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Abstract. Every year, scaling plants buy (up to tens of tons) cones which needs to be peeled. After the process of
scaling, the cones themselves are waste, which is partly sold. The problem of waste disposal is especially severe in
plants where the processing is performed by electrically-powered scaling cabinets, but the problem does not apply to
facilities where pellets are burned to produce heat.

We examined the heat of combustion and calorific value of the residues from scaling plants that can be used in the
production of refined wood fuels. The residues consist of the empty cones of pine, spruce, larch as well as husks and
stems of silver fir. Additionally, we conducted measurements of the heat of combustion for wood and cones of each
species and compared them to their respective calorific values

The results revealed that the average calorific value of the cones is in the range 17.81–19.86 MJ/kg. Our work
showed that empty cones have a significantly higher calorific value and heat of combustion than the wood of spruce,
larch and fir. In the case of pine, cones and wood did not differ significantly.

These results led us to the conclusions that empty de-scaled cones can be utilized as a valuable primary solid fuel or
fuel additive for the production of refined products for the local market.

Due to the low annual production of cones in comparison to other materials such as sawdust and wood chips, pine
cones should be used as a supplement, to enrich fuels of inferior quality by enhancing their energetic properties.
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1. Wstêp

Do 2020 roku 20% energii zu¿ywanej we wszystkich
krajach wchodz¹cych w sk³ad Unii Europejskiej ma
pochodziæ ze Ÿróde³ odnawialnych, zgodnie z dyrektyw¹
przyjêt¹ w marcu 2007 roku przez Radê Europejsk¹.
W dokumencie zaznaczono, ¿e emisja gazów cieplarnia-
nych ma ulec zmniejszeniu o 20%, a wydajnoœæ energe-
tyczna wzrosn¹æ do 20%. Warunki te spowodowa³y
intensywny rozwój badañ nad odnawialnymi Ÿród³ami
energii.

W Polsce, która po wejœciu do Unii Europejskiej
w 2004 roku zobowi¹za³a siê dostosowaæ do systemu
funkcjonuj¹cego w krajach cz³onkowskich, do podsta-
wowych Ÿróde³ odnawialnej energii pierwotnej zalicza
siê energiê pozyskiwan¹ z wiatru, wody i biomasy. Bio-
masa drzewna pozyskiwana jest miêdzy innymi z drew-
na ma³owymiarowego lub odpadów drzewnych podda-
nych zrêbkowaniu (Zychowicz, Gendek 2009), które
pozyskano z lasu lub plantacji, np. wierzby, topoli, olchy
czy robinii. Wytworzone zrêbki mog¹ byæ spalane lub
przetwarzane na paliwa uszlachetnione (pelety i bry-
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kiet), powszechnie wykorzystywane do spalania w
kot³ach. W zale¿noœci od technologii i zastosowanego
materia³u pelety i brykiet mog¹ byæ wytwarzane z jed-
nego gatunku drewna lub z mieszanki wielu gatunków.
Które paliwo jest lepsze i jaki powinno mieæ sk³ad?
Badania takie prowadzone s¹ przez ró¿ne jednostki
naukowe.

Autorzy artyku³u przeprowadzili badania ciep³a spa-
lania i wartoœci opa³owej odpadów z wy³uszczarni, które
mo¿na zastosowaæ do produkcji uszlachetnionych paliw
drzewnych. Ka¿dego roku wy³uszczarnie nasion sku-
puj¹ po kilkadziesi¹t ton szyszek i po wy³uszczeniu maj¹
problem ze zbytem odpadów. Szyszki, które zaliczono
do odpadów ³uszczarskich s¹ wprawdzie wystawiane na
sprzeda¿ jako pe³nowartoœciowy produkt uboczny (ot-
warte szyszki s¹ u¿ywane jako element ozdobny w
wieñcach, stroikach i bukietach), lecz ze wzglêdu na ich
wysok¹ cenê nie znajduj¹ wielu nabywców. Innym spo-
sobem wykorzystania pustych szyszek jest ich rozdrob-
nienie i dodanie do pod³o¿a wykorzystywanego przy
produkcji sadzonek w namiotach foliowych. Zabiegi te
wymagaj¹ jednak znacznych nak³adów energetycznych
i finansowych, przez co nie s¹ zbyt czêsto stosowane.

Omawiany problem zbytu odpadów dotyczy tych
wy³uszczarni, w których do procesu ³uszczenia szyszek
korzysta siê z szaf ³uszczarskich zasilanych energi¹
elektryczn¹ (Suszka 2000). Nie dotyczy on obiektów, w
których szyszki ³uszczy siê w szafach opalanych drew-
nem, w nich bowiem do wytworzenia energii cieplnej
czêsto zamiast drewna u¿ywa siê w³aœnie pustych szy-
szek. Takich wy³uszczarni jest jednak niewiele (Ani-
szewska 2012).

Obecnie na terenie Polski funkcjonuje 16 wy³usz-
czarni, w których co roku ³uszczone s¹ szyszki dla po-
zyskania nasion, a wielkoœæ skupu zale¿y od wielkoœci
urodzaju. W latach urodzaju nasion drzew iglastych
wy³uszczarnie skupuj¹ kilkadziesi¹t ton szyszek ró¿-
nych gatunków – przyk³adowo wy³uszczarnia w Jaro-
cinie ³uszczy blisko 200 ton rocznie. Po procesie
wy³uszczania nasion, masa szyszek ulega zmniejszeniu,
ale zwiêksza siê ich objêtoœæ (Aniszewska 2013). Iloœæ
pozosta³ych pustych szyszek mo¿e stanowiæ doskona³¹
bazê do produkcji paliw uszlachetnionych i zaspokoiæ
zapotrzebowanie rynku lokalnego na energiê ciepln¹.

Podstawow¹ zalet¹ odpadów z wy³uszczarni, któ-
rymi s¹ szyszki, trzpienie, puste nasiona i skrzyde³ka jest
ich niska wilgotnoœæ, która nie przekracza 10% (np.
drewno w stanie œwie¿ym zawiera 30–70% wody).
W takim przypadku zak³ady produkuj¹ce pelety i brykiet
nie bêd¹ musia³y ponosiæ dodatkowych kosztów zwi¹za-
nych z jej zmniejszaniem do poziomu umo¿liwiaj¹cego
aglomeracjê ciœnieniow¹ do postaci peletu (Gendek,
G³owacki 2010; G³owacki, Gendek 2011), ale mo¿e byæ
wymagane nawil¿anie do ok. 15% przy brykietowaniu.

Wad¹ szyszek jest ich ma³a gêstoœæ usypowa, co wp³ywa
istotnie na koszty transportu, szczególnie na wiêksze
odleg³oœci. Te zagadnienia autorzy artyku³u planuj¹ opi-
saæ w kolejnej publikacji.

Celem badañ jest okreœlenie ciep³a spalania i war-
toœci opa³owej szyszek czterech podstawowych gatun-
ków iglastych i okreœlenie ich przydatnoœci jako mate-
ria³u do produkcji energii. Ciep³o spalania lub okreœlona
na jego podstawie wartoœæ opa³owa s¹ to dwa najwa¿-
niejsze parametry potrzebne do oceny wykorzystania
energetycznego odpadów z wy³uszczarni, w celu ich
przysz³ego stosowania jako sk³adnika paliwa uszlachet-
nionego w postaci peletów i brykietów. Uzyskane wy-
niki zostan¹ porównane z wartoœciami opa³owymi dla
drewna odpowiednich gatunków.

2. Materia³ i metody

Do badañ wykorzystano odpady z wy³uszczarni z
Nadleœnictwa Grotniki (RDLP £ódŸ) w postaci wy³usz-
czonych szyszek sosny zwyczajnej (Pinus sylvestris L.),
œwierka pospolitego (Picea abies L.) i modrzewia euro-
pejskiego (Larix decidua Mill.) oraz ³usek i trzpieni
jod³y pospolitej (Abies alba Mill.).

Pomiar ciep³a spalania i obliczenie wartoœci opa³o-
wej wykonano metod¹ kalorymetryczn¹ zgodnie z nor-
m¹ PN-ISO 1928:2002. Pozyskane szyszki i drewno
zosta³y zmielone za pomoc¹ m³ynka do cz¹stek poni¿ej
1 mm, a rozdrobniony materia³ zosta³ poddany suszeniu
w suszarce laboratoryjnej SLW 115 TOP przez 24 h w
temperaturze 104±1°C a¿ do uzyskania suchej masy.

Badanie polega³o na ca³kowitym spaleniu próbek o
masie 1 g w atmosferze tlenu pod ciœnieniem 2,8 MPa i
wyznaczeniu przyrostu temperatury wody w naczyniu
kalorymetrycznym. Spalanie odbywa³o siê w bombie
kalorymetrycznej umieszczonej w tym naczyniu i
zanurzonej w wodzie o objêtoœci 2,7 dm3 (kalorymetr
KL-10). Do zap³onu próbki stosowano drut oporowy z
kantalu.

Kalorymetr dzia³a na zasadzie pomiaru charakterys-
tycznych temperatur bilansu cieplnego uk³adu: bomba
kalorymetryczna ze spalanym paliwem i naczynie kalo-
rymetryczne z wod¹.

Praca kalorymetru odbywa siê w 5 etapach:
0 – w³¹czenie kalorymetru i ustabilizowanie tempe-

ratury wewn¹trz kalorymetru;
1 – rejestracja temperatury T1 i odmierzanie 5 okre-

sów pomiarowych;
2 – rejestracja temperatury T2 i zapalenie siê próbki

paliwa w bombie kalorymetrycznej (czas trwania – w
minutach – do osi¹gniêcia temperatury maksymalnej);

3 – rejestracja temperatury maksymalnej T3 i odmie-
rzanie kolejnych okresów pomiarowych;
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4 – rejestracja temperatury T4, wykonanie obliczeñ
przez program wewnêtrzny i zakoñczenie pracy.

Próbki analityczne o masie 1 g odmierzano z do-
k³adnoœci¹ do 0,001 g za pomoc¹ wagi WSP 210S. Tak
przygotowane próbki spalono w kalorymetrze KL-10.
Dla ka¿dego rodzaju materia³u pomiar by³ wykonywany
5–6 razy. Podczas pomiarów za pomoc¹ wilgotnoœcio-
mierza Rotronik Hygro-Palm rejestrowano w pomiesz-
czeniu temperaturê z dok³adnoœci¹ ±0,1°C i wilgotnoœæ
z dok³adnoœci¹ ±0,1%.

U¿yty do badañ kalorymetr wyznacza³ wartoœæ cie-
p³a spalania Qs badanej substancji w sposób automa-
tyczny za pomoc¹ programu wewnêtrznego wed³ug za-
le¿noœci:

( )Q K T T kS = ⋅ − −3 2 [kJ·kg-1] (1)
gdzie:

K – sta³a kalorymetru, kJ·kg-1,
T2, T3 – charakterystyczne temperatury bilansu ciep-

lnego, K,
k – poprawka na wymianê ciep³a kalorymetru z oto-

czeniem,

[ ]k T T T T n T T= ⋅ ⋅ − + ⋅ − + − ⋅ −0 5 0 2 2 1 0 2 4 3 0 2 1 4 3, , ( ) , ( ) , ( ) ( )
(2)

gdzie:
n – liczba minut w etapie nr 2 (do osi¹gniêcia tempe-

ratury maksymalnej),
T1, T4 – charakterystyczne temperatury bilansu ciep-

lnego, K,
Wartoœæ opa³ow¹ Qop obliczono na podstawie wzo-

ru (PN-ISO 1928:2002):

( ) ( )Q Q H W Wop S w w= − ⋅ ⋅ − ⋅ − ⋅206 1 0 01 23 0, , [kJ·kg-1]
(3)

gdzie
Ww – wilgotnoœæ wzglêdna, %,
H – zawartoœæ wodoru, %.
Zgodnie z informacjami zawartymi w literaturze

przedmiotowej, dla ró¿nych rodzajów biomasy zawar-
toœæ wodoru (H) zawiera siê w granicach od 5,5 do 7,0%
(Skrifvars et al. 1988; Werther et al. 2000; Œwieca 2007;
G³odek 2010). Do obliczeñ wartoœci opa³owej drewna i
szyszek procentowa zawartoœæ wodoru przyjêta zosta³a
na sta³ym poziomie podawanym dla drewna iglastego –
6,3%.

Obliczono wartoœci œrednie, odchylenie standardo-
we, wykonano test t Studenta dla ma³ej liczebnoœci prób,
porównano nim ciep³o spalania i wartoœæ opa³ow¹ posz-
czególnych gatunków szyszek oraz drewna. Wykonane
zosta³y równie¿ testy dopasowania do rozk³adu normal-
nego. Analizy statystyczne wyników zosta³y przeprowa-
dzone przy u¿yciu programu Statistica 10 (Stat-
Soft 2011).

3. Wyniki

Ciep³o spalania. Wyniki pomiarów, wartoœci œrednie
i odchylenie standardowe wartoœci ciep³a spalania po-
dano w tabeli 1. Najwy¿sze œrednie ciep³o spalania
21,16 MJ/kg zarejestrowano dla szyszek jod³y, a naj-
ni¿sze 19,11 MJ/kg dla drewna modrzewiowego. Z kolei
najni¿sze wartoœci ciep³a spalania wœród szyszek mia³y
szyszki sosnowe – 19,4 MJ/kg.

Ciep³o spalania wszystkich gatunków charaktery-
zuje siê rozk³adem normalnym. Porównanie za pomoc¹
testu t Studenta wyników uzyskanych dla szyszek i
drewna w ramach tego samego gatunku wykaza³o, ¿e w
przypadku œwierka, modrzewia i jod³y ciep³o spalania
szyszek ró¿ni siê istotnie od ciep³a spalania drewna
(tab. 2). W tych przypadkach œrednia wartoœæ ciep³a spa-
lania szyszek by³a wiêksza. Najwiêksza ró¿nica by³a w
przypadku modrzewia – ciep³o spalania szyszek prze-
wy¿sza³o ciep³o spalania drewna o 7,96% (tab. 2).

W przypadku sosny nie stwierdzono istotnej ró¿nicy
ciep³a spalania szyszek i drewna. Ciep³o spalania szy-
szek by³o mniejsze o 1,01% od ciep³a spalania drewna.

Ciep³o spalania szyszek poszczególnych gatunków
(So, Œw, Md i Jd) poddano ocenie stosuj¹c test F (analizy
wariancji). Wed³ug niego wystêpuj¹ istotne ró¿nice
pomiêdzy ciep³em spalania szyszek sosny i jod³y, a nie
wykazano ró¿nic miêdzy ciep³em spalania pozosta³ych
gatunków.

Wartoœæ opa³owa. Na podstawie wyznaczonej war-
toœci ciep³a spalania, z zale¿noœci (3) obliczono wartoœæ
opa³ow¹ szyszek i dla porównania – wartoœæ opa³ow¹
drewna – poszczególnych gatunków. Szczegó³owe ze-
stawienie wyników pomiarów, wartoœæ œredni¹ i odchy-
lenie standardowe wartoœci opa³owej suchej masy szy-
szek i drewna rozpatrywanych gatunków drzew podano
tabeli 1. Wartoœæ opa³owa zmienia siê wraz ze zmian¹
wilgotnoœci materia³u (ryc. 1).

Przy wilgotnoœci 0% (sucha masa) najwiêksz¹ war-
toœæ opa³ow¹ mia³y szyszki jod³owe. Przy wilgotnoœci
20% wartoœæ ta zmniejszy³a o 4,43 MJ/kg, tj. o 22,3%, a
przy wilgotnoœci 70% – o 15,51 MJ/kg w stosunku do
poziomu wyjœciowego (o 78,1%).

Najmniejsz¹ wartoœæ opa³ow¹ przy wilgotnoœci 0%
mia³y szyszki sosnowe. Przy wilgotnoœci 20% wartoœæ ta
zmniejszy³a siê o 4,08 MJ/kg, tj. o 22,5%, a przy wilgot-
noœci 70% nast¹pi³ spadek w stosunku do poziomu po-
cz¹tkowego o 14,29 MJ/kg (o 78,9%).

Wartoœæ opa³owa szyszek i drewna wszystkich ga-
tunków charakteryzuje siê rozk³adem normalnym. Po-
równanie uzyskanych wyników z prób dla danego
gatunku testem t Studenta wykaza³o, ¿e w przypadku
œwierka, modrzewia i jod³y wartoœæ opa³owa szyszek
ró¿ni siê istotnie od wartoœci opa³owej drewna, nato-
miast w przypadku sosny ró¿nic nie stwierdzono.
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Wartoœæ opa³ow¹ suchej masy szyszek poszczegól-
nych gatunków (So, Œw, Md i Jd) porównano stosuj¹c
test F (analizy wariancji). Wyniki testu potwierdzi³y, ¿e
ró¿nice miêdzy wartoœci¹ opa³ow¹ szyszek badanych
gatunków s¹ istotne. Test porównañ wielokrotnych po-

twierdzi³, ¿e wartoœæ opa³owa szyszek sosny istotnie
ró¿ni siê od wartoœci opa³owej szyszek jod³y, ale nie
wykaza³ ró¿nic w przypadku pozosta³ych gatunków. Po-
dobnie by³o w przypadku ciep³a spalania szyszek.
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Tabela 1. Ciep³o spalania i wartoœæ opa³owa suchej masy badanych próbek szyszek i drewna
Table 1. The heat of combustion and calorific value of the dry weight of the cones and wood tested samples

Materia³
Material

Nr próby
Trial number

Ciep³o spalania
Heat of combustion

Wartoœæ opa³owa
Calorific value

pomiary
measurement

œrednia
average

odch. stand.
std dev.

pomiary
measurement

œrednia
average

odch. stand
std dev.

MJ/kg

Sosna
zwyczajna
Scots pine

szyszka
cone

1 19,18 19,40 0,36 17,89 18,11 0,36
2 19,00 17,70
3 19,29 17,99
4 19,69 18,39
5 19,86 18,56

drewno
wood

1 19,37 19,61 0,45 18,07 18,32 0,45
2 20,16 18,86
3 19,23 17,94
4 20,16 18,86
5 19,62 18,32
6 19,14 17,85

Œwierk
pospolity
Norway
spruce

szyszka
cone

1 20,303 20,55 0,47 19,01 19,25 0,47
2 19,99 18,69
3 21,05 19,75
4 20,39 19,09
5 21,02 19,73

drewno
wood

1 20,24 19,96 0,19 18,94 18,66 0,19
2 19,92 18,62
3 19,99 18,69
4 19,69 18,40
5 19,95 18,65

Modrzew
europejski
European
larch

szyszka
cone

1 20,59 20,58 0,28 19,29 19,28 0,28
2 20,96 19,66
3 20,59 19,29
4 20,17 18,87
5 20,57 19,28

drewno
wood

1 19,96 19,11 0,55 18,66 17,81 0,55
2 19,06 17,76
3 18,97 17,68
4 19,10 17,80
5 18,44 17,14

Jod³a
pospolita
Silver fir

szyszka
cone

1 21,42 21,16 0,34 20,12 19,86 0,34
2 20,70 19,41
3 21,25 19,95
4 21,52 20,22
5 20,91 19,61

drewno
wood

1 20,99 20,59 0,30 19,70 19,29 0,30
2 20,73 19,43
3 20,43 19,13
4 20,68 19,38
5 20,11 18,81
6 20,59 19,29



Porównuj¹c wartoœæ opa³ow¹ suchej masy szyszek i
drewna w ramach tego samego gatunku, stwierdzono, ¿e
w przypadku œwierka, modrzewia i jod³y szyszki mia³y
wiêksz¹ wartoœæ opa³ow¹, natomiast w przypadku sosny
o 1,59% mniejsz¹. Najwiêksza wartoœæ opa³owa szyszek
w stosunku do wartoœci opa³owej drewna by³a w
przypadku modrzewia (wiêksza o 5,36%).

4. Dyskusja

W literaturze podawane s¹ wyniki badañ ciep³a spa-
lania i wartoœci opa³owej drewna, natomiast publikacji
dotycz¹cych szyszek poszczególnych gatunków autorzy
nie znaleŸli. Wyniki odnosz¹ce siê do szyszek porów-
nano zatem z danymi literaturowymi dotycz¹cymi drew-
na. Wyj¹tek stanowi publikacja Fonta et al. (2009), w
której podano wartoœæ ciep³a spalania dla szyszek sosny

(18,7 MJ/kg), ni¿sz¹ od otrzymanej w niniejszych ba-
daniach.

Otrzymane œrednie wartoœci ciep³a spalania szyszek i
drewna zawieraj¹ siê w przedziale od 19,11 do
21,16 MJ/kg (tab. 1) i s¹ w wiêkszoœci wy¿sze od war-
toœci podawanych w literaturze dla ciep³a spalania drew-
na tego samego gatunku. Ciep³o spalania szyszek i drew-
na sosnowego ustalone w niniejszej pracy jest ni¿sze –
odpowiednio o 1,79 i 1,59 MJ/kg – od wartoœci ciep³a
spalania podawanej w literaturze m.in. przez G³odek
(2010) oraz Font et al. (2009), wynosz¹cej 21,2 MJ/kg
(dotyczy drewna sosny zwyczajnej). W przypadku
œwierka pospolitego ciep³o spalania szyszek by³o wy¿-
sze od podawanego w literaturze o 0,05 MJ/kg, a ciep³o
spalania drewna ni¿sze o 0,39 MJ/kg. W przypadku
szyszek i drewna modrzewiowego ró¿nice wzglêdem
wartoœci zaczerpniêtych z literatury (19,5 MJ/kg – dla
drewna) wynosz¹ 1,08 i 0,39 MJ/kg. Z kolei wartoœæ
ciep³a spalania szyszek i drewna jod³y pospolitej uzys-
kane w niniejszej pracy s¹ wy¿sze od cytowanej w
literaturze dla drewna (Krzysik 1974; Björn i in. 2012;
W¹sik, Michalec 2012), wynosz¹cej 20,15–20,4 MJ/kg,
odpowiednio o 1,20 i 0,19 MJ/kg.

Œrednia wartoœæ opa³owa suchej masy szyszek i
drewna badanych gatunków zawiera siê w przedziale
17,81–19,86 MJ/kg (tab. 3). Porównuj¹c otrzymane
wyniki z literaturowymi mo¿na zauwa¿yæ, ¿e wartoœæ
opa³owa szyszek sosny i modrzewia znajduje siê w
granicach okreœlonych dla drewna sosnowego (16–19
MJ/kg) i modrzewiowego (17,6–19,9 MJ/kg) (Monkie-
lewicz, Pflaum 1967; G³odek 2010). Wed³ug danych
literaturowych (Monkielewicz, Pflaum 1967; Rembow-
ski 2007; G³odek 2010; Björn i in. 2012;) wartoœæ
opa³owa drewna œwierkowego wynosi 17,2–18,6 MJ/kg,
a jod³owego 18,0 MJ/kg. Ustalona w niniejszej pracy
wartoœæ opa³owa szyszek œwierka jest zatem wy¿sza o
3,5–11,9%, a szyszek jod³y – o 10,3%.
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Tabela 2. Test t porównania ciep³a spalania szyszek i drewna dla prób niezale¿nych (ró¿nice istotne dla p<0,05) oraz test
F ilorazu wariancji
Table 2. T-test comparison of the heat of combustion of cones and wood for independent samples (differences significant at
p<0.05) and the variance ratio F-test

Gatunek
Species

Ró¿nica ciep³a spalania
szyszek i drewna

The difference of heat
of combustion of cones and wood

Test t
t-test

Test F
F-test

t p F p

Sosna zwyczajna
Scots pine

-0,21 -0,83 0,43 1,61 0,67

Œwierk pospolity
Norway spruce

+0,59 2,61 0,03 5,94 0,11

Modrzew europejski
European larch

+1,47 5,36 0,00 3,81 0,22

Jod³a pospolita
Silver fir

+0,57 2,97 0,02 1,32 0,75
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Rycina 1. Zmiana wartoœci opa³owej szyszek w zale¿noœci
od wilgotnoœci
Figure 1. Variation of the cones calorific value depending on
moisture



5. Wnioski

Najwy¿sz¹ wartoœæ ciep³a spalania mia³y szyszki
jod³owe – 21,16 MJ/kg, a najni¿sz¹ szyszki sosnowe –
19,41 MJ/kg (mniejsz¹ o 8,27%).

Najwy¿sz¹ wartoœæ opa³ow¹ suchej masy mia³y
szyszki jod³owe – 19,86 MJ/kg, a najni¿sz¹ szyszki
sosnowe – 18,11 MJ/kg (ni¿sz¹ o 8,81%).

Materia³ odpadowy z wy³uszczarni (puste szyszki)
ma œredni¹ wartoœæ opa³ow¹ wy¿sz¹ ni¿ drewno tego
samego gatunku w przypadku œwierka, modrzewia i
jod³y, natomiast ni¿sz¹ w przypadku sosny.

Porównanie wartoœci opa³owej i ciep³a spalania szy-
szek z drewnem pozwala stwierdziæ, ¿e szyszki s¹ cen-
nym materia³em energetycznym i mog¹ byæ wykorzys-
tywane do bezpoœredniego spalania lub do produkcji
paliw uszlachetnionych stosowanych w energetyce lo-
kalnej.

Ze wzglêdu na stosunkowo niewielk¹ roczn¹ pro-
dukcjê szyszek w stosunku do innych materia³ów
(trociny, wióry itp.), z których produkowane s¹ brykiety
lub pelety, szyszki powinny stanowiæ dodatek do pro-
duktu wejœciowego ni¿szej jakoœci podwy¿szaj¹c war-
toœæ opa³ow¹ produktu koñcowego, jednak ich iloœæ pro-
centow¹ nale¿y jeszcze dok³adnie zbadaæ. W dalszych
badaniach autorzy podejm¹ próby oceny wartoœci ener-
getycznej i przydatnoœci szyszek jako dodatku do trocin,
wiórów czy biomasy w postaci igliwia, s³omy lub roœlin
energetycznych przy produkcji brykietu i peletu.

Podziêkowania

Badania zosta³y wykonane w ramach badañ w³as-
nych Katedry Maszyn Rolniczych i Leœnych SGGW w
Warszawie
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Abstract. Every year, scaling plants buy (up to tens of tons) cones which needs to be peeled. After the process of 
scaling, the cones themselves are waste, which is partly sold. The problem of waste disposal is especially severe in 
plants where the processing is performed by electrically-powered scaling cabinets, but the problem does not apply 
to facilities where pellets are burned to produce beat.

We examined the beat of combustion and calorific value of the residues from scaling plants that can be used in 
the production of refined wood fuels. The residues consist of the empty cones of pine, spruce, larch as well as 
husks and stems of silver fir. Additionally, we conducted measurements of the beat of combustion for wood and 
cones of each species and compared them to their respective calorific values.

The results revealed that the average calorific value of the cones is in the range 17.81–19.86 MJ/kg. Our 
work showed that empty cones have a significantly higher calorific value and beat of combustion than the wood 
of spruce, larch and fir. In the case of pine, cones and wood did not differ significantly.

These results led us to the conclusions that empty de-scaled cones can be utilised as a valuable primary solid fuel 
or fuel additive for the production of refined products for the local market.

Due to the low annual production of cones in comparison to other materials such as sawdust and wood chips, 
pine cones should be used as a supplement, to enrich fuels of inferior quality by enhancing their energetic 
properties.

Key words: cone, wood, biomass, heat of combustion, calorific value

1. Introduction

After joining European Union in 2004, Poland un-
dertook to adapt to a system functioning in member 
countries. One of this system’s elements was a directive 
introduced in March 2007 by European council, in which 
written was inter alia that up to year 2020, 20% of energy 
used in all countries entering European Union should be 
from renewable sources. It is underlined in the document 
that greenhouse gases emission should be reduced by 
20%, and energy efficiency should increase to 20%.

Those conditions caused an intensive development of 
research over renewable sources of energy.

In Poland, energy obtained from wind, water and bio-
mass is considered as the basic source of renewable pri-
mary energy. Wood biomass obtained is inter alia from 
small-sized wood or wood waste after chipping (Zy-
chowicz, Gendek 2009), which was obtained from for-
est or, for example, from willow, poplar, alder of false 
acacia plantation. Created chips may be combusted or 
processed into enriched fuels (pellets and briquettes), 
commonly used for burning in cauldrons. In dependence 
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on technology and used material, pellets and briquettes 
may be produced from one tree species or from mix of 
many species. Which fuel is better and what should it 
consist of? Such researches are being conducted by dif-
ferent scientific units.

The authors of article conducted a research on com-
bustion heat and calorific value of waste from kiln, 
which may be used for enriched wood fuel production. 
Every year, several dozens of cones were bought for 
seed kilns and after extraction, they face the problem 
of waste disposal. Cones that were included to peeling 
waste are put on sale as a standard value minor product 
(open cones are used as decorative element in wreaths, 
headdresses and bouquets), but due to its high price they 
do not have many buyers. Other way of using empty 
cones is their fragmentation and addition to substratum 
used in seedlings production in plastic greenhouses. 
Those interventions require, however, significant ener-
gy and financial effort, so therefore they are not used 
too often.

Discussed problem of waste disposal concern only 
those kilns, in which cabinet kilns powered by electric 
energy are used in cones peeling process (Suszka 2000). 
This problem does not concern objects, in which cones 
are being peeled in cabinet kilns powered by firewood. 
In those kilns for production of thermal energy, often 
instead of wood empty cones are used. Such kilns are 
not numerous, however (Aniszewska 2012).

Nowadays in Poland, there are 16 kilns, in which 
every year cones are peeled for obtaining seeds and the 
size of purchase depends on the size of harvest. In years 
of coniferous trees’ seeds harvest, for kilns tens of tones 
of various species cones are bought– for example, kiln 
in Jarocin peels almost 200 tons per year. After seed 
peeling process, mass of cones decreases but their vol-
ume increases (Aniszewska 2013). The number of re-
maining empty cones may constitute an excellent base 
for enriched fuels production and meet the local market 
demand for thermal energy.

The basic advantage of kiln waste, which are cones, 
stems, empty seeds and wings, is their low humidity, 
which does not exceed 10% (e.g. fresh wood consists 
of 30–70% of water). In this case, facilities producing 
pellets and briquettes will not have to bear additional 
costs connected with reducing humidity to level allow-
ing pressure agglomeration to pellet form (Gendek, 
Głowacki 2010; Głowacki, Gendek 2011), but humid-
ification to around 15% may still be required for bri-
quetting. The disadvantage of cones is their low bulk 

density, which affects significantly transport costs, es-
pecially for greater distance. The authors plan to de-
scribe those issues in next publication.

The aim of this research is a definition of combus-
tion heat and calorific value of four basic coniferous tree 
species’ cones and definition of their usefulness as a ma-
terial for energy production. Heat of combustion or cal-
orific value defined on its base are two most important 
parameters needed for kiln’s waste energy utilization 
evaluation, for its future use as a component of enriched 
fuel in the form of pellets and briquettes. Obtained re-
sults will be compared with calorific values for wood of 
appropriate species. 

2. Materials and methods

For research, waste from kiln was used from Grotniki 
Forest Inspectorate (Łódź Regional Directorate of State 
Forest) in the form of peeled Scots pine cones (Pinus 
sylvestris L.), Norway spruce (Picea abies L.) and Eu-
ropean larch (Larix deciduas Mill.) and scales and stems 
of Silver fir (Abies Alba Mill.).

Measurement of combustion heat and calculation of 
calorific value were made using calorimetric method ac-
cording to PN-ISO 1928:2002 standard. Obtained cones 
and wood were grinded with the use of mill for parti-
cles below 1 mm, and fragmented material was dried in 
laboratory dryer SLW 115 TOP for 24 h at temperature 
104±1°C until the dry mass was obtained.

The research was based on complete combustion of 
1 g samples in oxygen atmosphere, under 2.8 MPa pres-
sure and determination of water temperature increase in 
calorimetric vessel. Combustion took place in calorim-
eter bomb placed in this vessel and submerged in water 
of volume 2.7 dm3 (KL-10 calorimeter). For sample ig-
nition, kanthal resisting wire was used.

Calorimeter measures characteristic temperature of 
system’s heat balance: calorimetric bomb with combust-
ed fuel and calorimetric vessel with water.

Calorimeter works in five stages:
0 – inclusion of calorimeter on and stabilize calorim-

eter’s internal temperature.
1 – temperature T1 registration and measurement of 

five measuring periods.
2 – temperature T2 registration and combustion of 

fuel sample in calorimetric bomb (duration – in minutes 
– until reaching maximum temperature).

3 – maximum temperature T3 registration and meas-
urement of next measuring periods.



233M. Aniszewska et A. Gendek / Leśne Prace Badawcze, 2014, Vol. 75 (3): 231–236

4 – temperature T4 registration, calculations made by 
internal program and end of work.

Analytical samples weighing 1 g were measured 
with 0.001 g accuracy with the use of WSP 210S scale. 
Samples prepared this way were combusted in KL-10 
calorimeter. For each material type, the measurement 
was done 5–6 times. During measurement with the use 
of Rotnik Hygro-Palm hygrometer, temperature in the 
room was registered with an accuracy of ±0.1%.

Calorimeter used for research determined the value 
of combustion heat Qs of the examined substance auto-
matically with the use of internal program according to 
dependence:

		
(1)

where 
K – is the calorimetric’s constant, kJ·kg-1, 
T2 and T3 – are the characteristic temperatures of 

heat balance, K, and 
k – is the correction for calorimetric heat exchange 

with surrounding,

(2)
where 

n – is the number of minutes in second stage (until 
reaching maximum temperature), and T1 and T4 – are 
the characteristic temperatures of heat balance, K.

Calorific value Qop was calculated on the basis of the 
formula (PN-ISO 1928:2002):

(3)
where 

Ww – is the relative humidity (%) and 
H – the hydride content (%).
According to information in literature on the subject, 

for different types of biomass, hydride content (H) rang-
es from 5.5% to 7.0% (Głodek 2010; Skrifvars and oth. 
1988; Świeca 2007; Werther and oth.. 2000). For calcu-
lating wood and cones calorific values, hydride content 
in percent was adopted on permanent level for conifer-
ous wood – 6.3%.

Average values and standard deviation were calculat-
ed, and Student’s t-test was performed for few samples. 
With t-test combustion heat and calorific value of indi-
vidual cones’ species and wood were compared. Tests of 
fitting to normal distribution were also performed. Sta-
tistical analysis of results was conducted with the use of 
the program Statistica 10 (StatSoft 2011).

3. Results

Combustion heat. Measurements’ results, average
values and standard deviation of combustion heat values 
are given in Table 1. The highest average combustion 
heat 21.16 MJ/kg was registered for fir’s cones, and the 
lowest 19.11 MJ/kg for larch’s wood. In turn, the lowest 
combustion heat values among cones had pine’s cones 
– 19.4 MJ/kg.

Combustion heat of all species is characterised with 
normal distribution. Comparison with the use of Student’s 
t results obtained for cones and wood within the same spe-
cies showed that in the case of spruce, larch and fir, cones’ 
combustion heat differs significantly from wood combus-
tion heat (Table 2). In those cases, average value of cones 
combustion heat was higher. The biggest difference was 
in case of larch – cones combustion heat was by 7.96% 
higher than wood combustion heat (Table 2).

In case of pine, no significant difference of cones and 
wood combustion heat was stated. Cones combustion 
heat was smaller by 1.01% from wood combustion heat.

Combustion heat of particular species cones (pine, 
spruce, larch, fir) was evaluated with the use of F-test 
(variance analysis). According to this test, significant 
differences occur between pine’s and fir’s cones com-
bustion heat, but no differences between combustion 
heat of remaining species were stated.

Calorific value. On the basis of determined calorific 
value, from relation (3) cones calorific value was cal-
culated and for comparison – wood calorific value – of 
particular species. Detailed list of measurements results, 
average value and standard deviation of cones’ dry mass 
calorific value and wood calorific value of discussed 
tree species are given in Table 1. Calorific value changes 
with the change of material humidity (Fig. 1).

With humidity 0% (dry mass), the highest calorific value 
had fir cones. With humidity 20%, this value decreased by 
4.43 MJ/kg, i.e. by 22.3%, and with humidity 70% – by 
15.51 MJ/kg in relation to initial level (by 78.1%).

The lowest calorific value with humidity 0% had 
pine’s cones. With humidity 20%, this value decreased 
by 4.08 MJ/kg, i.e. by 22.5%, and with humidity 70% 
a drop occurred in relation to initial level by 14.29 MJ/
kg (by 78.9%).

Calorific value of cones and wood of all species is char-
acterised with normal distribution. Comparison of results 
obtained from samples for given species from Student’s t- 
test showed that in case of spruce, larch and fir, cone’s cal-
orific value differs significantly from wood calorific value, 
whereas in case of pine no differences were stated.

. . .

. .



234 M. Aniszewska et A. Gendek / Leśne Prace Badawcze, 2014, Vol. 75 (3): 231–236

Table 1. The heat of combustion and calorific value of the dry weight of the cones and wood tested samples 

Material Trial 
number

Heat of combustion Calorific value
measurement average std. dev. measurement average std. dev.

MJ/kg
Scots pine

cone

1
2
3
4
5

19.18
19.00
19.29
19.69
19.86

19.40 0.36 17.89
17.70
17.99
18.39
18.56

18.11 0.36

wood

1
2
3
4
5
6

19.37
20.16
19.23
20.16
19.62
19.14

19.61 0.45 18.07
18.86
17.94
18.86
18.32
17.85

18.32 0.45

Norway spruce

cone

1
2
3
4
5

20.303
19.99
21.05
20.39
21.02

20.55 0.47 19.01
18.69
19.75
19.09
19.73

19.25 0.47

wood

1
2
3
4
5

20.24
19.92
19.99
19.69
19.95

19.96 0.19 18.94
18.62
18.69
18.40
18.65

18.66 0.19

European larch

cone

1
2
3
4
5

20.59
20.96
20.59
20.17
20.57

20.58 0.28 19.29
19.66
19.29
18.87
19.28

19.28 0.28

wood

1
2
3
4
5

19.96
19.06
18.97
19.10
18.44

19.11 0.55 18.66
17.76
17.68
17.80
17.14

17.81 0.55

Silver fir

cone

1
2
3
4
5

21.42
20.70
21.25
21.52
20.91

21.16 0.34 20.12
19.41
19.95
20.22
19.61

19.86 0.34

wood

1
2
3
4
5
6

20.99
20.73
20.43
20.68
20.11
20.59

20.59 0.30 19.70
19.43
19.13
19.38
18.81
19.29

19.29 0.30

Calorific value of particular species cones’ dry mass 
(pine, spruce, larch and fir) was evaluated with the use 
of F-test (variance analysis). The results confirmed that 

differences between calorific value of examined species 
cones are significant. Multiple comparison test con-
firmed that calorific value of pine cones differs signif-
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icantly from fir’s cones calorific value. This test did not 
show differences in case of remaining species. Similar 
situation occurred in case of cones combustion heat.

Comparison of cones dry mass calorific value and 
wood calorific value within the same species showed 
that in case of spruce, larch and fir, cones had higher 
calorific value, whereas in case of pine by 1.59% small-
er. The highest cones calorific value in relation to wood 
calorific value was in case of larch (bigger by 5.36%).

4. Discussion

In literature, the results of combustion heat and cal-
orific value of wood are given, whereas authors did not 
find publications concerning cones of particular species. 
Results concerning cones were compared therefore with 
literature data concerning wood. An exception is Fonta 
et al. publication (2009) in which the combustion heat 
value for pine’s cones (18.7 MJ/kg) was given, lower 
than that obtained in this study.

Obtained average values of cones and wood com-
bustion heat range from 19.11 to 21.16 MJ/kg (Table 1) 
and in majority they are higher from the values given 
in literature for combustion heat of wood of the same 
species. Combustion heat of pine’s cones and wood 
defined in the following thesis is lower – respectively 
by 1.79 and 1.59 MJ/kg – from combustion heat values 
given in literature inter alia by Głodek (2010) and Font 
et al. (2009) (21.2 MJ/kg – concerns Scot’s pine wood). 
In case of Norway spruce, cones combustion heat was 
higher from the one given in literature by 0.05 MJ/kg, 
and wood combustion heat lower by 0.39 MJ/kg. In case 
of larch cones and wood, differences in comparison to 
values from literature (19.5 MJ/kg – for wood) are 1.08 
and 0.39 MJ/kg. On the other hand, Silver fir’s cones 
and wood combustion heat values obtained in this study 
are higher from those quoted in literature for wood 
(Krzysika 1974; Björn and oth. 2012; Wąsik, Michalec 
2012), which is 20.15–20.4 MJ/kg, respectively, by 1.20 
and 0.19 MJ/kg. 

Average calorific value of cones’ dry mass and wood 
of examined species ranges from 17.81 to 19.86 MJ/kg 
(Table 3). Comparison of obtained results with results 
from literature can allow to notice that calorific value 
of pine’s and larch’s cones can be found within rang-
es defined for pine’s wood (16–19 MJ/kg) and larch 
wood (17.6–19.9 MJ/kg) (Głodek 2010; Monkielewicz, 
Pflaum 1967). According to literature data (Monkiele-
wicz, Pflaum 1967; Rembowski 2007; Głodek 2010; 
Björn and oth. 2012), calorific value of spruce’s wood 
is 17.2–18.6 MJ/kg, and fir’s 18.0 MJ/kg. Determined 
in this study, spruce’s cones calorific value is therefore 
higher by 3.5–11.9%, and fir’s cones – by 10.3%.	

5. Results

The highest combustion heat value had fir cones –
21.16 MJ/kg, and the lowest pines cones – 19.41 MJ/kg 
(smaller by 8.27%). 

Table 2. T-test comparison of the heat of combustion of cones and wood for independent samples (differences significant  
at p < 0.05) and the variance ratio of F-test

Species
The difference of heat of 

combustion of cones and wood
t-test F-test

t p F p
Scots pine  -0.21 -0.83 0.43 1.61 0.67

Norway spruce +0.59 2.61 0.03 5.94 0.11

European larch +1.47 5.36 0.00 3.81 0.22

Silver fir +0.57 2.97 0.02 1.32 0.75

Figure 1. Variation of the cones calorific value depending on 
moisture
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The highest calorific value of dry mass had fir’s cones 
– 19.86 MJ/kg, and the lowest pines cones – 18.11 MJ/
kg (lower by 8.81%). 

Waste material from kiln (empty cones) has average 
calorific value higher than wood of the same species in 
case of spruce, larch and fir, whereas lower in case of pine.

Comparison of calorific value and combustion heat for 
cones and wood allows to state that cones are valuable en-
ergetic material and can be used for direct burning or for 
production of enriched fuel, which is used in local ener-
getics. Due to relatively small annual cone production in 
comparison to other materials (sawdust, shavings), out of 
which produced are briquettes or pellets, cones should be 
an addition to initial product of lower quality in order to in-
crease the calorific value of final product. Still cones’ per-
centage amount as an addition should be further examined. 
In further studies, authors will attempt to evaluate energy 
value and cones usefulness as an addition to sawdust, shav-
ings or biomass in the form of needles, straws or energy 
crops at the production of briquettes and pellets.
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