. The seed extraction 
plants also clean, separate and store the 
seeds itself. In the past, the seed extrac-
tion plants have only dealt with seeds of 
coniferous trees, but today such estab-
lishments also deal with processing and 
preparation of deciduous seeds for stor-
age and sowing, the beech seed strati  ca-
tion or hot water treatment for oak seeds 
[Suszka et al. 2000].

The number of seed extraction plants 
operating in Poland has been changing 
during the last 50 years. During the 1970s 
there were 32 seed extraction plants. In 
most cases these were of old type, op-
erating according to the original XIX c. 
German technologies [Za ski 1995]. In 
the 1980s the number shrunk to 26 and 
in the 1990s to 22. At present there are 
16 seed extraction plants and almost eve-
ry other one is based on modern Swedish 
technology. 

During the seed extraction process, 
the cones are held stationary in special 
boxes placed in chambers or cabinets 
and exposed to dry (low humidity) air 
of increased temperature (to 50–55°C) 
that has no negative impact on the seeds 
[Tyszkiewicz 1949]. The number of ex-
tracted cones in the seed extraction plants 
is related to the seed years. The paper 
presents data on the quantity of cones 
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obtained from four coniferous species 
(Scots pine, common spruce, European 
(Polish) larch and the silver  r) between 
2009–2012 in individual seed extraction 
plants. The collected data allows for esti-
mation of the average quantity (in mega-
grams) of empty cones available in the 
extraction plants. 

Empty cones are treated as waste in 
most extraction plants. Only in 20% of 
such businesses they are used solely as 
fuel in the process of extraction of full 
cones. In the remaining companies the 
cones are treated as a product sold to tree 
nurseries as substrate component or as 
an decorative element used in production 
of  oral and festive decorations. A novel 
idea is to utilize the empty cones as fuel 
for production of pellets or briquettes 
similar to wood-chips [Gendek and Zy-
chowicz 2014]. Studies realized by Ani-
szewska and Gendek [2014] allowed for 
drawing a conclusion that empty cones 
are a material characterized by high heat 
of combustion and calori  c value. 

However in order for production of 
pellets or briquettes to be possible and 
pro  table, it is necessary to know the 
average annual quantity of empty cones 
that can be obtained for such purposes. 

MATERIAL AND METHODS

The data on the quantity of conifer 
cones collected in the extraction plants 
of the four species: Scots Pine, common 
spruce, European  larch (Polish – not dif-
ferentiated in the study) and the silver  r, 
was gathered via direct phone and e-mail 
contact with plant’s managers respon-
sible for acquisition of seed material in 
the Regional Directorates of State For-
ests (RDLP) [Kuszpit 2014]. The data 

was collected from all extraction plants 
operating on the territory of Poland be-
tween 2009–2012. 

RESULTS AND DISCUSSION

The process of extracting seeds from 
conifer cones and subsequent process-
ing of seeds is realized every year in 
16 seed extraction plants. However, not 
all extraction plants acquire seeds from 
the four species indicated above. Figure 
1 presents which seeds are acquired in 
individual seed extraction plants [Fonder 
et al. 2007]. In the six plants located in 
the forest districts of: Rytel, Jedwab-
no, Maskuli skie, Czarna Bia ostocka, 

ochów, Kaliska, between 2009–2012 
the extracted cones were of: Scots pine, 
common spruce and larch. In two out of 
sixteen plants located in forest districts 
of: Bia ogard and Nowa Sól – cones of 
Scots pine and larch, and in the remain-
ing eight: all four species. For example, 
silver  r pines were acquired in the cen-
tral and southern part of Poland and the 
common spruce was not processed in 
the western part of the country as there 
are no natural maternal forests in that 
area, which would consist of the best 
specimen. In total, during the four years 
extracted were: 1306 Mg of scots pine 
cones, 58 Mg common spruce cones, 
36 Mg of larch cones and 31 Mg of silver 
 r cones. 

Among the 15 seed plants (this analy-
sis lacks the extraction plant in the Forest 
District of Grotniki) the largest number of 
cones processed was observed in Laso-
wice Seed Extraction Plant in Forest Dis-
trict Kluczbork – 208 Mg, Jarocin – 207 
Mg and Rytel nearly 199 Mg and the low-
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est number in the Brzesko Forest District 
seed extraction plant – 11.8 Mg (Fig. 2). 

Table 1 presents data on the quantity 
of cones from four coniferous species: 
Scots pine, common spruce, European 
larch and silver  r in individual seed ex-
traction plants. The Scots pines provided 

the largest quantity of cones. In the listed 
extraction plants the largest number of 
Scots pine cones were processed in 2010 
in the following forest districts: Jarocin 
– 120 thousand kg, Nowa Sól – 97.5 
thousand kg, Rytel – 80 thousand kg, and 
D bno – 75.8 thousand kg. The lowest 

FIGURE 1. Map of Poland with indicated locations of seed extraction plants

Pine, spruce, larch,  r

Pine, spruce, larch

Pine, larch

FIGURE 2. The total weight of cones extracted in the seed extraction plants between 2009–2012



96      M. Aniszewska, D. Kuszpit

TABLE 1. Weight of cones provided to extraction plants between 2009–2012 [Kuszpit 2014]

RDLP Forest district Year
Conifer cones obtained [kg]

pine spruce larch  r 
1 2 3 4 5 6 7

Zielona Góra Nowa Sól

2009 4,616 0 0 0
2010 97,508 0 2,365 0
2011 32,251 0 0 0
2012 22,839 0 0 0

Katowice Kluczbork

2009 51,876 675 1,253 2,445
2010 48,601 120 2,218 0
2011 38,341 118 613 759
2012 54,337 725 3,429 2,472

Kraków Brzesko

2009 3,058 165 242 80
2010 3,576 300 645 0
2011 1,669 0 0 0
2012 2,058 0 12 0

Toru Rytel

2009 47,218 505 936 0
2010 80,164 240 1,339 0
2011 33,488 300 194 0
2012 34,027.4 394.2 359.4 0

Olsztyn Jedwabno

2009 2,790 1,080 25 0
2010 15,128 500 4,210 0
2011 7,768 0 0 0
2012 6,881 250 0 0

Bia ystok Maskuli skie

2009 1,804 520 0 0
2010 10,643 0 0 0
2011 11,794 0 110 0
2012 8,856 2,370 0 0

Bia ystok Czarna 
Bia ostocka

2009 5,807 440 0 0
2010 20,327 0 2,564 0
2011 15,410 4,705 0 0
2012 13,253 22,090 1,232 0

Warszawa ochów

2009 895 2,675 0 0
2010 5,819 0 0 0
2011 3,267 0 0 0
2012 8,448 111 800 0
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processed quantities were observed in 
forest districts of Brzesko, ochów and 
Dula – about 3 thousand kg.  

The largest utilization of com-
mon spruce was realized in Czarna 
Bia ostocka forest district in 2012 – 22 
thousand kg. In the remaining extraction 

plants the quantity did not exceed 3 thou-
sand kg.

In 2012 the extraction of larch and 
pine cones was the largest observed, in 
forest districts: Jedwabno – 4.2 thou-
sand kg, and about 2.3 thousand kg in 
Czarna Bia ostocka, Kluczbork, Nowa 
Sól and D bno. The extraction plant in 

TABLE 1 cont.

1 2 3 4 5 6 7

Pozna Jarocin

2009 7,110 250 105 1,833
2010 120,490 1,533 1,385 740
2011 42,328 0 0 0
2012 29,144 555 458 1,050

Szczecinek Bia ogard

2009 7,259.5 0 732.4 0
2010 12,300.3 0 503.56 0
2011 30,088.7 0 0 0
2012 36,197.95 0 190 0

Gda sk Kaliska (Forest 
region Wirty)

2009 2,670 0 1,154.5 0
2010 21,716.4 578 0 0
2011 12,437 0 0 0
2012 6,100.7 1,100 0 0

Krosno Dukla

2009 3,791 742 844 1,116
2010 4,426 100 689 1,181
2011 9,064 0 420 123
2012 8,274 1,100 419 3,926

Szczecin D bno

2009 9,204 465 0 70
2010 75,872.35 950 1,980 0
2011 25,375.6 0 0 0
2012 21,967.55 3,150 0 0

Lublin Zwierzyniec

2009 8,058 252 610 1,141.6
2010 14,563.95 0 1,093 1,405
2011 31,724.67 2,415 348 6,255
2012 28,409.95 1,894 766 95

Wroc aw nie ka

2009 3,007.6 1498,8 1,166.5 6,103
2010 25,583.6 2871,4 821.1 0
2011 6,892.6 168 30.9 275
2012 7,438.6 533,2 184.9 331.2
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Kluczbork is an interesting case here as 
in 2012 it processed over 3.4 thousand 
kg and in 2011 only 0.6 thousand kg.

Common  r is collected in only eight 
extraction plants. The largest number 
of seeds is obtained in extraction plants 
in forest districts of Zwierzyniec and 

nie ka – about 6.0 thousand kg each. 
In 2012 in Dukla forest district – about 
4.0 thousand kg, in Kluczbork – 2.4 thou-
sand kg.

Data analysis shows the seed years 
for a given species. The largest number 
of Scots pine cones was obtained in 2010 
– 555 Mg, common spruce cones in 2012 
– 34 Mg, larch in 2010 – 20 Mg, com-
mon  r in 2009 – nearly 13 Mg (Fig. 3).

The analysis of basic statistical par-
ameters of cones delivered to extraction 
plants from 2009 to 2012 is presented in 
Table 2, and the average value according 
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FIGURE 3. Total weight of cones provided to extraction plants between 2009–2012

TABLE 2. Averages, standard deviation – SD coef  cient of variation – CV and standard errors – SE of 
the cones delivered to the extraction plants for the four species in kg in individual years

Species Year Average SD CV SE
Pine 2009 10,610.94 16,016.60 150.9442 4,135.469
Spruce 2009 617.85 703.92 113.9292 181.750
Larch 2009 471.23 500.00 106.1051 129.098
Fir 2009 852.57 1,652.73 193.8521 426.733
Pine 2010 37,114.57 38,003.10 102.3940 9,812.358
Spruce 2010 479.49 793.05 165.3925 204.764
Larch 2010 1,320.84 1,173.71 88.8604 303.050
Fir 2010 221.73 476.51 214.9035 123.035
Pine 2011 20,126.57 13,725.62 68.1965 3,543.940
Spruce 2011 513.73 1,313.19 255.6171 339.064
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to the four analyzed species is given in 
Table 3. 

When considering utilization of 
empty cones in production of pellets or 
briquettes, we need to assess the average 
number of cones that can be obtained 
from individual seed extraction plants. 

Figure 4 presents the average weight of 
full cones in Mg. The three cone extrac-
tion plants in forest districts of Klucz-
bork, Rytel and Jarocin was obtained 
about 50 Mg of full cones, and in the re-
maining ones somewhat less. Until this 
point the author has utilized the weight 

TABLE 3. Averages, standard deviation – SD, coef  cient of variation – CV and standard errors – SE 
of the cones delivered to the extraction plants for the four species in kg in all extraction plants in the 
four analyzed years

Species Average SD CV SE
Pine 21,766.89 24,379.49 112.0026 3,147.379
Spruce 973.98 2931.31 300.9634 378.431
Larch 607.45 882.58 145.2916 113.941
Fir 523.35 1,296.44 247.7212 167.370

TABLE 2 cont.

1 2 3 4 5 6
Larch 2011 114.39 194.14 169.7145 50.127
Fir 2011 494.13 1,606.45 325.1037 414.782
Pine 2012 19,215.48 14,834.50 77.2008 3,830.250
Spruce 2012 2,284.83 5,558.50 243.2787 1,435.198
Larch 2012 523.35 885.56 169.2091 228.651
Fir 2012 524.95 1,153.01 219.6426 297.705
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FIGURE 4. Average weight of cones provided to seed extraction plants between 2009–2012
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of full cones delivered to the extraction 
plants. From this value deducted should 
be the weight of the seeds themselves 
(about 1–2% of total weight of a cone) 
and the weight of water that is lost dur-
ing the extraction process. On average 
the pine cones have about 0.35 kg water 
per kg of dry weight, and decrease their 
weight after the extraction process by 
about 30%. The spruce cones lose about 
20%, and larch cones (with water content 
of 0.20 kg water per kg of dry weight) by 
about 16% [Aniszewska 2008, 2012].

Therefore it is possible to calculate the 
actual weight available for combustion 
by decreasing the weight of full cones by 
about 22% (average). For example, if the 
weight of full cones in extraction plant in 
Kluczbork forest district is 53 Mg (Fig. 
4) then after extraction there will remain 
about 40 Mg of cones that can be utilized 
for energy purposes. The analysis of the 
total average weight of cones obtained 
during the last four years shows that an-
nually about 270 Mg of cones are avail-
able for energy purposes. 

It is worth mentioning, that after 
the extraction process apart the loss of 
weight, the cones also increase their vol-
ume: larch – one-fold. pine – two-folds. 
 r – three-folds. The increased volume 

of cones is a signi  cant problem when 
transporting the cones to the local power 
plants. 

SUMMARY AND CONCLUSIONS

Utilization of cones obtained from the 
16 seed extraction plants in Poland 
for energy purposes is related to the 
number of cones available in a given 

•

year and is, in many cases, dif  cult 
to forecast. 
Not all extraction plants process the 
same number of cones each year, 
which may result in problems with 
providing the planned amount of 
cones to the power plants.
Three extraction plants (out of 16) 
utilize cones as energy source to heat 
the extraction cabinets. These are ex-
traction plants with large extraction 
chambers. Between 2009–2012 these 
plants were responsible for extract-
ing nearly 600 Mg of cones, which is 
about one-thirds of the total material 
available for production of pellets or 
briquettes.
The Polish seed extraction plants are 
able to provide about 270 Mg of emp-
ty cones annually for energy purposes 
(based on the four-year analysis). 
Due to low weight of the empty cones 
and their large volume the pro  tabil-
ity of long-range transport may be 
problematic. Therefore they should 
be used as energy fuel only on the 
local market, however, drawing such 
a conclusion requires further studies.
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Streszczenie: Analiza pozyskania i mo liwo  
wykorzystania na cele energetyczne szyszek ga-
tunków drzew iglastych z polskich wy uszczarni 
w latach 2009–2012. W artykule przedstawiono 
dane liczbowe dotycz ce pozyskania szyszek 
czterech gatunków drzew: sosny zwyczajnej, 
wierka pospolitego, modrzewia europejskiego 

i jod y zwyczajnej, z 16 wy uszczarni pracuj cych 

na terenie Polski w ci gu lat 2009–2012. Otwarte 
szyszki pozbawione nasion i traktowane jako od-
pad po uszczarski mog  by  wykorzystane na cele 
energetyczne w lokalnych elektrowniach. Aby 
w tym celu mo na by o je wykorzysta , nale y 
na pocz tek sprawdzi , ile rocznie pozyskuje si  
tego materia u. Zauwa ono du  zmienno  w do-
starczaniu jednostek nasiennych do wy uszczarni 
zwi zan  z latami nasiennymi. Przez cztery ana-
lizowane lata najwi cej pozyskano szyszek sosny 
zwyczajnej ponad 1,3 tys. Mg, a najmniej jod y 
pospolitej – 31 Mg. Ze wzgl du na stosunkowo 
ma  mas  pojedynczych szyszek i du  obj to  
szyszki mo na transportowa  na niewielkie od-
leg o ci. Do wy uszczarni uszcz cych najwi cej 
szyszek nale  obiekty w Nadle nictwach Jaro-
cin, Kluczborki i Rytel, gdzie dostarczano cznie 
600 Mg szyszek rocznie. Po uszczeniu szyszki 
zmniejszaj  swoj  mas  w zale no ci od gatun-
ku od 16 do 30%. Analiza wykaza a, e rocznie 
mo na wykorzysta  na cele energetyczne rednio 
270 Mg pustych szyszek. Szyszki traktowane jako 
odpad mog  by  bezpo rednio spalane lub wy-
korzystane jako dodatek w produkcji brykietów 
i peletów. 
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