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Abstract. There are several ways of utilising logging residues and the two most common ones in the State Forests are wood chip
production for energy purposes by mobile machinery and crushing by tractor-powered crushers. In this research, an economy-based
approach was used to compare these methods and assess, whether chip production is superior to crushing for clearing a felling area.
The average revenues from the sale of wood biomass in the form of wood chips and the average costs of crushing in the Pomorze
Forest District were analysed for the period from January 2012 until June 2014. Both revenues and costs (such as fuel, operator’s
wage, piling costs, depreciation, insurance and garaging costs) were extracted from the State Forests’ data base using data-mining
software.

The highest price for wood biomass was achieved in 2012 (104.00 PLN m) and the lowest point was reached in 2014 (16.00
PLN m™). Revenues amounted to 1353.87 PLN ha'! on average, whilst the average logging efficiency was 25.60 m® ha! with
a proportion of logging residues compared to the total logged volume of 11.14 %.

The highest costs for crushing (1894.14 PLN ha™) incurred for clearing gaps in a stand after removing spruces infested with
bark beetles. Labour productivity in this case was 0.07 ha pmh. Significantly lower costs (1256.42 PLN ha) and greater pro-
ductivity (0.16 ha pmh™') were achieved when clearing clear-cut areas.

Considering these results, it is recommended to compress the logging residues into chips instead of crushing them. The remo-

val of the residues from clear-cut sites may additionally affect forest health positively.
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1. Wprowadzenie

Utrzymanie cigglo$ci istnienia lasow uwazane jest za fun-
dament trwatej i zrobwnowazonej gospodarki lesnej. Zgodnie
z ustawg o lasach (Ustawa 1991) gospodarka ta wiaze si¢
z koniecznoscia pozyskiwania surowca drzewnego. Popular-
ne w Polsce systemy pozyskiwania drewna — system drewna
krotkiego i system dtuzycowy — charakteryzuja si¢ koniecz-
nos$cig okrzesania pni drzew na obszarze zrgbu. Aby odnowié
nastepnie powierzchni¢ zrgbowa konieczne jest uprzatnigcie
zalegajacych pozostatosci zrgbowych, przy czym przy wybo-
rze metody ich zagospodarowania pod uwage nalezy wziaé
wiele aspektow ekonomicznych i przyrodniczych (Pierovich,
Smith 1973).

Do niedawna te pozostatosci spalano, jednak odstapiono
od tego rozwigzania w wyniku negatywnych skutkéw wy-
wieranych na $rodowisko przyrodnicze (Wojtkowiak et al.
2003a, b).

Innym, zdecydowanie bardziej przyjaznym dla Srodowi-
ska postgpowaniem jest rozdrabnianie pozostatosci poeksplo-
atacyjnych i przemieszanie ich z glebg za pomoca kruszarek
sprzezonych z ciggnikami (Maksymiak 2008). Taki sposob
utylizacji pozostatosci jest jednak kosztowny (Rézanski, Ja-
blonski 2002).

W ostatnich latach konieczno$¢ realizacji wytycznych
Unii Europejskiej, naktadajacych na Polske obowiazek uzy-
skiwania 15% energii brutto ze zrédel odnawialnych w 2020
roku (Dyrektywa 2009/28/WE 2009), spowodowata wzrost
zainteresowania pozyskiwaniem pozostatosci zrebowych
w celu produkcji energii (Sadowski et al. 2012). Dziatanie
takie moze rowniez zagwarantowa¢ nadlesnictwom dodatko-
we przychody ze sprzedazy surowca drzewnego. W swietle
dotychczasowych badan zatozono hipotetycznie, iz wyko-
rzystanie pozostato$ci pozrgbowych na zrebki energetycz-
ne bedzie korzystniejsze ekonomicznie w poréwnaniu z ich
rozdrabnianiem.

Wptyneto: 7.10.2014 r., zrecenzowano: 20.01.2015 r., zaakceptowano: 23.11.2015 r.



T. Galgzia / Leéne Prace Badawcze, 2016, Vol. 77 (1): 50-55 51

Celem pracy bylo ustalenie, czy korzystniejsza pod wzgle-
dem ekonomicznym jest produkcja zr¢bkéw energetycznych,
czy rozdrabnianie pozostatosci zrgbowych.

Ponadto okreslono czynniki wptywajace na poziom kosz-
tow rozdrabniania pozostalosci zrebowych oraz rzeczywisty
udziat ich masy w ogdlnej masie pozyskiwanego surowca
drzewnego.

2. Material i metody

Badania wykonano na terenie Nadle$nictwa Pomorze
(RDLP w Biatymstoku). Zbior danych dotyczacych kosz-
tow 1 przychodow przeprowadzono z wykorzystaniem Sys-
temu Informatycznego Lasow Panstwowych (SILP) oraz
oprogramowania do eksploracji danych SAP Bussines Ob-
jects. Analizg objeto lata 2012, 2013 oraz pierwsza potowe
roku 2014.

Priorytetowym dzialaniem podejmowanym przez Nad-
lesnictwo Pomorze w celu przygotowania powierzchni do
odnowienia jest sprzedaz zalegajacych pozostatosci zrebo-
wych w postaci biomasy energetycznej. Surowiec wysta-
wiany jest na aukcji internetowej w aplikacji ,,e-drewno”.
Warunkiem odbioru powierzchni od nabywcy biomasy
jest uprzatniecie pozostalosci w stopniu umozliwiajagcym
przeprowadzenie przygotowania gleby do odnowienia po-
wierzchni. Wysoko$¢ przychodow ze sprzedazy biomasy
energetycznej ustalono na podstawie iloczynu wielkosci
masy surowca pozyskanej na danej powierzchni (sortyment
Z0 — zrgbki opalowe) oraz ceny wynikajacej z umowy za-
wartej z danym nabywca.

W przypadku braku mozliwosci sprzedazy pozostatosci,
powierzchni¢ uprzatano samodzielnie. W tym celu stosowa-
no zestaw sktadajacy si¢ z ciggnika Valtra T-190 i sprzezo-
nej z nim kruszarki AHWI FM600 (tab. 1). Obie maszyny
nalezg do nadle$nictwa i zakupione zostaty w 2006 roku.
Tabela 1 zawiera podstawowe parametry techniczne tych
maszyn.

Analiza kosztow rozdrabniania pozostalosci zrgbowych
obejmowata dwie grupy: koszty zmienne i stale. Do kosztéw
zmiennych zaliczono koszt paliwa zuzytego przez ciagnik,
wynagrodzenie operatora ciggnika i koszty sktadania pozo-
statosci w stosy. W SILP koszty te bezposrednio odnoszo-
no do danej pozycji planu, tj. adresu lesnej powierzchni, na
ktorej odbywato si¢ rozdrabnianie pozostatosci. Do kosztow
zmiennych zaliczono tez koszty smarow, olejow i innych ma-
teriatow eksploatacyjnych oraz napraw. Te koszty odnoszone
byly do pozycji planu inwentarza (ciagnika lub kruszarki)
W ujeciu rocznym, zostaly jednak przeliczone na godziny
operacyjnego czasu pracy (h) wypracowanego w rzeczywi-
stosci przez maszyn¢ na danej powierzchni i dzieki temu,
proporcjonalnie, dodane do pozostatych kosztow zmiennych
przy pozycjach planow do konkretnych zrgbow. Podobnie
postapiono z kosztami stalymi: kosztem amortyzacji, ubez-
pieczenia i garazowania maszyn (zastosowano potowe stawki
podatku od nieruchomos$ci budynku garazowego, poniewaz
w budynku przechowywano drugi ciggnik) (tab. 2).

Tabela 1. Podstawowe parametry techniczne maszyn do roz-
drabniania pozostalo$ci zrebowych

Table 1. Basic technical specifications of machines for utilising
logging residues

Valtra T-190

Maksymalna moc

154,5 kW (210 KM
Maximal power ’ ( )

Obroty znamionowe

. . 2100 obr. / min.
Nominal engine rpm

Pojemnosé silnika

. . 7400 cm?
Engine capacity
Liczba cylindrow 6
Number of cylinders
Liczba obrotow WOM

540 obr. min’!
PTO shaft rpm OPF- T
Ciezar
5950k
Weight £
Dlugosé 5151 mm
Length
Wysokos¢
2931

Height 931 mm
Rozstaw osi
Wheelbase 2750 mm
Liczba biegéw do przodu 36
Number of gears foreward
Liczba biegéw do tylu 36
Number of reverse gears

AHWI FM600

132,4 - 169,2 kW
(180-230 KM)

‘Wymagana moc ciagnika
Required power of tractor

Liczba obrotow walka ciagnika 1000 obr. min”

Number of PTO rpm

Weight e
Opertona i o
Toawid e
Liczba elementéw roboczych 54 szt

Number of working elements

3. Wyniki

W okresie od stycznia 2012 r. do czerwca 2014 r. po-
zyskano ponad 1500 m*® drewna w formie zrebkow ener-
getycznych. Zostaly one uprzatnigte przez kilku réznych
przedsigbiorcow. Wszystkie firmy dysponowaty zestawami
zrebkujacymi sktadajacymi si¢ z rebarek zamontowanych na
podwoziu ciggnikdéw typu forwarder. W roku 2012 sprzedano
209,88 m® biomasy energetycznej z szeSciu powierzchni za
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Tabela 2. Koszty stale maszyn do rozdrabniania pozostalo$ci zrebowych

Table 2. Fixed costs of machines for utilising logging residues

Valtra T-190

AHWI FM600

Rok produkcji / Year of manufacture
Warto$¢ poczatkowa / Initial value

Warto$¢ biezaca / Current value

2006 2006
357 889,00 PLN
375 531,28 PLN

140 830,00 PLN
140 830,28 PLN

Stawka amortyzacji / Depreciation rate 14% 14%

Amortyzacja / Depreciation 26,08 PLN/h 9,78 PLN/h
Ubezpieczenie / Insurance 0,10 PLN/h 0,11 PLN/h
Koszty garazowania / Garaging costs 0,01 PLN/h 0,01 PLN/h

cene jednostkowa 104,00 PLN m?, w roku 2013 — 793,15 m®
z dziesigciu powierzchni za ceng 47,00 PLN m?, a w pierw-
szej polowie roku 2014 — 507,61 m* z siedmiu powierzch-
ni za cen¢ 16,00 PLN m?. Przeci¢tna wydajnos¢ z jednostki
powierzchni wynosita 25,60 m* ha’l, co stanowito $rednio
11,14% calej masy pozyskanego drewna, przy czym wskaz-
niki te roznity si¢ miedzy soba zaleznie od typu siedliskowe-
go lasu (ryc. 1).

Jednak na niektorych powierzchniach nadlesnictwo mu-
sialo przeprowadzi¢ rozdrabnianie pozostatosci zrgbowych.
W roku 2012 prace takie wykonano na 11 zrgbach zagospo-
darowanych rebnig zupetng (IB), pigciu rgbniach zlozonych
(IIIA, 11IB) oraz jednej luce pokornikowej. W roku 2013 po-
wierzchni takich byto odpowiednio 13, 2 i 4, a w roku 2014
pracowano jedynie na 7 zrgbach zupelnych. Analiza kosztow
wskazala, ze byly one najwyzsze w przypadku rozdrabnia-
nia pozostatosci na lukach pokornikowych. Srednie koszty
takiego zabiegu wynosity 1894,14 PLN ha', a wydajnos¢
— 0,07 ha mth''. Podczas prac na rebniach ztozonych kosz-
ty byly niemal tak samo wysokie (1858,60 PLN ha') a wy-
dajnos¢ prac nieznacznie wyzsza: 0,10 ha mth'. Najnizsze
koszty (1256,42 PLN ha') i najwyzszg wydajnos¢ (0,16 ha
mth') uzyskano na zrebach zupelnych. W strukturze kosz-
tow dominowaty koszty zmienne (pomigdzy 61 i1 65%), po-
srod ktorych najwigkszy udzial miaty koszty paliwa (61%).
W kosztach statych dominowat koszt amortyzacji, osiagajac

warto$¢ miesieczng 6024,21 PLN, co stanowito 95% tych
kosztow. Srednie koszty rozdrabniania pozostatoici zrebo-
wych w odniesieniu do jednostki powierzchni byly najniz-
sze na rebniach ztozonych w roku 2013 (1000,98 PLN/ha),
a najwyzsze na lukach pokornikowych w roku 2013 (2320,82
PLN/ha) — roznica ta wynosita 43,1%. Analizujac roznice
pomiedzy siedliskami, uzyskano skrajne wartosci roznigce
si¢ od siebie 0 59,2% (najnizsza warto$¢ — 1162,23 PLN/ha
wystapita na Bsw, a najwyzsza — 1960,21 PLN/ha —na OlJ).

Skrajne r6znice kosztu jednej godziny czasu operacyjnego
wyniosty 54,5% w przypadku analizy roznic pomigdzy ka-
tegoriami ci¢¢ (od 110,64 PLN/h na lukach pokornikowych
w 2012 r. do 203,17 na r¢bniach ztozonych w 2012 r.) oraz
49,1% w przypadku analizy réznic pomigdzy typami siedli-
skowymi lasu (od 122,32 na siedlisku L$w do 248,92 na sie-
dlisku O1J).

4. Dyskusja

Wyniki badan wskazuja, ze na terenie Nadlesnictwa Pomo-
rze pozostaloéci zrgbowe stanowig 11,14% calosci pozyska-
nego drewna, a ich warto$¢ wahata si¢ od 6,85% do 17,15%,
w zaleznosci od TSL i rodzaju rebni. Jest to o okoto 4% mniej
niz w badaniach Jabtonskiego i Rozanskiego (2009), ktore wy-
konano w innej cze¢$ci kraju, a udzial mozliwego do pozyskania
surowca okreslono przez bezposrednie wazenie czgsci drzew.

30
25 —
20
15 —
10 Rycina 1. Ilo§¢ pozyskanej biomasy z jednostki
powierzchni i jej udzial w ogoélnej miazszosci
5 pozyskanego  surowca na  analizowanych
0 siedliskach
Béw BMéw LMéw Léw LMw Figure 1. Volume of biomass and its share in an
YY) _p 11 quantity of logged timber, referring to forest
O Wydajnosé / Efficienc overall q Y 28 ~ g
b [m3/hal : 24,44 27,01 27,07 24,73 18,04 habitat types: B§w — fresh coniferous forest, BMs$w
= Udzat . o — fresh mixed coniferous forest, LM$w — fresh mixed
ZlaTw masle ogotem 7,94 9,89 17,15 14,75 5,51 broadleaved forest, Léw — fresh broadleaved forest,
/ Share in overall volume [%] . .
LMw — moist mixed broadleaved forest



T. Galgzia / Leéne Prace Badawcze, 2016, Vol. 77 (1): 50-55 53
2500
2 000
1500 — | ——
=
-l —
o
1000 [
500
Rycina 2. Srednie Kkoszty rozdrabniania
pozostatosci zrebowych wg kategorii cieé:
Rzu - r¢bnia zupelna, Rzl — renia zlozona,
0 . . . - l Luki — luki pokornikowe.
Rzu 2012 | Rzu2013 | Rzu 2014 | RzI2012 | RzI2013 | Luki2012 | Luki2013 | Figure 2. Average costs of crushing of logging
OPLN/ha | 152443 | 100098 | 1243,86 | 1880,47 | 183674 | 1467,47 | 2320,82 TTSIdueS ref;r?ng to Shle‘tef‘t’i"i‘)d typed? Riuki
WPLN/mth| 167,65 | 152,16 | 20144 | 20317 | 15152 | 110,64 | 16418 | © corcuts, Rzl — complex shellerwoods, Luki
— bark beetle gaps.
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Rycina 3. Srednie koszty rozdrabniania pozostalos$ci
zrebowych wg TSL
l Figure 3. Average costs of crushing of logging residues referring
0 Béw BMéw Léw LMb LMéw olJ to forest habitat type; key: B§w — fresh coniferous forest, BM§w
— fresh mixed coniferous forest, L§w — fresh broadleaved forest
OPLN/h 1162,23 | 1307,11 | 1723,89 | 1872,66 | 1931,72 | 1960,21 . ’ , .
/ha LMb — boggy mixed broadleaved forest LMsw — fresh mixed
EPLN / mth| 158,60 166,29 122,32 156,06 223,09 248,92 broadleaved forest, Olj — ash-alder forest

Uzyskane w niniejszej pracy wyniki w zakresie migzszosci
pozostatosci zrgbowych sa zblizone do wynikéw podobnych
badan prowadzonych we wszystkich szesciu nadlesnictwach
Puszczy Augustowskiej, tj. Nadlesnictwie Augustow, Glebo-
ki Bréd, Ptaska, Pomorze, Suwalki oraz Szczebra, w ktorych
wykazano, ze pozostatosci zrgbowe stanowia okoto 11,96%
calosci pozyskanego drewna (Gatezia 2013). Nalezy podkre-
$li¢, ze dane z zakresu udziatu drobnicy w migzszosci drewna
prezentowane w niniejszej pracy zgromadzone zostalty w inny

sposob niz w badaniach Jabtonskiego i Rézanskiego (2009),
reprezentuja bowiem rzeczywiste wielko$ci biomasy pozyska-
nej z konkretnych powierzchni zrgbowych w odniesieniu do
migzszosci pozyskanej ogotem.

Struktura kosztéw zmiennych (w tym udziat kosztéw pa-
liwa na poziomie 61%) jest zblizona do wynikow uzyska-
nych przez Roézanskiego i Jabtonskiego (2005). Znacznie
wigkszy — niz w przytaczanej pozycji — jest jednak poziom
amortyzacji.



54 T. Galgzia / Leéne Prace Badawcze, 2016, Vol. 77 (1): 50-55

Sredni koszt rozdrabniania wyniost 1449,19 PLN ha”, co
jest warto$cig wyzsza niemal trzykrotnie w stosunku do kosz-
tow podawanych przez Rozanskiego i Jablonskiego (2002).
Tak zdecydowana dysproporcja wynika najprawdopodobniej
z istotnego wzrostu cen paliw w ostatnich latach i wysokiej
wartos$ci zestawu zrebkujacego, co generowato znaczy koszt
amortyzacji. Srednia cena oleju napedowego w roku 2002
wynosita okoto 2,40 PLN 1! brutto, a w roku 2012 osiagneta
poziom okoto 3,99 PLN I! brutto (GUS 2014). Srednia cena
oleju napgdowego w II kwartale 2014 r. osiagngta poziom
5,27 PLN I! brutto (www.autocentrum.pl).

Warto zwréci¢ uwage, ze w roku 2012 koszty na po-
wierzchniach rebni byly wyzsze niz w roku 2013. Wyni-
ka to z prowadzonego w tym roku uktadania pozostatosci
w stosy. Celem tej czynnosci byto ulatwienie zrgbkowania
lub kruszenia pozostalosci zrgbowych, a powstate w ra-
mach niej koszty uwzgledniano w cenie wywotawczej
surowca energetycznego. Mialo to migdzy innymi wpltyw
na wysoka cen¢ uzyskanag za zrebki energetyczne w roku
2012. W kolejnych latach zrezygnowano z tego elementu
procesu. Drastyczny spadek ceny biomasy energetycznej
w roku 2014 wynika miedzy innymi z duzej podazy tego
surowca oraz znacznego spadku wartosci ,,zielonych certy-
fikatow”. Z kolei na spadek kosztow rozdrabniania w roku
2014 zasadniczy wplyw mial brak pracy na powierzchniach
rebni ztozonych i brak Iuk pokornikowych, ktére w latach
ubieglych generowaly znacznie wyzsze koszty niz utyliza-
cja na zrgbach zupelnych. Innym waznym czynnikiem byta
wymiana (w ramach inwestycji) watu roboczego kruszarki
wraz z kompletem nozy, co znacznie podniosto efektyw-
nos$¢ pracy i zredukowato koszty napraw.

Wydajnos$¢ zestawu rozdrabniajacego w czasie pracy na
zrebach zagospodarowanych rebnig IB, tj. 0,16 ha mth™! jest
identyczna jak w pracy Rozanskiego i Jabtonskiego (2005)
dotyczacej efektywnosci ekonomicznej rozdrabniania po-
zostatosci zregbowych. W przeliczeniu na roboczogodziny
warto$¢ ta wynosi okoto 0,10 ha rbh!, czyli niemal dwa razy
mniej niz teoretyczna wydajno$¢ rozdrabniarki Meri Crusher
MJS-2,0 DT (Rozanski, Jabtonski 2008) i ponad dwa razy
mniej niz w przypadku rozdrabniarki Meri Crusher MJS-2,5
DT (Rozanski, Jablonski 2006). Nalezy jednak wzia¢ pod
uwage konieczno$¢ codziennego dojazdu do powierzchni
zrebowych co znaczaco wplywa na efektywnos¢ pracy. Kru-
szarki o podobnej szerokosci (MJ 2,3 ST i DT) uzyskiwaty
w warunkach rzeczywistych wydajnos$¢ wyzsza o 0,025 ha
rbh! (Rézanski, Jabtonski 2002).

Rozdrabnianie pozostatosci zrgbowych jest dla nadlesnic-
twa znacznie mniej korzystne pod wzgledem finansowym
niz ich sprzedaz w formie surowca energetycznego (ryc. 4),
nawet w obliczu znacznie nizszych, niz przed laty, cen uzy-
skiwanych za zr¢bki energetyczne.

Nalezy jednak pamictaé, ze w drobnych gateziach i igli-
wiu znajduje si¢ znaczna ilo$¢ cennych dla ekosystemu pier-
wiastkow. O ile tradycyjne pozyskiwanie drewna strzaty nie
prowadzi do zubozenia gleb ze wzgledu na niska zawarto$¢
substancji odzywczych, to wiaczenie do pozyskania pozosta-

osci zrgbowych zwigksza ubytek azotu o ok. 40%, fosforu
0 55%, potasu o 76%, wapnia o 31%, a magnezu o 22%
(Gornowicz 2004). Najwarto$ciowszym, z punktu widzenia
obiegu pierwiastkéw, materiatem sg gatgzie o Srednicy poni-
zej 4 cm oraz igliwie, a usunigcie ze zrgbu galezi pozostalych
po okrzesaniu strzal intensyfikuje wymywanie sktadnikow
mineralnych (Gornowicz 2004). Warto zauwazy¢, ze no-
woczesne kruszarki pozwalaja na przemieszanie rozdrob-
nionych pozostatosci z gleba na glebokos¢ okoto 20 cm, co
czgsciowo rekompensuje ubytek pierwiastkow na skutek
pozyskania drewna i przyspiesza obieg pozostalej materii
(Chlebowski 2007). W niniejszej pracy nie analizowano
wplywu ubytku biomasy pobranej na cele energetyczne na
siedlisko lesne, jednak w $wietle dotychczasowych badan
wydaje si¢, ze catkowite usunigcie biomasy z powierzchni
zr¢gbu moze przyczyniaé si¢ do poprawy stanu sanitarnego
lasu (Kolk 2005). Rozdrobnienie pozostatosci zrgbowych
wraz z ich przemieszaniem z gleba pozwala bowiem z jed-
nej strony na pozostawienie biomasy do powtornego obiegu
(Robert 2005), z drugiej jednak strony wplywa na wzrost
szkod powodowanych przez szeliniaki (Korczynski 2004).
Oceniajac kwesti¢ ubytku pierwiastkow i mikroelementoéw
zawartych w surowcu przeznaczanym na cele energetycz-
ne, nalezy mie¢ na uwadze, ze opad igliwia i drobnych ga-
lezi nastgpuje przez caly okres zycia drzewostanu i w tym
czasie te czgsci drzew nie sa pozyskiwane. Nalezy dodacé,
ze rozwigzania techniczne r¢barek pozwalajg na odseparo-
wanie zr¢bkow od zanieczyszczen w postaci gleby, igliwia
i drobnych, elastycznych gatazek, dzigki czemu elementy te
pozostaja na powierzchni zrebu.
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Rycina 4. Srednia, roczna wielko$é kosztéw rozdrabniania (Kr)
i przychodéw ze sprzedazy zrebkow energetycznych (Pz)

Figure 4. Average annual costs of crushing (Kr) and incomes from
the sale of energy chips (Pz).

5. Whnioski

Na podstawie otrzymanych wynikéw nalezy zaleca¢ nad-
lesnictwom zrgbkowanie pozostatosci zrgbowych i sprzedaz
zrgbkow energetycznych. Z ekonomicznego punktu widzenia
usunigcie pozostatosci zrebowych bez angazowania maszyn
nadle$nictwa optacalne byloby nawet wtedy, gdyby nie uzy-
skiwano przychodow z tytutu sprzedazy zr¢bkow.
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Poprawa stanu sanitarnego lasu moze by¢ dodatkowym
elementem przemawiajacym na korzys$¢ sprzedazy zrgbkéw
energetycznych.

Jednoczesnie pozyskiwanie matowymiarowego surowca
energetycznego prowadzi¢ moze do zubozania siedlisk le-
$nych, co wymaga ostroznos$ci przy podejmowaniu decyzji
o pozyskiwaniu biomasy na cele energetyczne na najuboz-
szych siedliskach.
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Abstract. There are several ways of using logging residues, and the two most common ones in the State Forests are wood chip
production for energy purposes by mobile machinery and crushing by tractor-powered crushers. In this research, an economy-
based approach was used to compare these methods and assess whether chip production is superior to crushing for clearing a
felling area. The average revenues from the sale of wood biomass in the form of wood chips and the average costs of crushing in
the Pomorze Forest District were analysed for the period from January 2012 until June 2014. Both revenues and costs (such as
fuel, operator’s wage, piling costs, depreciation, insurance and garaging costs) were extracted from the State Forests’ database
using data-mining software.

The highest price for wood biomass was achieved in 2012 (104.00 PLN m), and the lowest one was reached in 2014 (16.00
PLN m~). Revenues amounted to 1,353.87 PLN ha™! on an average, whilst the average logging efficiency was 25.60 m® ha’!
with a share of logging residues compared to the total logged volume of 11.14%.

The highest costs for crushing (1,894.14 PLN ha') incurred for clearing gaps in a stand after removing spruces infested
with bark beetles. Labour productivity in this case was 0.07 ha pmh. Significantly lower costs (1,256.42 PLN ha') and greater
productivity (0.16 ha pmh') were achieved when clearing clear-cut areas.

Considering the above results, it is recommended to compress the logging residues into chips instead of crushing them. The

removal of the residues from clear-cut sites may additionally affect forest health positively.

Keywords: crushing, wood chip production, logging residues

1. Introduction

Supporting continuity of forest existence is a basis of su-
stainable forest management. According to the Forest Act
(1991), such management includes harvesting of timber ma-
terial. The two most common timber harvesting methods in
Poland — short-stem system and long-stem system — include
delimbing of trees at the landing. In order to conduct future
reforestation, the harvesting site should be cleared of logging
residues. Whilst during the selection of residue utilisation
method, it would be important to consider various economic
and environmental aspects (Pierovich, Smith 1973).

Until recently, logging residue has been burned; howe-
ver, such method was discontinued because of its negative
impact on natural environment (Wojtkowiak et al. 2003a, b).

Crushing of logging residue and mixing it with soil using
tractor-powered chippers (Maksymiak 2008) is a more
environmentally friendly way of residue utilisation. Howe-
ver, such method of logging residue utilisation is quite costly
(Rozanski, Jabtonski 2002).

In the recent years, the need to comply with the Europe-
an Union directives, which oblige Poland to receive 15% of
energy from the renewable energy sources in 2020 (Direc-
tive 2009/28/WE 2009), resulted in increased interest of
logging residue utilisation for the purposes of energy pro-
duction (Sadowski et al. 2012). This procedure could also
guarantee forest districts additional revenues from sales of
residue material. Previous research assumed that utilisation
of logging residue as energy woodchips is more profitable
than their chipping.
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The goal of current work was to evaluate whether energy
wood chip production or crushing of logging residue is more
economically profitable. Moreover, the study also researches
the factors affecting the costs of logging residue crushing as well
as their actual share within the total volume of harvested timber.

2. Materials and methods

The research was conducted in the Pomorze Forest District
(Regional Directorate of the State Forests in Biatystok). The
data on costs and profits was obtained using the Information
System of the State Forests (SILP) as well as the data explo-
ration software SAP Business Objects. The analysis included
the years 2012 and 2013 as well as the first half of 2014.

Selling leftover logging residue in a form of energy biomass
in order to prepare forest sites for regeneration is a primary
activity implemented by the Pomorze Forest District. The raw
material is auctioned using the Internet application ‘e-drewno’.
Clearing of residue to a degree that allows conducting soil pre-
paration activities for forest regeneration is a mandatory con-
dition of site inspection after biomass collection by the buyer.
The amount of profits from energy biomass sales was calcula-
ted as a product of residue volume collected from a given site
(marked as ZO, which stays for firewood patrticles) to the price
shown on the contract signed with a buyer.

In cases when it was not possible to sell residue, the areas
were cleaned up by the forest district services. A combina-
tion of a forestry mulcher AHWI FM600 fed by the tractor
Valtra T-190 was used for such purposes (Table 1). Both
types of machinery are the property of forest district and
were bought in 2006. Table 1 presents technical specifica-
tions of that equipment.

Cost analysis of logging residue chipping involved two
groups: fixed and variable costs. Variable costs included costs
of the fuel consumed by tractor, salary of a tractor operator
and costs of residue stacking. Within the Information System
of the State Forests, the above costs are directly linked to a
given position of the plan or the address of forest site where
logging residue was crushed. Variable costs also included
costs of lubricants, oils and other exploitation material and
maintenance. Those costs were under equipment position of
the annual plan (related to a tractor or a mulcher). They, ho-
wever, were re-calculated per hour of machinery operation (h)
estimated by work time of equipment on a given site, which
was then proportionally added to other variable costs presen-
ted in the plan and corresponding to specific logging sites.
Similar calculations were done for fixed costs that included
amortization costs, costs of insurance and machinery storage
(half of the property tax related to storage building was used,
because another tractor was stored there as well) (Table 2).

Table 1. Basic technical specifications of machines for utilising
logging residues

Valtra T-190
154.5 kW (210 HP)

Maximal power

Nominal engine rpm 2.100 rpm
Engine capacity 7.400 cm®
Number of cylinders 6
PTO shaft rpm 540 rpm
Weight 5.950 kg
Length 5.151 mm
Height 2.931 mm
Wheelbase 2.750 mm
Number of gears foreward 36
Number of reverse gears 36

AHWI FM600

132.4-169.2 kW
(180-230 HP)

Required power of tractor

Number of PTO rpm 1.000 rpm
Weight 3.030 kg
Operational width 2.300 mm
Total width 2.750 mm
Number of working elements 54 pcs.

3. Results

More than 1,500 m® of wood in the form of energy wood-
chips were collected during the period from January 2012 to
June 2014. They were harvested by several different contrac-
tors. All the companies possessed chipping units that consisted
of chippers attached to forwarders. In 2012, 209.88 m® of
energy biomass was sold from 6 forest sites at the unit price of
104.00 PLN m?, and in 2013, 793.15 m® from 10 forest sites at
the price of 47.00 PLN m=, whilst during the first half of 2014,
507.61 m?® from 7 sites at the price of 16.00 PLN m-=. The ave-
rage yield from unit area was 25.6 m® ha'!, which on an average
amounted to 11.14% of total harvested timber volume. These
numbers varied according to the forest habitat type (Figure 1).

At the same time, on some logging sites, forest district had
to use logging residue on its own. In 2012, crushing of logging
residue was implemented on 11 clear-cuts (IB), 5 shelterwood
harvest sites (IITA, IIIB) and 1 bark beetle gap. In 2013, the
number of harvesting sites were, respectively, 13, 2 and 4, and
in 2014, the work was conducted only on 7 clear-cuts. Cost
analysis indicated that logging residue crushing costs were the
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Table 2. Fixed costs of machines for utilising logging residues

Valtra T-190 AHWI FM600

Year of manufacture
Initial value
Current value
Depreciation rate
Depreciation
Insurance

Garaging costs

2006
357,889.00 PLN
375,531.28 PLN

2006
140,830.00 PLN
140,830.28 PLN

14% 14%
26.08 PLN h! 9.78 PLN h!
0.10 PLN h! 0.11 PLN h!
0.01 PLN h! 0.01 PLN h'!

highest on bark beetle gaps. The average costs of chipping were
1,894.14 PLN ha'!, and work efficiency was 0.07 ha mth™'. The
costs of crushing on shelterwood harvest sites were similarly
high (1,858.60 PLN ha'!), whilst work efficiency was slightly
higher, 0.10 ha mth™'. The lowest costs (1,256.42 PLN ha') and
the highest work efficiency (0.16 ha mth') were observed on
clearcutting sites.

Variable costs dominated the structure of general costs (be-
tween 61% and 65%), amongst which the largest share be-
longed to fuel costs (61%). The amortisation costs dominated
within fixed costs reaching the monthly value of 6,024.21 PLN,
which comprised 95% of the fixed costs. The average logging
residue crushing costs per unit area were the lowest on shelter-
wood harvesting sites in 2013 (1,000.98 PLN ha'!), whilst the
highest on bark beetle gaps in 2013 (2320.82 PLN ha') with
the difference between them being 43.1%. Crushing costs on
various forest habitat types differed from one another by 59.2%
(with the lowest value of 1,162.23 PLN ha' observed in fresh
coniferous forest (B$w) and the highest value of 1,960.21 PLN
ha' in ash-alder forest stands (OLJ)).

The differences between the costs of one operation hour
were 54.5% in the case of analysis of costs on different harvest

types (from 110.64 PLN h' on bark beetle gaps in 2012 to
203.17 PLN h! on shelterwood harvesting sites in 2012) as
well as 49.1% in the case of analysis of costs on different fo-
rest habitat types (from 122.32 PLN h' in fresh broadleaved
forest (L$w) to 248.92 PLN h! in ash-alder forest (O1J)).

4. Discussion

Research results indicate that logging residue in the Po-
morze Forest District amounts to 11.14% from the total volu-
me of harvested timber, whilst their value varies from 6.85%
to 17.15% depending on the forest habitat type and type of
harvest. That value is about 4% lower than in research of Ja-
btonski and Rozanski (2009), which was implemented in a
different part of country and included measuring of a possible
share of residue volume by direct weighing of tree parts. Log-
ging residue volumes estimated within this study are close
to the results of a similar study conducted in all six forest
districts of the Augustowska Forest, which includes Augu-
stow, Gleboki Brod, Ptaska, Pomorze, Suwatki and Szczebra
Forest Districts. There the logging residue comprised about
11.96% of the total timber harvested (Gatgzia 2013). It sho-

Figure 1. Volume of biomass and its share in
an overall quantity of logged timber, referring
to forest habitat types: Bsw — fresh coniferous
forest, BMSw — fresh mixed coniferous forest,
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fresh broadleaved forest, LMw — moist mixed
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forest
uld be noted that information on the share of small-diameter mass collected from a given logging site in relation to the total
wood within total timber volume presented in current study timber volume.
was obtained in a different manner from the research of Ja- The structure of variable costs (including the share of fuel

btonski and Rozanski (2009). It presents real volumes of bio- costs being around 61%) is similar to results received by
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Rozanski and Jablonski (2005). The level of amortisation is,
however, significantly higher than the above study.

The average cost of logging residue chipping was 1449.19
PLN ha'!, which is almost three times higher than the costs pre-
sented by Rozanski and Jabtonski (2002). Such a big difference
probably results from a significant growth in fuel prices during
the past years and also a high price of mulcher, which translates
into high amortisation costs. The average price of diesel fuel in
2002 was around 2.40 PLN dm™ gross, and in 2012, it reached
the level of about 3.99 PLN dm™ gross (GUS 2014). The ave-
rage diesel fuel price during the second quarter of 2014 reached
the level of 5.27 PLN dm™ gross (www.autocentrum.pl).

It would be important to note that in 2012, the costs on log-
ging sites were higher than those in 2013. It could be explained
by logging residue stocking, which was implemented during
that year. The goal of such measure was to simplify chipping
or crushing of logging residue, whilst costs acquired during that
operation were included into the starting price of energy ma-
terial. That caused high prices of energy chips obtained in the
year 2012. During the consecutive years, stocking was excluded
from the process. The drastic decrease in energy biomass prices
in 2014 results, amongst others, from the large supply of the
material during that year as well as significant decrease in value
of ‘green certificates’. However, the decrease in costs of residue
crushing in 2014 was primarily caused by the lack of operations
on shelterwood harvesting sites and the absence of bark beetle
gaps, which in previous years generated significantly higher
costs than residue utilisation on clear-cuts. Another important
factor was replacement (as part of investment) of the chipper
rotor shaft together with the set of blades, which significantly
improved work efficiency and reduced maintenance costs.

Efficiency of a mulcher during its work on clear-cuts 1B
was 0.16 ha mth', which is similar to that estimated in the
research of Rozanski and Jabtonski on economic efficiency of
logging residue crushing (2005). When converting that value
per working hour, it would come to about 0.10 ha PMH"!
(productive machine hour), which is almost two times lower
than theoretical efficiency of the Meri Crusher MJS-2,0 DT
(Rozanski, Jabtonski 2008) and more than two times lower
than that of Meri Crusher MJS-2,5 DT (Ro6zanski, Jabtonski
2006). It would, however, be necessary to consider necessity
of every day trips to logging sites, which substantially affects
work efficiency. Crushers with similar width (MJ 2.3 ST and
DT) in actual conditions obtained efficiency, which was 0.025
ha PMH-" higher (Rézanski, Jabtoniski 2002).

Crushing of logging residue is far less economically pro-
fitable for a forest district than selling the residue in the form
of energy material (Figure 4) even when prices of energy
chips are significantly lower than those in previous years.

It should, however, be remembered that small branches
and needle-cover contain significant amounts of nutrients va-
luable for ecosystems. Whilst traditional timber harvesting of

stems does not lead to soil depletion because of low amount
of nutrients, the inclusion of logging residue collection into
harvesting process increases loss of nitrogen at about 40%,
phosphorus at 55%, potassium at 76%, calcium at 31% and
magnesium at 22% (Gornowicz 2004). Residual material,
which is the most valuable for the forest nutrient cycle, inc-
ludes branches with more than 4 cm in diameter as well as ne-
edle-cover, whilst removal of logging site branches that have
been cut during delimbing intensifies leaching of nutrients
(Gornowicz 2004). It would be important to note that modern
mulchers allow mixing of crushed particles with soil to the
depth of about 20 cm, which partially compensates the loss
of nutrients because of timber harvesting and also accelera-
tes cycling of other materials (Chlebowski 2007). Current re-
search has not analysed the effect of biomass loss collected
for energy purposes on forest habitats, however, according
to other studies, it could be observed that total removal of
biomass from the logging site could be associated with the
improvement of forest sanitary condition (Kolk 2005). Cru-
shing of logging residue along with its mixing with soil from
one side allows inclusion of biomass into nutrient recycling
(Robert 2005) and from another it increases damages caused
by weevils (Korczynski 2004). Whilst estimating the loss of
nutrients and microelements contained in the material re-
served for energy purposes, it should be remembered that the
fall-off of needles and small branches occurs during the whole
period of forest stand life and during that time those tree parts
are not being harvested. It should be added that technical
structure of chippers allows separating logging residue from
dirt such as soil, needles and small elastic twigs, because of
which those elements remain on the surface of a logging site.
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2 000 Pz 2013
1500 1419.31
1000 Pz 2014
= 500 I I 416..38
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& -500
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Figure 4. Average annual costs of crushing (Kr) and incomes from
the sale of energy chips (Pz).

5. Conclusions

Based on the research results, forest districts should be
advised to implement chipping of logging residue and to sell
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energy chips. From the economic point of view, the removal
of logging residue without the use of equipment belonging
to the forest district would be profitable even in cases when
there would be no profits from residue sale.

Improvement of forest health state could be seen as an ad-
ditional argument towards the benefit of energy chips sales.

At the same time, harvesting of small-diameter energy
material could lead to depletion of forest habitats, which
requires a special caution when making decisions on bio-
mass harvesting for energy purposes from poor habitat types.
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