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1. WSTEP

Rynek drewna okraglego odgrywa kluczowsg rol¢ w zrOwnowazonym rozwoju gospodarczym
I ekologicznym, co znajduje odzwierciedlenie w politykach wielu krajow. Jak wskazujg badania,
klaster przemystow lesnych przyczynia si¢ do rozwoju gospodarczego poprzez stymulowanie
konsumpcji odnawialnych zasobdéw. Przyktadem sg kraje Unii Europejskiej, ktore realizuja
strategi¢ oparta na zroéwnowazonym zarzadzaniu lasami, integrujac aspekty ekonomiczne,
spoteczne i ekologiczne w dhugoterminowej polityce lesnej (Bykanova i in., 2018).

Toppinem (1998) twierdzi, ze w sektorze lesnym, kluczowym elementem sg rynki drewna
okragtego, ktore stanowig istotny czynnik w gospodarce wielu krajow. W badaniach nad tym
sektorem kluczowe znaczenie ma zrozumienie, jak zmienne rynkowe takie jak popyt, podaz
oraz ceny ksztaltuja rozwo6j tego sektora. Ponadto sektor ten jest bezposrednio zwigzany ze
stopniowo wdrazang koncepcja zréwnowazonego rozwoju cywilizacyjnego. Wydaje sig,
ze lesnictwo oraz drzewnictwo odgrywaja obecnie kluczowa role zarowno w rozwoju
gospodarczym, jak i w zrbwnowazonym zarzadzaniu zasobami naturalnymi w Europie.

Wedhug danych FAO (2020), cho¢ lasy na $wiecie zmniejszaja si¢ to w Europie podejmowane
sg znaczace wysitki na rzecz ich ochrony. Dzialanie to przejawia si¢ wzrostem obszaréw
chronionych. Rownoczesénie ze wzrostem powierzchni chronionych rosnie zapotrzebowanie na
produkty z drewna (Raihan 2023). Wskazuje to na rosngce znaczenie tego surowca w gospodarce
europejskiej z jednoczesnym trendem zmierzajacym do zmniejszenia poziomu uzytkowania
europejskich w tym w szczegolnosci polskich laséw. Budzi to uzasadnione kontrowersje. Dlatego
nalezy uzna¢, ze badania rynku surowca drzewnego taczace aspekty ekonomiczne z ekologicznymi
beda zyskiwaty w najblizszych latach na znaczeniu.

Nalezy podkresli¢, ze surowiec drzewny jest szczegolnie istotnym elementem rozwoju
gospodarczego. Polska jest jednym z gtownych producentéw wyrobOw z drewna. Analiza branzy
drzewno-meblarskiej przeprowadzona przez Bank Pekao S.A. w 2023 roku (Mrowczynski i in.
2023), wskazuje, ze jest to jeden z najwazniejszych sektorow polskiej gospodarki. W 2022 roku
sprzedaz produkcji przemystu drzewnego wyniosta 46,7 mld zt, przemystu meblarskiego 54,2 mld
zt, a celulozowo-papierniczego 76,7 mld zi, co razem daje 178 mld zl. Branze te odpowiadaty
w 2022 roku za 11,8% wartosci dodanej brutto przetworstwa przemystowego, co pokazuje ich

znaczenie dla krajowej gospodarki (Czemko 2024).



Roéwnoczesnie sektor leSny ma istotne znaczenie dla zatrudnienia w Europie. W UE sektor ten
zatrudnia ponad 2 miliony osob i generuje ponad 100 milionéw euro wartosci dodanej rocznie
(Raihan 2023). W polskim przemysle drzewnym dziata okoto 40 tys. firm. Zatrudnienie w catym
sektorze lesno-drzewnym, wiaczajac sektor ustug lesnych, wynosi okoto 461 tys. osob (Raport
Deloitte 2021). Co wigcej, udziat eksportu w przychodach przemystu drzewnego wynosi 39%,
ameblarskiego 65%, co pokazuje znaczenie polskiego drewna i wyrobdw drewnianych na rynkach
migdzynarodowych. Dodatnie saldo handlu zagranicznego dla catego sektora wynosi +14,4 mld

EURO, co jest najlepszym wynikiem w Europie (Czemko 2024).

Jednakze, cala ta struktura gospodarcza opiera si¢ na jednym, podstawowym zasobie —
dostepnosci drewna, pozyskiwanego w europejskich lasach. W konteksécie globalnych zmian
klimatycznych oraz rosngcego zapotrzebowania na surowce odnawialne, kluczowe staje sie
zrozumienie ekonomicznych i ekologicznych aspektéw obrotu drewnem okraglym, zaréwno
w Polsce, jak i w innych krajach Europy. Z jednej strony drewno odgrywa istotng role jako
surowiec przemystowy, z drugiej za$ jego zrownowazone pozyskiwanie 1 wykorzystanie maja

bezposredni wptyw na ochrong zasoboéw naturalnych i ograniczanie emisji gazow cieplarnianych.

Majac na uwadze powyzsze spostrzezenia, ktore obrazuja sytuacje zwiagzang z calym sektorem
lesno-drzewnym, postanowiono podda¢ analizie te kwestie poprzez cykl spdjnych tematycznie
publikacji. Podkreslenia wymaga fakt, ze w Polsce surowiec drzewny odgrywa kluczowg role
w funkcjonowaniu i rozwoju przemyshu drzewnego. Polska, begdac jednym z wigkszych
producentow 1 eksporterow produktow drzewnych w Europie, opiera swoje mozliwosci rozwoju
przemystu na dostepnosci surowca drzewnego. W szczegolnosci dostepnos¢ drewna odpowiedniej
jakosci 1 w odpowiedniej ilosci jest kluczowa dla planowania produkcji i realizacji celow
przemystowych. Ma to szczegolne znaczenie dla przemystu budowlanego, meblarskiego i innych
gatezi gospodarki zwigzanych z obrobka drewna. Jak podkreslajg Mydlarz i in. (2013), potencjat
sektora drzewnego zalezy gtéwnie od dostgpnosci drewna oraz popytu na produkty drzewne.
Przemyst ten czerpie korzysci z przewidywalnosci dostaw surowca, co zapewnia dtugotrwaty
rozw0] przedsicbiorstw przetwarzajacych drewno. Majac to na uwadze w cyklu
monotematycznych artykutow wykorzystano miedzy innymi wyniki autorskich badan, w ktérym

poddano analizie zaopatrzenie w drewno w Polsce na tle oczekiwan przemystu drzewnego (#1).



Jak wskazuje Cambero 1 Sowlati (2014), optymalizacja tancucha dostaw biomasy lesnej ma
kluczowe znaczenie dla zapewnienia konkurencyjnosci i dlugoterminowej optacalnosci projektow
zwigzanych z biomasa. Transport i logistyka stanowig istotny koszt catego procesu. Na zagadnienie
to zwrocili rowniez uwage Malladi 1 Sowlati (2018), ktoérzy w kontekscie kosztow logistyki
wskazali na koniecznos$¢ jej poprawy, w tym na istotng rol¢ optymalizacji transportu. Co istotne
optymalizacja procesdw logistycznych w sektorze lesno-drzewnym ma réwniez istotny wptyw na
redukcje emisji CO2, co jest zgodne z zalozeniami polityki zrownowazonego rozwoju. Modele
optymalizacyjne, ktére uwzgledniaja emisje z operacji logistycznych, sugerujg rozproszong
lokalizacje zaktadow przetwdrczych, co pozwala na skrdcenie tras transportowych i zmniejszenie
emisji (Maladia i Sowlati 2014). Podejscie prezentowane przez tych autoréw moze mie¢ kluczowe
znaczenie dla polskiego przemystu drzewnego. Odlegtosci miedzy zrodtami surowca a zaktadami
przetworczymi w istotny sposob wptywaja na koszty operacyjne. Dodatkowo, majg one duze
znaczenie ekologiczne, poniewaz skrocenie tras transportowych przyczynia si¢ do redukcji emisji
gazow cieplarnianych. To wspiera realizacj¢ celéw zroéwnowazonego rozwoju, jednoczesnie
optymalizujac ekonomiczne aspekty funkcjonowania calego sektora. Majac to na uwadze
w opracowaniu wykorzystano kolejne badania, ktore obejmowaty swoim zakresem optymalizacje
logistyki dystrybucji biomasy lesnej z wielopoziomowej perspektywy (#2) oraz dotyczyty oceny
mozliwosci redukcji zuzycia paliwa 1 oszczednosci ekonomicznych w transporcie drogowym, na

przyktadzie spedycji drewna iglastego (#3).

Zajmujac si¢ zagadnieniami zwigzanymi z obrotem jakimkolwiek surowcem nie sposob nie
wspomnie¢ o jednym z najwazniejszych elementéw gry rynkowej jakim jest cena. Znaczenie cen
na rynku drewna okraglego jest kluczowe dla zrozumienia ekonomicznych i ekologicznych
aspektow przemystu drzewnego w Polsce. Jak podkreslaja Chudy i Hagler (2020) badanie relacji
cenowych na rynku drewna okraglego jest istotne z trzech powodéw. Po pierwsze, istotnym
zagadnieniem jest zrozumienie zjawiska wahania si¢ cen. Zagadnienie to z oczywistych przyczyn
jest kluczowe dla inwestorow 1 wiascicieli lasow. Zintegrowane rynki reagujg na zmiany cen na
jednym z nich, co moze stabilizowa¢ ceny na innych rynkach. Po drugie, wiedza o zmieniajacych
si¢ cenach moze pomoc inwestorom w wyborze aktywow do handlu lub dywersyfikacji portfeli.
Pozwala to na wsparcie procesu decyzyjnego w zakresie inwestycji w regionach o stabo
skorelowanych cenach drewna. Po trzecie, integracja rynkowa dostarcza informacji o przeptywach

handlowych, co jest cenne dla decydentow, zwlaszcza w kontekscie lokalizacji infrastruktury
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drzewnej np. tartakow (Jaunky i Lundmark 2015). W Polsce ceny drewna okraglego wykazuja
zmiennos$¢, ktorg ksztaltuja zaréwno czynniki lokalne, jak i miedzynarodowe. Przykladowo,
istnieje zauwazalna asymetria cenowa w tancuchu warto$ci materiatow drzewnych, gdzie ceny
drewna okraglego spadaja, podczas gdy ceny przetworzonych materiatow drzewnych, takich jak
tarcica, znaczgco rosng. Zdarzaja si¢ rowniez sytuacje odwrotne. Co wigcej, polski przemyst
drzewny w duzej mierze opiera si¢ na krajowych zasobach, jednak wahania na rynkach
mi¢dzynarodowych, takie jak wzrost importu drewna z krajow takich jak Szwecja czy Austria,
rowniez wptywaja na krajowe ceny. Te zmiany maja wplyw na dynamik¢ podazy i popytu
(Mikotajczak 1 in. 2020).

Cytowane powyzej wyniki badan podkreslaja kluczowa role cen drewna okragltego
w ksztaltowaniu przysztosci polskiego przemystu drzewnego, zarowno pod wzgledem
ekonomicznym, jak i w kontek$cie zapewnienia zrownowazonych praktyk zarzadzania lasami.
Majac na uwadze fakt, ze w literaturze przedmiotu istnieje szereg opracowan dotyczacych analiz
cen surowca drzewnego (m in.: Adamowicz 2010; Zastocki i in 2012; Suchodolski i Idzik 2018;
Mirski i in. 2020; Parzych i Mandziuk 2021). W niniejszym opracowaniu skupiono si¢ na,
stosunkowo nowym zagadnieniu, predykcji ceny jako elementu obrotu biomasg drzewna.
W ramach poruszanej problematyki omowiono zagadnienie zwigzane z czynnikami zmiennosci
cenowej biomasy drzewnej powstajacej jako produkt uboczny przerobu drewna (#4). Wykonano
réwniez badania pozwalajace na oceng elementoéw ekonomicznych w zakresie zmiennos$ci cenowej
wilasciwych sortymentow drzewnych (#5).

Jednym z kluczowych zagadnien zwigzanych 2z funkcjonowaniem przedsigbiorstw
przetwarzajacych surowiec drzewny jest ich efektywno$¢. Efektywnos$¢ moze by¢ rozpatrywana
w réznym konteks$cie. Przyktadowo Neykov i in. (2023) analizowali efektywno$¢ ekonomiczng
mikro i matych przedsiebiorstw w krajach UE w latach 2015-2020. Ich analiza tego zagadnienia
pokazuje, ze cho¢ te przedsiebiorstwa sg generalnie efektywne pod wzgledem skali, to majg nizsza
efektywnos¢ techniczng. Oznacza to, ze ich produktywno$¢ moglaby zosta¢ poprawiona bez
potrzeby zwigkszania ich rozmiaru. Istotny wplyw na efektywnos$¢ przedsigbiorstw ma rowniez
efektywne wykorzystanie surowca. Majac to na uwadze w ramach prezentowanego cyklu badan
wykorzystano wyniki dotyczace efektywnosci przerobu drewna sosnowego na tarcice paletowg

W matych i $rednich zaktadach, uwzgledniajac zmienno$¢ jakosci 1 wymiarOw surowca oraz wptyw



cen rynkowych na warto§¢ dodang. W tym zakresie proces poznawczy oparto o oceng

kosztochtonnosci 1 warto$ci dodanej procesow przerobu drewna sosnowego (#6).

Autor ma przekonanie i nadziej¢, ze zaproponowana rozprawa doktorska pt.: "Ekonomiczne
I ekologiczne aspekty obrotu drewnem okragtym w Polsce" podkresla kluczowa rolg rynku drewna
okragtego w zrownowazonym rozwoju gospodarczym 1 ekologicznym. Poprzez cykl
monotematycznych utwordéw postanowiono zwroci¢c uwage na znaczenie tego sektora dla
gospodarki wielu krajow, w szczegolnosci w kontekscie Unii Europejskiej, gdzie zarzadzanie
lasami opiera si¢ na strategiach zrownowazonego rozwoju. W Polsce przemyst drzewny odgrywa
bardzo istotng role, generujac znaczacy udzial w PKB, a dostepnos$¢ surowca drzewnego jest
kluczowa dla funkcjonowania tych sektorow. Poruszone aspekty logistyki, efektywnosci, wptywu
cen surowca na jego obroét ze szczegdlnym naciskiem na probe ich prognozowania oraz znaczenie
zrownowazonych praktyk w konteks$cie globalnych zmian klimatycznych, w opinii autora, posiada

poza znaczeniem poznawczym, réwniez pewng wartos¢ utylitarng.



2. CEL | ZAKRES PRACY

W przedmiotowej rozprawie postanowiono przedstawi¢ i omoéwic¢ badania, ktdre uwzgledniaty
elementy oceny i optymalizacji kryteriow ekonomicznych, $rodowiskowych i kryteriow
spotecznych w projektowaniu i1 planowaniu tancuchow dostaw biomasy lesnej i drzewnej do
produkcji tartacznej, energetycznej i innych produktéw (np. drewna konstrukcyjnego, tarcicy).
Uznano, ze dla kompleksowego przedstawienia i omowienia kluczowych wyzwan badawczych
W opracowaniu zostang przedstawione aspekty techniczne, ekonomiczne, S$rodowiskowe
I spoteczne istotne przy projektowaniu tancuchéw dostaw biomasy drzewnej. Majac to na uwadze
w przedstawionym cyklu artykutdéw postanowiono omawia¢ charakterystyczne cechy
i ograniczenia analizowanych zagadnien a takze wskaza¢ sugestie dotyczace dalszych badan
dotyczacych tego ztozonego problemu badawczego. Do szczegdtowej oceny wykorzystano zrodta
danych w zakresie Energii Odnawialnej oraz Joint Wood Energy Enquiry, uzupetnione danymi
z sektora lesnego (Joint Forestry Sector Questionnaire). Wykorzystano takze raporty unijne
prezentowane przez Europejski Urzad Statystyczny Eurostat, GUS (2023), portale drzewne i lesne
(https://www.drewno.pl/; https://www.stat.gov.pl). Wyniki odniesiono do badan literaturowych
optymalizacji i rozwoju modelowania przeptywow biomasy lesnej oraz doglebnej analizy Wood

Resource Balance (WRB) w oparciu o wyzej wymienione Zrodla danych.

Glownym celem pracy byto zweryfikowanie ekonomicznych zaleznosci dla systemdw obiegu
zamknigtego rynku surowca drzewnego i biomasy przemystowej oraz transportu drewna. Zgodnie
z przyjetym tematem badawczym podstawowym przedmiotem zainteresowania naukowego byty
aspekty ekonomiczne i ekologiczne. Identyfikacja czynnikdw odpowiedzialnych za logistyke
tadunkéw w transporcie drewna wielkogabarytowego oraz analiza warto$ci dodanej obiegu
zamknigtego w obrocie drewnem stanowig nadal wazne zagadnienie badawcze. Dlatego
w rezultacie przeprowadzonych analiz wskazano rozwigzania, ktore pozwola na okreslenie
zmiennos$ci ekonomicznej drewna, ktdre moze zosta¢ wykorzystane w praktyce. W opinii Autora,
bedzie to mialo wpltyw na optymalizacje kosztow w kontekscie aspektow ekonomicznych
i srodowiskowych pozyskania i przerobu drewna. W rezultacie bedzie mozna wskazaé¢ zasadno$é
podjecia dziatan zmierzajacych do optymalizacji logistycznej i ekonomicznej, z uwzglednieniem

aspektow srodowiskowych zarowno w skali lokalnej jak i globalne;j.



Majgc na uwadze podstawowy cel badawczy pracy przyjeto nastepujace hipotezy badawcze

ktore zweryfikowano w zrealizowanym procesie merytorycznym:

Hipoteza 1: Wykorzystanie biomasy le$nej i produktow drzewnych jako surowcoOw w tancuchu

dostaw moze znaczaco przyczyni¢ si¢ do redukcji materiatéw generujacych koszty srodowiskowe.

Hipoteza 2: Optymalizacja cyklu zycia produktoéw w tancuchu dostaw biomasy drzewnej pozwala
na zwickszenie korzysci spotecznych 1 S$rodowiskowych, przy jednoczesnym zachowaniu

efektywnosci ekonomiczne;j.

Hipoteza 3: Wahania sezonowe i rynkowe w cenach biomasy i produktow ubocznych przerobu
drewna majg istotny wptyw na efektywnos¢ planowania tancuchow dostaw oraz prognozowanie

cen na rynkach lokalnych i europejskich.

Hipoteza 4: Optymalizacja logistyczna, zwigzana z maksymalnym wykorzystaniem pojazdéw
transportowych w tancuchach dostaw surowcéw drzewnych, prowadzi do znacznej redukcji emisji

CO2 oraz kosztow paliwowych.

Hipoteza 5: Efektywnos¢ produkcji wyrobéw z drewna jest silnie uzalezniona od relacji cenowej
migdzy surowcem drzewnym a produktami gotowymi zaréwno na rynku lokalnym, jak

I europejskim.

Hipoteza 6: Zawieranie dtugoterminowych umow na dostawy surowca drzewnego z Panstwowym
Gospodarstwem Lesnym Lasy Panstwowe przyczyni si¢ do stabilizacji cen 1 zapewnienia

stabilnych dostaw, co pozytywnie wptynie na rozwoj przedsiebiorstw drzewnych.
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5. MATERIAL I METODY

W grupie licznych produktéw ubocznych proceséw mechanicznego przerobu drewna zostaty
uwzglednione podstawowe sortymenty znajdujace si¢ w obrocie rynkowym. Wydzielono materiaty
w postaci drewna okraglego oraz materiaty przerobu tartacznego. Dodatkowa grupe analizowane;j
biomasy stanowity zrebki, trociny i widry z przerobOw tartacznych. Ostatnig posta¢ produktow
ubocznych przerobu drewna okraglego stanowita kora sosnowa znajdujaca swoje miejsce w rynku
biomasy energetycznej oraz produktu bezposrednio trafiajacego na rynek jako kory ogrodnicze;.
Dane dotyczace cen drzewnych produktow pozyskano w wyniku weryfikacji bezposrednich cen

rynkowych oraz danych literaturowych (Litwinowicz-Krakus i Regulski 2023, GUS 2023).

W przeprowadzonej ocenienie zmian cen surowca drzewnego uwzgl¢dniono czynniki
zewnetrzne takie jak inflacja, kryzys gospodarczy. Zmiany w cenach historycznych zostaty
uwzglednione na poziomie danych wejSciowych. Prognoza réwniez obejmuje te czynniki

w wartosci danych wyjsciowych.

Jako obszar podjetych badan logistyki dostaw surowca wybrano dostawy drewna sosnowego
(Pinus sylvestris L.) realizowane w zachodniej cze$ci Polski, pochodzacego z 9 Dyrekcji
Regionalnych Lasow Panstwowych z uwzglednieniem 233 nadlesnictw zlokalizowanych we
wskazanym regionie Europy Srodkowej. Badania obejmowaty studium przypadku dla roku 2022.
W badaniach wykorzystano materialy Zrodlowe dotyczace transportu drewna o migzszosci ponad
1 min m3. Punktem wyjscia do podjecia tematu byly obowiazujace w Polsce regulacje informujace
0 dopuszczalnej maksymalnej masie surowca drzewnego transportowanego z wybranych

nadles$nictw do odbiorcéw przemystu drzewnego.

W niniejszy studium przypadku skupiono si¢ na transporcie samochodowym
wielkowymiarowego drewna okraglego zgodnie z Zarzadzeniem 51 DGLP z 2019 roku
oraz Zarzadzeniem nr 54 DGLP z roku 2020. Posta¢ i rodzaj drewna okresla maksymalng
dopuszczalng catkowita mas¢ zespotu pojazdow (DCM). Rodzaj drewna przyjety do badan
dotyczyl sortymentow wielkowymiarowych, ktérego zakres wymiarowy obejmuje Srednice
powyzej 14 cm w gornym koncu (bez kory), oraz dtugosci powyzej 2,5 m. Pomiary dopuszczalnej

masy zestawu pojazdoéw (pojazdy zlaczone ze sobg w celu poruszania si¢ po drodze jako calos¢)
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pozyskano z danych kart technicznych producentéw zespotéw pojazdéow. Przy obliczaniu
tadownosci zespotu pojazdow, niezaleznie od zastosowanej metody obliczeniowej, uwzgledniano
tadunek drewna sosnowego o objetosci 25 m® lub 30 m® (w zaleznosci od deklarowanego
wyposazenia samochodu ciezaroweg0). W zwigzku z rzeczywista masg zespolu pojazdow,

w dalszych analizach przyjeto ich maksymalne dopuszczalne obcigzenie na poziomie 40 Mg.

Przy rozpatrywaniu ekonomicznego i srodowiskowego kosztu transportu zwrocono uwage na
dwa kluczowe parametry: dystans oraz poziom zuzycia paliwa. Ich udziat w catkowitych kosztach
transportu jest znaczacy 1 moze si¢ zmienia¢. Czynnikami wplywajacymi na koszty transportu sg
m.in.: cena paliwa i jego zuzycie, ktore zalezy od optymalizacji wykorzystania pojazdu, drogi

przemieszczenia si¢ czy predkosci pojazdu.

Ceny paliw w euro zostaly obliczone na podstawie kursoéw walut podanych przez Narodowy

Bank Polski. Srednia cena oleju napedowego za rok 2022 wyniosta 1,41 EURO/litr (GUS 2023).

Zardéwno tonaz pojazdu jak 1 predkos$¢ jego przemieszczania maja przelozenie na $rednie
spalanie, ktore ksztattuje si¢ w granicach 24-33 1/100 km. Na potrzeby przeprowadzonych badan,
po weryfikacji danych pochodzacych z dominujacych w Polsce firm transportowych, przyjeto

warto$¢ srednig na poziomie 29 1/100 km.

W obliczeniach uwzgledniono zaréwno koszty paliwa transportu jak 1 wykorzystanie srodkéw
transportu w stosunku do dopuszczalnej migzszosci sosnowego surowca drzewnego. W wyniku

przeprowadzonego badania ustalono m.in:
- procentowy udziat dostaw w skali rocznej,

- potencjalng liczbe przejazddéw, w zaleznosci od tadownosci pojazdu i odlegtosci dostaw dla

przyjetej puli 1mln m® surowca,

- taczng emisj¢ CO2 osigganag w wyniku drogi przebytej przez pojazdy transportowe
0 dopuszczalnym obcigzeniu 40 Mg,

- szacunkowe odchylenie wagi przewozonego tadunku,

- szacunkowe koszty paliwa w funkcji okreslonej tadownosci pojazdow.
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Obnizenie zuzycia paliwa jest niezmiernie wazne, gdyz spaliny samochodowe w duzej cz¢sci
zawierajg zwiazki toksyczne, emitowane przez silnik. Stad nie tylko rodzaj szkodliwych substancji
ma znaczenie, ale takze ich stezenie. Dla srodowiska najwigkszy problem stanowi CO2. Spaliny
zawierajg roOwniez inne substancje zanieczyszczajace, ale z uwagi na ich §ladowe ilo$ci nie wzigto
ich pod uwage w badaniach. Emisja CO2 ze zrodet antropogenicznych, a wigc i spalin
samochodowych, przyczynia si¢ do wzrostu efektu cieplarnianego. Dlatego tak wazna jest
zwigkszona $§wiadomos$¢ ekologiczna spoleczenstwa, ktéra wptywa na poprawng i oszczedna
eksploatacje pojazdow, a w rezultacie niesie za sobg mozliwo$¢ obnizenia emisji gazow
szklarniowych. W opracowaniu zgodnie z danymi literaturowymi przyj¢to, ze 1 litr oleju
napedowego generuje $rednio 2,68 kg CO2. Dokonano analizy wykorzystania taboru
samochodowego w transporcie z zastosowaniem trzech symulacji: pojazdy typu A o pojemnosci

do 25 m?; pojazdy typu B o pojemnosci do 27 m®; C-pojazdy do 30 m®.

Kolejnym czynnikiem wplywajacym na zasady zrownowazonego rozwoju i ekonomii sg
aspekty technologiczne, a zwlaszcza produktywno$¢ surowca uzyskiwana w $rednich zaktadach,
ktore wplywaja na efektywno$¢ tej produkcji. Procesy obrobki drewna okraglego dla potrzeb
Wytworzenia tarcicy i wyrobow tartacznych zwigzane sa z jednej strony z roznorodna jako$cig

surowca okraglego, a z drugiej zalezg od otrzymywanego asortymentu wyroboéw (Kupcak 2015).

Technologie i stosowane urzadzenia sa doktadnie powigzane z asortymentem produktOw.
Mozna tu wydzieli¢ poszczegdlne grupy: matych zaktadow (zatrudnienie do 50 osob - dochdd do
7 mln EURO), produkujacych tarcice towarowa o réznym przeznaczeniu; grupy matych i srednich
tartakow (dochdd do 40 milionéw euro - zatrudnienie do 250 o0séb) specjalizujacych sig
W produkcji tarcicy i produktach og6lnego przeznaczenia dla budownictwa (w tym produkujace
wiezby dachowe) wykorzystujace pity ramowe, tarczowe i1 taSmowe oraz wykonujace operacje
prefabrykacji; grupy matych i $rednich zaktadow, w ktorych dominuje produkcja wyrobow
i elementow tzw. programu ogrodowego i paletowego, ktora rozwinela si¢ w Polsce w ostatnich
latach 1 ma duza dynamike. Nalezy dodaé, ze tutaj wykorzystywane sg tradycyjne maszyny
I narzedzia do przetarcia, pilarki ramowe, zestaw urzadzen wielopitowych. Fabryki te wykorzystuja
na duza skalg automatyzacje procesu i glebokiego przerobu elementow do postaci produktow
finalnych. Gléwnymi produktami przerobow drewna okraglego o zmiennych przedziatach

cenowych (Ryc. 1) sa materiaty tarte 0 zroznicowanej wartosci rynkowej (Tab. 1). Wynikiem
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przetar¢ sg takze materiaty uboczne takie jak zr¢bki czy tez trociny oraz kora (Tab. 2). Udziat tych
produktow jest $cisle uzalezniony od stosowanej technologii przerobu oraz od postaci produktow
gtownych (tarcicy). Zarowno produkty gtéwne jak i towarzyszace wplywaja na ksztattowanie
wskaznika efektywnos$ci procesu produkcyjnego. Przyjeto strukture udzialu wytwarzania
produktow ubocznych kawatkowych (zrebki — do 20-30%) przy znacznym udziale trocin, jako
efektu przetarcia (trociny — 10-15%). W ogolnej strukturze dopuszczalne jest przyjecie efektu
ekonomicznego uzyskanego z kory (do 8%) jako dodatkowej grupy produktow ubocznych,
zwanych ,,odpadami” procesu przygotowania do przetarcia (Mydlarz i Wieruszewski 2022).
Znaczna zmienno$¢ wartosci produktu wynika z zmian rynku lokalnego oraz globalnego. Jednak
to produkt gléwny, czyli tarcica i jej potfabrykaty, stanowig o gléwnym wskazniku wpltywu na

zasadno$¢ prowadzenia procesow przerobu drewna okraglego.

2020 2021

Rok

2022 2023

WO So WK So S2BG So

Rycina 1. Poziom cen drewna iglastego przetwarzanego na tarcice (edrewno.pl, GUS 2023)

Tabela 1. Zestawienie usrednionych cen sosnowej tarcicy paletowej (https://www.drewno.pl/,

https://www.e-drewno.pl/stock/)

Cena tarcicy sosnowej

Okres 2019 2020 2021 2022 2023
PLN/m3

I kwartat 440 450 480 1100 1000

IT kwartat 440 450 600 1300 800
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III kwartat 440 450 850 1400 700
IV kwartat 450 460 1100 1100 600
Srednia 4425 452,5 757,5 1225,0 775,0

Tabela 2. Zestawienie usrednionych cen sosnowych produktow ubocznych w latach 2019-

2023 (https://www.drewno.pl/, https://www.e-drewno.pl/stock/)

Produkt uboczny “odpad”
Zrebki Zregbki Kora

Nazwa papiernicze tartaczne Sosnowa So | Trociny-wiory
Rok PLN/m3

2019 218 163 116 149
2020 192 140 117 135
2021 187 146 121 155
2022 330 329 238 370
2023 288 288 307 318

Udziat w
procesie [%] 20-30 Ok. 8 10-15

Analiza problemu kosztowego 1 jako$ciowego pozyskania surowca drzewnego w odniesieniu
do branzy (Bidzinska i Ratajczak 2003, Jabtonski 2000, Krzosek 2003, Lis i1 in. 2000) nie moze
abstrahowa¢ od obecnej struktury i wielkosci tartakéw w Polsce. Do opisu wptywu technologii
wykorzystano makrowskaznik efektywnosci technologicznej przerobu surowca okraglego na
tarcice 1 wyroby tartaczne (Ep) formutowany w jednostkach naturalnych lub definiowany
W procentach, jako suma zgodno$ci warto$ci surowca tartacznego (gtownego, towarzyszacego
lub wyrobow tartacznych) otrzymanego z surowca tartacznego, biorac pod uwage koszt zakupu

surowca (Hruzik i in. 2000).

Przeprowadzono analizg statystyczng w celu oceny wskaznikow wydajnosci ekonomicznej
i $rodowiskowej miedzy wariantami symulowanych procesdw. Analiza obejmowata
jednokierunkowg analiz¢ wariancji (ANOVA), a nastepnie testy post hoc Tukeya. Do obliczen
wykorzystano program R jako system statystyczny. Program R jest dostepny jako wolne

oprogramowanie na warunkach Powszechnej Licencji Publicznej GNU Free Software Foundation.
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Metodycznie uszeregowano zakres publikacyjny tworzacy cykl, gdzie kolejne dzialania

zostaty przedstawione w ponizszej tabeli. Prezentujg one kolejne kroki w zakresie opracowania

oceny ekonomicznej przeptywow surowca drzewnego na przyktadzie Polski.

Tabela 3. Zakres opracowania metodycznego badan

Lp. | Tytut artykutu Publikacja Zakres metodyki
1 Wood supply in Poland in | Intercathedra nr 29/1, 2013 Ocena dostepne;j
relation to the expectations of struktury surowa
wood industry drzewnego kierowanego
do sprzedazy przez LP
na rynku Polskim
2 Optimizing Forest-Biomass- | Energies 2023, 16, 7997. | Opracowanie
Distribution Logistics from a | https://doi.org/10.3390/en16 | algorytmoéw opisujacych
Multi-Level  Perspective— | 247997 Kierunki  przeptywow
Review materialdw  drzewnych
w zakresie
ekonomicznym
3 Fuel use reduction and | Energies. 2023, vol. 16 (iss. | Redukcja kosztow w
economic  savings  from | 14), art. no. | procesie transportu
optimization of road | 5334; DOI: 10.3390/en16145 | surowca drzewnego na
transportation of coniferous | 334 przyktadzie drewna
roundwood S0snowego
4 Predicting  post-production | Energies. 2023, vol. 16 (iss. | Kierunki i  czynniki
biomass prices 8), art. no. 3470, | zmiennosci cenowej
DOI: 10.3390/en16083470 biomasy drzewnej jako
produktow  ubocznych
pozyskania i przerobu
drewna
5 Biomass price prediction | Forests. 2022, vol. 13 (iss. | Ocena elementow
based on the example of | 12), art. no. 2179; | ekonomicznych w
Poland DOI: 10.3390/f13122179 zakresie zmiennosci
cenowej  sortymentow
drzewnych w Polsce
6 Comparative efficiency of | Folia Forestalia Polonica, | Ocena kosztochtonnosci

roundwood processing into

pallet lumber

Series A — Forestry, 2024,
Vol. 66 (4), 310-316, w
publikacji, DOI: 10.2478/ffp-
2024-0023,

1 warto$ci  dodanej
procesow przerobu
drewna sosnowego na
materiaty

opakowaniowe
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6. WYNIKI

Publikacja 1

Stanula Z., Bienkowski S. Wood supply in Poland in relation to the expectations of wood industry.
Intercathedra nr 29/1, 2013

Klasyfikacja drewna oferowanego przez Panstwowe Gospodarstwo Lesne Lasy Panstwowe.

Badania oraz nomenklatura zastosowana w Klasyfikacji surowca, w etapie badan wstepnych
bazowaly na Zarzadzeniu DGLP nr 72 z 27.09.2013 2013 roku w sprawie wprowadzenia
warunkow technicznych na drewno wielkowymiarowe iglaste. znak: GM-900-.../2013.

Lasy Panstwowe oferowaty drewno handlowe w czterech podstawowych kategoriach
handlowych, tj. drewno matowymiarowe, drewno §redniowymiarowe i drewno wielkowymiarowe
oraz karping. Poszczegdlne sektory przemyshu staraly si¢ dostosowac profil swojej produkcji do
zasobow dostepnych na rynku. Jednak juz na tym etapie dochodzito do konfliktow intereséw
wynikajacych z mozliwosci wykorzystania z jednej strony przez przemyst energetyczny calego
wolumenu sprzedawanego drewna, a z drugiej strony produkcji forniru czy elementéw
przeznaczeniowych przy rosngcym zapotrzebowaniu na specjalnie wyselekcjonowany materiat

drzewny.

Drewno matowymiarowe charakteryzowato si¢ $rednicg dolng do 7 cm mierzong w korze.
Materiat ten oferowany byt w postaci drewna tyczkowego i drewna przeznaczonego do celéw
energetycznych. Sortymenty zaliczane do tej grupy wykorzystywane byty gtoéwnie przez przemyst
celulozowo-papierniczy, a takze sektor materiatdow drewnopochodnych oraz do celow opatowych.
Wszystko to wplywato na jego ceng, ktdra w porownaniu z pozostatymi grupami handlowymi byta
najnizsza. W tym przypadku mozna stwierdzié, ze nie wystgpowaly Korelacje migdzy
oczekiwaniami odbiorcéw a produktami oferowanymi przez Lasy Panstwowe. Drewno
sredniowymiarowe (S), to sortyment o $rednicy gornej (W cienszym koncu) bez kory 5 cm 1 wigcej.
W zaleznos$ci od pozyskanego materialu byt on mierzony indywidualnie w grupach lub stosach.
Najczescie] oferowanym materiatem z tej grupy byto S2A (drewno $redniowymiarowe do uzytku
przemystowego) i S2B (drewno $redniowymiarowe uzytkowe). Podziat na surowiec S2A 1 S2B

regulowat standardowe wymagania techniczne dla obu grup surowca. Mozna stwierdzié,
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ze W zakresie drewna S2A i S2B oferowanego przez Lasy Panstwowe osiggnieto kompromis, ktory
zostal zaakceptowany zarowno przez sprzedajacego, jak i kupujacego. Pozostate sortymenty
sredniowymiarowe oferowane przez Lasy Panstwowe w znacznie mniejszych ilosciach sortymenty
to: S3 (zerdzie), S4 (drewno opatowe), S10 (drewno kopalniakowe) 1 S11 (stupy). Materiat
drzewny z tej kategorii byl wykorzystywany w przemysle celulozowo-papierniczym, sektorze
produkcji materiatdw drewnopochodnych i dopiero pdzniej w przemysle drzewnym, w sektorach
produkujacych drewno ogrodowe i palety. Drewno wielkowymiarowe (W) to sortyment o srednicy
gornej (w cienszym koncu) od 14 cm bez kory, mierzony w pojedynczych sztukach
lub w przypadku drewna ktodowanego, ze wzgledu na tzw. zindywidualizowanie dopuszczato si¢
réwniez alternatywny odbidr w stosach jak w przypadku drewna §redniowymiarowego. W grupie
drewna wielkowymiarowego wyrozniano dwie podgrupy: drewno wielkowymiarowe ogdlnego
uzytku i drewno wielkowymiarowe specjalne. W przypadku tego drugiego byt to tzw. surowiec
wyborowy, ktéry stanowit drewno klasyfikowane jako cenne (nieformalnie nazywane: fornirem,

sklejka, drewnem teleenergetycznym lub teletechnicznym stupem drewnianym).

Najwigcej kontrowersji wzbudzat materiat z drewna wielkowymiaroweg0 przeznaczonego do
powszechnego uzytku, tzw. W_STANDARD, w przypadku ktdrego wystepowaty rozbieznosci
mi¢dzy oczekiwaniami branzy a tym, co oferowaty Lasy Panstwowe pod wzgledem jakosci, a takze
dhlugosci. Odbiorcami tego surowca byly glownie: tartaki, a takze producenci drewnianej
architektury ogrodowej, opakowan drewnianych, czy drewna konstrukcyjnego, ktorzy ze wzgledu
na charakter swoich produktow oczekuja od drewna okreslonych cech jakosciowych. Branza
opakowan drewnianych, w szczegdlnos$ci palet, wykorzystywata w swojej produkcji okoto 20%
drewna wielkowymiarowego nizszych klas jakosci (C i D) oraz 80% drewna $redniowymiarowego.
Z jednej strony material ten powinien spetnia¢ ich standardy jakosciowe, z drugiej strony powinien

mie¢ akceptowalng ceng.

Mozna stwierdzi¢, ze kazda grupa jakosciowa drewna wielkowymiarowego oferowana
indywidualnie znalaztaby swojego odbiorce, gdyz drewno klasy A i B byto bardzo poszukiwane
przez producentow sklejki i forniru, a klasa D moze by¢ z powodzeniem wykorzystywana przez
przemyst celulozowo-papierniczy oraz producentéw materiatéw drewnopochodnych. Sprzedaz
drewna handlowego w oOwczesnej formie byta wygodna tylko dla sprzedawcy,

poniewaz oszczgdzata kosztow i problemow z oddzielaniem drewna wielkowymiarowego, ktdre
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stawato si¢ wytaczng odpowiedzialnoscig kupujacego. Kupujacy majac na uwadze réoznorodnosc
swoich produktow nie byt w stanie optymalnie wykorzysta¢ catosci zakupu. Dlatego cze$¢ tego
drewna byta przetarta ze znaczng strata materiatlowa. Rowniez jako$¢ oferowanych kiod byta
niska, poniewaz w wigkszosci pozyskiwano je z zastosowaniem harwesterow. Bardzo czesto
podczas operacji maszynowych klody byly przypadkowo okorowywane, co pozbawiato je
naturalnej warstwy ochronnej w postaci kory, a drewno tracito swoja warto$¢ z powodu sinizny

I innych zabarwien. Karpina (K) byta materiatem pozyskiwanym w marginalnej ilosci.

Sprzedaz drewna handlowego w Polsce budzito i budzi obecnie wiele kontrowersji zarowno po
stronie sprzedajacych, jak i kupujacych. Najwigcej obaw budzg warunki sprzedazy oraz jakosé
I podzial oferowanego surowca. Negocjacje pomigdzy przedstawicielami Lasow Panstwowych
a przemystem drzewnym, ktére prowadzone sa juz od dluzszego czasu, przynosza réoznorodne
rezultaty, czego dowodem jest wprowadzenie w 2012 i 2019 r. podstawowych standardow
technicznych dla drewna $redniowymiarowego: S2A 1 S2B oraz okre$lenie zmian, w obecnie
obowigzujacych przepisach sprzedazowych, ktore w pewien sposob zagrazajg zar6wno interesom
sprzedawcy, jak i kupujacego. Niestety, nadal w zakresie sprzedazy i zakupow pozostato wiele

spornych kwestii, ktore wymagaja dalszych rozmow i negocjacji.
Publikacja 2

Stanula Z.; Wieruszewski M.; Zydron A.; Adamowicz K. Optimizing Forest-Biomass-
Distribution Logistics from a Multi-Level Perspective—Review. Energies 2023, 16, 7997. DOI:
10.3390/en16247997

6.1. Zrownowazony rozw¢j w tancuchach dostaw biomasy lesnej

Kwestie ekonomiczne

Uwarunkowania techniczne i ekonomiczne wprowadzenia biomasy drzewnej do postaci
gotowych bioproduktow moga generowa¢ dodatkowe zrddla przychodéw dla sektora lesno —
drzewnego i poprawi¢ rentownos$¢ dziatan zwigzanych z gospodarka lesng i drzewng (Cambero
i Sowlati 2014; Wieruszewski i Mydlarz 2022). Aby byto to wykonalne, techniczne i ekonomiczne
aspekty tancucha dostaw sg wazne 1 powinny by¢ brane pod uwage przy planowaniu nowych

projektow wykorzystania biomasy lesne;.
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Niektore z najwazniejszych aspektow technicznych w projektowaniu systemow przerobu
biomasy s3 rodzaj, wydajnos¢ i skala wybranych technologii przetwarzania. Typ technologii
wymaganej do przetworzenia biomasy opiera si¢ na postaci pozadanego produktu i dostepnego
rodzaju biomasy. Nowoczesne technologie konwersji sg dostosowane do przetwarzania biomasy

le$nej w produkty gotowe lub w ostatecznosci w energie (Cambero i Sowlati 2014).

Zréwnowazone wykorzystanie zasobow biomasy lesnej wymaga, aby korzysci z ich obecnego
wykorzystania nie zagrazaly bezpieczenstwu przysztych pokolen (Agustina i in. 2018) powinno
uwzgledni¢ kwestie techniczne, ekonomiczne, $rodowiskowe 1 spoleczne w projektowaniu

tancuchow dostaw biomasy lesnej (Stanula i in. 2023).

Wydajno$¢ konwersji materialowej dostepnej dla danej technologii okresla ilos¢ produktu,
ktéry mozna uzyskac na jednostke wktadu biomasy drzewnej. Wyzsza wydajno$¢ oznacza nizsze
koszty operacyjne, ale zazwyczaj wigzg si¢ z wyzszymi wymaganiami kapitatowymi (Gérna i in.
2022). Wielkos¢ technologii przerobu wplywa na ekonomiczng wykonalnos$¢ produkcji. Poniewaz
koszty przerobu sg wysokie, wazne jest osiaggniecie korzysci poprzez wzrost skali produkcji (De
Meyer i in. 2013). Jednak skale operacyjne sg technicznie ograniczone przez ilo$¢ dostepnej
biomasy i ekonomicznie ograniczone przez koszt biomasy dostarczanej do zaktadu. Wybor
technologii przerobu, wydajnos¢ i koszty transportu zaleza od ilos¢ dostgpnej biomasy. Koszty
pozyskania biomasy obejmuja wszystkie koszty zwigzane z gromadzeniem, przechowywaniem,
wstepnym przetwarzaniem 1 transportem biomasy z jej zrodia (lasu) do zaktadu. Innym waznym
czynnikiem wplywajagcym na ekonomike biomasy lesnej w celu wytworzenia wartoSciowych
produktow sg koszty dystrybucji tych produktéw. W przypadku wyrobéw drzewnych, tworzyw
drzewnych, nalezy zaplanowac operacje dystrybucyjne. W wigkszosci panstw dystrybucja kotowa
jest najbardziej ekonomiczng alternatywa dla dystrybucji mebli czy tarcicy i podzespotow
konstrukcji drewnianych. Na niekorzy$¢ transportu wpltywaja czesto wihasciwosci fizyczne
niektorych produktow (wymiary zewnetrzne) utrudniajagce wykorzystanie infrastruktury kotowe;j

(Rentizelas i in. 2013, Stanula i in. 2023) i nalezy zaplanowac¢ inne formy transportu.

Potaczenie czynnikow decyzyjnych wplywa na techniczny i ekonomiczny sukces
wykorzystania biomasy drzewnej na rynkach w ujeciu ekonomicznym i w aspekcie spotecznym.
Efektywne tancuchy dostaw wymagaja decyzji dotyczacych surowca (zrodta i1 rodzaje);

magazynowania, wstepnego przetwarzania i transportu (rodzaj, pojemno$¢ i lokalizacja);
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technologii konwersji (rodzaj, wydajnos$¢ i lokalizacja) produktéw i rynkéw (rodzaj produktow
I lokalizacja); oraz przeptywy materiatdéw (surowcow i produktow) w ramach tancucha dostaw.
Wszystkie te decyzje sa specyficzne dla danego przypadku wyrobu i muszg odzwierciedlaé

specyfike kazdego kontekstu tancucha dostaw.
Kwestie srodowiskowe

Niektore z glownych kwestii §rodowiskowych zwigzanych z biomasa lesng sa zwigzane
z bilansem wegla i emisjg gazow cieplarnianych i ekosystemem lesnym (Wieruszewski i in. 2022).
Jednym z glownych czynnikow wptywajacych na zintensyfikowane wykorzystanie biomasy do
produkcji energii i innych materialdw jest jej potencjal do zmniejszenia wykorzystania paliw
kopalnych na $§rodowisko. Zostato uznane, ze wykorzystanie paliw kopalnych (np. ropy naftowej,
wegla i gazu) przyspieszyto emisjg CO2 do atmosfery, prowadzac do efektu cieplarnianego i zmian
klimatycznych (Jeong 2018). Biomasa le$na jest uwazana za odnawialne i niskoemisyjne zrodto
surowca (neutralne pod wzgledem emisji dwutlenku wegla), poniewaz wegiel jest sekwestrowany
podczas wzrostu drzew. Zaktada si¢, ze neutralnos¢ weglowa zostanie osiggnicta w dluzszej
perspektywie czasowej, gdy nowe pokolenie drzew osiggnie rozmiar mozliwy do pozyskania
(Camiai in. 2020). Jednak petna ocena redukcji emisji dwutlenku wegla w procesie wykorzystania
biomasy lesnej powinna uwzglednia¢ emisje dwutlenku wegla, ktore wynikaja gtdéwnie ze zuzycia
paliw kopalnych do produkcji, zbierania, przetadunku 1 transportu biomasy le$nej oraz jej
dystrybucji. Podejscie to jest przydatne do ilosciowego okreslenia potencjalnego wptywu na
zmiany klimatu, zdrowie ludzi, jako$¢ ekosystemow i wyczerpywanie zasobow (Wieruszewski
i Mydlarz 2022).

Waznym aspektem ekologicznym w planowaniu roli biomasy lesnej jest utrzymanie
ekosystemu lesnego (Hu i in. 2023). Powierzchnia lesna zapewnia rowniez schronienie
i pozywienie réznym organizmom lesnym (Tund i Hulteberg 2014). Zastosowanie wysoce
wydajnych technologii w catym tancuchu dostaw zmniejsza ilo$¢ paliw kopalnych potrzebnych do
zbierania, przetwarzania i transportu biomasy. Optymalna lokalizacja zakladow przetwarzania
w poblizu duzych Zrodet biomasy (np. zaktadow przetworstwa produktow drzewnych) i rynkow
odbiorcéw zmniejsza koszt srodowiskowy transportu (Ben-Iwo i in. 2016). Uwzgl¢dnienie wptywu
na Srodowisko wyboru lancucha dostaw jest kluczowe do maksymalizacji korzysci

srodowiskowych.
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Kwestie spoteczne

Wprowadzenie nowych projektéw wykorzystania biomasy le$nej obejmuje zmiany w sposobie
zycia ludzi, kulturze, spotecznosci, systemow politycznych, srodowiska, zdrowia, ekonomii,
wilasnosci, a nawet obaw i aspiracji (Lerma-Arce i in. 2017). Efekty spoteczne, ktore sg
powszechnie stosowane w optymalizacji tancuchow dostaw biomasy lesnej i mozna je okresli¢
ilosciowo, to tworzenie miejsc pracy i dochodéw. 1los¢ i jako$¢ tworzonych miejsc pracy zalezy
od strategicznych decyzji w zakresie projektowania tancucha dostaw biomasy le$nej. Wigksze
inwestycje generujag wiecej miejsc pracy. Wraz z tworzeniem miejsc pracy, rozwoj nowych
projektéw zwigzanych z biomasa drzewng 1 lesSng generuje dochod i1 mozliwosci rozwoju dla
spoteczno$ci wiejskich (Coady i Duquette 2021), co moze przetozy¢ si¢ na poprawe dobrobytu
lokalnej ludnos$ci. Badania oceniajace potencjalny wplyw spoleczny tych projektow powinny
analizowac, w jaki sposob dochod pozostanie w spotecznosci. Co wigcej, fancuch dostaw musi by¢
zaplanowany tak, aby uwzgledni¢ obawy innych spotecznosci dotyczace odlegtosci zaktadow od
obszarow mieszkalnych, obszaréw chronionych, lotnisk, terenéw podmoktych i jezior,

krytycznych obszaréw srodowiskowych (Gérna i in. 2022).

6.2. Ocena tancuchoéw dostaw biomasy lesne;j

W celu podjecia rozsadnych decyzji w zakresie projektowania i planowania tancuchéw dostaw
biomasy lesnej dla potrzeb wytwarzania bioenergii i do zakladéw drzewnych, decydenci musza
przewidzie¢ realne alternatywy 1 oceni¢ ich potencjalng wydajnos¢ ekonomiczng oraz wptyw na
srodowisko 1 spoteczenstwo. Badania oceniajagce pomagaja w ocenie lub przewidywaniu
wydajnos$ci projektu z réznych perspektyw. Wigkszo$¢ badaczy oceniajacych problem tancucha
dostaw rozwaza pojedynczy czynnik oceny, wykorzystujac narzedzia oceny ekonomicznej

lub srodowiskowe;.

Oceny ekonomiczne

Z oceng ekonomiczng tancuchow dostaw biomasy lesnej wiaza si¢ analizy techniczno-
ekonomiczne roznych projektow i wyboréw rozwigzan technologicznych. Badania techniczno-
ekonomiczne maja na celu ocen¢ ekonomicznej mozliwosci wykorzystania biomasy drzewnej
w celu produkcji okreslonego rodzaju energii (Nikodinoska i in. 2017) lub produktu drzewnego

(Hu 1 in. 2023). Oceny ekonomiczne dotyczg poréwnania miedzy ré6znymi surowcami (Egnell
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2016), technologiami wstepnego przetwarzania (Coakley i Petti 2021; Silvestro i in. 2021),
konwersji (McKay 2006), lokalizacji zaktadow (Moskalik i Gendek 2019) lub alternatywnych
produktow (Stolarski i inni 2023) w konfiguracji tancucha dostaw. Najczgstszymi wskaznikami
ckonomicznymi w tej grupie badan byly koszt produkcji i wewnetrzna stopa zwrotu. Badania
techniczno-ekonomiczne nie stanowiag o doborze optymalnego projektu tancucha dostaw biomasy
lesnej. Oceny techniczno-ekonomiczne produktéw pochodzenia lesnego opieraja si¢ na danych
dotyczacych zaopatrzenia i logistyki (koszty transportu i surowca). Pomijaja one istotne elementy
w lancuchach dostaw biomasy lesnej, w tym rozproszenie zrodet biomasy lesnej, zmiennos$¢

parametrow i zmiany warunkéw produkcji.

Oceny srodowiskowe

Ocena cyklu zycia (LCA) jest narzedziem do oceny wpltywu produktow na $rodowisko,
procesu lub ustugi pozyskania surowcow do utylizacja (Ryc. 2) (Kazagic i in. 2016). W niektorych
badaniach wykorzystano LCA do ilosciowego okreslenia srodowiskowego znaczenia biomasy
lesnej w okreslonym zastosowaniu (Luo i in. 2020) lub porownania réznych alternatyw
konfiguracji tancucha dostaw czy strategii usuwania pozostatosci lesnych (Kadam i in. 2000).
Poréwnywana jest efektywnos$¢ srodowiskowa roznej biomasy lesnej i/lub innych zrodet energii
do wytwarzania ciepta (Tund i Hulteberg 2014), wytwarzania energii elektrycznej, skojarzonego
wytwarzania ciepla i energii elektrycznej (CHP) (Hofmeister i in. 2015, Hauschild i in. 2018), do
produkcji pelletéw (Sgarbossa i in. 2020), podczas gdy inni porownywali rozne typy i wielko$ci
technologii w wytworzeniu energii (Zhang i in. 2015).

Roézne badania LCA nie powinny by¢ wykorzystywane jako podstawa do porownawczej deklaracji
srodowiskowej kilku produktow (Yu 1 in. 2021). Wyniki LCA zaleza od wyborow
metodologicznych, czyli od definiowania zakresu, metod oceny wplywu, procedur alokacji
i systemow referencyjnych oraz parametréw zwigzanych z warunkami lokalnymi (Ghafghazi i in.
2011). Wyniki LCA sg skuteczne w zrozumieniu kompromiséw srodowiskowych na wszystkich
etapach cyklu zycia projektu wykorzystania biomasy lesnej, unikajac przesunigcia projektu
wykorzystania biomasy lesnej, unikajac przenoszenia obcigzen wynikajacych z czgsciowych analiz
srodowiskowych podczas projektowania tancucha dostaw. Wyniki LCA sg rdwniez przydatne do
poréwnywania wplywu na $rodowisko alternatywnych konfiguracji tafcucha dostaw biomasy

le$nej, pod warunkiem oceny w ramach porownywalnych zatozen modelowania.

23



stoneczna
N
| 0
T PR L

Rycina 2. Cykl zycia produktu LCA w obiegu zamkni¢tym na przyktadzie budownictwa
drewnianego - obieg zamknigty; CO2 + woda + energia stonca - Las - pozyskanie - transport -
przerdb - konstrukcja - uzytkowanie - rozbiorka - recykling - spalanie - Energia + CO2 + woda

Energia =) %‘ @ - ﬁ,
J ~

!

7

N4

Oceny spoteczne 1 wieloczynnikowe

Wiele wskaznikow wykorzystywanych do oceny tancuchéw dostaw biomasy lesnej zwigzane
jest z czynnikami zrownowazonego rozwoju (Zhang i in. 2015, Mydlarz i Wieruszewski 2020),
wptywem spoteczno-gospodarczym i $rodowiskowym. Na ocen¢ wplywu na zrownowazony
rozw0] w lancuchach dostaw w le$nictwie wplywaja trzy wskazniki: koszt produkcji, zatrudnienie
i emisja (Goryunov i in. 2016). Narzgdzia oceny ekonomicznej, srodowiskowej i spotecznej
pomagaja w analizowaniu i pordwnywaniu fancuchéw dostaw biomasy lesnej. Nie sg one jednak
w stanie zaleci¢ optymalnego projektu lancucha dostaw biomasy lesnej, biorac pod uwage
ztozonosci wyboroéw. Zadanie to moze by¢ realizowane przez zastosowanie programowania

matematycznego lub procesy optymalizacyjne (Kamalakkannan i Kulatunga 2021).
6.3. Optymalizacja tancuchow dostaw biomasy lesnej

Optymalizacja tancucha dostaw zazwyczaj sklada si¢ z funkcji celu w postaci rOwnania

bedacego matematyczng funkcja zmiennych decyzyjnych i innych parametréw. Zakres badan
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optymalizacyjnych koncentrowal si¢ na wspieraniu decyzji w projektowaniu, planowaniu
I zarzadzaniu tancuchami dostaw biomasy lesnej i drzewnej. Wigkszo$¢ z nich uwzgledniata
funkcje celu ekonomicznego. Dzialania w celu optymalizacji wielu celow, ktore obejmowaty
wyniki ekonomiczne, wpltyw na $rodowisko i wskazniki badan optymalizacyjnych tancuchow

dostaw biomasy lesne;.
Optymalizacja ekonomiczna

Modele optymalizacji ekonomicznej sa opracowywane w zakresie decyzji strategicznych
i taktycznych planowania tancucha dostaw biomasy lesnej. Modele strategiczne maja na celu
uwzglednienie dlugoterminowe decyzji planistycznych i pozwalaja na podejmowanie decyzji na
wysokim poziomie niepewnosci podejmowanie decyzji. Wigkszos$¢ problemow jest formutowana
jako zminimalizowanie catkowitego kosztu lancucha dostaw, a w mniejszym stopniu
maksymalizacja zysku na roznych etapach tancucha dostaw (Stanula i in. 2023). Model
optymalizacyjny mozna zastosowa¢ do roznych tancuchow dostaw, gdy podstawowe zatozenia sg
rownie wazne dla wszystkich z nich. Rozwo6j tworzonych algorytméw LCA oraz postepy
w oprogramowaniu obliczeniowym pozwalajg na wigczenie duzej liczby parametréw, zmiennych
decyzyjnych i zapewnienie optymalnych rozwigzan w odniesieniu do zdefiniowanej funkcji celu

optymalizacji ekonomicznej (Atashbar i in. 2016).

Modele optymalizacji integruja etapy tancucha dostaw i produkty z biomasy le$nej oraz
drzewnej. Czg$¢ modeli optymalizacyjnych tancucha zaktadaty brak konfliktu interesow migdzy
uczestnikami taficucha dostaw. Moze tak by¢ w przypadku duzych firm. Jednak w praktyce inne
zatlozenia moze prezentowa¢ kazdy uczestnik tancucha dostaw. Kazdy z nich stara si¢
zoptymalizowac wlasng wydajnos¢. Optymalizacja tancuchow dostaw biomasy lesnej 1 produktow
drzewnych wynika z negocjacji migdzy niezaleznymi podmiotami. Jest to obszar wciaz stabo

rozwini¢ty w badaniach tancucha dostaw.
Optymalizacja ekonomiczna, srodowiskowa i spoleczna

Integracja celow ekonomicznych, spotecznych i $rodowiskowych dla optymalizacji
tancuchéw dostaw biomasy lesnej jest uwzgledniana w nielicznych badaniach wykorzystujacych
podejscie optymalizacji wielopodmiotowej. Optymalizacja ta w ramach badan operacyjnych,
pomaga dokonywa¢ wybordéw charakteryzujacych si¢ wieloma, niewspdtmiernymi i sprzecznymi
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celami (Safarian 2023). W optymalizacji wielopodmiotowej nie istnieje jedno optymalne
rozwigzanie, ktore taczy wszystkie cele. Opracowuje si¢ zestaw rozwigzan optymalnych (Yagi
iNakata 2011). Optymalne jest rozwigzanie, w ktorym jednego z celow nie mozna poprawic bez

poswiecenia innego.

Wiaczenie LCA do optymalizacji wielopodmiotowej w celu optymalizacji systemu (Helal i in.
2023) zostato uzyte glownie w inzynierii systeméw procesowych (Campbell i Anderson 2016).
Potgczenie tych metod do wspierania decyzji w tancuchach dostaw biomasy le$nej jest stosunkowo
nowym obszarem badan. Zgodnie z najlepszg wiedzg autoréw, niewicle jest badan o tych
optymalizacjach zwigzanych z wykorzystaniem biomasy lesnej i drzewnej (Duczkowska i in. 2022)

do optymalizacji wieloobiektowej.

Zastosowanie metod wielopodmiotowych w projektowaniu tancuchow dostaw biomasy lesne;j
dla bioenergii i produktow drzewnych pozwala na przyblizenie rzeczywistosci poprzez
uwzglednienie wielu czynnikow, ktore sa wazne w procesie podejmowania decyzji. Zapewnienie
spojnosci w formutowaniu roznych celéw jest duzym wyzwaniem (Ryc. 3). Na przyktad, taczac
LCA i1 modele wielopodmiotowe w projektowania tancuchéw dostaw biomasy lesnej, nalezy
zdecydowaé czy uwzgledni¢ wplyw na $rodowisko zwigzane z le$ng uprawa 1 pozyskiwaniem
drewna, produkcja tarcicy, wykorzystaniem produktéw i utylizacja odpadow (sktadowanie
popiotu, odpadow drzewnych i niedrzewnych), dla uniknigcia emisji i zastgpienia paliwa
nieodnawialnego. Cechy, ktére sa poza zakresem analiz ekonomicznych tancuchow dostaw
biomasy lesnej, mogg mie¢ znaczacy wptyw na Srodowisko (Santos i in. 2019; Zhilyaev i in. 2022;
Husgafvel i Sakaguchi 2023).
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6.4. Charakterystyka ekologicznych aspektow transportu

W badaniach przeanalizowano transport drewna iglastego zrealizowany w przyjetym
okresie i przez okreslony podmiot gospodarczy, modelujac dostawy dla objetosci 1 miliona m3
wielkowymiarowego drewna okraglego. Dla przyjetej migzszosci przetransportowanego

surowca okreslono takze pokonane dystanse (Tab. 4).

W zalezno$ci od analizowanego regionu Polski, drewno okragle sosnowe jest
transportowane na $rednich dystansach o dtugos$ciach w granicach od 93 do 424 km. Dostawy
te przypadaty na szczyt zapotrzebowania produkcyjnego na drewno okragte, w badaniach
oceniono transport 1 min m3 surowca sosnowego, przy calkowitym pozyskaniu drewna
wielkowymiarowego iglastego w Polsce, w analizowanym roku na poziomie 15 min m3,
Najwieksza ilos¢ drewna okraglego przewieziono na dystansie do 40 km, co stanowito okoto

23% dostarczonej objetosci surowca sosnowego.

Tabela 4. Odlegtosci transportowe surowca drzewnego w 2022 r.

<

2 = c = )
Dyrekcja Regionalna = N ) = N 3 S &
N — liczba nadle$nictw 33 32 34 20 29 16 28 234
Dystans Km
Min 300 240 80 140 130 50 40 40
srednia 424 308 173 197 194 129 93 285
Max 530 380 285 250 250 200 145 530
SD 58,47 40,81 4559 3051 31,24 5544 30,69 14431
\Y/ 3418 1665 2078 931 976 3073 942 20825

Uwzgledniajac  rzeczywista objgtos¢ przewozonego surowca oraz maksymalne
dopuszczalne objetosci pojazdéw na poziomie 25 m® i 30 m® oraz $rednia 27 m?, wskazano

rozbiezno$ci, ktore wskazujg na przecigzenia jak i niedocigzenia pojazdow (Tab. 5 i 6).



Tabela 5. Masa zespotu pojazdoéw z systemem samozatadowczym drewna w 2022 .

Masa Masa zespotu  Pojemno$¢ Roéznica migdzy Réznica miedzy
zespotu pojazdéw rzeczywistg objetoscig a  rzeczywista objetoscia a
pojazdéw MC (40Mg) - maksymalng obj¢toscia ~ maksymalng objetoscia
masa zespotu 25m? 27 m?
pojazdéw
m? m? % m? %
Min 17895 24,18 -0,82 -3,27 -2,82 10,44
$rednia 20243 27,36 2,36 9,42 0,36 1,32
15,6
Max 21390 28,91 391 2 1,91 7,06
20,1
\% 689352 1,26 1,26 4 1,26 17,27
DS, 830,27 1,12 1,12 449 112 4,16

Zrédto: opracowanie wlasne dla gestosci drewna sosnowego 740 kg/m®

Tabela 6. Masa zespotu pojazdéw bez samozatadowczej tadowarki do drewna w 2020 r.

Masa Masa zespotu Pojemno  Roéznica migdzy Roéznica migdzy

zespotu pojazdéw MC §¢ rzeczywistg objetoscig a  rzeczywistg objetoscia a
pojazdéw (40Mg) - masa maksymalng obj¢toscia ~ maksymalng objetoscia

zespotu pojazdow 30m?3 27 md
m? m? % m? %

Min 21575,00 29,16 -0,84 -2,82 2,16 7,98
$rednia 23937,59 32,35 2,35 783 535 19,81
max 28650,00 38,72 8,72 29,05 11,72 43,39
\% 3588422,24 6,55 6,55 72,81 6,55 89,89
DS, 1894,31 2,56 2,56 853 2,56 9.48

W analizach wskazano maksymalny zasieg dostaw w oparciu o wykazane odbiory drewna

(dostawy surowca oznaczono w odstepach co 10 km). Dane pochodzily z dokumentow

przewozowych dostaw surowca iglastego sosnowego o przyjetej gestosci 740 kg/m®. Poniewaz

firmy transportowe wykorzystuja pojazdy o zadeklarowanej tadownosci 25 md, ktére sg

wyposazone w dodatkowy sprzet zaladunkowy (hydraulic truck crane) lub bez urzadzen

zatadowczych o standardowym zatadunku objetosci 30 m* drewna, dlatego w obliczeniach

zasymulowano dostawy dla pojazdow o dwdch objetosciach zatadunku oraz o warto$ci $rednie;j

27 m®. Wyniki wskazuja na wptyw dystansu przewozu surowca na optymalizacje

wykorzystania srodkow transportu oraz potencjalng liczbg cykli transportowych (Ryc. 4).
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Rycina 4. Rozktad odlegtosci transportowanego drewna w 2022 r. (Staluna i in. 2023)

Liczba przejazdow niezbednych do przewiezienia 1mIn m?® surowca drzewnego zostata
obliczona z poziomu danych uwzgledniajacych przepisy ustawy o ruchu drogowym
oraz dotyczace maksymalnej dopuszczalnej objetosci drewna sosnowego przewozonego
w ramach jednego przejazdu. Wskazano maksymalny zasieg dostaw w oparciu 0 odbiory
drewna w nastepujacej strukturze: A- objeto$¢ zaladunkowa 25 m?; B — objetoéé zatadunkowa
27 m3; C- objeto$¢ zatadunkowa 30 m? (dostawy w odstepach co 10 km). Dane w obliczeniach
zasymulowano z uwzglednieniem rzeczywistych udzialow dostaw realizowanych dla
pojazddéw o wskazanych objetosciach zatadunku, co pokazuje wptyw wielkosci zatadunku na
liczbe cykli transportowych. Jak wynika z opracowania, to réznice kosztéw paliwa wynikajace
z niedoszacowania obj¢tosci zatadunkowej pojazddéw stanowia znaczny udziat w catkowitych
kosztach paliwa w skali roku. Koszty utraconych korzysci (koszty alternatywne) wynikajace
z braku wykorzystania DMC (Dopuszczalna Masa Catkowita) pojazdéw w grupie
analizowanego zatadunku 25 m® na auto o mozliwosci do 27 m® stanowig sumarycznie 7,58%,
a wykorzystanie aut o DMC pozwalajacej na zatadunek do 30 m? z zatadunkiem do 27 m®
stanowi potencjalnie 9,96%. Najwyzszy poziom tych kosztow odnosi si¢ do wykorzystania aut
o DMC pozwalajacej na zaladunek 25 m® przy alternatywie zaladunku drewna sosnowego na
auta o objetosci zatadunkowej do 30 m3 co stanowi tgcznie 20,16% utraconych kosztow

zuzycia paliwa (Ryc. 5).
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Rycina 5. Rozktad kosztéw utraconych korzysci w transporcie 1 mln m® surowca dla badanych
odlegtosci w 2022 r. Zrédto: opracowanie whasne. A - pojazdy do 25 m3; B - pojazdy do 27
m3; C - pojazdy do 30 m®,

W analizie statystycznej badanych zaleznosci rzeczywistych i potencjalnych $rodkow
finansowych pozwalajacych na redukcje kosztow paliwa wskazuje si¢ na istotno$¢ czynnika
doboru zespotow pojazdéw w ocenie pokonywanego dystansu. Weryfikacja testem ANOVA
wskazuje na istotng zaleznos$¢ kosztu paliwa od masy zatadunkowej pojazdow (Tab. 7).

Tabela 7. Wptyw ANOVA wielkosci selekcji procesu na wskaznik wydajnosci transportu
ktéd (p < 0,05)

Podsumowanie wynikow

Warianty
A B C Total
>X 3245723 2999832 2701108 8946663
Mean 32457,23 29998,32 27011,08 29822.21
>X2 540293390499 462830516510 374986549614 1378110456623
Std. Dev. 66282,6982 61368,2868 55233,8194 60964,9604
Rezultaty
Zrodho SS df MS
Miedzy wariantami 1487679700,9399 2 743839850,47 F =0,19906
W obrebie wariantow ~ 1109813514136,83 297 3736745838,8446
Ogodtem 1111301193837,77 299

»33” - zmiennos¢, »df« - liczba niezaleznych wynikow i »MS« - wariancja migdzygrupowa.

Ustalona warto$¢ F wynosi 0,19906. Wynik jest istotny na poziomie p < 0,05. Z kolei
procedura HSD Tukey'a obejmuje poréwnywanie parami w ramach danych ANOVA.
Statystyka F wskazuje, Ze istnieje ogolna rdznica miedzy srednimi z proby. Test HSD Tukeya

pozwala okresli¢, ze wystgpuje réznica miedzy parami $rednich testow transportu B i C
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I nieznaczny poziom réznicy migdzy A i B. Natomiast istnieje znaczaca roznica dla pary A1 C

(Tab. 8).

Tabela 8. Poréwnania parami wariantdw procesu transportu z testem Tukeya

Para wariantow HSDO0,05 = 20363,2685 Q0,05 = 3,3312

Ma = 32457,23

AB 2458,91 Q=040
Mb =29998,32
Ma = 32457,23

A:C 5446,15 Q=0,89
Mc = 27011,08
Mb =29998,32

B:C 2987,24 Q=049
Mc = 27011,08

Uzyskane wyniki pozwalaja na dokonanie oceny statystycznej wplywu objetosci
zatadunkowej kotowych zespotéw pojazdow transportowych przy $rednim spalaniu 29 1/100
km i cenie za 1 litra ON na poziomie 1,41 EUR, co daje $rednio 40,89 EUR na dystansie 100
km w analizowanym roku 2022 (Tab. 9).

Tabela 9. Wptyw wyboru $rodka transportu na sredni poziom kosztow paliwa (olej napedowy
=1,41 EUR/I)

1k
oc\j/it Typ transportu Koszt transportu Roéznica Roznica
y
kosz 3 3 3 3 3 3 B- C-
t A 25m B 27m C 30m A 25m B 27m C30m B-A C-B C-A A B C-A
EU
R pcs EUR EUR %
299962 270091 2459 29871 54462 75 99 201
Sum 40000 37013 33316 3245537 5 5 12 0 2 8 6 6
Mea 233, - 01 0.2
n 07 800 740 666 64911 59992 54018 -4918  -5974 10892 5 0 0,40
433, 2230 - 06 09
Max 43 9200 8518 7666 300950 278641 250770 9 -27870 50180 9 3 1.86
118. 01 0.2
DS. 02 1572 1456 1310 81194 75217 67689 5978 7528 13505 8 5 0,50
139
27,6 247383 212090 171777 65925174 565757 458180 3573 56673 18239 0,0 00
\Y% 9 5 3 4 03 2914 3007 8606 160 7912 3 6 0,25

Z punktu widzenia aspektéw srodowiskowych, istotnym parametrem oprocz ilo$ci zuzycia
paliwa, a wigc takze kosztéw tego paliwa, jest poziom emisji CO2 oraz mozliwo$¢ jego
redukcji. W tabeli 10 zestawiono réznice zuzycia ON jakie wynikajg ze sposobu zatadunku

rozwazanych typow pojazdow transportowych oraz wptyw takich dziatan na redukcje CO2.
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Tabela 10. Poziom emisji CO2 i jego redukcja w zaleznos$ci od doboru zestawow pojazdow
(emisja 2,68 kg CO2 z 11 oleju napedowego) (Stanula i in. 2023)

Zuzycie  Zuzycie oleju napedowego na transport  Redukcja zuzycia oleju Redukcja emisji CO2
oleju 1 mlIn m2 drewna sosnowego (litr) napedowego (litr) (kg)
napedow Roéznica Redukcja emisji
ego CO2 (kg)

A25md B27m? C30ms B-A C-B C-A B-A C-B C-A
251/100k 18263 33298 40293 48944
m 1984310 1833960 1651330 150350 O 0 8 8 892386
291/100k 21185 38625 46740 56776 103516
m 2301800 2127394 1915543 174406 1 7 8 0 8
331/100k 24107 43953 53187 64607 117795
m 2619289 2420827 2179756 198462 2 4 8 2 0
Réznica
% 7,1 9,9 20,2

W statystyce ANOVA wplywu spalania ON na emisj¢ CO2 wskazano istotng zaleznos¢
tego czynnika przy p < 0,05.

W tescie ANOVA warto$¢ F wynosi 0,45057. Wynik oceny zalezno$ci emisji CO2 od
zuzycia ON jest istotna przy p < 0,05 wskazujac w tescie Post Hoc Tukey HSD na silng
zalezno$¢ poréwnania spalania w tescie zaladowczym A 1 tescie zaladowczym C emisji CO2

przy redukcji zuzycia paliw ON na 100 km (Tab. 11).

Tabela 11. Poréwnania parami wariantow procesow transportowych z testem Tukeya

Para wariantow HSDO0,05 = 15758,7649 Q0,05 = 3,3312

Ma = 19843,10

A:B 3175,94 Q=0,67
Mb = 23019,04
Ma = 19843,10

A:.C 6350,89 Q=134
Mc = 26193,99
Mb = 23019,04

B:.C 3174,95 Q=0,67
Mc = 26193,99

Redukcja CO2 wynika z uwzglednienia ograniczenia cykli transportowych. Przeklada si¢
na rzeczywiste zmniejszenie ilosci paliw kopalnych zuzytych w procesie transportu kotowego
a jednoczes$nie ogranicza szkodliwg emisj¢ CO2 do atmosfery. Warto§¢ redukcji wynika
Z poziomu jakosci spalania i zgodnie z rozkladem zapotrzebowania, przy zuzyciu oleju
napedowego w zakresie 25-33 1 na 100 km, moze stanowi¢ redukcje CO2 od 7 do 20%. Tak
znaczna ilo$¢ zredukowanego CO2 (od 402938 do 1177950 kg CO2) dotyczy transportu 1 min
m? surowca drzewnego w zaleznosci od spalania tj. 25 lub 33 1/100 km, co daje $rednio 29

1/200 km.
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Gorna A., Wieruszewski M., Szabelska-Beresewicz A., Stanula Z., Adamowicz K. Biomass
price prediction based on the example of Poland. Forests. 2022, vol. 13 (issue 12), art. no.
2179; DOI: 10.3390/f13122179,

Biomasa przemystowa, czyli produkt uboczny procesu technologicznego obrébki drewna
jest w wykorzystywana najczgsciej w celach energetycznych badz jako surowiec do produkcji

ptyt drewnopochodnych i celulozy.

Przeanalizowano zmiany cen dla poszczegélnych grup kwalifikujgcych sie jako produkty
uboczne przerobu drewna okraglego. Najwickszy wzrost cen wystapit w przypadku
trocin/widr, natomiast najmniejsza zmiana dotyczyla zrebek papierniczych. W latach 2017-
2022 cena zrgbki papierniczej wzrosta o ok 108%; zrgbki tartacznej ok 116%; kory sosnowej
ok 112%, natomiast dla trocin i wior zanotowano najwigkszy wzrost ceny, to jest 0 okoto 167%
(Gorna i in. 2023). Zestawiono ze sobg ceny rzeczywiste oraz prognozowane w celu
identyfikacji btedow, ktdre wynikaty z zastosowanej metody predykcji oraz okreslono ich
poziom (Tab. 12 i 13).

Tabela 12. Zestawienie MAE, MAPE i RMSE dla prognozy z wykorzystaniem ARIMA

Zre¢bki papiernicze Zrebki tartaczne Kora So Trociny i Wiory
MAP RMS MAP RMS MA MAP RMS MAP RMS
MAE E[%] E MAE E[%] E E E[%] E MAE E[%] E
pazdziernik
2022 4427 11,07 665 4656 1164 341 20 6,67 447 1347 245 367
listopad 2022 75,68 1892 8,70 6349 1587 398 20 6,67 447 2713 493 521
121,7 130,4 157,2
grudzien 2022 8 3291 1104 1 3726 610 20 6,67 447 9 3495 1254

MAE (Sredni bezwzgledny btad), MAPE (Sredni bezwzgledny blad procentowy), oraz RMSE (root-mean-
square deviation):

Tabela 13. Zestawienie MAE, MAPE i RMSE dla prognozy z wykorzystaniem WH

Zrebki papiernicze Zrebki tartaczne Kora So Trociny i Wibry

MA MAP RMS MAP RMS MA MAP RMS MA MAP RMS
E E[%] E MAE E[%] E E E[%] E E E[%] E

pazdziernik 26,2 18,4 77,8

2022 5 656 512 1487 372 3,86 9 6,16 430 2 1415 882
46,8 28,5 51,5

listopad 2022 7 1172 6,85 1597 399 4,00 5 952 534 5 937 718
93,9 104,1 95,4

grudzien 2022 3 2539 9,69 2 29,75 10,20 424 1413 6,51 5 2121 9,77
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Wykonane zestawienie bledow dla obu metod pokazuje¢ zroéznicowanie w wynikach.
RMSE uzyskane przy wykorzystaniu dwoch metod sg bardzo bliskie, czyli mozna stwierdzic,

ze metody daja podobng efektywnos$¢ predykc;ji.
Publikacja 5

Gorna A., Szabelska-Beresewicz A., Wieruszewski M., Starosta-Grala M., Stanula Z., Kozuch
A., Adamowicz K. Predicting post-production biomass prices. Energies. 2023, vol. 16 (issue
8), art. no. 3470, DOI: 10.3390/en16083470

W trakcie analizy danych zmiennosci cenowej biomasy drzewnej dokonano
przyporzadkowania odpowiednich parametrow p, d, q dla metody ARIMA. W ocenie
ekonomicznych czynnikow wptywajacych na element predykcji, uzyto modelu ARIMA (0, 2,
0) (Tab. 14).

Tabela 14. Prognoza ceny sortymentu M2 ZE dla 111 kw. 2022, 1V kw. 2022 oraz | kw.
2023, Zrédto: Opracowanie wlasne na podstawie pozyskanych danych z Systemu
informatycznego lasow panstwowych (SILP)

Prognoza

punktowa
Czas [pIn/m3] Lo 80 [pIn/m®] | Hi 80 [pIn/m®] | Lo 95 [pIn/m® |Hi 95 [pIn/m?]
2022 Q3 131 120,83 141,17 115,45 146,55
2022 Q4 172 149,26 194,73 137,23 206,77
2023 Q1 213 174,95 251,04 154,82 271,18

*przedziaty predykcji ustalone na poziomie 80% i 95%

Wartosci prognozy dla dostepnych na rynku sortymentéw drzewnych docelowej wartosci
predykcyjnej (Ryc. 6), maja tendencje wzrostowa. Jest to duzy wzrost ceny w poréwnaniu
z rokiem 2021. Poré6wnujac ceny drewna w okresie pierwszych dwoch kwartatow w roku 2022,
ktore ekstremalnie wzrosty, przewidywany jest wzrost poziomu dla kolejnych lat. Poziom cen
dla drobnicy M2 od roku 2018 nie podlega drastycznym zmianom. Maty spadek zanotowano
na przetomie IV kwartatu 2020 roku oraz I kwartatu 2021 roku. Lini¢ trendu mozna uznac¢ jako

stabilny poziom warto$ci sortymentu M2.
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Forecasts from ARIMA(0,1,3)
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Rycina 6. Prognoza ceny sortymentu M2 dla I11 kw. 2022, 1V kw. 2022 oraz | kw. 2023.

Zrédto: Opracowanie whasne na podstawie pozyskanych danych z Systemu Informatycznego
Lasow Panstwowych (SILP)

Tabela 15. Prognoza ceny sortymentu M2 dla 1l kw. 2022, 1V kw. 2022 oraz | kw. 2023.

Zrédto: Opracowanie wiasne na podstawie pozyskanych danych z Systemu Informatycznego
Lasow Panstwowych (SILP)

Prognoza punktowa | Lo 80 Hi 80 * Lo95* Hi 95 *
Czas [pIn/m3] *[pln/m?] [pIn/m3] [pIn/m3] [pIn/m3]
2022 Q3 31,79 30,96 32,61 30,52 33,05
2022 Q4 32,16 30,98 33,34 30,35 33,97
2023 Q1 32,14 30,16 34,11 29,12 35,15

*przedziaty predykcji ustalone na poziomie 80% i 95%

Analizujac stworzong prognoze dla drobnicy M2 mozna stwierdzi¢ stabilno$¢ poziomu ceny

miedzy analizowanymi kwartatami 2022-2023 roku. Roznice pomigedzy kwartalnymi cenami

wahaja si¢ migdzy 0,30 pln a 0,40 pln.

Analizujgc rycing 7 mozna zauwazy¢ wzrost ceny drewna stosowego ogolnego
przeznaczenia od IV kwartatu 2021 roku. Poréwnujac poziom cen w okresie od I kwartatu
2018 roku do II kwartatu 2022 roku, cena ulegta wzrostowi o ponad 100 %. Najwigkszy wzrost
nastgpit w IV kwartale 2021 roku.
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Forecasts from ARIMA({1,2,0)
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Rycina 7. Prognoza ceny sortymentu S2AP dla 11l kw. 2022, 1V kw. 2022 oraz | kw. 2023.

Zrédto: Opracowanie whasne na podstawie pozyskanych danych z Systemu Informatycznego
Lasow Panstwowych (SILP)

Analiza warto$ci cen dla drewna opatowego ma charakter sezonowy. Wzrost poziomu cen
nastepuje¢ w kwartatach IV i I kolejnych lat. Okres ten obejmuje miesigce jesienno-zimowe,
gdzie nastgpuje wzmozony popyt na drewno opalowe. Jednakze nalezy zwroci¢ uwage na duzy
wzrost ceny w Il kwartale 2021 roku i1 dalszy ciag tej sytuacji w [ kwartale 2022 roku. Réznica
pomiedzy najwyzsza ceng w I kwartale 2021 roku a I kwartale 2022 roku wynosi 5%, to jest

zdecydowanie wigcej niz pomiedzy wczesniejszymi latami (Ryc. 8).
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Forecasts from ARIMA(0,2,0)(0,1,0)[4]
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Rycina 8. Prognoza ceny sortymentu S4 dla 111 kw. 2022, IV kw. 2022 oraz | kw. 2023.
(Opracowanie witasne na podstawie pozyskanych danych z Systemu Informatycznego Lasow
Panstwowych (SILP)

Prezentowane analizy zmienno$ci cenowej i predykcji w zakresie surowca drzewnego
stanowig takze odniesienie do zachowania modelu ekonomicznego w przypadku drewna do
przerobow mechanicznych. Wskazniki zmian oczekiwanej wartosci surowca drzewnego maja
bezposredni wptyw na oczekiwane efekty ekonomiczne przedsigbiorstw drzewnych w zakresie
ptytkich (opartych wylacznie na przetarciach do postaci tarcicy ogolnego przeznaczenia)
I glebokich (z uwzglednieniem obrobki termicznej i prefabrykacji z zatozeniem wytworzenia
wyrobOw gotowych) przerobow. Jako$¢ i cena sortymentéw drzewnych wpltywa bezposrednio

na uzyskiwane wyniki jakosciowe 1 wydajno$ciowe przetarc.

Publikacja 6

Stanula Z., Wieruszewski M., Dynowska J., Adamowicz K. Comparative efficiency of
roundwood processing into pallet lumber. Folia Forestalia Polonica, Series A — Forestry, 2024,
Vol. 66 (4), 310-316, w publikacji, DOI: 10.2478/ffp-2024-0023,.

6.5. Efektywnos$¢ i warto$¢ dodana przerobu w odniesieniu do jako$ci surowca

W analizie efektywnos$ci produkcji stanowigcej element obiegu zamknigtego wzieto pod
uwage warunki technologiczne, a takze fakt zr6znicowania wymiarowego i jakosciowego
drewna okraglego oraz aktualne raporty dotyczace cen (https://www.drewno.pl/,

https://www.e-drewno.pl/stock/), okreslono $rednig wydajno$¢ przerobu drewna sosnowego
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(Ryc. 5) na tarcicg paletowg w matych i srednich zaktadach produkujacych tarcice ogolnego
przeznaczenia oraz dokonano analizy efektywnosci produkcji w oparciu o wzory [Stanula i in.
2024]. Usredniona wielko$¢ wydajnosci przyjeta dla dalszych analiz to 60% gdzie zmiany cen
transportu drewna okreslona w wyniku ankiet, w latach 2019 - 2023 oscylowaty $rednio na
poziomie 28; 30; 33; 38; 35 zk/m3 (Ryc. 9). Mozna stwierdzi¢, ze niezaleznie od rodzaju
zaktadu, najlepsza wydajno$¢ mozna uzyska¢ przetwarzajac klody dolne o wickszych
srednicach (68-72%), a najnizsza wydajno$¢ potwierdzono podczas obrobki ktod gornych
0 matych $rednicach (50-55%). Generalnie ta prawidtowo$¢ ksztalttowata relacje cenowe dla

surowca i tarcicy na rynku krajowym, ale gtéwnie do tego ograniczone sg materiaty zrodtowe
(EN 1611-1:1999/A1:2002).

80
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pochodzenie surowea na dlugosci/ przedzial srednic ldod

W]
s = 2 & & 3

Rycina 9. Wydajnos¢ technologiczna W przerobu drewna iglastego na tarcice potfabrykatowa
w tartakach (Hruzik i in. 2005, Mydlarz i Wieruszewski 2022, Wieruszewski i in. 2020, Stanula
I in. 2024)

Efektywnos$¢ przerobu drewna (Ryc. 10) mozna réwniez rozpatrywaé na przykladzie
konkretnych sortymentdw wyrobdw gotowych paletowych. Efektywnosci produkcji
wybranych elementéw sosnowych na wyroby paletowe wykonane w roku 2022 (Ryc. 11)
wskazuje, ze produkcja asortymentéw pozwala na uzyskanie efektywnosci sredniej w Ep=101-
168% przy podobnym materiale i wydajno$¢ przetarcia w przedziale W=50-72% (przyjete
srednie 60%)
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Rycina 10. Efektywnos¢ Ep przerobu wybranych sortymentoéw dla produkc;ji tarcicy paletowej
(Stanula i in. 2024)
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Rycina 11. Efektywno$¢ catkowita Epc z uwzglednieniem produktow ubocznych przy
produkcji tarcicy paletowej (Stanula i in. 2024)

Wplyw cen rynkowych zwigzany z produktami ubocznymi wptywa znaczaco na warto$¢
dodang i1 wskaznik efektywnosci przerobu. Dotyczy to szczegodlnie produktow kawatkowych
zregbki oraz trocin. Przektada si¢ to na dodatkowy element wskaznika wptywu ekonomicznego,

w postaci wskaznika Epc efektywnosci catkowite;.

Potencjalny zakres S$redniej wydajnoSci materialowej przetar¢ poréwnany jest ze
wskaznikiem ekonomicznym utworzonym przez relacj¢ cen surowcow i1 produktéw nie bedzie

si¢ roznit od poziomu wydajnosci uzyskiwanego w fabrykach wykorzystujacych tradycyjne
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technologie, poniewaz relacja ta nie jest ksztaltowana przez rynek lokalny, ale rynek globalny.
Wartosci Efektywnosci produkcji Ep wybranych asortymentoéw paletowych w ostatnich latach
stopniowo rosty z poziomu ok. 91% do 180% w 2022 roku by zaczaé¢ gwattownie spadac
Z dekoniunkturg w 2023. Wartoscig dodang procesu jest efekt efektywnosci Epc wykorzystania
produktéw ubocznych. Podobnie jak dla tarcicy zalezy on od wahan cen rynkowych.
W strukturze odniesienia do ceny surowca najwyzsze wzrosty wskaznika uzyskuje przerob
drewna S2B_G gdzie w latach 2019 — 2021 z poziomu 31% spadt do 25%. Dodatkowy wzrost
wskaznika efektywnosci produktow ubocznych znaczgco wzrost w 2022 roku do poziomu 33-
38%, by utrzymac si¢ na podobnym poziomie w 2023 roku. Sumarycznie pozwolito to na
osiggnigcie efektywnosci catkowitej przerobow Epc surowca sosnowego na tarcice paletowa
na poziomie 194-220% w 2022 roku ze spadkiem w 2023 do 135-161%. Wskazuje to jak

znaczace jest racjonalne zagospodarowanie produktow ubocznych w procesie przetarcia.

Warto$¢ dodana w dziatalno$ci gospodarczej osiggana przy przerobie drewna okresla sie
wartoscig przychodow ze sprzedazy minus warto$¢ przeniesiona, wypracowana w innych,
poprzedzajacych procesach przetwarzania surowcow i materiatow. Wartosci dodane osiggane
w rozpatrywanej fazie przerobu drewna moga rowniez stanowi¢ podstawe okreslania struktury
wykorzystania drewna okraglego, bowiem w analizach w makroskali wartosci te sktadaja si¢
na ten podstawowy miernik poziomu rozwoju gospodarczego. Wysoka warto$¢ dodana,
wypracowana w przedsigbiorstwie ulega podzialowi migdzy pracownikow, budzet,
finansowanie skladek obcigzajacych koszty osobowe, rozliczne obowigzkowe §wiadczenia,
a co najwazniejsze z punktu widzenia podmiotu gospodarczego — zysk netto.
Jednakowoz uwzglednienie warto$ci dodanej w rachunku zagospodarowania drewna nie
zapewni w pelni trafnego ustalenia struktury zapotrzebowania na poszczegdlne sortymenty
W odréznieniu od wartosci drewna. Do wartosci drewna z duza pewnoscig podaza¢ bedzie
przyszta struktura cen surowca, co rzecz jasna nalezaloby ustali¢ w dalszych pracach nad
modelem. Mierniki wartosci drewna okraglego, warto$ci dodanej w przerobie, jak rowniez
wskazniki efektywnosci moga by¢ zatem wykorzystane w proponowanej metodzie rachunku

zagospodarowania surowca stanowigc funkcje kryterium ekonometrycznego.

Mozna zatem uzna¢, iz kryterium wartosci drewna bedzie glownym czynnikiem
ksztattujacym zmiany zapotrzebowania na drewno okragle réoznych sortymentdéw jakosciowo
wymiarowych 1 gatunkow limitujace ich wzrost. Maksymalizacje funkcji celu ogranicza
jednak szereg mniej lub bardziej istotnych warunkéw dajacych sie opisaé stosownymi
réwnaniami. Do najwazniejszych naleza:
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- podaz poszczego6lnych sortymentdéw i gatunkéw drewna,
- popyt na drewno.

Podaz drewna okraglego jest okreslona przez oferujace je gospodarstwa lesne,
a w przypadku Polski giéwnie Laséw Panstwowych, za§ popyt wynika z potrzeb rynku
materiatow 1 poHabrykatow oraz wyrobow z drewna. Zwigzany jest on rOwniez z poziomem

technologicznym i zdolnoscia przerobu dla poszczegoélnych branz i przedsigbiorstw.

Potrzeba racjonalnego zagospodarowania drewna, rowniez w ujeciu iloSciowym wraz
Z prognozami, jest wskazywana jako najwazniejszy element wspotpracy lesno - drzewnej przez
srodowiska drzewiarzy, jak réwniez organy centralne. Oznacza to potrzebe Scistej kontroli

przeptywu w ramach gospodarki krajowe;j.

Mozna oczekiwaé, iz rynek drzewny w pewnej mierze uksztattuje oplacalng strukturg
wykorzystania drewna, cho¢ nie mozna pomija¢ istotnego wpltywu polityki Lasow

Panstwowych realizujacych zrownowazone cele utrzymywania drzewostanow.

7. DYSKUSJA

W kontek$cie rosngcego zapotrzebowania na drewno oraz zmieniajacych si¢ warunkoéw
polityczno-ekonomicznych w Europie, obrét drewnem okraglym nabiera szczegdlnego
znaczenia zaréwno pod wzgledem ekonomicznym, jak i1 ekologicznym. W 2020 roku
europejska produkcja surowca drzewnego wynosita 488 milionow m?® (Raihan 2023). Co
istotne, produkcja a w $lad za nig zapotrzebowanie na drewna okragltego w UE stopniowo
ro$nie. Sredni europejski wzrost w latach 2000 -2022 wynosit 26% (Janakova Sujova i in.
2023). Polska jest znaczacym producentem surowca drzewnego w UE. Wprawdzie analiza
skupien, przeprowadzona przez Koulelisa (2009), klasyfikuje Polske w grupie krajow
0 sredniej produktywnosci zarowno w kategorii drewna iglastego, jak 1 lisciastego,
jednak podkresla istotne znaczenie polskiego sektora lesnego w kontekscie europejskiej
gospodarki opartej na drewnie. Polska, dzigki swoim rozleglym zasobom lesnym
I zrownowazonemu podejsciu do gospodarki lesnej, przyczynia si¢ nie tylko do wzrostu
produkcji drewna, ale takze do promocji zrdwnowazonego zarzadzania lasami w catej Unii.
Obrot drewnem okraglym w Polsce odgrywa istotng role zar6wno w konteksScie
ekonomicznym, jak i ekologicznym. Polska, posiadajaca istotne zasoby lesne w Europie,
historycznie byta §wiadkiem znaczacych zmian w wykorzystaniu tych zasobow. Miaty na to

wptyw zaréwno dziatalnosci cztowieka, jak i1 zmian politycznych oraz gospodarczych.
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W przesztosci gospodarka lesna czgsto charakteryzowata si¢ nadmierng eksploatacja zasobow,
co wynikato z wysokiego zapotrzebowania na drewno, potrzeb budowlanych oraz eksportu

(Jedrzejewski 2019).

Wspdlczesne podejscie do gospodarki lesnej w Polsce stara si¢ rOownowazy¢ potrzeby
ekonomiczne z wymaganiami ochrony $rodowiska. Z jednej strony, sektor drzewny nadal
stanowi wazny element gospodarki narodowej, generujac znaczne przychody i miejsca pracy,
z drugiej strony, coraz wigkszy nacisk ktadzie si¢ na zrownowazony rozwdj, ochrong
bior6znorodnosci oraz minimalizowanie negatywnego wptywu na $rodowisko naturalne.
Zatem zarzadzanie lasami i1 obrotem drewnem w Polsce, podobnie jak w catej Europie, musi
uwzglednia¢ zarowno wyzwania ekonomiczne, jak i ekologiczne wynikajace ze zmieniajacych
si¢ warunkoéw globalnych i polityki zrownowazonego rozwoju. Jak wskazuje Raihan (2023),
ekosystemy le$ne stajg si¢ coraz bardziej narazone na ekstremalne zdarzenia klimatyczne i inne
zagrozenia, co ma istotne konsekwencje ekonomiczne i ekologiczne. W odpowiedzi na te
wyzwania, zrownowazone praktyki lesne nie tylko chronig gatunki 1 siedliska,
ale takze wspieraja gospodark¢ o obiegu zamknigtym, zwigkszajac produkcje drewna
I minimalizujac emisje dwutlenku wegla. Polska, dzigki swoim zasobom lesnym, odgrywa

kluczowa rol¢ w europejskim rynku drewna i wyrobow z drewna.

W Polsce przetwarza si¢ obecnie ok. 40 min m® drewna w ciagu roku, z czego tartaki
przerabiaja ok. 25 min m® (Statistical Yearbook, 2022). Najbardziej popularnym i najczesciej
przetwarzanym surowcem drzewnym jest sosna. Stanowi ona ok. 61% przetwarzanego
surowca. Pozostate gatunki to: §wierk 5,6%, jodia 4,4%, buk 6,9%, dab 6,6%, brzoza 4,7%
i inne stanowigce tacznie 10,8% (Statistical Yearbook, 2022). Uwzgl¢dniajac wielkosé
przerobu drewna przez tartaki coraz czeSciej wskazuje si¢ na wilasciwe wykorzystanie
powstajacych drzewnych produktow ubocznych tzw. biomasy drzewnej przemystowej. Nalezy
podkresli¢, ze pomimo stosowania coraz to bardziej surowcowo 0szczednych technologii
ros$nie zapotrzebowanie na surowiec drzewny. Jak podajg Sjelie i in. (2025) w Norwegii
zapotrzebowanie na drewno konstrukcyjne oraz produkty bioenergetyczne bedzie rosto, co
moze przetozy¢ si¢ na zwigkszony popyt na surowiec drzewny, w tym drewno okragte. Ich
badania wykazaly, ze menedzerowie przemystu tartacznego przewiduja wzrost popytu na
drewno konstrukcyjne i bioenergie, a jednocze$nie oczekuja wzrostu produktywnosci
przemyshu tartacznego oraz handlu miedzynarodowego. Jak wynika z badan
przeprowadzonych w potudniowo-wschodnich Stanach Zjednoczonych, kluczowym
czynnikiem ksztattujacym obrot surowcem drzewnym sg wymagania polityczne oraz presja ze
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strony organizacji pozarzagdowych, ktore wptywaja na przyjecie zréwnowazonych praktyk
pozyskiwania surowcoéw. Zagadnienie to, na przyktadzie produkcji pelletu drzewnego w USA,
przedstawili Kittler i in. (2020). Zauwazyli oni, ze w miar¢ wzrostu zapotrzebowania na
wyroby z drewna na znaczeniu zyskiwato zagadnienie oceny ryzyka zwigzanego z ograniczong
dostepnoscia surowca. Podkreslili oni, ze zmieniajaca si¢ percepcja spoteczna w zakresie
postrzegania funkcji lasow spowodowata, ze dla rozwoju branzy kluczowym staje si¢
zapewnienia, ze surowiec drzewny pozyskiwany jest w sposoéb minimalizujgcy negatywny
wpltyw na $Srodowisko. Przemyst ten korzysta z réznych systemow certyfikacji, takich jak
Program Zréwnowazonej Biomasy, ktéry opiera si¢ na podejSciu opartym na ryzyku,
aby zapewni¢ zgodno$¢ z europejskimi wymogami dotyczacymi zréwnowazonego rozwoju.
W Polsce, podobnie jak w USA, sektor drzewny stoi przed wyzwaniami zwigzanymi
z dostosowaniem si¢ do rosnagcych wymagan rynkowych i regulacyjnych dotyczacych
zrbwnowazonego zarzadzania zasobami lesnymi. Analiza praktyk pozyskiwania drewna
oraz struktur fancucha dostaw moze dostarczy¢ cennych informacji na temat strategii, ktore
moglyby zosta¢ zastosowane w polskim konteks$cie. Nalezy uznaé, ze przyjecie 1 dostosowanie
systemow certyfikacji oraz metod oceny ryzyka mogloby przyczyni¢ si¢ do poprawy praktyk

zrdbwnowazonego zarzadzania lasami w Polsce.

Majac na uwadze powyzsze spostrzezenia uznano, ze wlasciwe omowienie struktury rynku
drewna handlowego w Polsce oraz zidentyfikowanie r6znic w zapotrzebowaniu na surowiec
roznych sektoréw przemystu drzewnego pomaga zrozumieé, jak ceny 1 jako$¢ drewna
wplywaja na rynek 1 jakie sa ekonomiczne konsekwencje ich zmian dla réznych grup
odbiorcow. Istotne sa badania zmierzajace do wyznaczania zapotrzebowania poszczegdlnych
grup przemystu drzewnego. Takie proby byly juz podejmowane. Przyktadowo Walkiewicz
I inni (2022) w sposob modelowy wyznaczyli strukturg przerobu tartakow oraz wskazali ilosci
powstajacych w nich produktow. Nalezy podkresli¢, ze rowniez zrozumienie konfliktu
interesOw miedzy r6znymi sektorami przemystu (np. energetycznym a producentami forniru),
wynikajace z mozliwosci wykorzystania drewna réznych klas jakosci ilustruje wyzwania
zwigzane z optymalnym dopasowaniem podazy drewna do specyficznych potrzeb przemystu.
Dyskusja na temat jakosci oferowanego drewna, szczeg6lnie drewna wielkowymiarowego,
oraz sposobu jego pozyskiwania (np. wykorzystanie harwesterow, co moze prowadzi¢ do
uszkodzen ktdd) ma istotne znaczenie w kontekscie ekologicznych aspektéw gospodarki
lesnej. Takie szczegdly pozwalaja na lepsze zrozumienie, w jaki sposob praktyki gospodarki

lesnej wplywaja na jako$¢ surowca oraz jego przydatno$¢ dla roéznych zastosowan
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przemystowych, co ma bezposrednie implikacje zarowno ekonomiczne, jak i1 ekologiczne.
Majac to na uwadze do przygotowania niniejszej rozprawy wykorzystano wyniki badan (#1)
dotyczace analizy rynku drewna w Polsce, zrdéznicowania kategorii drewna handlowego,

oraz wptywu na ekonomiczne i ekologiczne aspekty zarzadzania tym surowcem.

Zgodnie z przyjetym kierunkiem zmian w XXI wieku poszukuje si¢ rozwigzan zmierzajacych
do realizacji wzrostu gospodarczego z jednoczesnym ograniczaniem negatywnego wptywu
tego rozwoju na srodowisko. Jednym z realizowanych kierunkéw dziatan w tym zakresie jest
tzw. zielona logistyka. W opinii Dzwigola i in. (2021) jest ona skutecznym narze¢dziem
transformacji systemoéw logistycznych w kierunku zrownowazonego rozwoju. Wdrozenie
koncepcji zielonej logistyki moze pomdc w minimalizacji kosztow zarzadzania przepltywem
logistycznym oraz w utrzymaniu wymaganego poziomu bezpieczenstwa srodowiskowego, co
jest jednym z waznych wymogoéw dla wdrozenia koncepcji spotecznej odpowiedzialnosci
biznesu w gospodarce o obiegu zamknigtym. Analiza ekonomiczna i ekologiczna aspektow
obrotu drewnem okraglym w Polsce, uwzgledniajac wptyw wielu czynnikow nie moze
poming¢ aspektéw zwigzanych z procesem dostaw surowca drzewnego do przedsigbiorstw,
ktore je przetwarzaja. Jak wskazano w badaniach Sieniawskiego i Portera (2012), efektywnos¢
zarzadzania tancuchem dostaw drewna jest kluczowym czynnikiem wplywajacym na
zrbwnowazony rozwdj sektora lesnego w Polsce. Analiza tancucha dostaw surowca wykazata,
ze takie czynniki jak odleglo$¢ transportu, okna czasowe dla zatadunku i roziadunku
oraz liczba punktow zaopatrzenia majg istotny wplyw na sprawno$¢ systemu transportowego.
Badania te przeprowadzono za pomocg dynamicznego modelu komputerowego,
ktory pozwolit na symulacje i optymalizacje procesu dostaw drewna, co jest niezmiernie

istotne w kontekscie zrownowazonej gospodarki lesnej (Sieniawski i Porter, 2012).

W ostatnich latach coraz wigcej firm wdraza praktyki zréwnowazonego rozwoju w swoich
fancuchach dostaw, co jest motywowane rosnaca presja regulacyjng i oczekiwaniami
interesariuszy. W odpowiedzi na te zmiany, badania koncentrujg si¢ na zrozumieniu, jak rozne
aspekty zréwnowazonego rozwoju wplywaja na wyniki finansowe i operacyjne firm.
Govindana i in. (2020) przeprowadzili metaanalizg literatury, wykorzystujac wyniki z r6znych
badan dotyczacych wptywu praktyk zrownowazonego rozwoju w tancuchu dostaw na wyniki
firm. Dev i in. (2020) wykonali metaanalize 167 efektow z 129 artykuléw, aby oceni¢, jak
praktyki srodowiskowe, spoleczne i zintegrowane wptywaja na wyniki operacyjne i finansowe
firm. Ich badania potwierdzily, Ze istnieje pozytywna korelacja miedzy praktykami
zrbwnowazonego rozwoju a wynikami firm, przy czym sila tej relacji rosnie z czasem.
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Stwierdzono, ze zrownowazone praktyki maja silniejszy wptyw na wyniki firm w branzach
produkcyjnych niz w uslugowych. Nalezy tu podkresli¢, ze przemyst drzewny to niemal
wylacznie przedsigbiorstwa produkcyjne. Dodatkowo udowodniono, ze zwigzek migdzy
praktykami zrownowazonego rozwoju a wynikami firm jest silniejszy w krajach rozwijajacych
si¢ w porownaniu do krajow rozwinigtych. Cytowane badanie sugeruje, ze inwestowanie
W praktyki zrownowazonego rozwoju przynosi firmom dlugoterminowe korzysci, zardéwno
pod wzgledem finansowym, jak i operacyjnym. Ponadto cytowane wyniki wskazujg m.in.,
ze firmy powinny skoncentrowac si¢ na zréwnowazonym zarzadzaniu tancuchem dostaw,

aby poprawic¢ swojg efektywnos$¢ operacyjng i zdoby¢ przewage konkurencyjna.

Implementacja zrownowazonych praktyk w transporcie drewna okraglego, takich jak
optymalizacja tras i wykorzystanie niskoemisyjnych pojazdéw, moze przynies¢ korzysci
operacyjne 1 finansowe, zmniejszajac koszty 1 poprawiajgc efektywnos¢ catej branzy. Firmy
w sektorze drzewnym moga zyska¢ przewage konkurencyjng i lepsze wyniki finansowe
poprzez inwestycje w zrownowazony transport i zarzadzanie tancuchem dostaw. Transport
drewna okraglego stanowi istotny element fancucha dostaw w przemysle drzewnym
i papierniczym, ktory charakteryzuje si¢ wysokim zuzyciem zasobOw i emisjami, co moze
negatywnie wplywac na srodowisko. Na podstawie badan Govindan i in. (2020) oraz Dev i in.
(2020) mozna domniemywagé, ze stosowanie zrownowazonych praktyk w transporcie drewna
moze przynie$¢ szereg korzysci ekonomicznych i ekologicznych. Kompleksowa analiza
logistyki dystrybucji biomasy drzewnej, uwzgledniajaca zard6wno perspektywy biznesowe,
ekologiczne, jak 1 spoleczne jest szczegdlnie wazna w kontekscie rozprawy, ktora ma na celu
omowienie ekonomicznych i ekologicznych aspektéw obrotu drewnem. Dlatego
W opracowaniu wykorzystano wyniki badan (#2) ktére dostarczyly narz¢dzi i metodologii do
oceny 1 optymalizacji logistyki dystrybucji biomasy drzewnej. Takie podejscie moze by¢
bezposrednio zastosowane do analizy efektywnos$ci ekonomicznej i ekologicznej transportu
drewna. Wydaje sie, ze niezwykle wazne s3 badania pozwalajace na poszukiwanie metod
optymalizacji logistyki dystrybucji biomasy lesnej, uwzgledniajac redukcje emisji gazow
cieplarnianych jako metryke ekologiczng oraz koszty produkcji i naktady kapitalowe jako
metryki biznesowe. Takie podejscie jest istotne dla zrozumienia, jak efektywne zarzadzanie
logistyka moze przyczyni¢ si¢ do zréwnowazonego rozwoju i minimalizacji negatywnego
wplywu na srodowisko, co jest kluczowe w badaniach nad ekologicznymi aspektami obrotu

drewnem.
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Wspotczesny rynek drewna okragtego w Polsce jest ksztattowany przez wiele czynnikoéw
zarowno ekonomicznych, jak i ekologicznych. Z ekonomicznego punktu widzenia,
kluczowymi elementami determinujgcymi funkcjonowanie rynku sa nie tylko iloSci
dostgpnego surowca, ale takze jego cena. Cena drewna stanowi istotny element, ktory nalezy
uwzgledni¢ w analizach naukowych dotyczacych obrotu surowcem drzewnym, poniewaz
wplywa ona na optymalizacj¢ planowania sprzedazy i zarzadzanie zasobami (Stanula i in.
2024). Co wigcej, w obecnej rzeczywisto$ci rynkowej ceny drewna nie sg glownym
czynnikiem regulujagcym dostepno$¢ surowca na rynku, ale peinig kluczowa rolg
W ksztattowaniu strategii rynkowych przedsigbiorstw drzewnych (Gérna i in., 2022). Zmiany
cen drewna s3 analizowane pod katem szeregu czynnikow, takich jak polityka, warunki
przyrodnicze i dynamika rynkowa, co wskazuje na ztozono$¢ mechanizmow ksztattujacych
rynek drewna okraglego. Zrozumienie tych mechanizméw jest kluczowe dla efektywnego
zarzadzania zasobami lesSnymi oraz optymalizacji ekonomicznej dziatalno$ci przedsigbiorstw
lesnych i drzewnych. Wykorzystanie metod predykcji zmian cen produktéw drzewnych,
opartych na analizie szeregdw czasowych, pozwala na lepsze prognozowanie przysztych
trendow rynkowych (Zwirglmaier 2010). Tego typu analizy sg niezbgdne nie tylko dla
zapewnienia stabilnos$ci ekonomicznej sektora lesnego, ale takze dla jego zrdwnowazonego

rozwoju.

Istotnym jest to, ze ekonomiczne aspekty obrotu drewnem okraglym w Polsce mozna
analizowac przez pryzmat teorii cen, ktora stanowi fundamentalne narzedzie do badania
alokacyjnych problemow w ztozonych systemach gospodarczych. Jak wskazuje Weyl (2019)
W swoim opracowaniu na temat teorii cen, kluczowa role w zrozumieniu zachowan rynkowych
odgrywa uproszczenie skomplikowanych zjawisk do kilku kluczowych zmiennych, takich jak
ceny, ktore moga wystarczajaco opisa¢ réwnowagi rynkowe 1 problemy optymalizacyjne
w ztozonych gospodarkach (Weyl 2014). W kontekscie rynku drewna okraglego i szerzej
biomasy drzewnej, analiza cen jest nieodzowna, poniewaz pozwala na lepsze zrozumienie
mechanizmow ksztattujacych podaz i popyt na ten surowiec oraz ich wptyw na rynek krajowy
1 miedzynarodowy. Cena surowca drzewnego, jako kluczowy element rynku, wptywa zarowno
na decyzje inwestycyjne jak 1 na alokacje zasobow w sektorze leSno-drzewnym. Wspotczesne
podejécie do teorii cen, jakie proponuje Weyla (2019), ktadzie nacisk na zrozumienie
"prostych" modeli rynkowych, ktoére moga by¢ zastosowane do badania specyficznych rynkow
takich jak rynek drewna okraglego, gdzie decydujaca role odgrywaja zmienne takie jak

elastycznos¢ popytu czy zmienne endogeniczne, na przykiad nieréwnosci dochodowe.
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Ekologiczne aspekty obrotu drewnem sa rownie istotne, poniewaz dotyczg zréwnowazonego
zarzadzania zasobami lesnymi. Wzrost zapotrzebowania na drewno, wynikajacy z rosnacej
konsumpcji 1 rozwoju przemystu drzewnego, stawia nowe wyzwania przed gospodarkg lesna,
ktéra musi balansowa¢ miedzy maksymalizacjg produkcji a ochrong srodowiska. Zastosowanie
teorii cen w kontekscie ekologii moze rdwniez pomdc w wyznaczeniu optymalnych strategii
zrbwnowazonego zarzadzania zasobami naturalnymi, ktére minimalizujg negatywny wpltyw

na ekosystemy les$ne, jednoczesnie wspierajac ich zdolno$ci regeneracyjne.

Ponad to zgodnie z analizami Zhang i in. (2014), wyzsze i1 bardziej zmienne ceny paliw
kopalnych maja gleboki wplyw na rynki energii i produktow drzewnych na poziomie
miedzynarodowym. Wykorzystanie modelu rownowagi czgsciowej w ich badaniach pokazato,
ze zwigkszone wykorzystanie bioenergii drzewnej, w formach takich jak drewno opatowe,
etanol celulozowy z biomasy drzewnej oraz energia elektryczna produkowana z drewna, moze
znaczaco wplynaé na globalne rynki produktow drzewnych oraz paliw ciektych, statych
i gazowych (Zhang i in. 2014). Modele te wskazuja na potencjalny wzrost popytu na etanol
celulozowy w Stanach Zjednoczonych na przestrzeni nastgpnych 30 lat, jesli ceny ropy
naftowej pozostang wysokie. Zastosowanie takich modeli jest kluczowe do prognozowania
przysztych interakcji rynkowych oraz oceny wptywu alternatywnych polityk i zachet
rynkowych. Podkre$la to rowniez znaczenie uwzglednienia cen energii drzewnej w analizach
rynkowych, co jest istotne w konteks$cie rosngcego zapotrzebowania na biomas¢ drzewng

| zwigzanych z tym zmian na rynku drewna okraglego.

Niniejsza rozprawa doktorska ma na celu szczegdélowa analize ekonomicznych
i ekologicznych aspektow obrotu drewnem okragtym w Polsce, wykorzystujac podejscie
oparte na teorii cen do zrozumienia dynamiki rynku oraz strategii zrownowazonego
zarzadzania zasobami leSnymi 1 przede wszystkim identyfikacji mozliwosci przewidywania

tych zmian ekonomicznych.

Ekologiczne aspekty obrotu drewnem okraglym sg rownie istotne, gdyz obejmujg zar6wno
ochrong¢ réznorodno$ci biologicznej, jak 1 zarzadzanie zasobami naturalnymi w sposob
zrbwnowazony. Zwigkszenie lesistosci 1 promowanie naturalnej regeneracji lasow w Polsce sa
kluczowymi elementami polityki ekologicznej, majagcymi na celu nie tylko ochrong
srodowiska, ale takze zapewnienie stabilnosci ekosystemow lesnych w konteks$cie rosnacego
zapotrzebowania na drewno (Kozuch i in. 2023). Wobec presji wynikajacej z czynnikow

politycznych, przyrodniczych i rynkowych, zrownowazone zarzadzanie lasami staje si¢
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wyzwaniem wymagajacym uwzglednienia zaréwno potrzeb ekonomicznych, jak

I ekologicznych.

W zakresie zarzadzania zasobami drzewnymi w Polsce, zgodnie z zarzadzeniem Dyrektora
Generalnego Lasow Panstwowych (Zarzadzenie nr 97, 2023), obowiazuja przepisy
przejsciowe dotyczace sprzedazy drewna Lasow Panstwowych, obowigzujg przejsciowe

zasady sprzedazy drewna [http://www.zilp.lasy.gov.p]

Mozna wyr6zni¢ nastepujace procedury sprzedazy drewna dla podmiotéw gospodarczych:

a) przetargi ograniczone za posrednictwem Portalu Le$sno-Drzewnego,

b) systemowe aukcje internetowe za posrednictwem aplikacji "e-drewno”,

¢) aukcje internetowe za posrednictwem aplikacji "e-drewno"”,

d) inne aukcje i sktadanie ofert,

e) negocjacji handlowych,

f) cennik detaliczny.”

Nalezy podkresli¢, ze obowigzujace regulacje w zakresie sprzedazy drewna przez Lasy
Panstwowe nie w pelni koresponduja z obowigzujacymi przepisami. Lasy Panstwowe nie
odpowiadajag w petni ani potrzebom efektywnej polityki lesnej, ani oczekiwaniom polskiego
przemystu drzewnego. Brak stabilnej polityki gospodarczej w sektorze lesnym, skutkujacy
niekontrolowanym  zderzeniem interwencjonistycznych regulacji z mechanizmami
rynkowymi, nie sprzyja rozwojowi polskiego lesnictwa 1 wzrostu jego konkurencyjnosci. To

ma jednak bezposredni wptyw na wzrost cen drewna, ktory obserwujemy w ostatnich latach.

Najwigkszy potencjal w branzy drzewnej ma przemyst tartaczny. Celem przedsiebiorstw
tartacznych jest poprawa rentownosci przy stabilnym wykorzystaniu zasobow surowcowych.
Dziatania zaktadow przerobu drewna opieraja si¢ na dokonywaniu oceny cenowej
dostosowanej do popytu, takze w obszarze zapewnienia biomasy energetycznej, ktora wpltywa
na cele spoteczne, co potwierdza aspekt ekonomiczny jak i rowniez Srodowiskowo-spoteczny
(Stanula i in. 2023). Trociny i zrebki, ktore powstajg jako pozostatos¢ procesu produkcyjnego,
moga by¢ wykorzystane zar6wno w procesach produkcyjnych, jak i w innych procesach (np.

przetwarzane na tworzywa drzewne, bezposrednio spalane, lub przetwarzane na inne paliwa
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state 1 ptynne). Rodzaj biomasy jak i jej parametry fizyko-chemiczne zawarte s3 w ramowych
wymaganiach jakos$ciowych danej grupy energetycznej lub bezposrednio ograniczeniach
zastosowania biomasy. Powstaty produkt znajduje zastosowanie jako materiat energetyczny

oraz produkt stosowany w produkcji materiatow ptytowych (Walkiewicz i in. 2022).

Wprowadzenie zwigkszonego wykorzystania produktow ubocznych przyczynia si¢ do
ograniczenia zuzycia drewna jak i paliw kopalnych (2030 climate & energy framework). Stad
celowos¢ podjecia tematu znaczenia obiegu zamknigtego i ekologii w obszarze obrotu
drewnem, szczegOlnie wsrod waskiej liczby danych literaturowych i badan naukowych na
temat czynnikow ekonomicznych ksztaltujacych potencjat przetworzenia biomasy drzewnej
przemystowej. Wigkszo$¢ badan zwigzanych jest z wykorzystaniem biomasy lesnej
oraz weryfikacji prognozowania zmian cenowych biomasy lesnej (Gérna i in. 2023, Kozuch
I in. 2022). Aby skutecznie oceni¢ zrownowazony charakter przerobu biomasy, nalezy
przeprowadzi¢ analiz¢ przetworzenia i logistyki w obszarze struktury surowcowej 1 kalkulacji

ekonomicznej technologii poprodukcyjnej.

Do analizy potencjalu ekonomicznego, wybrano obszar Polski i dane dotyczace
zmienno$ci cenowej biomasy oferowanej przez tartaki, ktdre stanowig pierwsze ogniwo
przerobu drewna okraglego. W pracy dokonano klasyfikacji zmienno$ci cenowej z punktu

widzenia produktéw ubocznych stanowigcych wynik przerobu surowca drzewnego.

Intensyfikacja produkcji lesnej 1 drzewnej wptywa na wzrost zrdwnowazonego rozwoju
| zastapienia materialow kopalnych (He i in. 2018, Zhai i in. 2021). Mozliwe jest wytwarzanie
cennych produktéw z biomasy drzewnej, a produkty uboczne w wielu przypadkach sg
kierowane do spalana (Suttles i in. 2014, Buchholz i in. 2021). Zasoby le$ne sg rozproszone,
co zwigksza koszty zbiorki, obslugi i transportu. Ponadto, istnieje zmiennos¢ w jakosci
biomasy drzewnej ze wzgledu na dostgpnos¢ zasobow lesnych, warunki pogodowe, wstepne
przetwarzanie, transport i przechowywanie oraz konkurencje ze strony innych odbiorcow
koncowych (Tomczak i in. 2023; Palu§ i in. 2020). Skutkuje to stosunkowo kosztownag
I zlozong logistyka pozyskiwania, transportu i wykorzystania biomasy drzewnej. Koszty
logistyki biomasy stanowig 10-30% kosztéw dostarczonego drewna (Stanula i in. 2023)
I ograniczaja konkurencyjno$¢ biomasy drzewnej. Efektywny kosztowo projekt tancucha

dostaw biomasy drzewnej ma kluczowe znaczenie dla zrbwnowazonego rozwoju.

W procesie zarzadzania zasobami biomasy drzewnej dazy si¢ do wzrostu znaczenia

redukcji negatywnego oddzialywania na srodowisko. Wptywa to na coraz wigksze znaczenie
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zasad zrownowazonego rozwoju W procesie zagospodarowania produktow drzewnych
[https://climate.ec.europa.eu/]. Coraz wigksza $wiadomo$¢ negatywnych konsekwencji
wykorzystania surowcow kopalnych na rzecz surowcéw odnawialnych (Dain i Ozarska 2009)
zwicksza udziat decyzji 1 dziatan podejmowanych przez producentéw 1 konsumentow
uwzglednienia $rodowiskowych kierunkéw decyzyjnych oraz ekologicznej polityki
zagospodarowania biomasy drzewnej. Efektem jest maksymalizacja wykorzystania surowcow
produkcyjnym oraz przejscie do obiegu zamknigtego ,,zero waste” (Gonzales i in. 2019).
Zwigkszenie wykorzystania surowcOw odnawialnych jest kierunkiem dziatania
przedsigbiorstw zwigzanych z przerobem drzewnym (Bell i in. 2013). Branza drzewna jest
przyktadem racjonalnego zagospodarowania surowca drzewnego. W praktyce oznacza to
wytworzenie produktow drzewnych, o zdolno$ci do ponownego wykorzystania, recyklingu
(Encyklopedia le$na). Takie mozliwosci i dziatania przektadaja si¢ bezposrednio na korzysci
ekonomiczne i $rodowiskowe wpltywajac na ksztaltowanie neutralnego $rodowiska obiegu

biomasy drzewnej (Neykov i in. 2020).

W analizowanych badaniach dokonano oceny tancuchéw dostaw biomasy drzewnej
(Berrette i1 in. 2018). Zarzadzanie tancuchami dostaw (Eliasson i in. 2016) prowadzone jest
z naciskiem na poziom decyzji strategicznej, taktycznej i operacyjnej (Stanula i in. 2023).
W dotychczasowych badaniach optymalizacji fancuchéw dostaw biomasy koncentrowato si¢
jedynie na ekonomicznym aspekcie tancuchow dostaw biomasy lesnej w postaci drewna
I pozostatosci le$nych. Odniesienie do aspektow spotecznych i srodowiskowych uwzgledniaty
tylko niektére czynniki, brane pod uwage przy projektowaniu tancuchéow dostaw biomasy
(Leskiewicz 2018, Wiederkehr i in. 2024). Zintegrowano czynniki ekonomiczne,

srodowiskowe 1 spoleczne w ocenie i optymalizacji fancuchow dostaw biomasy drzewne;.

Transport drewna to jeden z pierwszych elementéw zarzadzania logistycznego, od ktorego
w znacznym stopniu zalezy efektywnos$¢ gospodarowania w sektorze lesno - drzewnym. Ze
wzgledu na obowiazujace akty prawne dotyczace polityki transportu oraz przepisy kodeksu
drogowego, konieczne jest osiggniecie optimum pomie¢dzy ochrong $rodowiska
a ekonomicznymi aspektami transportu. Zakres zrownowazonej gospodarki w pozyskaniu
I transporcie surowca drzewnego jest prezentowany w dokumentach unijnych, m.in.
w "Zielonej ksiedze w sprawie ochrony lasow i informacji w UE: przygotowanie lasow
na zmiang klimatu" oraz rezolucji Parlamentu Europejskiego z 28 kwietnia, 2015 r. w sprawie
"Nowej strategii lesnej UE: na rzecz lasow 1 sektora zwigzanego z le$nictwem"
(2014/2223(INI)
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(https://ec.europa.eu/environment/forests/gp.html;
http://www.europarl.europa.eu/doceo/document/A-8-2015-0126_PL.html).

Transport drewna wymusza podejmowanie dzialan majacych na celu uzytkowanie lasow
w sposOb zapewniajacy zachowanie struktury biologicznej oraz pehlnienie gospodarczych
funkcji laséw bez szkody dla innych ekosysteméw (Buchholz i in. 2021). Takie podejscie
wymaga zaréwno przygotowania jak i dostosowania w celu zapewnienia efektywnego systemu
transportowego, ograniczenia negatywnego wptywu na srodowisko (Conrad 2018). Kwestie
transportu zwigzane z gospodarka drzewng sg istotne nie tylko z punktu widzenia sprawnych
I ekonomicznie uzasadnionych dostaw surowca drzewnego, ale takze z jego wplywu
na srodowisko. W grupie dostaw surowca o wyzszych wskaznikach wartosci, dominujacy jest
transport drogowy. Wynika to ze specyfiki przewozonych sortymentéw drzewnych, zwlaszcza
jesli chodzi o drewno okragle (Leskiewicz 2018). W Polsce wytyczne dotyczace transportu
I bezpieczenstwa drewna zawarte s3 w Rozporzadzeniu Ministra Infrastruktury z dnia 25
stycznia 2018 r., ktére opisuje zarowno wlasciwe rozmieszczenie przewozonego surowca, jak

1 zwigzane z tym Srodki bezpieczenstwa transportu.

Waznym elementem planowania transportu drogowego drewna jest maksymalna
dopuszczalna na drogach masa catkowita $rodkéw transportowych (DMC). W Polsce
ograniczenia te okresla Art. 61 § 15 ustawy Prawo o ruchu drogowym, wskazujacy na poziom
40-42 Mg w zaleznosci od postaci zespotu pojazdéw (polskie przepisy krajowe (Ustawa z dnia
20 czerwca 1997 r. o ruchu drogowym).

W krajach europejskich wystepuje duza zmienno$¢ w zakresie obowigzujacych ograniczen
przy zatadunku pojazdow, ktora wynika ze zroznicowanej dopuszczalne] masy catkowitej
(Kozakiewicz i Krzosek 2013). Duze zr6znicowanie w poziomach maksymalnej dopuszczalne;j
masy tadunkowej oraz réznic w masie catkowitej zespotu pojazdow drogowych powoduja,
ze przekraczanie dopuszczalnej masy zastawdw wigze si¢ ze zwigkszonym zuzyciem paliwa
I emisja spalin. Stad potrzeba analizy zagadnien zwigzanych z optymalizacjg transportu
drewna. Zar6wno zmienno$¢ przepisow, jak 1 rdznorodno$¢ przygotowania zestawow
fadunkowych drewna wymagaja opracowania propozycji dotyczacych mozliwosci

zwigkszenia objetosci tadunkowej 1 dostosowania jej do fadownosci pojazdow.

Kolejnym zagadnieniem jest efektywnos$¢ racjonalnego przerobu drewna na materiaty
i wyroby, ktora zalezy od kompleksowych czynnikéw produkcyjnych, technologicznych
I rynkowych. W warunkach rynkowych krajow Unii Europejskiej wystepuja dla wyrobow
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tartacznych istotne roznice wynikajace z wielkosci przerobu drewna dla zaktadow drzewnych,
a takze metod produkcji wynikajace z wydajnosci urzadzen technologicznych. Dynamiczny
rozwoj tartakdw jest wynikiem sytuacji rynkowej w latach 2019-2022 oraz polityki sprzedazy
drewna przez Lasy Panstwowe. Zmiany polityki rynkowej doprowadzity do znacznego
przesunigcia kosztochtonno$ci produkcji. Jak wskazuja dane Gléwnego Urzedu
Statystycznego (2023) wedtug Polskiej Klasyfikacji Dziatalnosci (PKD), produkcja drewna
i wyrobOw z drewna, w tym: wyroby tartaczne, ptyty, sklejki, okleiny, wyroby stolarskie,
meblowe, wyroby z korka i wikliny - z wytaczeniem mebli) stabilizowata si¢ na poziomie 37-
42 min m®. Wedlig prowadzonej analizy (Jabtonski 2000), oraz bioragc pod uwage ilosé
kupowanego w Lasach Panstwowych surowca, w polskim przemysle tartacznym dominujacg
role przejmuja zaktady o wydajnosci 50 - 400 tys. m*/rok. Grupa matych (do 5 tys. m® /rok)
i srednich (od 5 do 50 tys. m® /rok) przedsigbiorstw stanowigca dominujacy udziat liczebnosci
polskich zaktadow produkujacych wyroby z drewna prezentujacych najwigksza dynamike
rozwoju (Mydlarz i Wieruszewski 2022). Koncentracja potencjalu pracowniczego i jego
specjalizacja wynika z ograniczenia kosztochtonno$ci procesoOw produkcyjnych. Przyktadem
sa niemieckie, austriackie 1 szwedzkie tartaki zorientowane na produkcje tarcicy

wielkowymiarowej gldwnie na potrzeby budownictwa (Krzosek 2003, Lis i in. 2000).

Zarzadzanie zasobami lesSnymi w Polsce musi uwzglednia¢ zaréwno potrzeby
gospodarcze, jak i ekologiczne, aby sprosta¢ wyzwaniom zwigzanym z ochrong lasow
I zwickszeniem ich produktywno$ci w sposob zrownowazony (Rotowa i in. 2023). Dlatego
koniecznym jest wspieranie zachodzacych zmian w zakresie polityki lesnej holistycznymi
badaniami obejmujgcymi zarowno aspekty ekonomiczne jak i ekologiczne aspekty obrotu
drewnem okragtym. Niniejsza rozprawa doktorska ma na celu szczegélowe zbadanie
ekonomicznych 1 ekologicznych aspektow obrotu drewnem okragtym w Polsce,
z uwzglednieniem zlozonych zaleznosci miedzy czynnikami rynkowymi, cenowymi
oraz strategii zrOwnowazonego rozwoju. Przeanalizowane zostang rowniez metody predykcji
zmian cen drewna oraz ich rola w ksztattowaniu polityki gospodarczej i ekologicznej sektora

lesnego.
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Rozwazenie problemow powigzania ekonomicznych, srodowiskowych i spotecznych
decyzji dotyczacych tancucha dostaw jest konieczne, aby zapewni¢ zroOwnowazone
wykorzystanie biomasy lesnej do produkcji bioenergii i wyrobow drzewnych. Przeprowadzone
badania miaty na celu oceng¢ i optymalizacje projektowania i zarzadzania tahcuchami dostaw
biomasy lesnej zgodnie z zasadami zrownowazonego rozwoju. Badania oceny techniczno-
ekonomicznej okazaly si¢ przydatne, aby zapewni¢ wglad w wykonalnos¢ wykorzystania
biomasy w roéznych warunkach rynkowych. Byly one przydatne do oceny ekonomicznej
wykonalno$ci réznych projektéw zwigzanych z biomasg drzewng oraz pozwolity porownaé
wyniki ekonomiczne niewielkiej liczby alternatywnych tancuchéw dostaw tej biomasy.
Nie mogg one jednak w pelni zapewni¢ optymalnego projektu tancucha dostaw. Dla pelnej
oceny S$rodowiskowej wykorzystania biomasy, nalezy uwzgledni¢ wpltyw na zdrowie
ekosystemow lesnych (gleba, wode i bior6znorodnos¢) jednak wskazniki 1 metody sa nadal

stabo rozwinigte.

Badania uwzgl¢dniajace wptyw tancucha dostaw biomasy na zréwnowazony rozwdj nie
sa w stanie w pelni przeanalizowaé potencjalnych kompromiséw migdzy poszczegdlnymi
czynnikami. Badania optymalizacyjne sa wazne w okreslaniu optymalnego projektu
fancuchéw dostaw biomasy lesnej, gdy istnieje wiele alternatyw na réznych etapach
i poziomach planowania (Akhtari i in. 2013). Optymalizacja bedzie wymagac
najefektywniejszych narzedzi oceny wykorzystania dostepnych zasobow w praktycznych
rozwigzaniach (Ghaffariyan i in. 2013) uwzgledniajacych aspekty srodowiskowe i spoleczne,

aby zapewni¢ zrdwnowazony rozw0j nowych projektéw wykorzystania biomasy drzewne;.

Badania dotyczace modelowania $rodowiskowych i ekonomicznych tancuchéw dostaw
biomasy lesnej poprzez potaczenie LCA i optymalizacji wielopodmiotowej jest skuteczne
W integrowaniu roznych kryteridw zrownowazonego rozwoju w projektowaniu tancuchow
dostaw biomasy lesnej. Moga one dostarczy¢ wiarygodnych informacji na temat
kompromiséw w zakresie zrownowazonego rozwoju pod warunkiem spojnosci w jednostkach
1 zakresach oczekiwanych celéow. Gléwne czynniki przemawiajagce za wytwarzaniem
produktow z biomasy le$nej sg zwigzane z ich potencjatem do generowania korzysci
ekonomicznych oraz pomagaja osiaggnaé¢ niezalezno$¢ energetyczng. Potrzebne sa dalsze
badania, aby okresli¢ istotne skutki systemOw wykorzystania biomasy drzewnej. Istnieje
roOwniez potrzeba opracowania systemow wspomagania decyzji, ktore uwzgledniajg kwestie

srodowiskowe takie jak wplyw na bilans wegla biomasy lesnej, bioréznorodnos¢ biologiczna,
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odporno$¢ lasow 1 kwestie spoteczne, takie jak dobrobyt spoteczno$ci w projektowaniu

I planowaniu tancucha dostaw biomasy lesne;j.

W zakresie powigzan ekonomicznych zrownowazonego rozwoju gospodarki drzewnej na
wskaznik przerobu drewna wpltywaja wahania cen wynikajace z uwarunkowan rynkowych,
przyrodniczych i organizacyjnych (Kolo i Tzanova 2022). Sa one jednym z gtownych zrodet
niepewnosci w planowaniu ekonomicznym (Buongiorno 2015). Stad tez stabilnosé
oraz przewidywalno$¢ rynku stanowi zachgte dla inwestorow w odniesieniu do decyzji
inwestycyjnych stuzacych rozwojowi danej branzy (Chai i in. 2019). Predykcja cen stanowi
jeden z podstawowych instrumentdéw wsparcia procesow decyzyjnych w gospodarce. Dlatego
wiedza dotyczaca cen rynkowych, w tym przypadku ceny biomasy lesnej, wydaje si¢ by¢
korzystna zarowno dla dostawcow, jak i odbiorcow surowca drzewnego (Kozuch
I Ankudo—Jankowska 2021, Goran i in. 2023).

Obserwowane zmiany technologiczne i dostosowanie przepisbw oraz rosngca
optymalizacja wykorzystania drewna sg gldéwnymi czynnikami wpltywajacymi na wahania
handlu produktami drzewnymi (GUS 2023). W wigkszosci przypadkdw zmiana cen produktow
ubocznych przerobu drewna jest spowodowana zaréwno wzrostem zapotrzebowania na
produkty drzewne, celuloze jak i biomasowe materiaty energetyczne. W przysztosci sektor
wykorzystania biomasy przemystowej moze nabra¢ znaczenia ze wzgledu na zainteresowanie

1 zuzycie odnawialnych zrédet biomasy.

W analizach prognostycznych zmian cenowych konieczne jest skoncentrowanie si¢ na
nowych sektorach dziatalnos$ci przemystu drzewnego (produkcja papieru, handel tarcica,
biomasa jako odnawialne zrodto energii). Przemyst drzewny (Mehrotra i in. 2014) funkcjonuje
W oparciu o czynniki rynkowe, ktore ksztattuja podaz i popyt na pierwotnym rynku drewna.
Zmiany preferencji rynku determinuja dlugoterminowe trendy w sektorze produktow
przemystowych. Cykliczno$¢ wzorcow cenowych na biomas¢ przemystowa zwiagzana jest
z kondycja gospodarki europejskiej odpowiedzialng za ogdlne fluktuacje cen drewna. Sytuacja
na europejskim rynku drzewnym byla rowniez zwigzana z fazami Swiatowego cyklu
gospodarczego. Fluktuacje w cenach zbiegly si¢ ze szczytem koniunktury w polskiej
gospodarce drzewnej ze wzgledu na rosnacy popyt ze strony sektora budowlanego. Jednak
w Polsce popyt na sortymenty uboczne przerobu drewna zostat szczegdlnie zdominowany

brakami paliw statych. W tej sytuacji szczegélnie istotnego znaczenia nabieraja badania
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weryfikujace mozliwosci zastosowania réznych metod pozwalajacych na identyfikacje

przysztych zmian rynkowych w tym dotyczacych ceny.

Stwierdzone odchylenia w rownowadze ekonomicznej obiegu surowca drzewnego, moga
ulega¢ wahaniom w ramach dzialalno$ci przedsigbiorstw branzy drzewnej w kolejnych latach,
co jest wynikiem miedzy innymi gwattownych zmian cen biomasy energetycznej. Jest to
takze wynik zmian cen surowca drzewnego w obrocie pomi¢dzy rynkiem polskim 1 zachodnio
europejskim z jednej strony, a rynkiem krajow battyckich i skandynawskich z drugiej
(Lachowicz i Wysocka-Fijorek 2016). Zaostrzenie kryzysu energetycznego na terenie Europy
Srodkowej spowodowato wzrost inwestycji z wykorzystaniem Odnawialnych Zrodet Energii
(OZE). Dziatania majace na celu zapewnienie dostepu do energii cieplnej jak 1 rowniez
elektrycznej przyniosty wahania (wzrost) cen na sortymenty, ktore mozna wykorzysta¢ w celu
wytworzenia energii cieplnej (biomasa lesna oraz drzewne produkty uboczne przerobdw
mechanicznych) odcigzajac tym samym wykorzystanie paliw kopalnych. Popularyzacja
wykorzystania niskiej jako$ci biomasy sprzyja zalozeniom Nowego Zielonego tadu
(European Green Deal 2021), ktory definiuje wykorzystanie biomasy drzewnej
Z ograniczeniem pozyskania biomasy lesnej. Zmiany w poziomie ceny biomasy drzewnej
odgrywaja ogromng role w planowaniu kosztow jej zakupu. Jest to szczegdlnie wazne
zwazywszy na sytuacj¢ po wschodniej stronie Polski. Jednymi z najwigkszych dostawcow
pozostatosci drzewnych byty kraje wschodniej Europy t.j. Ukraina, Rosja, Biatorus (Vlad
I Toma 2022). Umniejszone zasoby przez wstrzymanie importu z krajow wschodnich jest jedng

z przyczyn wzrostu cen surowcow drzewnych przeznaczonych na cele biomasy.

Element fancucha dostaw surowca iglastego do zaktadow drzewnych w Polsce okresla
strukture zwigzang z okresowym zapotrzebowaniem tych podmiotéw na drewno. Struktura ta
jest konsekwencja zmian w intensywnosci produkcji, ktore charakteryzuja okresowos¢
zapotrzebowania rynku na produkty drzewne. Jednocze$nie skala dostaw wynika
Z racjonalno$ci pozyskania i przygotowania drewna do odbioru na pojazdach kotowych.
Zwigkszone dostawy w obszarze blisko zlokalizowanym od zakltadow drzewnych
odzwierciedlajg uzasadniong tendencje do ograniczania przemieszczania drewna
wielkowymiarowego. W odniesieniu do roznic wystepujacych pomigdzy krajami Unii
Europejskiej, waznym aspektem jest dyskusja na temat maksymalnego obcigzenia
w transporcie drogowym oraz jego dostosowania do rzeczywistej DMC pojazdow
transportowych. W odniesieniu do zapotrzebowania zakladéw drzewnych na surowiec,
zaobserwowano struktur¢ dostaw drogowych zdeterminowang na dominujacy udziat dostaw
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z obszaru do 90 km, co stanowi okoto 62%. Rzeczywiste wyniki uzyskane w niniejszym
opracowaniu wskazuja na mniejsze niz dopuszczalne wykorzystanie DMC pojazdoéw
transportujgcych drewno sosnowe. Natomiast z punktu widzenia aspektow ekonomicznych jak
1 srodowiskowych, celowym jest catkowite wykorzystanie maksymalnej dopuszczalnej masy
catkowitej pojazdow transportujacych drewno okragle, co moze wptyna¢ na mniejsza liczbe

przejazdow o nizszym sumarycznym koszcie srodowiskowym.

Nalezy jednak podkresli¢, ze mimo znacznych korzysci wynikajacych z wykorzystania
DMC pojazdéw, rozwigzanie to nie zawsze jest stosowane w praktyce, m.in. ze wzgledu na
dostepnos¢ przygotowanego surowca na powierzchniach odbiorczych nadle$nictw. Mimo to,
dziatania podejmowane w celu optymalizacji wypehienia $rodkéw transportu kotowego
sugeruja, ze zmniejszenie zuzycia paliw jest realnym celem dla sektora transportu towarow
(Delgado i in. 2017). Zmiany w zakresic DMC mogg mie¢ jednak ograniczenia wywotane
rozporzadzeniem Komisji (UE) 2019/318 z dnia 19 lutego 2019 r. (Rozporzadzenie UE 2019)
zmieniajagcym rozporzadzenie (UE) 2017/2400 (Rozporzadzenie UE 2017) i dyrektywe
2007/46/WE Parlamentu Europejskiego i Rady (Dyrektywa 2007) do poziomow emisji CO2
0 15% do 2025 r. 1 0 30% do 2030 roku. Rozporzadzenie zaktada stopniowe zmniejszenia
zuzycia paliwa przez pojazdy ci¢zarowe. Jako poziom odniesienia przyjeto emisj¢ spalin na

przetomie 2019/ 2020 r. (Comisjon Regulation 2019).

Zmianie maksymalnego dopuszczalnego obcigzenia w transporcie drogowym powinno
towarzyszy¢ zweryfikowanie rzeczywistej masy zespotu pojazdow 1 objetosci
wykorzystywanych rodzajow surowca drzewnego. W konsekwencji mozliwe bedzie
ograniczenie zardwno liczby tadunkow poprzez osiagnigta DMC maksymalng dopuszczalng
mase, jak 1 ograniczenie zasiegu transportu kotowego. Pozytywnie na redukcje kosztéw
transportu surowca drzewnego moze rowniez wptywac zwigkszona maksymalna dopuszczalna
masa calkowita zespolu pojazdéow, jak to ma miejsce w innych krajach europejskich.
Wszystkie te dziatania optymalizujace przyczyniaja si¢ do zmniejszenia $ladu weglowego na
roznych etapach tancucha dostaw. Moga takze wspiera¢ zréwnowazony rozwoj tancucha

dostaw 1 polityke zréwnowazonego rozwoju uczestniczacych w nim przedsigbiorstw.

W sektorze transportowym zrownowazony rozwoj opiera si¢ na analizie jego wplywu na
srodowisko, poprzez zuzycie przez sektor paliw kopalnych 1 emisje CO2. Wedlug danych
ICCT (International Council on Clean Transportation) S$rednie zuzycie paliwa przez

samochody ciezarowe w latach 2000-2015 ksztaltowato si¢ na poziomie ok. 36 1/100 km. To
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wskazuje, ze w ostatnich latach podjeto wysitek, aby zredukowaé zuzycie paliw do poziomu
sredniego 29 1/100 km, ktory to poziom zostal szczegodlnie uwzgledniony w niniejszym

opracowaniu.

Kierunek wykorzystania drewna w zrownowazonym tancuchu zalezy od szeregu mniej
lub bardziej istotnych czynnikdéw. Decydujacym jest optacalno$é przerobu drewna dajaca si¢
ilosciowo okresli¢ 1 analizowa¢. Mozna oczekiwac, iz z biegiem czasu rynek drewna bedzie
podazat do najbardziej efektywnej struktury jego zagospodarowania poprzez relacje popytu
poszczegolnych branz przemyshu drzewnego wyznaczanego przez t¢ oplacalnos¢. Poziomy
zapotrzebowania odbiorcéw wywieraja wplyw na wysokoSci cen poszczegdlnych
sortymentow drewna. Podazaja one do indywidualnie ksztaltowanych warto$ci drewna
akceptowanych przez poszczegolnych przedsigbiorcow zaktadajacych oczekiwane poziomy
operacyjnej rentownos$ci przerobu. Istotny jest tez wptyw aktualnej sytuacji rynkowej w danej
fazie cyklu koniunktury gospodarczej, jak rowniez poziomu techniczno — organizacyjnego
danego zaktadu drzewnego i dziatalno$¢ jego stuzb zbytu i zaopatrzenia (Stanula i in. 2023).
Najwazniejszym z oczekiwan przedsigbiorcow jest poziom rentowno$ci operacyjnej w jego
warunkach technicznych i rynkowych. Koszty dowozu surowca ze sktadnic lesnych do
zaktadu wazg istotnie, szczegblnie w ostatnim okresie, na koszty produkcji (Stanula i in.
2023Db). Przy relatywnie wysokim ich poziomie, warto$¢ drewna w jego przypadku moze by¢
nizsza zgodnie z obliczeniami wg proponowanej formuty. Zauwazalne sa roéwniez wartosci
odzysku ze sprzedazy lub przerobu na miejscu zrgbkow i trocin (Hruzik 2005). Wartos¢

obliczeniowa drewna w istotny sposob okresla optimum zagospodarowania surowca.
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8. PODSUMOWANIE | WNIOSKI

Biomasa lesna i drzewna stanowi potencjat w zakresie redukcji materiatdéw generujacych
koszty §rodowiskowe. Optymalizacja decyzji cyklu zycia produktu musi uwzgledniaé¢ przy
planowaniu tancucha dostaw biomasy lesnej i produktéw drzewnych integracje oceny

czynnikéw zrownowazonego rozwoju pozwalajgcych zapewni¢ korzysci dla spoteczenstwa.

Zastosowane ekonomiczne, spoteczne i1 S$rodowiskowe tancuchy dostaw biomasy
drzewnej i elementy produkcji drzewnej uwzgledniaja elementy oceny i optymalizacji procesu

decyzyjnego dla zastosowania w fancuchach dostaw.

Optymalizacja ekonomiczna jest szeroko wykorzystywana jako pomoc w projektowaniu
tancuchow dostaw biomasy le$nej. Istniejace narzgdzia obliczeniowe, wspomagajace
w procesie podejmowania decyzji, ktore okreslaja ilosciowo i optymalizujg ekonomiczne,
srodowiskowe 1 spoleczne aspekty tancucha dostaw biomasy lesnej, moga obejmowac
wykorzystanie parametrow takich jak ocena cyklu zycia, ilo§ciowe okreslenie wpltywu na

zrownowazony rozw0j w obszarze lesnictwa i drzewnictwa.

W badanym horyzoncie czasowym stwierdzono okresowo wystepujace odchylenia
pozioméw cenowych biomasy. Gwaltowne spadki powodowane czesto przez czynniki
rynkowe, w tak szerokich przedziatach mogg by¢ trudne do zidentyfikowania. Nieregularne
wahania prognozowanych zmian cenowych dla produktow ubocznych przerobu drewna
stanowity niepewng czg$¢ analizowanych danych. Charakter wystepowania silnych zaburzen

rynkowych (w tym politycznych) wptynal znacznie na ceng sortymentow drewna okragtego.

Wahania sezonowe cen produktéw ubocznych wystepujace w horyzoncie rocznym
zZwigzane s3 z sezonowoscig pozyskiwania popytu na drewno okragte. Sezonowoscig
charakteryzowaty si¢ sortymenty takie jak zr¢bka i trociny, gdzie zanotowano wzrost ceny w
IV kwartale ostatniego roku (2022).

W diugim okresie rosngcy popyt na drewno okragte powodowac bedzie stopniowy wzrost
cen, co jednak nie jest zgodne z wskazaniami dokonanymi na modelowanym przyktadzie.
Dalsze badania wymagaja wprowadzenia nowych modeli dla okreslenia wptywu zmian na
predykcje cen produktow ubocznych przerobu drewna zarowno w Polsce jak i innych krajach

Europy.

Badanie tancucha dostaw surowca drzewnego wykazato, ze w przypadku odbiorcow

surowca iglastego maksymalna odlegtos$¢ transportu wynosita ponad 500 km, a dominujacy
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jest dystans do 90 km (dla 62% odbiorcéw). Odlegtos¢, na ktorg transportowany jest surowiec
zalezy zaréwno od lokalizacji zasobow drzewostandéw, jak i popytu na wybrane sortymenty
surowca. Racjonalna jest tendencja optymalnego wypetnienia srodkéw transportu powigzana
z dostosowaniem odbioréw do minimalnej obj¢tosci zatadowczej w granicach DMC. Pozwala
ona na redukcje ilosci kursow od 7% do 16%. Ponadto nalezy wzig¢ pod uwage mozliwosci
zatadunkowe zespotdow pojazdow zatadowczych w zakresie ich bezpieczenstwa
przemieszczania oraz DMC zespotu pojazdéw. Optymalizacja procesow logistycznych

w zakresie dostaw jest odzwierciedleniem optymalizacji ekonomiczne;j.

Koszty ekonomiczne zuzycia paliw 1 srodowiskowe zwigzane z emisjag CO2 w procesie
transportu sg identyfikowane jako redukcja niewykorzystania pojazdow w procesie dostaw
(zweryfikowane poprzez badania). Ekonomiczny wskaznik wykorzystania tadownosci
pojazdow, przektada si¢ na redukcje kosztu zuzycia paliwa dzigki ograniczeniu liczby
przejazdéw. Efekt srodowiskowy jest wazny w aspekcie redukcji zuzycia oleju napedowego.
Przy zatozonym transporcie ok. 1 mln m® surowca sosnowego, roczne oszczednosci moga

osiggac od 7% do 20% poniesionych naktadow finansowych na zakup paliwa kopalnego (ON).

Trudnosci w zakresie catkowitego wykorzystania powierzchni tadunkowej pojazdéw
transportowych mozna zredukowaé poprzez poprawe organizacji procesu przygotowania do
transportu surowca drzewnego, co ma miejsce na placach odbiorczych poszczegdlnych

nadle$nictw.

W zakresie wplywu technologii przerobu drewna, struktura i wielko$¢ tartakéw na
obecnym etapie w Polsce w niewielkim stopniu wptywaja na efektywnos¢ produkeji tarcicy

i wyrobow z drewna.

Procesy technologiczne sga bezposrednio zwigzane z asortymentem produkcji.
Efektywnos$¢ produkcji zalezy w decydujacym stopniu od relacji cenowych pomiedzy

surowcem drzewnym a produktami tak na rynku lokalnym, jak i na rynku europejskim.

Efektywnos¢ produkcji  wyselekcjonowanych elementéw i wyrobOw gotowych
sosnowych typu paletowego ksztattuje si¢ w ostatnim roku 2023 na poziomie Epc=135-161%
dzigki warto$ci dodanej produktéw ubocznych. Rachunek wartosci drewna z punktu widzenia
optacalno$ci przerobu moze znalez¢ zastosowanie w pracach nad okresleniem kierunku zmian

struktury zapotrzebowania na drewno okragte.
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Kryterium warto$ci dodanej w przerobie, jak réwniez relacji efektywnosci moze by¢
wykorzystane w badaniach struktury zagospodarowania ograniczonej podazy drewna np.:

W przedsigbiorstwach wielozaktadowych.

Dostawy surowca drzewnego gorszej jakosci skutkuja znacznie nizsza wydajnoscia
materiatows i znacznie wyzszymi kosztami produkcji w przemysle drzewnym. Obecne zasady
sprzedazy surowca drzewnego praktycznie uniemozliwiajg firmie zakup surowca drzewnego
bez solidnego zaplecza finansowego. Obowigzujgce w Polsce zasady sprzedazy drewna nie
gwarantujg stabilnych dostaw surowca drzewnego i sg niezrozumiate dla wielu nabywcow

I w efekcie skutecznie hamuja rozwoj juz istniejgcych firm.

Cze$ciowym rozwigzaniem problemow surowcowych, byloby wprowadzenie mozliwos$ci
zawierania dlugoterminowych umoéw na dostawy surowca drzewnego z monopolistg
rynkowym - Panstwowym Gospodarstwem Le$nym Lasy Panstwowe. Umowy takie powinny
gwarantowaé stabilne dostawy surowca adekwatne do biezacych potrzeb branzy,
a jednoczesnie skutkowac¢ przewidywalnoscig cen drewna w okresie obowigzywania umowy
(w odniesieniu np. do kursow kluczowych walut lub innych wskaznikow

makroekonomicznych).

Reasumujac, ponizej syntetycznie omowiono przyjete do realizacji hipotezy badawcze, ze

wskazaniem wilasciwych wnioskow wynikajacych z przeprowadzonego procesu badawczego:

Hipoteza 1: Biomasa lesna i produkty drzewne stanowig potencjal w zakresie redukcji

materiatow generujacych koszty srodowiskowe.

Wyniki: Wyniki wskazuja, ze biomasa lesna i produkty drzewne rzeczywiscie maja potencjal
w redukcji kosztow Srodowiskowych. Wprowadzenie optymalizacji decyzji cyklu zycia
produktu, uwzgledniajacej integracje oceny czynnikdw zrOwnowazonego rozwoju, moze
przynies¢ korzysci spoteczne 1 sSrodowiskowe. Narzedzia takie jak ocena cyklu zycia pozwalaja

na ilo$ciowe okreslenie wptywu na zréwnowazony rozwoj.

Whiosek: Hipoteza 1 zostala potwierdzona. Biomasa leSna moze efektywnie zastepowaé

inne materialy generujace wyzsze koszty srodowiskowe.

Hipoteza 2: Optymalizacja decyzji zwigzanych z cyklem zycia produktow drzewnych
prowadzi do zwigkszenia korzysci spotecznych 1 $rodowiskowych przy zachowaniu

efektywnosci ekonomiczne;.
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Wyniki: Wyniki wskazuja, ze optymalizacja cyklu zycia produktow rzeczywiscie uwzglednia
takie elementy jak tancuchy dostaw biomasy drzewnej, ocena procesu decyzyjnego oraz
optymalizacja ekonomiczna. Optymalizacja ta jest kluczowa w zakresie redukcji emisji CO2

oraz ograniczenia kosztow paliwowych, co przyczynia si¢ do korzysci spotecznych.

Whiosek: Hipoteza 2 zostala potwierdzona. Optymalizacja lancuchow dostaw pozwala

na uzyskanie zréwnowazonych korzysci spolecznych i sSrodowiskowych.

Hipoteza 3: Wahania sezonowe i rynkowe w cenach biomasy i produktow ubocznych maja

istotny wplyw na planowanie tancuchéw dostaw oraz prognozowanie cen.

Wyniki: Wyniki wskazuja, ze w badanym okresie wystepowaty odchylenia cen biomasy oraz
produktow ubocznych przerobu drewna. Gwattowne spadki cen wynikajace z czynnikow
rynkowych oraz wahania sezonowe miaty wpltyw na prognozowanie cen, co potwierdzaja

zmiany cen zrebek 1 trocin w IV kwartale 2022 roku.

Whiosek: Hipoteza 3 zostala potwierdzona. Wahania rynkowe i sezonowe maja znaczacy

wplyw na ceny produktoéw biomasy i efektywnos$¢é planowania lancuchow dostaw.

Hipoteza 4: Optymalizacja logistyczna w zakresie maksymalnego wykorzystania pojazdéw
transportowych w tancuchach dostaw biomasy prowadzi do znacznej redukcji emisji CO2

oraz kosztéw paliwowych.

Wyniki: Wyniki badan wykazaly, ze poprawa organizacji transportu surowca, w tym
optymalizacja zaladunku pojazdéw, pozwala na redukcje kurséw transportowych od 7% do
16%. Ponadto, oszczedno$ci w zuzyciu paliwa moga osiagnac od 7% do 20%, co przektada si¢

na redukcj¢ emisji CO2.

Whiosek: Hipoteza 4 zostala potwierdzona. Optymalizacja logistyczna skutkuje redukcja

emisji i kosztéw paliwowych.

Hipoteza 5: Efektywnos¢ produkcji wyrobow z drewna jest uzalezniona od relacji cenowe;j

mi¢dzy surowcem drzewnym a produktami gotowymi na rynku lokalnym i europejskim.

Wyniki: Wyniki wskazuja, ze efektywno$¢ produkcji wyrobow z drewna, zwlaszcza
w przypadku wyrobdw sosnowych, jest silnie zwigzana z relacjg cenowa pomiedzy surowcem
a produktami. Efektywnos¢ produkcji paletowych wyrobow sosnowych w 2023 roku wynosita
od 135% do 161%, co wynikalo z wartosci dodanej produktow ubocznych.
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Whiosek: Hipoteza 5 zostala potwierdzona. Efektywnos$¢ produkcji jest zalezna od relacji

cenowych na rynku.

Hipoteza 6: Zawieranie dlugoterminowych umow na dostawy surowca drzewnego
z monopolista rynkowym (Lasy Panstwowe) stabilizuje ceny i zapewnia stabilno$¢ dostaw, co

sprzyja rozwojowi przedsigbiorstw.

Wyniki: Wyniki wskazuja, ze obecne zasady sprzedazy surowca drzewnego sg postrzegane
jako nieefektywne i hamuja rozwo6j firm. Wprowadzenie dtugoterminowych uméw mogltoby
zapewnic stabilne dostawy i przewidywalno$¢ cen, co mogloby rozwigzac cz¢$¢ problemow

zwigzanych z niepewnoscig rynku.

Whiosek: Hipoteza 6 zostala czesciowo potwierdzona. Diugoterminowe umowy mogg
wplynaé pozytywnie na stabilno$¢ dostaw, ale nie zostaly jeszcze wdrozone w pelni, co

w polskich warunkach uniemozliwilo wykonania kompleksowych badan.

63



9. BIBLIOGRAFIA

2030 climate & energy framework. Available online: https://ec.europa.eu/clima/eu-
action/climate-strategies-targets/2030-climate-energy-framework_pl (pobrane 10 lipca 2024).

Agustina, F., Vanany, I., & Siswanto, N. (2018). Biomass Supply Chain Design, Planning
and Management: A Review of Literature. 2018 IEEE International Conference on Industrial
Engineering and Engineering Management (IEEM). doi:10.1109/ieem.2018.8607286

Akhtari S, Sowlati T, Day K. Optimal flow of regional forest biomass to a district heating
system. Int J Energy Res 2013. http://dx.doi.org/10.1002/er.3099, in press.

Akhtari, S., Sowlati, T., & Day, K. (2014). Economic feasibility of utilizing forest biomass
in district energy systems — A review. Renewable and Sustainable Energy Reviews, 33, 117—
127. doi:10.1016/j.rser.2014.01.058

Atashbar, N. Z., Labadie, N., & Prins, C. (2016). Modeling and optimization of biomass
supply chains: A review and a critical look. IFAC-PapersOnLine, 49(12), 604-615.
d0i:10.1016/j.ifacol.2016.07.742

Barrette, J., Paré, D., Manka, F., Guindon, L., Bernier, P., & Titus, B. (2018). Forecasting
the spatial distribution of logging residues in Canada’s managed forests. Canadian Journal of
Forest Research. doi:10.1139/cjfr-2018-0080

Bell, J.E.; Mollenkopf, D.A.; Stolze, H.J. Natural resource scarcity and the closed-loop

supply chain: a resource-advantage view. International Journal of Physical Distribution &
Logistics Management 2013, 43, 351-379. https://doi.org/10.1108/IJPDLM-03-2012-0092.

Ben-Ilwo, J.; Manovic, V.; Longhurst, P. Biomass resources and biofuels potential for the
production of transportation fuels in Nigeria. Renew. Sustain. Energy Rev. 2016, 63, 172-192
https://doi.org/10.1016/j.rser.2016.05.050

Bidzinska G., Ratajczak E. 2003. Polska — UE: Wptyw integracji na rynek pracy w
sektorze lesno-drzewnym. Przemyst Drzewny 2003, nr 7-8, s. 8-11.

Buchholz, T.; Mason, T.; Springsteen, B.; Gunn, J.; Saah, D. Carbon Life Cycle
Assessment on California-Specific Wood Products Industries: Do Data Backup General
Default Values for Wood Harvest and Processing? Forests 2021, 12, 177.
https://doi.org/10.3390/f12020177

Buchholz, T.; Mason, T.; Springsteen, B.; Gunn, J.; Saah, D. Carbon Life Cycle
Assessment on California-Specific Wood Products Industries: Do Data Backup General
Default Values for Wood Harvest and Processing? Forests 2021, 12, 177.
https://doi.org/10.3390/f12020177

Buongiorno, J. Global modelling to predict timber production and prices: The GFPM
approach. Forestry 2015, 88, 291-303. https://doi.org/10.1093/forestry/cpu047

Cambero, C., & Sowlati, T. (2014). Assessment and optimization of forest biomass supply
chains from economic, social and ecological perspectives — A review of literature. Renewable
and Sustainable Energy Reviews, 36, 62—73. doi:10.1016/j.rser.2014.04.041

64


https://doi.org/10.1016/j.rser.2016.05.050
https://doi.org/10.3390/f12020177

Camia, A., Giuntoli, J., Jonsson, K., Robert, N., Cazzaniga, N., Jasinevicius, G., Avitabile,
V., Grassi, G., Barredo Cano, J.I. and Mubareka, S., The use of woody biomass for energy
production in the EU, EUR 30548 EN, Publications Office of the European Union,
Luxembourg, 2020, ISBN 978-92-76-27867-2, doi:10.2760/831621, JRC122719

Campbell, R. M., & Anderson, N. M. (2019). Comprehensive comparative economic
evaluation of woody biomass energy from silvicultural fuel treatments. Journal of Ecological
Management, 250, 109422. doi:10.1016/j.jenvman.2019.109422.

Chai J.; Wang Y.; Wang S.; Wang Y. A decomposition—integration model with dynamic
fuzzy reconstruction for crud e oil price prediction and the implications for sustainable
development. J. Clean. Prod. 2019, 229, 775-786. https://agris.fao.org/agris-
search/search.do?recordlD=US201900362165 (Pobrano 24 lipca 2024).

Cholewa T. 2000. System zapewnienia jako$ci w warunkach rynku europejskiego.
Interkatedra 2000. Poznan, nr 16/00.

Coady, J., & Duquette, J. (2021). Quantifying the impacts of biomass driven combined
heat and power grids in northern rural and remote communities. Renewable and Sustainable
Energy Reviews, 148, 111296. doi:10.1016/j.rser.2021.111296

Coakley, S.; Petti, C. Impacts of the Invasive Impatiens glandulifera: Lessons Learned
from One of Europe’s Top Invasive Species. Biology 2021, 10, 619.
https://doi.org/10.3390/biology10070619

Commission Regulation (EU) 2019/318 of 19 February 2019 amending Regulation (EU)
2017/2400 and Directive 2007/46/EC of the European Parliament and of the Council as regards
the determination of CO2 emissions and fuel consumption of heavy duty vehicles. Available
online: https://40ton.net/ue-zatwierdzilo-nowe-normy-emisji-co2-oraz-zuzycia-paliwa-
producenci-ciezarowek-maja-spore-wyzwanie/ (Pobrano 24 lipca 2024).

Conrad, J.L., IV. Costs and Challenges of Log Truck Transportation in Georgia. Forests
2018, 9, 650. http://dx.doi.org/10.3390/f9100650

Daian, G.; Ozarska, B. Wood waste management practices and strategies to increase
sustainability standards in the Australian wooden furniture manufacturing sector. Journal of
Cleaner Production 2009, 17, 1594-1602. https://doi.org/10.1016/j.jclepro.2009.07.008.

De Meyer A, Cattrysse D, Rasinmaki J, Van Orshoven J. Methods to optimize the design
and management of biomass-for-bioenergy supply chains: a review. Renew Sustain Energy
Rev 2014;31:657-70. doi:10.1016/j.rser.2013.12.036

Delgado, O.; Rodriguez, F.; Muncrief, R. Fuel Efficiency Technology in European Heavy-
Duty Vehicles: 2020-2030. Time Frame. International Council on Clean Transportation
Europe, 2017. Available online: https://theicct.org/sites/default/files/publications/EU-HDV-
Tech-Potential _ICCT-white-paper_14072017_vF.pdf (Pobrano 24 lipca 2024).

Diebold, F.X.; Mariano, R.S. Comparing predictive accuracy. Journal of Business and
Economic Statistics 1995, 13, 253-263. Available online:
https://www.sas.upenn.edu/~fdiebold/papers/paper68/pa.dm.pdf (accessed on 10 November
2022).

65


https://doi.org/10.3390/biology10070619

Drektywa 2007/46/WE Parlamentu Europejskiego i Rady

Duczkowska, A.; Kulinska, E.; Plutecki, Z.; Rut, J. Sustainable Agro-Biomass Market for
Urban Heating Using Centralized District Heating System. Energies 2022, 15, 4268.
https://doi.org/10.3390/en15124268.

Egnell, G. (2016). Effects of slash and stump harvesting after final felling on stand and
site productivity in Scots pine and Norway spruce. Forest Ecology and Management, 371, 42—
49. doi:10.1016/j.foreco.2016.03.006

Eliasson, L., Eriksson, A., & Mohtashami, S. (2017). Analysis of factors affecting
productivity and costs for a high-performance chip supply system. Applied Energy, 185, 497—
505. doi:10.1016/j.apenergy.2016.10.136

EN 1611-1:1999/A1:2002 Sawn Timber-Appearance Grading of Softwoods-Part 1:
European Spruces, Firs, Pines, Douglas Fir and Larches. Awvailable online:
https://standards.iteh.ai/catalog/standards/cen/69107e18-b016-4b91-b5d1-eeb833e6fe7c/en-
1611-1-1999-a1-2002 (Pobrano 24 lipca 2024).

EN 1611-1:1999/A1:2002 Sawn Timber-Appearance Grading of Softwoods-Part 1:
European Spruces, Firs, Pines, Douglas Fir and Larches. Available online:
https://standards.iteh.ai/catalog/standards/cen/69107e18-b016-4b91-b5d1-eeb833e6fe7c/en-
1611-1-1999-a1-2002 (Pobrano 24 lipca 2024).

Encyklopedia lesna. Kaskadowe wykorzystanie drewna. Httos://encyklopedialesna.pl
(Pobrano 24 lipca 2024).

European Green Deal: Commission proposes transformation of EU economy and society
to meet climate ambitions Brussels. 14 July 2021

European Parliament resolution of 28 April 2015 on a new EU Forest Strategy: For forests
and the forest-based sector (2014/2223(INI)). Available online:
http://www.europarl.europa.eu/doceo/document/A-8-2015-0126 _PL.html (Pobrano 24 lipca
2024).

European Parliament resolution of 28 April 2015 on a new EU Forest Strategy: For forests
and the forest-based sector (2014/2223(IN1)). Available online:
http://www.europarl.europa.eu/doceo/document/A-8-2015-0126_PL.html (Pobrano 24 lipca
2024).

Ghaffariyan MR, Acuna M, Brown M. Analysing the effect of five operational factors on
forest residue supply chain costs: a case study in Western Australia. Biomass Bioenergy
2013;59:486-93

Ghafghazi, S., Sowlati, T., Sokhansanj, S., Bi, X., & Melin, S. (2011). Life cycle
assessment of base—load heat sources for district heating system options. The International
Journal of Life Cycle Assessment, 16(3), 212-223. doi:10.1007/s11367-011-0259-9

Gltoéwny Urzad Statystyczny 2023. Rocznik Statystyczny Lesnictwa 2023. ISSN 2956-
8366, Warszawa, Bialystok 2023.

66



Gonzalez, EDS.; Koh, L.; Leung, JMY. Towards a circular economy production system:
trends and challenges for operations management, International Journal of Production
Research 2019, 57, 7209-7218, https://doi.org/10.1080/00207543.2019.1656844.

Gorna A., Szabelska-Bergsewicz A., Wieruszewski M., Starosta-Grala M., Stanula
Z., Kozuch A., Adamowicz K. Predicting post-production biomass prices. Energies.
2023, vol. 16 (issue 8), art. no. 3470, DOI: 10.3390/en16083470

Gorna A., Szabelska-Bergsewicz A., Wieruszewski M., Starosta-Grala M., Stanula
Z.,Kozuch A., Adamowicz K. Predicting post-production biomass prices. Energies. 2023, vol.
16 (iss. 8), art. no. 3470, DOI: 10.3390/en16083470

Goérna A., Wieruszewski M., Szabelska-Beresewicz A., Stanula Z., Adamowicz K.
Biomass price prediction based on the example of Poland. Forests. 2022, vol. 13 (iss. 12), art.
no. 2179; DOI: 10.3390/f13122179

Gorna, A.; Wieruszewski, M.; Szabelska-Ber¢sewicz, A.; Stanula, Z.; Adamowicz, K.
Biomass Price Prediction Based on the Example of Poland. Forests 2022, 13, 2179.
https://doi.org/10.3390/f13122179.

Gorna, A.; Wieruszewski, M.; Szabelska-Beresewicz, A.; Stanula, Z.; Adamowicz, K.
Biomass Price Prediction Based on the Example of Poland. Forests 2022, 13, 2179.
https://doi.org/10.3390/f13122179.

Goryunov A. G., Goryunova N.N., Ogunlana A.O., Manenti F., 2016, Production of
energy from biomass: near or distant future prospects?, Chemical Engineering Transactions,
52,1219-1224 DOI:10.3303/CET1652204

Green Paper on Forest Protection and Information in the EU: Preparing forests for climate
change. Available online: https://ec.europa.eu/environment/forests/gp.htm (Pobrano 24 lipca
2024).

Harvey, D.; Leybourne, S.; Newbold, P. Testing the equality of prediction mean squared
errors. International Journal of forecasting 1997, 13, 281-291. https://doi.org/10.1016/S0169-
2070(96)00719-4.

Hauschild, M. Z., Rosenbaum, R. K., and Olsen, S. I. (2018). Life Cycle Assessment:
Theory and Practice. Springer International Publishing. doi:10.1007/978-3-319-56475-3

He, J., Liu, Y., & Lin, B. (2018). Should China support the development of biomass power
generation? Energy. doi:10.1016/j.energy.2018.08.136

Helal, M.A.; Anderson, N.; Wei, Y.; Thompson, M. A Review of Biomass-to-Bioenergy
Supply Chain Research Using Bibliometric Analysis and Visualization. Energies 2023, 16,
1187. https://doi.org/10.3390/en16031187

Hofmeister, T. B., Kristjansdottir, T., Time, B., and Wiberg, A. H. (2015). Life Cycle
GHG Emissions from a Wooden Load-Bearing Alternative for a ZEB Office Concept. Oslo:
SINTEF Academic Press.

Hruzik G. J., Wieruszewski M., Gotycz W. 2000. Analiza efektywnosci produkcji tarcicy
iglastej metodg symulacji komputerowej. W: Drewno — material wszechczasow. Materiaty 14
konferencji naukowej WTD-SGGW. Warszawa, s. 107-114.

67



Hruzik G., Gotycz W., Wieruszewski M., 2005. Efektywnos$¢ produkeji przyktadowych
wyrobow tartacznych na rynek krajowy i europejski, Przemyst Drzewny, nr 5,

http://www.zilp.lasy.gov.pl (Pobrano 24 lipca 2024).
https://stat.gov.pl (Pobrano 24 lipca 2024)
https://www.drewno.pl/ (Pobrano 24 lipca 2024)
https://www.e-drewno.pl/stock/ (Pobrano 24 lipca 2024)

Hu, X.; He, Y.; Gao, L.; Umer, M.; Guo, Y.; Tan, Q.; Kang, L.; Fang, Z.; Shen, K.; Xia,
T. Strategy Trade-Off of Predominant Stress Tolerance Relative to Competition and
Reproduction Associated with Plant Functional Traits under Karst Forests. Forests 2023, 14,
1258. https://doi.org/10.3390/f14061258

International action on climate change. Available online: https://climate.ec.europa.eu/eu-
action/international-action-climate-change_en. (Pobrano 24 lipca 2024).

Jabtonski K. 2000. Koopetycja w przemysle drzewnym. W: Przemyst tartaczny:
kooperacja 1 konkurencja. Materiaty konferencji naukowej. Porazyn — Poznan, s. 1-109.

Jabtonski K. 2000. Koopetycja w przemysle drzewnym. W: Przemyst tartaczny:
kooperacja i konkurencja. Materiaty konferencji naukowej. Porazyn — Poznan, s. 1-19.

Jeong, J.S. Biomass Feedstock and Climate Change in Agroforestry Systems:
Participatory Location and Integration Scenario Analysis of Biomass Power Facilities.
Energies 2018, 11, 1404. https://doi.org/10.3390/en11061404.

Kadam K, Wooley R, Aden A, Nguyen Q, Yancey M, Ferraro F. Softwood forest thinnings
as a biomass source for ethanol production: a feasibility study for California. Biotechnol Prog
2000; 16: 947-57.

Kamalakkannan, S., & Kulatunga, A. K. (2021). Optimization of eco-design decisions
using a parametric life cycle assessment. Sustainable Production and Consumption, 27, 1297—
1316. doi:10.1016/j.spc.2021.03.006

Kazagic, A., Music, M., Smajevic, I., Ademovic, A., and Redzic, E. (2016). Possibilities
and Sustainability of "biomass for Power" Solutions in the Case of a Coal-Based Power Utility.
Clean. Techn Environ. Pol. 18, 1675-1683. d0i:10.1007/s10098-016-1193-

Kolo, H.; Tzanova, P. Forecasting the German forest products trade: A vector error
correction model. JFE 2017, 26, 35-45. https://www.nowpublishers.com/article/Details/JFE-
0329 (Pobrano 24 lipca 2024).

Kozakiewicz, P.; Krzosek, S. Inzynieria materiatow drzewnych (Wood material
engineering). SGGW Warszawa, 2013.
https://www.researchgate.net/publication/295010217_Inzynieria_materialow_drzewnych_En
gineering_of wooden_materials

Kozuch, A.; Ankudo—Jankowska, A. 2021. Analiza cen drewna brzozowego w Polsce oraz
wybranych krajach Europy. Sylwan 165, 489—500. https://doi.org/10.26202/sylwan.2021050.

68



Kozuch, A.; Cywicka, D.; Adamowicz, K. A Comparison of Artificial Neural Network
and Time Series Models for Timber Price Predictioning. Forests 2023, 14, 177.
https://doi.org/10.3390/f14020177.

Kozuch, A.; Cywicka, D.; Adamowicz, K. A Comparison of Artificial Neural Network
and Time Series Models for Timber Price Forecasting. Forests 2023, 14, 177.
https://doi.org/10.3390/f14020177.

Krzosek S. 2003. Czy polscy tartacznicy powinni obawiac¢ si¢ europejskich tartakow
gigantow. Rynek Drzewny. Poznan, nr 3, s. 22-23.

Kupcak V., Pek R. 2015. The Level of the Wood Raw Material Base Processing in the
Czech Republic. Procedia Econ. Financ., 34, 557-564. https://doi.org/10.1016/S2212-
5671(15)01668-8.

Kupc¢éak V., Pek R. 2015. The Level of the Wood Raw Material Base Processing in the
Czech Republic. Procedia Econ. Financ., 34, 557-564. https://doi.org/10.1016/S2212-
5671(15)01668-8.

Lachowicz, H.; Wysocka-Fijorek, E. Silver birch timber market in Poland in 2008—2012.
Sylwan 2016, 160, 971-980. https://doi.org/ 10.26202/sylwan.2016078.

Lerma-Arce, V., Oliver-Villanueva, J.-V., & Segura-Orenga, G. (2017). Influence of raw
material composition of Mediterranean pinewood on pellet quality. Biomass and Bioenergy,
99, 90-96. doi:10.1016/j.biombioe.2017.02.01

Leskiewicz, K. Realizacja zrownowazonej gospodarki lesnej w wymiarze lokalnym,
regionalnym i globalnym—Wybrane aspekty prawne. (Implementation of sustainable forest
management in local, regional and global dimensions—selected legal aspects). Przeglad Prawa
Rolnego 2018, 77-90. http://dx.doi.org/10.14746/ppr.2018.22.1.5

Leskiewicz, K. Realizacja zrownowazonej gospodarki lesnej w wymiarze lokalnym,
regionalnym i globalnym—WYybrane aspekty prawne. (Implementation of sustainable forest
management in local, regional and global dimensions—selected legal aspects). Przeglad Prawa
Rolnego 2018, 77-90. http://dx.doi.org/10.14746/ppr.2018.22.1.5

Lis W., Popyk W., Tabert M. 2000. Warunki 1 mozliwos$ci rozwoju matych 1 srednich
przedsigbiorstw PD w Polsce na tle wymagan UE. Interkatedra 2000. Poznan, nr 16/00.

Litwinowicz-Krakus, J.;  Regulski, B.  Miedzynarodowy aspekt  rynku
biomasy. https://magazynbiomasa.pl/rynek-biomasy-i-wszystkie-jego-miedzynarodowe-
aspekty/ (Pobrano 24 lipca 2024).

Luo, H.; Niedzwiecki, L.; Arora, A.; Moscicki, K.; Pawlak-Kruczek, H.; Krochmalny, K.;
Baranowski, M.; Tiwari, M.; Sharma, A.; Sharma, T.; et al. Influence of Torrefaction and
Pelletizing of Sawdust on the Design Parameters of a Fixed Bed Gasifier. Energies 2020, 13,
3018. https://doi.org/10.3390/en13113018

McKay H. Ecological, economic, social and political drivers for increas-ing use of
woodfuel as a renewable resource in Britain. Biomass Bioenergy 2006; 30: 308-15.
https://doi.org/10.1016/j.biombioe.2005.07.008

69



Mehrotra, S.N.; Kant, S.; Majumdar, 1. Industry Cycles in the US Softwood Lumber
Industry: 1985  through  2010. For. Prod. J. 2014, 64, 116-125.
https://doi.org/10.1080/07350015.1996.10524645.

Moskalik, T.; Gendek, A. Production of Chips from Logging Residues and Their Quality
for Energy: A Review of European Literature. Forests 2019, 10, 262.
https://doi.org/10.3390/f10030262

Mydlarz K., Wieruszewski M. 2022. Economic, Technological as Well as Environmental
and Social Aspects of Local Use of Wood By-Products Generated in Sawmills for Energy
Purposes. Energies, 15, 1337. https://doi.org/10.3390/en15041337

Neykov, N.; Antov, P.; Savov, V. Circular economy opportunities for economic efficiency
improvement in wood-based panel industry. 11th International Scientific Conference
“Business and Management 2020“.  Vilnius, Lithuania, 7-8 May 2020.
https://doi.org/10.3846/bm.2020.493

Nikodinoska, N., Buonocore, E., Paletto, A., & Franzese, P. P. (2017). Wood-based
bioenergy value chain in mountain urban districts: An integrated ecological accounting
framework. Applied Energy, 186, 197-210. doi:10.1016/j.apenergy.2016.04.07

Palus, H.; Parobek, J.; Morav'cik, M.; Koval'cik, M.; Dzian, M.; Murgas, V. Projecting
Climate Change Potential of Harvested Wood Products under Different Scenarios of Wood
Production and Utilization: Study of Slovakia. Sustainability 2020, 12, 2510.
https://doi.org/10.3390/su12062510

PN-EN ISO 9001:2015-10 Systemy zarzadzania jakoscig -- Wymagania

Regulation of the Minister of Infrastructure of 25 January 2018. (Rozporzadzenie Ministra
Infrastruktury z dnia 25 stycznia 2018 r. w sprawie sposobu przewozu tadunku).
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20180000361/0/D20180361.pdf
(pobrano 20 lipca 2024).

Rentizelas, A. A., Tolis, A. ., & Tatsiopoulos, I. P. (2014). Combined Municipal Solid
Waste and biomass system optimization for district energy applications. Waste Management,
34(1), 36-48. doi:10.1016/j.wasman.2013.09.026

Road Traffic Act of 20 June 1997 (Ustawa z dnia 20 czerwca 1997 r. o ruchu drogowym.).
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU19970980602/U/D19970602L j.pdf
(Pobrano 24 lipca 2024).

Rozporzadzenie Komisji (UE) 2017/2400
Rozporzadzeniem Komisji (UE) 2019/318 z dnia 19 lutego 2019

Safarian, S. Climate Impact Comparison of Biomass Combustion and Pyrolysis with
Different Applications for Biochar Based on LCA. Energies 2023, 16, 5541.
https://doi.org/10.3390/en16145541

Sgarbossa, A.; Boschiero, M.; Pierobon, F.; Cavalli, R.; Zanetti, M. Comparative Life
Cycle Assessment of Bioenergy Production from Different Wood Pellet Supply Chains.
Forests 2020, 11, 1127. https://doi.org/10.3390/f11111127

70



Sikkema, R.; Steiner, M.; Junginger, M.; Hiegl, W.; Hansen, M.T.; Faaij, A. The European
wood pellet markets: current status and prospects for 2020. Biofuels, Bioproducts and
Biorefining 2011, 5, 250-278. https://doi.org/10.1002/bbb.277.

Silvestro, R.; Saulino, L.; Cavallo, C.; Allevato, E.; Pindozzi, S.; Cervelli, E.; Conti, P.;
Mazzoleni, S.; Saracino, A. The Footprint ofWildfires on Mediterranean Forest Ecosystem
Services in Vesuvius National Park. Fire 2021, 4, 95. https://doi.org/10.3390/fire4040095

Stanula Z., Bienkowski S. Wood supply in Poland in relation to the expectations of wood
industry. Intercathedra nr 29/1, 2013

Stanula Z., Wieruszewski M., Dynowska J., Adamowicz K. 2024 COMPARATIVE
EFFICIENCY OF ROUNDWOOD PROCESSING INTO PALLET LUMBER. Folia
Forestalia Polonica, Series A — Forestry, 2024, Vol. 66 (4), 310-316, w publikacji. DOI:
10.2478/ffp-2024-0023

Stanula Z., Wieruszewski M., Mydlarz K., Adamowicz K. 2023a. Fuel Use Reduction and
Economic Savings from Optimization of Road Transportation of Coniferous Roundwood.
Energies, 16, 5334. https://doi.org/10.3390/en16145334

Stanula Z., Wieruszewski M., Zydron A., Adamowicz K. 2023b. Optimizing Forest-
Biomass-Distribution Logistics from a Multi-Level Perspective—Review. Energies, 16, 7997.
https://doi.org/10.3390/en16247997

Stanula, Z.; Wieruszewski, M.; Zydron, A.; Adamowicz, K. Optimizing Forest-Biomass-
Distribution Logistics from a Multi-Level Perspective—Review. Energies 2023, 16, 7997.
https://doi.org/10.3390/en16247997

Statistical Yearbook of Forestry 2022. Available online:
https://stat.gov.pl/en/topics/agriculture-forestry/forestry/ (Pobrano 24 lipca 2024).

Stolarski, J.; Wierzbicki, S.; Nitkiewicz, S.; Stolarski, M.J. Wood Chip Production
Efficiency  Depending on  Chipper  Type. Energies 2023, 16, 4894.
https://doi.org/10.3390/en16134894

Suttles, S.A.; Tyner, W.E.; Shively, G.; Sands, R.D.; Sohngen, B. Business effects of
bioenergy policy in the United States and Europe: A general equilibrium approach focusing on
forest biomass. Renew. Energy 2014, 69, 428-436. [CrossRef]

Tomczak, K.; Latterini, F.; Smarul, N.; Stanula, Z.; Jelonek, T.; Ku'zmi "nski, R.; Lakomy,
P.; Tomczak, A. Moisture Content of Fresh Scots Pine Wood in Areas near Damage Caused
by Harvester Head Feed Rollers. Forests 2023, 14, 1276. https://doi.org/10.3390/f14061276

Tsiaras, S.; Andreopoulou, Z. Forest Policy Evaluation in European Countries Using the
PROMETHEE Method. Advances in Operational Research in the Balkans XIIlI Balkan
Conference on Operational Research, Springer Proceedings in Business and Economic;
Mladenovi ¢, N., Sifaleras, A., Kuzmanovi ¢, M., Eds. Springer Nature: Cham, Switzerland,
2020; pp. 95-100. ISBN 978-3-030-21989-5.
https://books.google.pl/books?hl=en&Ir=&id=hAiIDWAAQBAJ&oi=fnd&pg=PA95&0ts=N
UHyk6rFGm&sig=ZTGnlOhNglyXHeubvdslyusaVsw&redir_esc=y#v=onepage&q&f=false
(Pobrano 24 lipca 2024).

71


https://doi.org/10.1002/bbb.277
https://doi.org/10.3390/fire4040095
https://doi.org/10.3390/en16134894

Tuna, P., & Hulteberg, C. Woody biomass-based transportation fuels — A comparative
techno-economic study. Fuel 2014, 117, 1020-1026. doi:10.1016/j.fuel.2013.10.019

Tuna, P., & Hulteberg, C. (2014). Woody biomass-based transportation fuels — A
comparative techno-economic study. Fuel, 117(Part B), 1020-1026.
https://doi.org/10.1016/j.fuel.2013.10.019

Vlad, I.M.; Toma, E. The Assessment of the Bioeconomy and Biomass Sectors in Central
and Eastern European Countries. Agronomy 2022, 12, 880-899.
https://doi.org/10.3390/agronomy12040880.

Walkiewicz, J.; Kawalerczyk, J.; Mirski, R.; Dziurka, D.; Wieruszewski, M. The
Application of Various Bark Species as aFillers for UF Resin in Plywood
Manufacturing. Materials 2022, 15, 7201. https://doi.org/10.3390/ma15207201.

Wiederkehr, P.; Gilbert, R.; Crist, P.; Caid, N. Environmentally Sustainable Transport
(EST): Concept, Goal, and Strategy—The OECD’s EST Projectl. Available online:
https://www.researchgate.net/publication/313697298_Environmentally_Sustainable_Transpo
rt EST_Concept_Goal_and_Strategy-The OECD\T1\textquoterights EST_Project (Pobrano
24 lipca 2024).

Wieruszewski M., Mydlarz K. The potential of the bioenergy market in the European
Union - an overview of energy biomass resources. Energies. 2022, vol. 15 (iss. 24), art. no.
9601 DOI: 10.3390/en15249601

Yagi, K., & Nakata, T. (2011). Economic analysis on small-scale forest biomass
gasification considering geographical resources distribution and technical characteristics.
Biomass and Bioenergy, 35(7), 2883-2892. doi:10.1016/j.biombioe.2011.03.03.

Yu Q, Wang Y, Van Le Q, Yang H, Hosseinzadeh-Bandbafha H, Yang Y, Sonne C,
Tabatabaei M, Lam SS and Peng W (2021) An Overview on the Conversion of Forest Biomass
into Bioenergy. Front. Energy Res. 9:684234. doi: 10.3389/fenrg.2021.684234

Zarzadzenie nr 97 DGLP z dnia 12 pazdziernika 2023 r. ws zasad sprzedazy drewna w
PGL LP

Zhai, J.; Burke, I.T.; Stewart, D.l. Beneficial management of biomass combustion ashes.
Renewable and Sustainable. Energy Rev. 2021, 151, 111555
https://doi.org/10.1016/j.rser.2021.111555

Zhang, F., Johnson, D. M., & Wang, J. (2015). Life-cycle energy and GHG emissions of
forest biomass harvest and transport for biofuel production in Michigan. Energies, 8(4), 3258-
3271. http://dx.doi.org/10.3390/en8043258

Zhang, F., Johnson, D. M., & Wang, J. (2015). Life-cycle energy and GHG emissions of
forest biomass harvest and transport for biofuel production in Michigan. Energies, 8(4), 3258-
3271. http://dx.doi.org/10.3390/en8043258

Zwirglmaier, K. Seasonality of Prices—The Example of German Timber Prices. Technisce
Universitat Munchen. 2010. Available
online: http://www.gipecofor.org/doc/drupal/liens_article/evenements/2010/ZWIRGLMAIE
R_IUFRO_Paris_Mai2010.pdf (Pobrano 24 lipca 2024).

72



Streszczenie w jezyku polskim
Zroéwnowazony rozwoj branzy Les$no drzewnej wymaga polaczenia ekonomicznych
aspektow praktyk lesnych z dziatalnoscig sektorow drzewnych. Uwzgl¢dnienie czynnikdw
ekologicznych i ekonomicznych gwarantuje bezpieczenstwo dziatalnosci przedsigbiorstw oraz
strefy spotecznej. Gospodarka lesna oparta na zasadach utrzymania dobrostanow biologicznych
w Polsce stanowi réwniez podstawowy obszar zabezpieczenia potrzeb produkcyjno-
spotecznych. Pierwszym element tego dziatania jest dostep do drewna, czyli surowca
stanowigcego podstawowy material odnawialny do zastosowania gospodarczego. Dziatania
zwigzane z zagospodarowaniem zasoboOw drzewnych zwigzane sa ze stanem i1 dostepnoscig
drzewostanow. Drugi zakres obejmuje produkcje i transport surowca drzewnego do odbiorcow.
Pod tym pojeciem rozumiane sg koszty ekonomiczno-srodowiskowe, czyli zagrozenia
zwigzane z oddzialywaniem $rodkéw transportu na $rodowisko naturalne. Z pozyskaniem
surowca drzewnego zwigzane sg dziatania logistyczne wplywajace na jego racjonalne
przemieszczanie. Jednoczesnie kwestie ekonomiczne przektadajg si¢ na optymalizacje tego
procesu, czego konsekwencja jest ograniczenie dystansu i fadownosci przemieszanego drewna.
Prognozy dotyczace zmian dostepnosci i wartosci zasobow surowca drzewnego, dostarczajg
informacji dla procesow logistycznych i ekonomicznych w sektorze lesno-drzewnym.
Glownym celem pracy byto zweryfikowanie zalezno$ci obiegu zamknigtego dla rynku
surowca drzewnego i1 biomasy przemystowej oraz ich transportu. Okreslono zalozenia, ktére
pozwola na okreslenie zmiennosci ekonomicznej w obrocie drewnem. Bedzie to miato wplyw
na optymalizacje kosztow w kontek$cie aspektow ekonomicznych 1 $rodowiskowych
pozyskania 1 przerobu drewna. Mozna wskaza¢ zasadno$¢ podjecia dziatan zmierzajacych do
optymalizacji logistycznej 1 ekonomicznej, z uwzglednieniem aspektéw srodowiskowych

zarowno w skali lokalnej jak i globalnej.

Wyniki wskazuja, ze biomasa lesna i produkty drzewne majg potencjal w redukcji
kosztow srodowiskowych. Wprowadzenie optymalizacji w cyklu zycia produktu, moze
przynies¢ korzysci spoleczne 1 srodowiskowe. Takie elementy jak tancuchy dostaw biomasy
drzewnej, ocena procesu decyzyjnego oraz optymalizacja ekonomiczna, co przyczynia si¢ do
osiggania korzysci spotecznych. Zagrozenie stanowig odchylenia cen biomasy oraz produktow
ubocznych przerobu drewna, wynikajace z czynnikéw rynkowych oraz wahan sezonowych.
Uzyskiwana efektywnos¢ produkcji wyrobow z drewna, jest silnie zwigzana z relacja cenowa
pomiedzy surowcem a produktami. Wskaznik ten zwigzany jest silnie z warto$cig dodang
produktow ubocznych.
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Streszczenie w jezyku angielskim

Sustainable development of the forestry and timber industry requires combining the
economic aspects of forestry practices with the activities of the timber sectors. Taking
ecological and economic factors into account guarantees the security of business operations and
the social zone. Forest management based on the principles of maintaining biological well-
being in Poland is also a fundamental area for securing production and social needs. The first
element of this activity is access to timber, which is the basic renewable material for economic
use. Activities related to the management of wood resources are related to the condition and
availability of stands. The second scope includes the production and transport of wood raw
material to consumers. Under this umbrella are understood the economic and environmental
costs, i.e. the risks associated with the environmental impact of means of transport. The
harvesting of wood raw material is related to logistical activities affecting its rational
transportation. At the same time, economic issues translate into optimisation of this process,
resulting in a reduction in the distance and payload of the shipped timber. Forecasts of changes
in the availability and value of wood resources, provide information for logistical and economic

processes in the forest-wood sector.

The main objective of the study was to verify the closed loop relationship for the market
of raw wood and industrial biomass and their transport. Assumptions were identified to
determine the economic variability in the timber trade. This will have an impact on cost
optimisation in the context of the economic and environmental aspects of timber harvesting and
processing. The rationale for undertaking logistical and economic optimisation measures,

taking into account environmental aspects both locally and globally, can be indicated.

The results indicate that forest biomass and wood products have the potential to reduce
environmental costs. Introducing optimisation in the product life cycle, can bring social and
environmental benefits. Elements such as wood biomass supply chains, decision-making
evaluation and economic optimisation, which contributes to social benefits. The price variation
of biomass and wood by-products due to market factors and seasonal fluctuations is a threat.
The efficiency achieved in the production of wood products, is strongly related to the price
relationship between raw material and products. This indicator is strongly related to the added

value of by-products.
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Zygmunt Stanula, Stanislaw Bieftkowski’

WOOD SUPPLY IN POLAND IN RELATION TO THE EXPECTATIONS
OF WOOD INDUSTRY

Wood, xylem (ksvlos in Greek means wood) 13 the name for 2 compound heterogeneous plant
tissue which is created in the process of vascular plants growth Depending cn the fundamental
directions of itz anatemy (longitudinal radial, longitudinal tanpential and transverse) it manifests
various mechanical characteristics. As an organic “Tenewable resource, it has been accompanying
people on everyday basis since prehistoric times. Civilization development has also promoted wood
utilization as a resource essential for distinet areas or developing mdustry. It has been currently
estimated that wood is used m over 10 thousand applications™ The versatility and in numerous
cazes even imevoesability of wood usage makes it a highly dezirable rezource. Its temporary shortage
cauzes many conflicts between the sellers and the buvers as well as the recipients themselves.

MONOPOLY OF THE STATE FORESTS NATIONAL FOREST HOLDING

According to the data of Central Statistical Office the arez of forests in Poland currently
amounts to 9 329 thousands of square hectares. Due to the subsidies which were mplemented m
Peland following our acceszion to the Europezn Union and which embraced farmers who decided to
plant forest on their grounds the ownership structure of Polizh forests has recently changed. From
vear to year there has been a small increase in the share of private forests. Even though privately
owned forests currently account for over 18% of the total forest area in Peland (tzble 1), those
forests are verv fragmented and individual owners hardly ever possess forest area large enough to
justify implementing rational forest policy. In cur country the domineering model iz the one where
forest only accompanies the main farming activities _An average area of private forest amounts to
0,54 ha, while an average forest area at a farm iz over twice that size approximately 1,30 ha™ " In
such situation private forest owners are not really interested in active forest mamagement.
Additionally they do not possess specialized equipment which forees them to use expensive services
of external companies or do that themszelves which does not favor rational sales of possessed
wooden resources. Most fequently it 1z being used for their own purposes especially as a heating
fuel. Such management indueces the situation where supply of round wood from private producers is
marginal and annually amounts to 3-4% (Table 2). Resources from private forests are treated by
wood recipients processing them further az an additional source of cheap round wood which does
not have any significant impact on the production of the majority of those recipients.

Amalyzing table 1 and 2 — one may state that due to its forest area owned as well as average
annual size of round wood being pﬂs.sessed which amounts to approximately 85% of wood supph
State Forestz National Forest Holding may be considered an undizputed monopolist 2nd in many
cazes it iz the sole wood provider l:natural monopolist). Due to itz substantial dominance in the
supply of wood onto domestic market State Forests National Forest Helding fully controls wood
sales in Peland. Moreover, despite the fact that forests are owned by Polish State Treasury
according to §4 paragraph 1 point 5 of National Forests Status which has been binding as of 18th
May 1994 | (.. ), General Director determines especially: (...) the mles of wood sales by National
Forests"(...) That record clearly establishes that the supreme right to set the rules concerning wood

# Srelmet Bp o0 SE A, Gorzowska 20, §5-117 Ziclona Gora, Polmed, el - D045 68 229 23 94

S 0048 329 38 07, ratoelestelmer com, £ dienkowskiEsrelmer com

4 decording to; W. Kokoctiski: Anaromia drewna Pomumh AR 2002, paze 5

*# P. Godos, 5. Zafge. Stan lasow priwatuch [ perspekowy ich roswgiu W Polinka Leina Povstwa | Navodowy Program
Lefry. Warszmwa 2003, page. 36
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zales is the scle responsibility of National Forests General Director, whe while making such
important decision has a special duty to take into account the needs of wood ndustry.

Table 1. Ferests ownership structure in %o

Year
Elements 2001 | 2002 | 2003 | 2004 | 2005 | 2008 | 2007 | 2008 | 2000 | 2010
[%2]
Duiblic in otal, . .
e BLG | 816 82,5 82,3 223 522 821 | 820 | =i | BLS
those undar State
Forests T8I | 783 783 78,3 782 78,1 780 | 778 | TIE | 773
managmem
Private 174 | 174 17,5 17,5 17,7 17,8 179 | 180 | 182 | 183
Sowrce: Lednictwn 2011, Central Staristical Offfce, Warszmea 2011
Table 2. Wood acquisition
¥ ear
Elements w00 | 2005 | 2007 2008 | 2000 | 2010
[theuzand m?]
Total, inchsding: 27650 | 31045 | 3so3s | 34273 | aso | 3sasn
Merchantsble bole, inchiding: 26025 | 20725 | 34146 | 31407 | 32701 | 33548
Dublic forests, including; 24503 | 28601 | 32707 | 31150 | 31§12 | 33568
Treasury.incl i.T:‘:’“ oomed by Palich State 2446 | 20472 | 32657 | 31011 | 31482 | 32329
State Forasts Mational Foress Holding 24007 | 28164 | 32314 | 30605 | 31188 | 31882
ational Darks 131 108 234 116 122 01
Cmmed by commmities 147 120 140 147 130 131
Drivate farsst 1432 1124 1340 1248 1080 | 1243
2mall-sized thwbar 1634 2200 1780 1244 1028 | 1800
Footwood 03 02 0,1 0.1 02 0.1

Sowrce: Lesnichen 2011, Central Staristical Offfce, Warszawa 2011

STATE FORESTS NATIONAL FOREST HOLDING WOOD SALES
RULES

Until 2006 practically the onlv form of wholesale of round wood in Poland was through trade
negotiztions and contracts were signed with individual forest districts, regiomal or general
directoratez . In caze of the sales of the mest precious type of woeod periodical submizsions have
been and still are in practice. In 2006 new mles of wood sales were introduced — forest and wood
portal was set up and an Internet system of wood sales was implemented by State Forests. Its aim
was to bring along a full transparency of all operations related to wood trade. Its authors alzo
assumed that it should have dimimizhed the so called gray area in the sales of that product. During
the subzequent vears of sales carried out wia that Internet tool the process has been undergeing
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various changes and modifications. In ity current form it provides wood sales for clients
reprezenting wood industry in the following stages:

- Internet limited auctions on forest and wood portal are imformally called “portal™. Since 2000
zuch auctions have been organized every six menths and they are restricted only to thoze clients
who have a so called “purchaze history™; that is they bought round wood from State Forests in the
Previous year.

- System Internet auctions using application called: e-drewno™, are referred to as e-system
auctions”™. They are alzo organized every half a vear. They have a form of open internet anctions
which can be attended by every company or an individual following deposit payment.

- Internet auctions in ,e-drewne™ applications are informally called | e-drevwno™. Those In terms
of rules govemning them are identical with system Intemet auctions and the enly difference is that
they are organized very iregularly throughout the whole year.

- Other avctions and submizsicns — are open auctions of especially valuable types of wood
(zuch as veneer wood). Sales are often very individual in nature as they may concern one log only.

Wood zales system in Poland has been and still is causing a lot of controversies and conflicts
between State Forests and representatives of wood industry. Wood industry has been continually
accusing State Forests of monopolistic practices on the zide of wood supplu The decisions of
present State Forestz Director . who thiz vear appointed an adwizory group consisting of the
representatives of variou: wood industry sectors as well as National Forests brings along a lot of
optimism. This group drafted a project of changes in the current svstem of wood sales, which apart
from a series of facilitations for the buver alzo envizages the implementation of long-term contracts
for wood supply which should rezult in at least partizl stabilization of wood market in Poland.

CLASSIFICATION OF TIMBER OFFERED BY STATE FORESTS

State Forests offer merchantable timber in four bazic trade categories that is: small-zized
timber, medium-zized timber and large-sized timber as well as rootwood. Individual sectors of wood
mdustry try to adjust the profile of its production to the resources available on the market However
even at thiz stage there have been conflicts of interest being the result of the poszibilities of using
the respurces on offer, for example on one hand energy industry iz able to use the whole volume of
timber sold (and burn it all), while on the other hand for the production of veneer or lathed elements
there iz a demand for a specially selected material.

Small-sized timber so called | slash™ It's charactenistics are diameter up to 7 em with bark at a
lower, thicker end, sufficient snagging and allowing for the majority of fault: among them large
curvature and fall-off. Thiz material iz offered in a form of pele-wood and slash assigned for
heating. Elements claszified within that group are used mainly by pulp and paper industry as well as
the sector of wood-based materials and for heating purposes. All of that mfluences its price which in
comparizen with the remaining trade groups iz the lowest. With an exception of M1PO (zmall-sized
coniferous timber assigned for mechanical processing) — it iz material obtained in small quantity,
specialty selected for specific characterizstics used by the producers of garden architecture for lathed
elements and its price often exceeds the price of large-sized timber.

Small-zized timber used by pulp and paper industry and the sector of wood-based materials
during processing is being further fragmented inte chips. In that caze one can state that there are no
zignificant differences between the recipients’ expectations and the products offered by State
Forestz. The most controversies arise from a large number or curvatures and defects in snagging,
which haz negative effects on material efficiency as well as the posmibility of optimal usage of
transport space which significantly increases the overall costs of transport.

Medium-zized timber (5), iz the material of top diameter ( at a thinner end) without bark of 3
cm and more. Depending on the harvested material it 15 measured individually in groups or piles.
The most typically offered material is a so-called , pulpwood”, which can be cbtained on the market
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in 32A standard (that is medium-sized timber for industrial uzage) and 52B (medium-zized usable
timber). Division into material S24 and 32B was introduced a long time ago but only thiz year,
preszent General Director of State Forests izsued a directive number 34 dated 17 April 2012 which
regulates standard technical requirements for both groups of material. Currently it may be stated that
thiz directive finished a conflict that lasted for many vears and related to the quality and
measurements of medium-sized timber: 52A and 52B offered by State Forests and a compromise
has been found that was accepted by both the seller az well as the buver.

The remaining elements from that group of medium-sized timber, yet offered by State Forests
in zignificantly lower quantitiez are: 53 (poles), 54 (fuel wood), 510 (mine-timber) and 511
(pillars). Wood material from that category is used in pulp and paper industry, sector producing
wood-based material: and only recently in wood industry sectors producing wood garden
architecture and pallets.

Large-sized timber (W) iz the material of top diameter (at a thinner end) from 14 cm without
bark, measured in individuz] unitz or in case of logged wood, due to the onerouzness of so called
Lindividualized ™" receipt an alternative receipt in piles just like in case of medium-sized timber is
alzo accepted. In a group of large-sized timber there are two subgroups: large-sized timber for
general uzage and specizl] large-sized timber

In case of the latter one, that iz z0 called material with choice, which constitutez timber
claszified 2z valuable (informally called: veneer, plvwood, match-stock, tele-energetic or tele-
technical wooden pylons ) there have not been any major complaing concemning its form and quality
as 1t 13 regulated by clear norms which have been accepted by both the recipients and State Forests.

The most controverzizl haz been material from large-sized timber assipned for general uzage
called W_STANDARD, in case of which there have been major discrepancies between industry
expectations and what State Forests have been offering. In terms of its quality 2z well the length and
claszs. The recipients of that material are mainly: sawmills as well as the producers of wood garden
architecture who due to the character of their products expect certain features from the round wood
which they purchase. Alsc the wood packaging industry especially pallets sector uszes in its
production approximately 20% of large-sized timber of lower quality classes (C and D; 80% of it 1s
pulpwood = that 13 medium-sized timber: S2A and 82B). On one hand the material should meet
their quality standards on the other it should have acceptable price.

In group: W_STANDARD there are 4 quality clazzes (A, B, C, D) and 3 clazzes related to
thickness (1, 2, 3), which in fotal make up 11 types of material. The best and simultanecusly the
most expensive guality classes A and B constitute on average up to 20% of the material offered in
W _STANDARD; while the differences mn prize between the subsequent quality and size claszes
amount to a dozen to zeveral dozens FLN. Quality class C meets both the expectations of sawmills
as well as producers of garden architecture™. Receipt of material in quality clazses: A, B and D
exposes them to unjustifiable economic loss, as the products manufactured using material from
guality classes A and B (a much more expensive material) will not be obtained at 2 higher cost and
the material from class D, due to itz acceptable defects — in many cases does not meet sawing
criteria . It can be stated that each quality group of large-zsized timber offered individually would
find its recipient as timber of A and B class is 2 highly demanded by the producers of plywood and
veneer and class D may be successfully used by pulp and paper industry as well as the preducers of
wood-based materials.

Sales of merchantable timber of W_STANDARD in its current form is convenient only for the
gellers as it saves them costz and problems related to separation of large-zized timber which
becomes a sole responsibility of the buyer. A kind of solution for this problem seems to be a gradual

_'".Mm"mcsz’bing rornd wood based on individue! assessment and receipt gf sach wit — omotarion by Z Stomula
* Pnformal name wed for production of garden architecture made of wood dmnetation by 5 Bisfikowski
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introduction of logged wood into the sales of State Forests. However the one being currently on
offer only partially meets the expectations of sawmill industry (very rarely being availakle in quality
claszes A B and D). It iz offered in indrvidual lengths in thickness claszes. The buver bearing m
mind the vanety of itz products iz not able to uze the whele of the purchasze in an optimal way.
Therefore part of that timber i3 sawn with a substantial material loss. Also the guality of logs on
offer seems to be far from ideal as in majority of cases they are possessed by harvesters. Very often
during machinery operations some of the logs are being incidentally debarked which deprived of its
natural protective laver in a form of bark significantly faster due to changeable Feather conditions
lozes its value.

Footwood (K) iz 2 material possessed in marginal quantity (from 100 to 200 m® per vear - table
2). It iz cbtained from whole rootwoed — it is zo called stump woed or splint roetwood divided into
chips.

Sales of merchantable timber in Poland currently induees a lot of emotion: both on the side of
the seller as well as the buyers. The most controversies anze from the conditions of sales as well as
the quality and division of the material offered. Negotiations between the representatives of State
Forestz and wood industry that have been cammed out for a long time now have been gradually
bringing positive results what was proved by infroducing in 2012 basic technical standards for
medium-sized wood: 32A and 52B as well az ﬂetermmmg changes that will be binding az of the
beginning of 2013 in currently used zales regulations which in a way threaten both the interests of
the seller 2z well as the buver. Unfortunately, there have still been many debatable izsues that
require further talks and negotiations. Let uws hope that in the future they will be zolved and
stabilizaticn in the unstable wood industry will be achieved.
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Abstract: Forest and wood biomass represent a sustainable reservoir of raw materials and energy,
offering a viable alternative to fossil fuels. These res es find o use in producing bio-
products, including solid wood and wood materials. The judicious exploitation of forest and wood
biomass can be pivotal in reducing carbon emissions and securing material and energy independence.
The business viability of producing valuable goods from woody biomass hmg(s on msunng its
sustained availability. This necessitates acoess to high-quality b ata 1 cost, d 5
the efficient design of wood-bi distribution logistics. Furthermore, it is imperative to give equal
weight to social and ecological considerations in shaping the forest- and wood-biomass-distribution
logistics, thereby amunt% the sustainable utilization of this renewable raw material source. This arti-
dep h & d on the busi P of distrit logistics for specific fum-uc
offmeelbumuﬂdmwnodmmlpmducbm While most studies have pri
on the business or ecological issues of biomass utilization, this article offers a mprﬂlumv: insight
by addressing business, ecological, and social facets in as and plimizing wood-bi

distribution logistics. Multi-stakeholder life-cycle-assessment opti tion takes into account the
reduction of greenhouse gases as an ecological metric, with production costs and capital expenditure
forming the business metrics. At the same time, the generation of employment opportunities is

’ Cong

commeonly regarded as the pivotal social criterion. There ins a ity for further explorati
into the potential social impacts of forest bi utili Additionally, developing enhanced
methodologies and dedsion-support tools for scheduling wood-b distribution logistics that

holistically consider business, ecological, and social criteria is an essential ongoing task.

Keywords: bi wood; b
distribution logistics; life cycle

oplimization; ecological oplimization; social optimization;

1. Introduction

Intensification of forestry production is increasing the use of biomass to replace fossil
materials for social needs and to produce electricity, fuels [1,2), and various chemicals,
plastics, and other wood materials. The International Energy Agency encourages using
biomass residues for energy production, as this can help achieve energy independence
without destabilizing the world’s imber resources [3]. Some countries have an excess of
wood waste and solid wood wasle Lhal is generated during the manufacluring of forest
and wood products, It is possible to produce valuable products from woody biomass, and
the by-products, in many cases, are diverted lo incineration |4-6]. Despite the benefils of
using woody biomass as a renewable resource, the technological challenges of harvesting it

Emergies 2023, 16, 7997. hitps:/ /doi_org/ 10.3390/en16247997
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and the business costs hinder its intensification. Forest resources are scattered, increasing
the collection, handling, and transportation costs.

In addition, there is a wide varialion in the quality of harvesied woody biomass due
tor the type of raw material, access to forest resources, climatic conditions, pre-prepseeation,
transporiation, and storage, and there is competilion from other industry players or end
users [7,6]. Woody biomass often has a lower value than a large number of competing
non-renewable resowrces [9,10]. This results ina relabively higher cost and more difficult
logistics for harvesting, transporting, and processing woody biomass. Biomass logistics
oosts bypically account for 10-30% of the cost of delivensd wood [11,12] and often Bimit
the competitiveness of woody biomass. A business-efficient woody biomass distribution
Iogistios design is critical to overcoming market challenges, In addition, inoessing pub-
lic awareness of sustainability requires government officials in developed countries o
understand the coological and social impacts of the forest- and wood-biomass life cycle.

Cruantitative modeling techniques can help understand the business, ecological, and
social impacts of woody biomass distribution logistics, This understanding is again re-
quiresd o mitigate the undesirable effects of business development, increase the benefits of
the biomass distribution logistics, ensure the sustainable use of biomass, and ensure the
sustainable development of new products that should receive the interest and support of
communities, the government of developed countries, and businesses.

Murmerous studics o date have evaluated various woody biomass distabubion lo-
gistics [4-6,13-19]. Scheduling and management of distribution logistics from biomass
purchase to distribution has been presented [18,19] and classafied in numeroos stud-
ies | 13,14, 20], emphasizing stralegic, lactical, and operational levels of decision scheduling.
Muodeling methods fo support decision making in the area of biomass distribution logistics
is part of the references [ 15-18].

Previous studies [3,11] have conducted modeling with uncertainty in the optimization
process of forest- and wood-biomass-distribubion logistes [10]. Most of the studies con-
ducted focused exclusively on the business aspect of biomass distribution logistics in the
form of roundwood and forest waste, Reference to issues of socal and ecologeal influences
on optimization incleded only a few factors considered in developing assumptions for
woody biomass distribution logistios [4,14-16,20,21]. More recently, business, coological,
and social factors have begun o be integrated (according o factor weighting) in the evalua-
tion and optimization of forest-biomass-distribution logistics. In this regard, it is time to
review and discuss existing research on the integration of selected issues of sustainability
and scheduling of forest- and wood-biomass-distribution logistics.

2. Review Methods

This arficle presents research on the development of modeling in the evaluation and
ophmization of business, ecological and social cnteria in the scheduling of forest- and
wond-biomass-distribution logistics for the production of energy, fuels, and other wood
products (eg., struchural timber and lumber). First, we explain the technological, business,
ecological, and social purpose involved in designing forest-biomass-distribution logistics.
Mext, we review the technological and busimess and ecological LCA (life-cycle) assessments
of woody biomass, integrated business, social, and ecological assessments for multi-level
optimization modeling, We disouss the charscteristic features and limitations of cach of
these approaches, as well as suggestions for further reseasch.

The literature review method was based on verification of the sources of Scence Direct,
MIDPL, Springer Link, Science, Seopus, and Web of Science insuch a way as bo illuminabe
to the readers the main path of the ongoing research on optimization of the principles of
ubilizing forest and wiood biomass for enengy purposes.

Given the thematic scope of the biomass flow-modeling issues under consideration,
the study is limited to forest and wood biemass. Data from Benewable Encrgy and
the Joint Wood Energy Enquiry were used to make a detailed assessment of the use of
forest and woody biomass used for energy production, supplemented by data from the
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ELrs Joint Forestry and Timber Sector Statement. Analyses of reports presented by the
Eurogean Statistical Office Eurostat were also used. The results presented in the article ane
derived from Lhe literature on the oplimization and development of forest biomass Aow
missdeling and in-depth analysis of the balance of woody resources (WEE) based on the
data mentioned above and global dala sources.

3. Description of the State of Knowledge
3.1. Sustainebility in Forest-Biomzss-Distribubion Logistics

The: principles of sustainable development and the atilization of both woody and
forest biomass resources require thal the benefils of their current use do nol jeopardize
the security of future generations [22]. It is important to take technological, business,
envirpnmeental, and social ssues inbo account when designing forest-biomass-distribution

logistics [23].

3.1.1. Technological and Business Consideralions

The process of expanding the use of wood biomass to produce finished products and
bioenergy may, in sddition o costs, constitute an additional source of busines revenue for
the forestry and wood sector. Integrated processing can improve the profitability of forestry
and Hmber companies [24-27]. To make this feasible, the technological and business issues
of the distribution logistics need to be combined. These are essential elements that should
b taken into account when scheduling new dinechions for the wse of forest and wood
bicmnass. The most important technological issues laken inlo account in the design of
biomass processing are its fype, cfficency, and scale of the procesang technologios selected
for implementation. The choice of forest- and wood-bicmass processing lechnology is
based on information regarding the form of the desired product and the type of accessible
briomass. Modern processing echnologies ane increasingly beter suibed o the ratonal trans-
formation of forest and wood biomass into finished products for individual or socal wtility
or ultimately into an energy source [28,29]. The efficiency of wood matenal prooessing is
determined by the amount created from a unit of wood biomass input accessible for a given
technology, Higher efficiency means lower operating costs, but usually involves higher
capital expenditure [26-29]. The size of the processing, technology used affects the business
paramcters of production. Since preprocessing costs are high, it is important o achieve
benefils by increasing the scale of production and deepening the level of processing |30,31].

The operational scale of processing is technologically imited by the defined amount
of accessible wood biomass, and business is limited by the cost of biomass delivered
to companies for energy purposes. This highlights the need to maintain a reliable and
business-viable supply of forest and wood bicmass. The parameters for forest biomass that
influence the technological and ecological feasibility of its use are its quality characteristics,
availability, and overall cost of acquisition. The features of assessings the quality of biomees
include its size and structure, anatomical features, and the degree of mechanical and
bicloyzical damagze [9.10,32-34]. These paramcters mflsenoe the choloe of the bype of pre-
treatment (e.g., sorling, processing, etc.), the choice of processing lechnology, the efficiency
and cost of transport, and the amount of biomass that can sustainably determine the scale
of processing. The logistic variability of biomass supplies over lime delermines the need for
its storage to ensure access to the raw material throughout the entine processing period. The
oosts of purchasing bicemass include all costs related o oblaining, storing, pre-processing,
and transporting biomass from the source (forest) to the plant. Another critical factor
affecting the business: of wsing: forest arad wood biomass to prodece valuable produoects
is the cost of product distribution. In the case of products that are made of wood and
wood-based materials, distnbution activities should be planned. In most countries, cireular
distribution is the most common business-distribulion alternative for furniture, lumber
and wooden structural elements, and fuels, The cost of transport is often influenced by the
physical properties of some products (external dimensions, fragmenlation, irregular shape),
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which make it difficult to use transport infrastructure, mainly road transport [11,23,31] and,
then=fore, alternative fomms of fransport should be considened.

A combination of decision-making factors influences the lechnological and business
sucoess of wsing wosdy biomass o markets in business and socal terms, Effective distn-
buticn logistics require decisions regarding raw malerials (source of origin and generic
diversity); storage, pre-treatment and transportation (method, volume and location of
delivery); processing technology (bype of technodogy, capacity and regionalization); prod-
ucts and markets (type of products and direction of distribution); and material Hows (raw
miaterial and semi-findshed products, wood products) within distribution logisbics. All
these decisions are defined on a product-by-product basis and must reflect the specifics of
each distribution-logistic issoe

3.1.2. Ecological lssues

Some of the main coological problems associated with forest biomass ane carbon
balance, greenhouse gas emissions during processing, and the forest ecosystem |35-38).
O oof the: main factors playing an important role in the systematic increase in the use of
wondy biomass as a wood raw malerial and allernative energy feedstock is ils polential
to reduce the consumption of non-renewable materials and its environmental newtrality.
The wse of fossil raw materials (e.g., steel, oil, or coal) causes OO emissions o be released
into the atmosphere, leading to the greenhouse effect and climate change [37]. Forest
biomass is considened a renewable and low-carbon resource (carbon newtral). Carbon is
sequestered as trees grow [25]. Research confirms that carbon neutrality has the potential
o reach the required level through the process of long-term silviculiune when new stands
reach harvestable size [3%]. However, a full assessment of carbon reductions from forest
biamass use should take into sccount carbon emissions resulting mainly from the wse
of fuels for harvesting, handling, and transporting forest and woody biomass, and ils
production amd distribution. These parameters quanify the potential impeect of biomass
processing on climale change, the human habilal, ecosystem improvement, and the securily
of non-renewable and renewable resources [29]),

A enitical ecological factor in scheduling the role of forest biomass is the maintenance
of the forest ecosystem [40,41]. Silviculbure secures the forest area’s access to nutrients and
miainkains its fertility, thus maintaining a level of forest productivity [42]. The ecological
issues of silviculture affect the forest's ability to retain water, determining the quality
of soal and water. The: forest area also provides shelfer and food o varioos forest ani-
mials [43]. Therefore, uncontrolled forest biomass extraction may have negalive effects,
such as through reducing forest produection, affeching flors and fauna that reguime wood,
and increasing access Lo invasive species [44,45]. There are also polential positive effects
of the intensive removal of wood biomass from forest areas, such as through limiting
the spread of pests [44], reducing the risk of fres, and stabilizing biodiversity [26,44-46].
Therefore, it is important to develop rational strategies to mitigate the impact of removing
womndy substances from forest areas [47]. Proper design for developing woosd and Biomass
processing plants should include OOy emission control, water security, waste management,
and recyding processes o reduce emissions of pollutants inboe aar, water, and soil, Using
efficient technologies in the distribution logistics reduces the costs and amount of energy
and fessil fucls nevded to collect, process, and ransport biomass.

The oplimal lecation of processing plants has a positive effect. 1L is important Lo locale
them close to significant sources of biomass (the share of wood products” processing plants
im areas with significant forestation) and customer markets, which reduces the ecological
costs of transport [44]. Considering the impact of green distribution logistics choioes is

crucil bo |||a:i|||i2i.r'Lg uasamess and m'l:”:ﬂngi:_'xl benefats.

3.1.3. Social Issues

Introducing new projects reganding, processing forest biomass and wood raw matenals
may have many positive social effects. These may include changes in sources of potential
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jobs, affecting people’s livelihoods. The processes of pre-production of raw wood materials
may influence changes in culture, communities, and political systems, as well as i the
environmenl al the business level, and even change uncertainly based on the fears and
aspirations of social groups [48].

However, many paramelers cannol be consistently expressed in quantitative informa-
tion. The social impacts most often considered in the optimization of forest- and wood-
biomass-distribution logistics, which are defined quantitatively, are the direct generation
of jubs and, thus, the creation of income. The number and quality of the jobs generated
depends on strategic decisions in planning the best logistics for biomass redistribution.
Mare significant investments in deep processing in the timber industry generate more jobs.
It is necessary to analyee in-depth and demonstrate whether the number of jobs oeated s
the resull of processing a unil of biomass lends lo increase as benefils are realized in the
process seleup model, through more efficient logistics and production systems [26].

In addition o crealing more jobs, the development of wood and forest biomass-related
enterprises generates income and job opportunities mainly for rural communities [49],
improving the well-being of local people. Existing research on the impact of the develog-
ment of distribution logistics on the social aspect should include how income affects the
development of communities. Moreover, the biomass distribution logistics must consider
the impact on other communities. These are elements related to the proximity of plants to
urbam areas, areas under protection, ceological anes, and repions [50,51].

3.2 Assessing Forest-Biomass-Distribufion Logistics

Decision-making units need to select allowable alternabives amnd evaluate their poben-
tial business performance and environmental and social impacts in order to make sensible
diecisions about the design ard planming of forest- and wood -biomass-distribution bogistics
for production in wood plants or for energy purposes. Appraizal studies help evaluale or
predict project performance from different perspectives, Most researchers ovaluating o dis-
tribution logistics problem consider a single evaluation factor using business or ecological
assessment tools.

321, Business Evaluations

In the literature on the business evaluation of forest-biomass-distribution logistics,
technological and business studies are used o evaluate the business of variows projects
and choices of technological solutions. Technological and business research aims to assess
the cost feasibility of processes for using wood omass o produce a specific type of
energy product [38—40] or wood product [52-57]. Business evaluation invalves comparing
the: use of different raw materials [55-61], pro-processing technologies [62,635], product
manufacturing [29,64-66], plant locations [67-6%], or alternative products [70-73] in supply
chain configuration. The maest fregquent business indicators n this group of studies wene the
oblained manufacturing cosl ratios and the internal rale of retum of the adopled technology

Technology and business assessments are needed to examine the technological viability
and business capacily of the proposed projects and Lo provide business comparisons
between forest- and wood-biomass-distribution logistics. These analyses justify making
or abandoning capital investments and help make decisions regarding the selechion of the
optimal distribution logistics.

However, technology and busingess studies noed to defermine the optimal chaoioe of
forest-biomass-distribution-logistics projects to obtain valid modeling results. Techno-
loygical and business sssessments for forest and wood products are based on purchasing:
and logistics dala (fransporlation cosls of raw malerials). They often overlook imporlant
elements of forestbiomass-distribution logistics, including the fragmentation of forest
bismass sources, variability in feedstock acquisition characteristics, and changes in produc-
tion modalities (energy prices, yields, efc.).
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3.2.2. Ecological Assessments

Life cyde assessment (LCA) is a mainstream tool for evaluating the ecological effects
of products. LCA is a method for systemalically assessing the ecological burden and
potential environmental impact of a product, process, or service by sourcing raw matenals
for disposal [74-76]. The rules and guidelines for LCA testing in Europe are reported in
ISO/EN 14040 [77].

Based on the adopted Furopean standards, LCA testing covers the stages [78] of its
intended scope of application, limitations, and assumptions defining the functional unit
that is the basis for comparison, summation of data related to material inputs, energy
inputs, product-related waste, categorization of the product’s potential ecological impact
availability of nature’s assets and impact on the healthiness of society, review and analysis
of calculations, and the interpretation of results. In some studies, LCA quantifies the
ecological importance of forest and woody biomass in a specific application [79-86] or com-
pares allernative distribution logistics configurations or biomass ulilization strategies [37].
Comparisons have been made between the ecological efficiency of using different forms
of forest and woody biomass as sources of construction raw material or [85-95] combined
heat and power (C11P) [52,96-98], and in solid fuel production [99], while other studies
have compared different types and dimensions of technology for producing products or
bioenergy [100-103).

Researchers [104-107] have evaluated various forms of forest and woody biomass and
their processing alternatives, which have ecological impacts in the form of greenhouse gas
issues, waste, human toxicity, and fossil-energy consumption.

Based on current knowledge, different LCA test results should not be used to compare
the ecological declarations of tested products. LCA results depend on methodological
choices, ie., scoping, impacl-assessment methods, allocation procedures, reference sys-
tems, and parameters related to local conditions [108,109]. Nevertheless, the LCA results
obtained in modeling are effective in assessing and proposing ecological compromises
at subsequent stages of the product life cycle using wood raw material or various forms
of wood biomass. Transferring ecological LCA resulls into distribution logistics design
should be avoided. LCA results can help compare ecological impacts for alternative woody
biomass distribution logistics configurations, provided they are assessed using comparable
modeling assumptions (Figure 1).
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In LCA shudies, it is essential to take inko account the sequestration of (0 by forests
and wood during use. Standard LCA study do not take into acoount all clements of
the impact of oblaining forest and woody biomass on the prolection of soil, waler, and
bisdiversity, which significantly affoct the environment [109,110].

3.2.3. Social and Multivariate Assessments

The imdhicators currently used to evaluate the logistics of wood-bivmass distribution
are related o markel sensilivily factors [22,111] and socio-business and ecological impacts.
The rational use of wood resources and wood products can affect jobs, COs emissions,
and contributions Io energy securily. Researchers [112] have proposed an evaluation of
sustainability impacts in forest distribution logistics using three indicators: production
oo, employment, and emissions [113,1714] The indexes considered ane production costs,
asset/material consumption, total heat input at the use level, employment, wages and
salaries, safety and public health, trarsportation of greenhouse gas emissions, energy
consumption, soil quality, and carbon storage in felled biomass.

Methods for assessing socal ssoes related to woody biomass distobution logistics
have not yel been formulated. Mew methods must idenlify the effects of new designs on
human health and the well-being of populations and ecosystems.

Business and ecological and social assessment tools help Lo analyze and compare
forest biomass-distribution logistics. They cannot, however, recommend an optimal design
for forest-biomass-distribution logistics, given the complexity of the choioss, This task can
be accomplished through mathematical programming or optimization [115,116].

3.3, Optimecaation of Forest-Bionwges-Diskrilidion [ogistics

Optimization of distribution logistics usually includes a goal function in the form of
an eqquation, which i a mathematical solution of decigion variables and other parameters.

In references, many optimization research studies have centered on decision suppaort
im the: design, mansgement, and monitoring of forest- and wood-biomass-distribuation
logistics. Most of them considered the business objective function. Oplimization efforts for
iy of the fargets included busingess outcomes, environmental impacts and indictors of
forest-biomass-distribulion-logistics oplimization studies | 117-121] (Figure 2).

321, Business Ophimieation

Business-oplimizalion models have been created o improve stralegic and Lactical
planning decisions in forest- and wood-biomass-distribution logistics. The strategic models
are designed Lo lake inbo account long-term planning decisions and enable decision making
under high levels of uncertainty. Most problems are formulated to minimize the total
oost of distribution logistics and, to a smaller scale, to maximize yield at variouws stages of
distribution logistics [7,44,49].

The optirmization model can be applied o various solubions of adopbed distribution
logistics when the basic assumptions are equivalent. The development of LCA algorithms
under development and advances in computational seftware [73,76] make it possible to
consider an increasing number of decision variables and provide oplimal selutions for the
defined business-optimization objective function [122-125],

In the references reviewed Lo date, most of the research has focused on sirategic deci-
sion making to support investment allocation and policy in the forestry, timber, or energy
aorctors. The dominant trend s o advl.'l]':lt 11|:|I:in"|i:?.a|t'||.'||‘| methods for hng'l:,l'i:_:s-, _E‘ln'r:lu:_‘liﬂﬁ,
and distribution planning and for product-life-cycle scheduling [41,117,118,126-128).

The optimization models used integrate the vanous stages of the distnbution lgistics
and take into account separated forest- and wood-biomass products. Only some distri-
bution logistics optimization models assume no conflict of interest among distribuation
logistics participanis. This can be the case for large businesses. Howewver, in practice,
vach distribution logistics participant may have different prioritics and make different
assumplions thal are oplimal for their position in wood-biomass-distribution logistics. Each
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seeks to optimize its performance. (fptimization of forest biomass” and wood products”
distribution logistics results from the negohiation processes bebween mdependent actors
in the chain under study. This area slill needs Lo be recognized in distribulion logistics
research [127-137).
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Figure 2. Schematic of the algorithm for mubi-stakebolder optimization: business, ecological, and social.
33.2. Business, Foological, and Socal Optimization

Integrating business, social, and ecological objectives to optimize forest-biomass-
digtribubicn logistics s the subject of few investigations using a mulbi-stakeholder ophi-
mization approach [125-133,138-144].

3.3.3. Business, Foological, and Social Optimization

Integrating business, social, and ecological objectives for optimizing forest- and wood-
biomass-distribution logistics is the subject of few studies using a mulb-objective opti-
mization approach. In research, this optimization helps to make choices characterized by
minltiphe pararmaeters, often with incommensurable and confliching objectives [145-147]. In
mulli-objective oplimization, usually, only one optimal solution combines all objectives. A
st of optimal solutions is developed for the correct model [148]. An optimal solution s
one in which one objective cannot be improved wilhoul sacrificing another.

ting LCA into multi-objective optimization to optimize a modeling sys-

e [145] has been used mainly in process systems” engineering [149]. The proposed com-
bination of these methods for decision support in forest- and wood-biomass-distribution lo-
gistics is a relatively new field of studies. To the best of the contributors” expertise, thene are
fiew studies on these optimizations involving the use of forest and woody biomass [150-155]
for multi-stakeholder optimization.
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The application of multi-stakeholder methods in designing forest- and woody-biomass-
distribution logistics for producng biofuels and wood products approximates real-world
conditions by simullanesusly considering many important elements in the decision-making
procedure. Ensuring consistency in formulating different obpechives s a sipnificant chal-
lenge in oplimizing lhe decision-making process. For example, when combining LCA
and multi-stakeholder models in the planning of forest-biomass-distribution logistics for
wonkd processing, it s important o decide whether to consider the ecological impacts
associated with forest cultivation, wood production, product manufacturing and use, and
waste disposal (ash, low-quality wood, and non-timber waste) o reduce or avoid CO5
emissions and substitute non-reewable fuels. Parameters outside the scope of the busi-
mess arulysis of forest-biomass-distribution logistic:s can have a significant impasct on the
environment | 156—158].

4. Discussion

It is imperative to address the interplay between business, ecological, and social con-
siderations within distribution-logistics decisions to ensune the sustainable use of wood
and forest biomass for producing wood products and bicenergy. This research has un-
dertaken an assessment and optimization of the planning and handling of distribution
logistics involving forest biomass, focusing on ils use in wood products and energy, all
within the principles of sustainable development. Most of the ongoing life-cycle- assessment
studies that pertain to forest biomass and wood products within the distribution logistics
predominantly emphasize business and ecological requisites. Technological and business
assessments have proven valuable in offering insights into the feasibility of biomass ubiliza-
tion under varying market conditions. They have also played a pivotal role in appraising,
the business viability of various woody-biomass projects and comparing the business
case for varous distribulion-logistics allernalives. However, il is important Lo nole thal
they mesd fo offer a comprebensive solution for devizsing an optimal distnbution-logestics
configuration [159,160].

Lurmnber flow studies can assess a broad spectrum of ecological burdens and impacts
throughout a product’s life cycle. In many cases, LCA resulis do not definitively confirm the
ecological superiority of one option for processing biomass or wood products over another
form. Mevertheless, ongoing sensibility studies siprificantly rase ecological awareness and
recognize rade-offs between alternatives. In order to conduct a comprehensive ecological
assmmsment of the wse of biomass and wood producks, it s necesary o consader the effects
on the overall health of forest ecosystems, as well as soil, waler, and biological diversity,
amd the wood-processing environment. However, work is underway to develop indicators
and methods for this purpose [150,153,160]

Research efforts to assess the effects of biomass-distribution logistics on sustainability
in the forestry and timber industry often fail o analyze potential rade-offs among he
various factors that interact with them. Optimization modeling research plays an essential
ol i dr.ﬁl:li:ng the most a|:||:ln1|:lr'|ah-. mnﬁgura-thm for a|:r|:l|iﬂj Forest-Bammass-distribulon
logistics, especially when there are multiple options at various stages and levels of capacity
planning. Such optimization regquines the use of effective tools to assess available imber
resources. While previous LCA studies have focused primarily on business decisions,
tactical decisions must be based on practical selutions that are compatible with avilization
requirements [107, 106, 161,162]. These practical solulions should consider business, eco-
logical, and social factors to ensune the sustainability of new business propesals related to
wosdy biomass.

Optimization studies that combine ecological business and social modeling of woody-
Tromass-distribulon ||:|gi$|!'u'3 i|1|:e311-.'||r. 1.CA assessment with 11|:l|i|n.i?z||'im'| for stakeholders
of producers and consumers of biomass products. They effectively combine various sus-
tainability criferia to design wood y-biomass-distribution logistics. This approach ensures
credible sustainability trade-offs and consistently achieves expected societal goalks. The
i drivers of wood-biomass production are closely related to their potential to generate
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business benefits and contribute to achieving energy and material independence. There is
an ongoing necd for further rescarch fo fully model the impact of selecting woody-biomaess
ulilization systems. In addilion, il is essential 1o develop decision-support methods that
take into account ccological considerations, including their effects on the OO0y balanee
of forest biomass, bindiversily, forest resistance, and social aspects, such as social and
business security, in planning and scheduling the logistics of forest-biomass distribution.
Sustainable-development strategies should meet social requirements and support biodi-
versity and social goals, economic growth, business models, job creation or technological
development, and energy secunity. To achieve this, the implementation of new analytical
tools to facilitate the management of forest and timber resources should be pursued. The
direction is to expand eforts to fulfll the requirements of balancing an eoonomie decksion
by crealing ecological impact classifications within a socially acceplable range wilth strict
balamce control for the deasion ameas under stody.

Today's energy-securily requirements and public awareness necessilate aclions where
forests will simultancously perform multiple functions in a sustainable manner. Keliable
and comprehensive recognition of the tasks fulfilled by forest and timber resounces securng
eoosystem characteristics makes it possible to determine the intensity and type of use
or exclugion of imber resources that will threaten the sustanability of a given social
system and ecosystem. Therefore, the work on the classification of impact factors and the
development of a modie] for separating from the: group of potenbial energy nesounces makes
it possible to preserve the functionality of the provision of services by forest ecosystems
amd, at the same time, secune the energy-security needs of countries, The defined structure
of the diversity of the weight of the factors and the aspect of the economic wse of the forest
and its timber resources will form the basis for planning and conducting qualification from
the economic energy use with sustainable management.

The overarching goal of the work, therefore, is to identify and estimate the potential
ol i ferent t}lpﬂc of Fesouirees o |:ln|-'h'id& lu.-_',.' energy Wif‘l,-.ﬁ_, 'il!mti.F}r the benefits amnd
social costs for reducing and separating at a modeled size selected types of wood resources
with defined potential to provide multiple services including economic ones. Thus, it will
be a systematic link between the energy services of forest resources and the economic
by -product resource of wood processing,

5. Conclusions

Forest and woed biomass potentially reduce materals that generate ccological costs.
The oplimization of product-life-cycle decisions must be laken into account in scheduling
the: distribution logistics of forest biomass and wood products, and the integration of the
assesament of suslainability factors miust be implemented 1o ensure benefils Lo sociely.

The use of multi-stakeholder optimization to optimize the modeling system takes
into aceount business, social, and ecological factors in the wood-biomass-distribution
logistics and wood-products production elements, including elements of evaluation and
ophimizabion of the decsion-making process.

50 far, most research has focused on achieving business impact. The business and
coological performance of various forest-biomass-distriibution logistics s defined through
techno-business assessments and consideration of LCA assessment. Business optimization
is widdely used to help design forest-biomass-distribution logistics. Policy -decision support
wheels quanlify and oplimize business, ecological, and social aspects of forest-biomass-
distribution logistics, which can include tools such as life cycle evaluation to quantify
sustainability effects on forestry and Hmber.

Balancing the economic decision, ecological impact, and sodal acceptance in the
context of forest renewable energy 15 a nulllﬂhx task that l.'ﬂ]l.ll-l'l.-:i- the considerabion of
many factors.

1. “Eeonomic considerations”: Investment and operating costs must be conssdensd, as
well as potential financial benefits. Incorporating forest renewable energy into the
ecomomy can benefit job creation and nerease the sustamability of local commumitios.
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2. “Environmental impact”: Renewable energy sources, such as forest-based energy,
can help reduce greenhouse gas emissions, However, the impact on local ecosystems
needs Lo be carefully analyzed, especially in the contex! of Lree culling, ils rale, and
the potential for forest regeneration.

3. "Social acceptance”: This aspecl requires engaging and educating local communi-
ties and understanding their concerns and needs. It is important that communities
understand the benefits of forest renewable energy and are involved in the decision-

making process.

4. “Policy and regulatory integration”: Effective policy and regulation can help balance
different interests and encourage investment in sustainable energy sources.

5. “Innovation and technology™: Developing renewable energy technologics can help
increase efficiency and reduce the environmental impact.

6. “Long-term planning”: A long-term approach that takes into account climate change,
the needs of future generations, and potential changes in the economic environment
is important for achieving a sustainable balance.

In practice, reaching a compromise requires dialogue among various stakeholders,
including governments, businesses, scientists, environmental organizations, and local
communities. [t is important that the decision-making process is transparent, based on
solid scientific data, and takes diverse perspectives into account.
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Abstract: One of the 10 prioritics of the Green New Deal & sustainable transportation. ' should be
considered in the perspective of long-term ecological and coonomic sustainability, acoording to the
trend of opportunities for sustainable development. The cconomic and environmental aspects of
transportation melated to the harvesting and mowement of timber play a special role in the enengy
cost amd their environmental impact per distanoe: of raw material supphy. The principles of rational
amd energy-cfficient use of tamsportation cquipment play a key mode in the movement of maw timber
Thiesa ane influenced by the availability of timber nesouroes, limitation of vehicke payloads, reduction
of energy consumpticn expresed in terms of reduction of fuel combustion, or current legal and nosd
regulations for imber transportation. The paper evaluates economic and environmental factors in
relation to the demand for fueks r y fur the impl tion of read transportation of softwood
timber. The aim of this paper wirs to present the curment situation o the II:GElIFh‘.II‘I:Gf!JI‘hﬁm means
in the moverment of bulky timber, as well as opportunities to optimize faneed consarmption and (0,
emissions, affecting the economic and environmental effects. Previous studies on fuel consumption
in the transportation of roundwood indicabe irrational wse of vehicles. This indicabes umesed payload
capacily incrsssing enengy inputs exprssed in fuel consumptbon. 1t has been empirically investigated
that this is the result of improperly approved transport sets adapied bo the material being bransporbed.
In addition, it was shown that there is a clear correlation between the vehicle payload utilization rabe
and economic and environmental factors. The results of this study point o the potential bo increase
the use of transportation vehicles for timber transportation and reduce fuel combBrustion and OO0y
emissions by 7-20M%.

Keywords: soflwoods; limber Iransportalion; lransportalion means; economics; environment

1. Introduction

Timbwer tra n:ﬁinrrhll:l'un 1% o Of the r.-:lnrmmh-qflngi:d‘uﬁ management on which the
efficiency of management in the forest and timber sector largely depends. Due to the
current legal acts on transport policy and the provisions of highway code, it is necessary
o achieve an oplimum between environmental prolection and economic aspects of trans-
port. Modern forest-timber management, despite the fact that it is not directly regulated
by ELJ legislation [1], significantly affects the fulfillment of environmental objectives [2].
The scope of sustainable management in timber harvesting and transport is presented
in research manuscripls reporting large datasets that ane deposited in various publicly
available EU documents, including the “(sreen Paper on forest protection and information
im the ELI: |:ln'.1mr'm.g forests 1"1b|'t‘||'|||allr:e|‘||a|u‘§,|"LI arud the Funlplmn Parliament m=solution
of 28 April 2015 on “A new EU forestry strategy: for forests and the forest-based sector™
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{2014/ 2223(IN1}) [3,4], further developed through the introduction of new directives of 16
July 2027, “Mew EL Forest Strategy 20307 [5].

Timber transportalion is an important issue in sustainable forest and limber manage-
mient, which enforoes taking measunes to use forests ina way that preserves the biological
structure and performs the economic functions of forests withoul harming other ecosys-
tems [6]. According to the Polish FEFC PL 1003:2012 regulations, which correspond to EU
directives, sustainable transport conditions must be met within forest management. This
approach requires both preparation and adaptation of transport infrastructure, ie., roads,
transport routes, and bridges, which must be properly planned, built, and maintained
to ensure an efficient ransport system. At the same time, it is required to reduce the
negative impact on the environment [7], among other things, through the decarbonieation
of ransportation |£]. Actions taken in this regard are focused on the reduction and control
of exhaust emissions and the promotion of transportation modes that wese remewable energy
sources as fuel [9]. Transportalion issues relaled o lmber management are imporlant
not only from the point of view of an effident and economically viable supply of wood
raw material, but also from the point of view of its impact on the envirenment. Timber
transportation within the significantly varied availability of raw material targets both land
and water deliveries. Land transport is amaong the most demanding and problematic
transportation modes. In the group of raw material deliveries with higher value indices,
rosd transport is dominantly preferred over ranl fransport for the delivery of woosd paper
and board raw material. This is due to the peculiarities of the transported wood sorts,
especially when it comes to roundwood [10]. However, these issoes ane ot regulated by
any general regulalions within the European Union. In this regard, any irregularities in the
transportation of wood should be considered in light of the applicable internal regulations
of the member countries [11]. In Poland, the guidelines for imber transportation and safely
are contained in the Regulation of the Minister of Infrastructure dated 25 January 2008,
which describes both the proper arcangement of the ransported raw material and the
related transport safety measures [12].

An important clement in planning the transportation of imber by road @ the maxamum
permissible gross vehicle weight (GYW) on roads. In Poland, these restrictions are defined
by Article 61 § 15 of the Road Traffic Law, indicating a bevel of 40-42 Mg, depending on the
form of vehicle combination (Polish national regulations). Taking into account the vehicle
type and design, the maximum permissible volume of transported pine raw material is
usually between 25 and 30 m? [13]. However, there are discrepancies with regard Lo the
current legislation. They often result from the dead weight of vehicles limiting loading. The
st fn}qul,"nﬂy e wrded diﬂnefnamﬁ imvolve t‘.l.l'lﬂ.'.ljiﬂg the maximum Pi,"nlli:?z%l-h]l} lowacd
weight [14]. Significant non-optimized underloading of transport cars is alse common | 15].
The reasons behind swuch irrtgl.ﬂaril;ﬁ% melude the '..'zlr_""illuI drenﬁi.t_',.' :‘lFIilnht-.r, which dn.-ei‘ll?lui‘a-
on its type, form, and period of harvesting, which contributes to high variability in cargo
weight [16-19], In addition, the: varability in imber moisture content at the point of initial
Inading prevenls accurale determination of ils weighl. This aflen resulls in unknowing
noncomplizmoe with timber transportation regulations [12,20].

In European countries, there i a greal deal of variability in the applicable restriclions
on vehicle loading, which is due to varying permissible gross weights. Germany has a max-
IR Pl}ﬂnimﬁihlt-. bekad wﬁghl at a bevel similar to that in Poland flu.-l Hﬂ}, wilth discussions
underway to increase it to 44 Mg [21]. According to CGerman business associations, such
a level is already allowed in Belgium, Luxembourg, and the Crech Republic. In addition,
other Eurcpean countries have higher permissible gross weights for transport wehicles,
such as 50 Mg in the Netherlands and 54 Mg in Denmark. In contrast, the maximum
permissible gross vehicle weight in Scandinavian countries is aboul 60 Mg, and there ane
alss ongoing discussions on its increase [21,22], Such a wide variation in the levels of
maximum permissible load weight and differences in the tolal weighl of a combination
of road vehicles means that discussions ane underway on appropriate provisions for the
|:n.-.|.'|||i.~m'i|:l|t-. load t'..!pﬁ:_'il}-' of vehicles. Thiz s tz{pﬂ."ia“}' truse gi'w.-.ﬁ that zi.'Ju:l_1|.1o.s|.'|il"muI e
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permissible outage is associated with increased fuel consumption and exhaust emissions.
Therefore, the nesearch indicates the need to analyee issoes related to the optimization of
limber lransportalion.

Studics show that a reduction in COy emissions inroad transportation of up fo 90%
compared o 199 can be achieved by 2050 through strong, fleel cholces. With strong, fleet
madification, amd if all measures reach their best potency, the mest common source of CO,
emissions in wheeled transportation—the internal combustion engime—awill be reduced.
The magnitude of these emissions is equal to the quantity and quality of the fuel bumed.
Thus, the level of emissions can fall by reducing its consumption. Therefore, the article
focuses on opportunities o reduce (O from road transport by evaluating optimal vehicle
losding. Ones of the main concepts for improving supply chains is cooperation between
stakeholders by increasing the efficiency of the ressurces they share. In the literature, one
can findd rescarch papers related to vertical cooperation in the logishios mduastry [2524], Sech
cooperalicn is possible thanks Lo dalabases Lhal allow the optimal use of lransportalion
resources and adapt them to the distance and type of product being transported.

Baoth the variabality of regulations and the diversity of imber load preparation requine
the development of proposals for the possibility of increasing the cargo volume and adapt
img it to vehicle payloads. The aim of this study is to identify the facbors responsible for
the under- or oversizing of loads in the transportation of large-sized timber. As a result
of the analysis, it is expedient to identify selutions that will determine the variasbility of
cargo volume selection of the studied timber species, and which should be implemented
in practioe. This will have an impact on cost optimization in thar comvbext of coonomic and
environmenlal aspects of road ransporl. As a resull, il will be possible Lo indicale the
rationale for taking measures to reduce transport cycles by optimizing vehicle filling and
laking inlo account environmenlal aspects, both locally and globally.

2. Materials and Methods

The: large-size limber supplies implemented in the weslern part of Poland were se-
lected as the research area undertaken. It covered the entire vear of 2022, The study
focused on the supply of imber from 9 Regional Directorates of the State Forests, including
233 forest districts located in the indicated region of Central Europe. The research process
was carried out by analyzing the road transport of pine (Pinus syfoestris 1) roundwood,
which dominates the domestic market. The study wsed source materials on the transporta-
tion of imber with a volume of mere than 1 million m?, The starting point for addressing
the issue was the regulalions in force in Poland that inform aboul e permissible maxi-
mum weight of raw imber transported from selected forest districks to timber industry
customers. The use of digilal lools and initiatives o support smart mobilily can be a key
aspect of developing smart transportation load reduction areas. ‘Traffic reduction and
loading restrictions, such as loading acceptable levels of kit preparation with mulbiples of
25 m* or 30 m?, determine the filling of trucks. The simulation deals with the evaluation of
the impact of Alling for cars in the range of 25 m? and 30 m? and the assumed intermediate
theoretical loading of 27 m? averaged pine wood. It was assumed that the loading volume
can have a pusitive impact on taffic sthebons, espeaally at high transport densaty.

The article attempts to find a general solution to the problem based on statistical
research. To confirm the statistics, meal transportation data was mitially used. Then a model
based on real data was created. Therefore, the paper combines the real and modeled data
to serve as data for further calculations. The research methodology adopted is intended to
indicate how many transportation processes can be improved by optimizing trock loading.

This case study focuses on road transport of large-sized roundwood in accordance with
Regulation 51 of the Director General of the Skate Forests (DCSF) of 2019 and Regulation
Mo 54 of the DGSF of 2020 |25,26). The form and type of wood determines the type and
maximum permissible gross weight of the vehiche combination. The type of imber adopted
for the study concerned large-dimensional sorts, the dimensional range of which includes a
diameter of more than 14 cm at the upper end, and a length of mone than 2.5 m. According
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to the Polish standard PN-D-95 000, when calculating the volume of a piece of wood with a
length of 3-5 m, conversion factors ane wsed (061 m® = 1 piece), and for wood with a length
of more than 5 m, each piece must be individually measured. The loading measurement
of round raw material was based on timber receipts at the storage sibe. Measurements of
the permissible weight of a vehicle combination (vehicles coupled Lo move on the road
as a whaole) [27] were obtained from the technical data sheets of vehicle combination
manufacturers. When calculating the paylosd of the vehicke combination, regandless of the
calculation method used, a pine timber load of 25 m® or 30 m? (depending on the declared
equipment of the truck]) was taken into account. Delivery of the raw matenial was carmied
out in accordance with the guidelines of the Road Traffic Law [27]. In this case study, the
research incheded vehicles with a permissible load of 40 Mg, self-loading vehicles witha
permissible capacity of 25 m1, and vehicles withoul auxiliary equipment with a permissible
capacity of 30 m? [28]. In relation to the actual weight of vehicde combination, their
maximum permissible load of 40 Mg was assumed in further analysis. In the real world for
individual companies, logistics programs are used to optimize the use of transportation
miesans by filling them optimally. Such cooperation s simpler when the freight carner has
flexible transportation facilities. Cargo consolidation, then, can be considered crucial for
low-carbon supply chain solutions. This paper evaluates loadings for 67 types of vehicles,
wheere the problem of designing multi-carrier transportation pooling strategies in a supply
chain is examingd. The purpose of the paper is to examine the impact of these collaborations
on 0y emissions reduction using a real-world event-based methodology. Using a case
study of selected trucking companies, strategies for changing vehicle weight and CVW
(permissible gross vehicle weight) o lower OO0y emissions compared Lo a supply chain
without pooling are examined.

When considering the economic and environmental ransportalion cosl, allenlion was
paid to two key parameters: distance and fuel consumption level. Their contribution to the
total transportation cost is sagnificant and may vary. Fackors influencing the transporkation
cost include the price of fuel and its consumption, which depends on the optimization of
vehicle uhhzation, vehicle travel distanoe, or vehidle speed.

Tables 1 and Z provide a summary of fuel prices in Poland in 2022 Prices in euros
were caboulated based on exchange rates provided by the National Bank of Poland, The
average price of diesel fuel for 2022 was €1.41/L [29].

Table 1. Min, max, and average prices in Poland for 12 moniths of 2022,

Fuel Type E95 E98 Diesel LPG
EUR/L*

Min 115 1.20 115 057

Max 1.70 182 172 074

Average 143 151 14 ]

*—amvording b fhe average annual exchange mabe of the National Baenk of Polard. Sownoe: besed on | 30,.31]

Table 2. Aserage monthly diesel prices in Poland in 2022,

Diesel Price in Poland
Months 1 2 3 4 5 f 7 8 9 n n 12
FLUR/M." 1.28 1.19 154 155 1.54 1.6y 161 153 157 1.8 167 1.4

*—according to the average annual NEIP exchange rate. Source: based on [30,311

Baath the vehicle’s fonmage and its speed translate into average combastion, which s
im the range of 24-33 L/ 100 km (Figure 1). For the purposes of this study, after verifying
data from the prevailing transport companies in Poland, an average value of 29 L /100 km
wias assurmsd. The reduction of combusbion in transport vehicles s so significant that an

effort to minimize the member of transits should take info account sets of vehicles in large
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Diesel (L/100 km)
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transport fleets. This translates not only into lower fuel consumption costs, but also into
lower ermissions of harmful substanoes and greenbouse gases into the atmosphene.

Fuel consumption depending on the speed of the set of ransport vehicles

y = 0&000x + 32 962
R? = 0.6617

30 35 4 45 30 5 80 65 70 75 8 B85 20

Speed (km/h)

l-_ls;m'z A, Commbaastion \-a'rialil'il}r rlr'pﬂu'li'rls on e saiwﬁ:l of movement of the: viehicle combination
up o 4 Mg, Source: based on [32]

The authaors focused their work on the oost of fuecl becaose:

— il represents a significant ilem in Lhe operaling costs of lransport companies—iuel
costs can account for up to approcdmately 30-500% of total costs,

- fuel prices in the analyzed anea of the country are comparable; benoe, in the presented
example, it was possible to take averaged prices for calculations.

The: remaining transportation costs, both vanable and fixed, vary widely among, the
different operators and depend on many factors, such as the fleet owned (including vehicle
vintage, mileage, vehick: make), wages, number of customers, or order book.

Thus, changing the weight of the goods transported significantly affects the unit cost of
transportation. Transporting goods by low-capacity vehicles over long distances beoomes
economically unjustifiable. In order lo make the transport process oplimal, il is necessary
to strive for maximum utilization of vehicle cubic capadity, while complying with the
u|:||:||'||.‘u|:l|.1.-. rokacd rfﬁulatlu s Such action will reduce fuel costs.

Calculations took into account both the cost of transportation fuel and the use of
transportation means in relation to the allowed amount of pine wood raw material. Asa
result of the study, it was determined, among other things:

—  percentage of debiveries onan anmoal baeses,

—  potential number of transits, depending on the vehicle payload and delivery distance
for the assumed pool of 1 million m of mw material,

= Iotal COy emissions achieved as a resull of the distance traveled by transport vehicles
with a permissible load of 40 Mg,

= eshimated deviation in the weight of transported cago,

—  estimated fuel costs as a function of specific vehicle payloads.

The analyzed period was the full year of 2021, during which the vehicles were used
evenly. In the course of the study, the following were determined: the distance of the
loaded trip and the voluwme of the transported wood.

Transporl wehicles were used in the area of nine designaled regional direclorales bo
transport pine: raw material to fimber plants over a distance inthe range of 40330 km.
Based om the verified amount of 1 million cubic meters of large-size pine limber transported,
the percentage of transports carried out over each distance was determined. The distances
cowered are preseated in intervals of 10 km.
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The simulation concerns the evaluation of the defined volume of vehicles only (up to
25 m and up to 30 m*). At the same time, the impact of wsing an intermediate (1 of 27 m®
was simulaled, which can be justified in siluations of vehicle overloading or carrying amn
imcornplete loasd.

In the research, dala was oblained from five lransport companies with diverse lrans-
port sets with an indication of the actual tare weight of the vehicle combination compared to
the: gross vehicle weight after loading. A total of 67 types of vehicle sets wene separated on
this basis, The results were compiled for 37,040 transports over 44 distances with spacing
every 10 km. The group included sets with the ability to losd wp to 25-27 me of pine timkser
{with a regulatory density of 740 kg,/m®) and with a loading volume of 27-30 m? of pine
timbwer.

The simulation of the process of ulilization of transport means assumed the evaluation
of the degree of utilization in sets of cars loaded with pine wood ingquantities 25-27 m®
and 27-30 m?, in relation Lo the mulliples of completed courses in the analyzed delivery
distances.

Reference was made to the evaluation of the level of use of cars with a capacity of up
to 30 m* of pine wood as the maximum permissible filling of a set of transport vehicles in
Polard in accordance with the DMC of 40 Mg, At the same bme, the simulated indirect
loading was verified, increasing the actual loading volume for heavy-duty autos from 25 m
toya hypaothetical volume of 27 m®, and reducing the loading volume from the sctual 30 m®
to a hypothetical 27 m*. The simulation is intended to show the effect of mass from the load
on potenhal economic effecks in the form of the cost of fuel burmed, and environmental
effects in the form of OOy emissions.

Eeduction of fuel consumption is extremely important, as vehicle exhavst contains
a large proportion of lowic compounds, emilled by the engine. Hence, nol only the type
of harmful substances matters, but also their concentration. For the environment, CO; is
the greatest problem. The exhaust also containg other pollutants, bub due to their trace
amounts, they were not considered in the study. OO emissions from anthropogenic
sowrrees, ared therefore vehich: exhaust, contribute to the greenbouse effect. Therefore, it e
important to increase the environmental awareness of the public, which affects the correct
and economical operation of vehicles, and as a resulk carries the possibility of reducing
greenhouse gas emissions. In the study, in accordance with lilerature data, it was assumed
that 1 L of diesel generates an average of 2,68 kg of 00, [33,34].

Statistical Analysis

Statistical analysis was carnied out bo assess the differences inthe effect of load capacity
selection on the economic and environmental performance index belween Lthe varianis
of the three simulated processes. The analysis included one-way analysis of variance
(AMOVA), followed by Tukey's post hoc tests. The program B was used for the calculabions

as a statistical system. K is available as free software under the terms of the GNU Free
Saoftware Foundation's GNL Ceneral Public License [35]).

3. Results

The present study analyzed the transportation of softwood carried out by the analyeed
entity during the period under consideration, using simulated deliveries for a volume of
1 million m?® of large-size roundwood, transported to timber industry custome s, For the
assumed volume of transported raw material, the distances covered were also determined
(Takle 35).

As can be seen from Table 3, depending on the region analyzed, roundwood was
transported over average distances with lengths ranging from 93 to 424 km. These de-
liveries occurred al Lhe peak of demand for roundwood where the study evaluated the
transportation of 1 million cubic meters of pine raw material, with the total harvest of
large—gize conifercus imber in Poland in the analyzesd year at 15 million cubic meters [36].
This situation resulted in a maximum distance in road transport of 530 km, which referred
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to (L01% of the total amount of timber transported with a noticeable downward trend.
The largest amount of roundwood was transported at @ distance of up to 40 km, which
accounted for about 23% of the delivered volume of pine raw material.

Table 3. Distance of lransported limber n 2022,

2 =
- - E e 1] ] f—
I - BT
Forest Districts = ] | 3 B &
g ,E i a8 B g 3 = £
b @ L =
[
Distance km
M courses (pes) 126 30z 30 733 3555 33 il Ly 21,956 37040
min 310 175 300 240 80 140 130 50 40 40
man 37 38 424 308 173 197 154 129 a3 285
max 470 300 5] RRD 285 60 50 Ha 145 50
500 B2 A5 SHAT A0LE1 45.549 3051 . | 554 64 14431
v 1278 1629 M8 1665 2078 31 7h T3 o427 20,825
Soisree: own slisdy.
Taking into account the actual volume of raw malerial transporled and the maximum
permissible vehicle volumes of 25 m™ and 30 m?, and the average of 27 m?, discrepancies are
indicated, which point to overdoading as well as underoading of vehicles (Tables 4 and 5).
Table 4. Weight of the vehicle combination with the timber seli-loading sysbesm in 2002
Weight of the  GCVW ™ (40 Mgl—Mass The Ditference between the The Ditference between the
Combination of the Vehicle Capacity Actual Volume and the Actual Volume and the
of Vehicles Combination Masimum Volume of 25 m® Masimum Volume of 27 m®
ki kg m? m? % m? %
22,106 17,895 M8 —.42 -3 —2482 —10:44
21,450 18,550 507 .07 o2y —1.93 —7.16
21,000 19,000 2568 068 27 -132 —4.50
20,775 19.225 2598 0.58 342 —1.02 —3.78
20,650 19,350 2615 115 4.50 0.85 315
20,530 19470 2631 1.31 5.4 069 255
20,500 19,500 2635 1.35 541 065 240
20455 19545 2641 141 565 059 218
20,300 19,700 662 162 (.49 038 1.40
M), X85 19.715 Dt 1.64 657 —036 —1.33
2,190 19810 M7 1.7 L] —N.23 —[L.BS
19,825 HE TS ¥ 2% 2.M ons .M k=3
19,500 M0 X730 2.30 9.19 0.0 1.10
19,767 XA i ] 28 947 0N 1.7
19,745 255 a7 237 949 037 1.38
19,6015 5 756 2.56 10.24 0.5 2.08
19,585 HA15 s ] 5 1035 059 214
19,556 X444 A3 263 10.51 &3 232
19,500 20,500 1] 270 10.51 0.0 .60
19,380 610 78S 285 11.41 055 315
19,320 20,680 a5 295 11.78 0495 3.50
19,315 H),6H5 s 2495 11.51 0495 353
19,50 A0 el ] 2% 11.95 0w 365
19,195 20,805 2811 a1l 1246 111 413
19,175 20,525 814 314 1257 114 4713
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Tabsle 4. Corif.
Weight of the  GVW * (40 Mgl—Mass The Difference betwern the The Differenice between the
Combination of the Vehicle Capacity Actual Volume and the Actual Volume and the
of Vehides Combination Maximum Volume of 25 m® Maximum Volume of 27 m®
kz kg m? m? % m? %
19,105 20,895 8.4 3.4 1295 1.24 4.58
19,000 21,000 838 338 13.51 138 511
18,925 1,075 2848 348 13.92 148 548
18,560 21,140 857 357 14.27 157 5.81
18,525 AT 841 3.6l 1446 1.6l 5.58
18,700 21,300 TR 378 15.14 1.78 61
18,645 1 555 I8.56 356 1543 1.86 658
18,610 5580 a1 391 15.62 151 706
min 17, B95.00 MR —0.R2 —327 —282 =144
AN 230 36 236 942 .34 132
ki 21, 3%0.00 bk | am 15.62 19 708
v GRGIGT 26 1.26 1.26 M4 1.2% 1727
5. E30.27 112 112 449 1.12 416

Sonmre: own study for pine wood density of 780 kg/m?. " OVW  permissible total weight.

The distance of realized transits necessary to transport the total amount of raw material
uuul_',.'?.:ed wias calculated for the actual load level based om a seb of daka from own SUFVEYS
taking into account the provisions of the Road Traffic Law and the maximum permissible
volume of pine wood transported in one transit for cars with a permissible capacity of up
1o 30 m* of raw material. The analyses indicated the maximum range of deliveries based on
the reported fimber receipts (row material deliverics were marked at 10 km ntervals). The
dala came from shipping documents for deliveries of pine coniferows raw malerial wilh
an assumed density of 740 kg/m®. As transport companies use vehicles with a declared
mim"i‘t_',.' in the e af 25 II'I:I'.. which ane l,"qul'l:lpﬁi with additional ||.|:Bv|.'|i.|"ngI Equipumr‘-t
(hydraulic truck crane) or without loading equipment with a standard load volume of
30 mj' pilu:-. I'irnl:n.-.r, deliverses for vehices with two load volumes and an average value of
27 m” were simulated in the calculations. The results for 37,040 ransports over 50 distances
show the influcnce of raw material transport distance on the optimization of transport
means ulilization and the potential number of tranaporl cycles (Figure 2).

Taking into sceount the average price of diesel fucl (Diesel) inc2022 at 141 coros and
the average consumplion of diesel at 29 L/100 km, the fuel cosls were caleulaled and
the indicator of optimal filling of transportation means was established to reduce fuel
N”'H:Ekul.'l‘lf‘l‘ti.ﬁtl as well ag econome and environmental costs associabed with m} EFTSS IS
(Figure 3). The number of transits required to transport 1 million cubic meters of timber
was caboulated From the level of data taking into scoount the provisions of the Road Traffi
Law and regarding the maximum permissible volume of pine timber transported in a
single transit, The maximum range of deliveries based on timber receipts inthe following
structure was indicated: A—load volume of 25 m*; B—load volume of 27 m*; C—load
valume of 3 m? (deliveries at 10 km intervals), The calculation data was simulated taking
into account the actual percenlage of deliveries made for vehicles with the indicated load
volumes, which shows the effect of load volume on the number of transport cycles. As the
study shows, it is the differences in fuel costs resulling from underestimation of vehicle
load volumes that account for a significant proportion of total fuel costs on an annual basis,
Opportunity costs resulbing from the lack of vehicle DMC ublization (Tables 6-8) in the
group of analyzed load volume of 25 m® on a car with a capacit; of up to 27 m* represent a
total of 7.58%, and the wse of cars with a DMC of up to 30 m® with a load volume of up
to 27 m® represents potentially 9.96%. The highest level of these costs relates to the use
oof caars with a CVW capable of loading 25 m* with the alternative of loading pine timber
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on cars with a load volume of up to 30 m®, which represents a total of 20.16% of lost fuel
consumption costs, Forest districts ane the countics from which the wood was imported.
Seores were eslablished o represent the supply range. This supply range represented the
number of observations for ANOVA evaluastion.

Table 5. Wehicle combinalion weight for syslems wilthoul Limber seli-loader in 2030,

Welght of the  GVW (490 Mgl—Mass of The DHiference between the The Diiference between the
Combination the Vehicle Capacily Actual Volume and the Actual Volume and the
of Vehicles Combination Maximum Volume of 30 m® Maximum Volume of 77 m®
kg kg m* m? k] m? Y
18,425 21575 2916 054 182 206 7.98
18,400 21,600 .19 0.81 170 219 811
18,330 X670 29,78 0,72 138 2.28 e
18,500 1,700 2932 L —225 232 Bl
18,500 1,700 9.52 —[L6H -5 2352 Rl
17,550 2.050 9.5 — (LA} —Li8 2.8 1034
17,700 .50 L4 14 045 Al4 11.41
17,6590 .30 L5 15 050 315 116
17,585 2415 309 02y L1 3™ 12.19
17465 12535 3045 [LE &3 151 345 12.79
17,460 2540 3K (LB 15 346 1281
17,200 2 R0 JiLE1 &1 2.0 381 14.11
17,130 nEm 309 91 3m 3491 1446
16,915 83,005 I 1R 363 4R 15.14
16,740 23,210 J.36 1.36 4.55 436 1617
16,685 13315 3. 151 LYir] 451 16.68
16,500 23,500 3.7& 178 5.6 478 17.62
16,305 23,695 Jam 202 673 5.2 18.59
16,210 X790 3215 215 KA L 515 19.07
16,020 23,580 a4 241 a0 541 2002
15,5960 24,040 3249 245 879 549 i v
15,480 M50 3304 314 10.45 614 nmn
15,390 24,610 3.6 326 10586 6.26 17
15,375 A5 3am 328 10.92 628 nn
15,220 24780 3349 3459 1162 649 24,02
15,150 24,850 3358 3.58 11,94 6.58 437
15,075 24005 3368 368 12.27 668 MT5
14,356 5,604 g N 468 15.60 ThR 1845
13,805 My 195 3540 5.40 18.00 B4 310
13,400 My 500 3595 5.95 19.52 Ro5 3313
13,280 G720 Jih01 hll L3 al A3.73
13,096 02 65 G35 2118 935 T
11,763 .17 3806 Bl6 149 1116 1133
11,350 24,650 .72 #72 Pl 1172 13.39
min 21,575.00 29.16 —Li —1H82 216 ]
mean 2393759 335 235 7E 535 19.81
max 28,650.00 T2 arz B.05 1.72 4339
L I S5ERA22 24 655 H.55 7281 655 H9E9
5. 18431 156 256 B.53 256 AR

Sowrow: own study for pine wood density of 780 kg/m?. * GVW—permissible total weight.
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Figure 2. Dastribution for e distance of transported timbser in 2022, Source own study.
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Figure 3. Dastribution of e costs of lost profits in the transport of 1 million o of raw material for
the tested distances in 2022, Source: own study, A—vehicles up 1o 25 m®; B—vehicles up 1o 27 m;
C—wehicles up to 30 m®,

Statistical analysis of the studied dependences of actual and potential financial mea-
sures to reduoe fuel costs indicates the significance of the fsctor of vehicle combination
selection in the evaluation of distance covered. Verification with the AMOVA test indicates
a significant dependence of fuel cost on the loasding weight of vehicles (Takble 6).

The resulls oblained allow for statistical evaluation of the impact of losd volurme of
road transport vehicle combinations with an average combustion of 24 L/100 km and a
price per liter of diesel of 1.41 EUR, which provides an average of 40.8% EUR for a distance
of 100 km in the analyzed year 2022 (Table 5).

115



Emargias 2023, 16, 5334

11 o 11
Table 6. Effect of ANOVA of process selection size on log transgort (p < (L05).
Sommary of Data
Process Variant
A B C Tatal
K 3,245,537 7 999 526 270,915 B, 9443 1R
Mram 4,910 59,997 5408 59,540
X 540, 295,660,587 462,833,565 044 374,588,987 T8 178 118,618,340
Shd. Thew, 201859 Th,580.47 6837623 7528779
Result [etails
Souarce 55 df M5
Betwern variants 2975425 436.89 2 1A87, 127184 F = (25986
Within varianks 15594 210, 46044 147 5,725, 13,6634
Turkal B4, 560 635,897 33 148
',‘;ﬁ"—".l'uriﬂliil_qll. TF —nmimbser of imlwulen} resuhia, and 'Hﬁ'—inh_ﬂrgn_u,l}: VAR
The established F-rabio value iz 025986, The resull s :1i.5n|'ﬁ:_1n|| al P .05 bewvel.
Tukey's H5D (honestly significant difference) procedure, on the other hand, involves
|:ui|"'|r|."i.:«.-. u-nmpari.-«ms within AMNOVA data. The F stabistee indicates that there s an
overall difference between the sample averages. Tukey's H5D test identifies that there is
a differenee between pairs of transportation fest averages B and C and a slight level of
difference between A and B. In conleast, there is a significant difference for pair A and C
(Table 7).
Tabrle 7. Pairwise comparisons of ransport process variants wilh Tukey’s lesl
Pair H5 D05 = 35, 5298536 Oy as = 33484
Ma = 64.910.74 -
AB Mhb - 59,997 56 491818 Q=046
Ma - /4.910.74 _
AL Mo — 5401830 HswH Q=1
Mhb - 59,992 56 _
[LEw Mc — 5401830 557426 Q=05
Table B The impact of the chodce of means of transport on the average level of fuel costs (diese]
fuel = 141 EUR/T.
[ey—— [ —— [T — [r— [ET—
s ama®  ama' | cme? anat [ ot [ ca ca [ cx ca
R pa (i1 ] R LY
S, L) T M R pL T L] A ST el = A e
ey T - e Ll faab) e =y ;. b e s aaw -
un onn wan IR £ E T E T Er ) £ ] RN ] nss an (Y
i ninaE v e i s e = — [T ais s i
L DT LA Zimsm Ly i) NN ST TLH LN T B ST, 1 [Loh g bl aun A =

Sowree: own shadhy.

From the environmental point of view, an important parameter in addition to the
amount of fuel consumplion, and therefore the cost of this fuel, is the level of CCk, emis-
sions and the possibility of its reduction. Table ¥ summarizes the differences in diesel
consumplion that result from the laasd method of the considered types of transport vehicles,
as well as the impact of such measures on CO> reduction.
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Table 9. The level of OOy emission and its reduction depending on the selection of vehicle sets
(emission of 2.68 kg of CO% wilh 1 L of diesel fuel).

& 4 Difference Diese] & _— 5
ot et G Kedution P O

A 25 't B 27 3 m® oA B C-A B-A OB C-A
FEL/I00 km 1584310 1,533,560 1,651 330 150,350 12630 37, B2 38 455,448 BTG
2L 100 km 2,34y ,BOD 21X 3 1815543 174,406 211,851 386057 A67. 408 56T Tol 14035, 168
A3 L 00 ke 219 2HY 2 A 20,75 148,452 241472 Ll et ] 531 400 s 2 1,177,950
Nl T FA L] me

e own sty

The {'Cﬁ; reduchon resulls from tuki‘r‘lg b aceount the reduchion in tmll:simrl;.'ll:iqul
cycles, It translates into an actual reduction in the amount of fossil fuels consumed in the
roeacl tmn.sjmrlulim rrocess, and at the same hirme redoces harmiful ﬂﬂz emisswms o the
atmosphere (Table 9). The reduction value is based on the level of combustion quality and,
acoording to the demand distribution, with dicsel consumption in the range of 25-33 L per
10N} km, can represent a CO% reduction of 7-20°%. Such a significant amount of reduced COy
(From 402,938 fo 1,177,950 kg of CO5) applics to the transportation of 1 million m* of wood
raw malerial, depending on combustion, ie., 25 or 33 L/ 100 ko, which is an average of
29 L/100 km.

4. Discussion

The study on the supply of coniferous raw material to imber plants in western Poland
determined the structure of full-load lransports relabed to the periodic demand of these
entities for wood. This structure is a consequence of changes in production intensity, which
charactenze the |:|ér'||.'.di:_"||3-' of market demand for wood pri wlucts, Al the same Iilllﬁ, the
scale of deliveries is due to the rationality of harvesting and preparing wood for collection
on road vehicles, Increased deliveries in the ans dosely located from Hmber planis reflect
a reasonable tendency to reduce the movement of large-sized timber. This is due, among
other things, to the ransportation costs, but also to frequent inspections on the roads,
which as a resull of detected irregularilies in relalion o the current regulations, end in
firwes [12,37]. Whaen analyzings the transportation of roundwood, attention should be paid to
the: maximium permiasible gross vehicle weight (GVW). With regard to the differences that
exist between the countries of the European Union, an important aspect is the discussion
of a maximum load for road Irall.‘;[k‘:lr! and ik HdiI.ISlIIIEI:I! toy the actual TRC of Irall.‘;[k‘:lr!
wviehicles [38,34]. In the transport process, there are conditions for verification of the actual
load of vehicles transporting wood with an apparent density exceeding the values specified
in standardized tables. The apparent density of pine wood varies over the course of a
groweing, year and depending on the process of natural doying, as indinectly demonstratod
in the paper and confirmed in the literature [17,19). The identified small proportion of
vhicles dedanng cxcess weight may indicate a shight overloading of vehicles loading up
I 30 m? of raw malerial, and a significant proportion of non-filling of declared wehicles,
which is a violation of the utilization optimization of road transport in accordance with
currenl regulations. With regard Lo the demand of wood plants for raw malerial, it was
ohserved that the structure of road deliveries was determined by the dominant percentage
oof deliveries from the anea up oy ) km, which = about 629%.

The sctual results obtained in this study indicate that the DMC of vehicles transporting
i timbser is bhess than the permissible wse, On the other hand, from the ecomemic point
of view, just as from the environmental point of view, it is advisable to fully utilize the
maximum permissible gross weight of vehicles fransporting roundwonod, which may affect
a amaller number of ransils with a lower total environmental cost.

However, it should be emphasized that despite the significant advantages of using the
wvehicle DMC, this selulion is nol always used in practice, among other things due Lo the
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availability of prepared raw material in the receiving areas of forest districts. Monetheless,
cfforts o optimiae the fulfilment of wheel transportation means suggest that redecing
fuel consumption is a realistic goal for the freightl sector [40]. However, changes in DMC
may have limitations triggered by Commission Begulation (ELD 200197318 of 19 February
2019 [41] amending Regulation (ELT) 2017 /2400 [42] and Directive 2007 /46/EC of the
European Parliament and of the Council [43] to COs emission levels of 15% by 2025 and
3% by 2060 [5]. The regulation provides for gradual reducticns in fuel consumption by
heavy-duty vehicles. The 2019,/ 2020 emissions were used as the baseline [44].

The change in the maximum permissible load for road transport should be accompa-
nied by a review of the actual weight of vehicle combinations and the volume of wood
raw material types used. As a mesult, it will be possible to reduce both the number of loads
through the achieved DMC maximum permissible weighl and reduce the range of wheeled
transport. Increased maximum permissible weight of vebicle combination, as is the case in
other Eurcpean countries, may also have a positive effect on reducing the transportalion
costs of wood raw material. All these optimization measures contribute to reducng the car
bon footprint at various stages of the supply chain, They can also support the sustainabality
of supply chain development and the sustainability policies of participating companies.

Iry theer bransportation sectorn, sustaimability is based on an analysas of s environmental
impact through the sector’s consumption of fossil fuels and C0y emissions. According, to
ICCT (International Council on Clean Transportation) data, the aversge fuel consumption
of trucks between 2000 and 2015 was around 36 L/ 100 km. This indicates that in recent
years, there has been an effort o reduce fuel consumption to an average of 29 1/100 km,
which is specifically addressed in this study [4546]. It has been assumed that loading
volume can have a positive impact on traffic situations, especially when transport density
is high.

Ience, there is a need for a system to supervise loading and unloading times in real
b, I this study, a solution is developed o the movements resulbing from the possibility
of loading raw material during the release hours of the Forest Service, which significantly
lirmits the fexible control of traffic congestion. The system used in the mnsportation of
roundwood is based on the need to maintain the continuity of production of wood plants
and requine real-time traffic, such as the shift work of enterprises. Using, the collected data,
decision support for road availability can be developed. Traffic volumes can be evaluated
using fuzzy logic for users, thereby increasing transparency in mobility operations and
reducing Iransportation costs and tinses [47].

5. Conclusions

It has been shown thal under Polish conditions of wheeled transport of pine raw
material, the maximum distance realized was 530 km, and the dominant distance {for 62%
of recipients) was up bo 90 km.

The distance over which the raw material is transported depends on the supplier and
the destination of deliveries. The procedure used to maximize the loading of transporkation
means should take into account environmental costs. Increased loading weights from 25
m b 27 m? and borderdine to 30 m? allows for a reduction in the number of trips of 7-16%.

Reducing fuel consumption and consequently reducing C0 emissions in transporta-
tion can improve the cfficiency of vehicle use incthe delivery prooess. Increasing vehide
payload capacity translales into a reduction in the number of trips and the total cost of fuel
consumption. A limitation on the use of vehicles is the permissible gross weight of a set of
vehicles.

Increasing the GYW of a vehicle can positively affect the actual reduction in fuel
consumption ard OO emissions. In the case analyeed for the whesled transport of pine
raw material, decreases in fuel ((JM) costs can reach from 7% to 20,

Maximum utilization of the cargo volume of transport vehicles can be achicved by
improving the organization of the process of preparing wood raw material for transport.
The: storage of multiples of the volume of a single load ot pick-up points in mdividual forest
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districts can be an element of optimizing the use of ransport vehicles and a solution for
reducing fued costs and COy emissions.
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Abstract: The aim of the study was to test the applicability of forecasting in the analysis of the
wariability of prices and supply of wood in Poland. It relies on the sutoregressive integrated maodel
[ARIMA) that takes intn acoount the level of cyclic, seasonal, and irregular fluctoations and the long,
term trend as ools for the assessment of the predictions of the prices of seleched medium-sized wond
assortments, Elements of the Hme series wene determined taking info account the cyclical character of
the quarterly distribution. The dats imcluded quarterly information abaout the supply (amount) and
prices (value) of weod sold by state forests in the years 20082022 The analysis was conducted for the
most P-upula.r aezanTtrmenis: h.'u'qa;u'q'q slash (M2, M2ZZE), firewoood 54, and mediom-sized wood S2A1°
In I:hepﬂ'iuu:l studied {}l‘ﬂl!l 20NH-2022), the e rabe nl:pri-m variabion was widd],' scattened. The
average rate of price variation for the M2ZAE assortment amounted o 7. The average rate for M2
aszanrtment was 1%, whibe the medivme-sioed S2AF assortment di.xPJ:I}ru:d. the Enutmd: varixtion of
. This means that between 2018 and the present, the price incressed by nearly 1000, No major
fluctuations were observed for the 54 assortment and it average rate of variation amownbed bo 0%
The analysis found seasonal variation was observed only for 54 firewood, the price of which went
up each year in October, Movember, and December. For this reason, the forecest was made with the
seasonal autoregresive integrated moving average (SARIMA) version of the model. It = difficult o
forecast the price of wood due to varations in the market and the impact of global factors related o
fluctuations in supply.

Keywords: wood markel; wood prices; forecasling; seasonalily of supply; slash; pulpwood;
ARTMA; SARTMA

1. Introduction

In the process of forest resounce management, the amount of wood harvested and
itz assortment structure should be optimised to adapt to market needs, depending on the
I:"I'IHI'IEI‘"E 1.!'IIII'H1IIIiI:' I'I:II'II!i.t.IlI'IH HTHJ 1.1:":“;!'!1";"5 I'IIHIIBIB irl “H‘ Rllll.l]'lﬂl'l [ & |r||::|r|:|_',.' ﬂ'ﬂt
take climate change into account in long-term strategies | 1]. Empirical studies on the wiood
industry tend fo focus en developing long-term supply scenarios, while globalisation has
given rise Lo links between neighbouring wood markets, which implies that the domestic
miarket responds to macroeconomic conditions [2]. Therefore, the significance of short
and long-term economic forecasts |3,4] for the wond markel is increasing. The analysis of
supply on wood markets imvolves uncertainty related to climate change, the dying out of
forest stands, and disaster risk. Ofhwer Bactors at I.ﬂa]r include Im"l:u:h'ngi:a] o ress in wonod
harvesting, as well as political and economic programmes resulting in legal restrictions |5,6].
Furthermane, regional aspects play an increasingly important robe, amd wood harvesting
miay be restricted due to the growing awareness of the social functions of forests [7-9].
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Wood availability is a significant problem at the stage of designing development strategies
for forest and wood areas when climate change and the role of forests inthe process of
carbon accumulation are laken into account [10,11). Market prices for the available wood
assortrment structure change under the influence of mulbple factors [12-14]. The prices
depend, ie., on demand from the wood industry, which, in turn, is influenced by the
domestic and global economic climate [15,16]. In Foland, the supply of the resource is
influence] by the available structure of assortments offered by State Forests—MNational
Forest Holding (PGL LF). PGL LP is the dominant entity engaged in the supply of wood. 1t
offers woosd according to the accepied lerms of sale set oot in the legislabion that determines
detailed sales procedures and minimum prices. PGL LY is a non-corporate entity responsi-
bl for mamagging state forests in Poland. 1 has its own independent budget, and 90% of
ils revenue comes from the sale of wood. Coniferous forests account for more than half
oof tha fosbal forest ares in Poland, whille pine forests provail st 60,29 of that area [17]. The
Seols pine coexists with olher ree species of economic significance, such as the European
spruce and European silver fir (6.1% and 6.5%, respectively). Dedduous trees inchede the
common gak and Cormnish cak (7.79%), silver birch (723%), common beech (5.9%), and black
alder (5.7%) [18]. Furthermore, wood harvesting is limited by numerous other forms of
nature conservation, such as reserves and protected zones for animal and plant species [19].
The activwity of PLL LF is subject to numerous legal regulations, especially with respect to
the development and implementation of 10-year forest planming and management phans
concerming the harvesting of wood as part of cutting and silvicultural measures. In Poland,
wonsd 15 sold on the free market; however, PCL LP applies detabed procedunes for enfening
inle a purchase determined by the Director General of LP. Each year, the wood is divided
into assortment and species groups and is offered in several procedures: online sale via
the Wood and Timber Porlal, "e-wood”, or through special auctions of valuable wood
assortments, commercial negotiations, and on the basis of a retail price list. The Director
Ceneral also makes decigions concerming inibial prices and conversion coefficients for spe-
cific assortment and species groups. Detailed rules for the sale of wood are regulated by
deciaons of the Director Ceneral of the Stabe Forests [20] that regulate the rales for signing
contracts with enterprises as part of the so-called “purchase history™ and free access to
purchases at higher price levels [21,22]. In recent years, the share of small wood M2 and
medium-sized wood S2A assortments (25%) in the tolal amount of wood sold by PGL LP
has been on the increase (M22E-branch and chipped wood destined for woodchips for
energy purposes wilh a minimum diameter of al least 5 cm withoul bark (7 cm in bark),
the length or quality of which does not allow industrial use; M2 small-sized firewood up to
T om i diameter wath a |.1.-.T'|H].'|"| of 0.5 m ko &0 (i Gl medivm-sized Trewood upr of & emi
with a length of 0.5 m to 6.0 m) [20]. These assortments are most often used to produce heat
energy in individual households as well as in biomass powier Flﬂ"l:i. Thuse oy the meed for
new sources of energy. where wood and wood residues are recognised as RES, the demand
for these goods has definitely increased. The disaster situation caused by the bark beetle
had an impact on the increased supply of bicmass assortments; however, this was local in
masturre. Increased awareness of the crisis may have contributed to an mereased demand for
erergy wisd.

According to the regulations, wood prices are not the primary criterion regulating
the amount of wood available on the market Il':!-l; hnwem-.r, 'H"u,-._l,' are :iiuniﬁ("-‘!ﬁl: foar l.‘;||:l|'i-
mising forest management planning [24,25]. Adjusting prices to the level of supply can
e considered for :'lj:ll:illli.-s-l'ng the benefits of pri.r& Muctuabions [1'3_,25'_ Information on
changes in wood prices is a source of knowledge used in the planning of the activities of
timber companies and in the strategic planning of forest management, Thercefore, studics
explaining the mechanisms of shaping the wood market through changes in wood prices
over fime: ane the subpect of numeroues publications in Poland and m ofer countrices [27-46].
Time series are used o consider the price performance of the wood market [47,43]. The
application of appropriate predictive methods makes it possible to forecast changes in
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wood prices [49-54]. Currently, most studies focus on analysing changes or trends in time
senies and on their role in the forecasting of market prices [55].

The forecasting of wood prices and supply has a long hislory in forest economics,
with mast studies being based on models of supply and demand in various geographical
regions [42]. Flexibility in planning wood prices is especially important in the face of
random events, such as windfalls or sudden economic changes. Meanwhile, in times of
intensive economic growth, it is important to ensure a sufficient and stable supply of wood.
‘The supply of wood influencing prices of the raw material is characterised by deviation from
the planned levels. Depending on the cause, these changes can be divided into: irregular
fluctuations (e.g., due to large-scale disasters), long-term trends (3], periodic fluctuations
linked fo the cconomic cycle, and seasonal fluctuations. Explaining the mechanisms behind
wood price fluctuations is important for the revenues of forestry operators worldwide and
for their customers (stability of supply), as well as for enterprises providing services related
to wood harvesting and forest care. An element of inflationary factor in the price of the
raw material is included. The authors used data in which this factor affects the proposed
price. The effect of inflation on the price of timber can be inferred from the incurred cost of
timber, which has increased under the influence of political and economic factors (e.g., the
price of fuel, the cost of machinery, etc.).

The aim of this study was to apply temporal predictive models to identify fluctuations
in irregular, cyclic, and long-term trends in the prices of small- and medium-size wood
offered for sale by PGL LF in Poland.

2. Materials and Methods

The study involved the use of a predictive methodology that employs the autore-
gressive integrated moving average (ARIMA) model among its provisions. The topic of
forecasling the price of wood raw material in Poland is an evolving one. The choice of
ARIMA methodology is covered by numerous literature items, where the method has been
used in many other fields, including with a strongly changing external area. Using the
ARIMA (p, d, g) model requires the estimation of p, d, and g values. The meaning of these
parameters is as follows:
p is the autocorrelation parameter
d stands for the degree of integration of a series
i is the parameter of the moving average

The general ARIMA mode can be presented as follows in Equation (1):

@(BYV z = 0(B)ar or 2 =Y 7 @iy tm— Y7 Oy m

ay— random disturbance; 2y — random disturbance at the moment ¢ — 1.
where Equation (2):

¢(B) =1—g1B— @B — ... — g, B” @

is a function related to the non-seasonal autoregressive parameter p, and where
Equation (3):

8(B) =1—6,B— 68> — ... — 6, B 3)

is the function associated with the associated non-seasonal moving average parameter g

and the parameter B as the backward shift operator, which we can write as Equation (4):

BYZy = Z1p )

@192, Pp - -oraz iy, 0, O are unknown cocfficients estimated on the basis of example
data using approximate probability.
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ﬁ" = [:1 — H:I-d, d 15 the backward shift upo?r..ﬂnr ol the |:|-1:h l:n.io.-.r, defined as
Equation (3):
T =Fp— 7y g with 74 = ggd-] {5)
The SARIMA (p, d, g) (P, [, () model is an ARIMA model thal takes into acoount the
seasonality component (P—order of seasonal lags of the AR type, O—order of seasonal
lags of the MA type, D—differenbiation of the seasonal com ponent).
The mean absalute error (MAE) is calculated by:

Ax = |x — xq] (6)

x—real value of price; xp—forecast value of prie; The mean absolute percentage error

(MAIE) is calculated bry:
PR L.l P I
x

The root mean squared error (RMSE]) is calculated by:

_ Elx )
RMSF = = (%)

N—number of observation.

Checking data integration is recognised as the first stage of the calculation. This means
determining whether the data are stabionary or can be converted o stationarity. When the
data to be processed are stationary, we adopt the parameter d = {; when the data need to be
converted, parameter d = 0L The Kwiatkowski-Phillips-Schmidt-Shin (KPS5) [56] test was
used o determine dala stalionarily. The lest verifies the hypothesis whether the process
is stationary, in other words, whether it is expedient to take differenoes inbo account. As
we begin Lo consider stalionarily, we firsl subject raw dala to the lesl. Dala differencing
processes are carried out until the data are stationary following the KPSS test.

Tor determine the other parameters pand g, the autocorrelabion furction (ACF) and
partial autocorrelation function (FACF) are useful, Based on the ACF and PACK graphs,
we can procesd o identify the aubocorrelation parameber and the moving average. By
comparing the graphs, we determine the growth levels of the data in the adopted periods
and ditermine the likely vartant of the ARIMA model.

In the study, variants of p, d, and q parameters for each set of data for specific assort-
menks were determined separately. The calculations werne made with the “RY softwane,
version 4.0.3 released in 2022 (GNU General Public License as published by the Free
Software Foundation).

Tkata in the r_d:ul:i},I were divided it individual assorbments, suich as residual wood
MZZLE, firewood slash M2, medium-sized firewood 54 with the permissible level of soft rot
st alk m R Inp diameter of 5 cm o without Bark, and g«.r‘ﬁm]—fluqn v e weonncd
SZAF with the permissible level of rot at up to 50%, that meet the requirements complying
with the definition of energy wood included in the directive 2008/ 2000 of the European
Parliament and of the Council of 11 Decemiber 2018 as a source of renewable energy. The
data include quarterly data for the period 2008—seoond quarter of 2002, which provides
exactly 18 observations for the forecast. The forecast was made for the three following
quarters, more specifically, for (3 of 2022, (04 of 2022, and Q1 of 2023 (Figure 1).

The authors wsed data in which this faclor affects the proposed price, which means
using nominal prices. The study aims to forecast real prices. The additional inflation factor
will not reflect actual prices.

The sensitivity analysis was performed in comparison with the third quarter of 2022,
as this period can be congsidered closed, and PGL LP reported the data.
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Figure 1. Quarterly prices for M2 7F, M2, S2AF, 54 assortments in years 2018 2022. Source: Own
elaboration based on data obtained from the State Forests I'T System (own elaboration based on the
C ter Manag, t Support System of the State Forests National Forest Holding).

"

Raw timber prices are linked to vertical price t ission. However, due to the sales
procedures carried out by the forest manager, taking into account periodic sales cycles,
their impact is significantly delayed. The impact factors are price changes in global and
regional markels [57-60].

It is important to remember that wood prices are the key vanable in forest management
oplimisation and its forecasling is subject lo a high degree of uncertainty [47]. Time
series methods ensure good results while requiring modest input data, which makes them
especially useful in the analysis of forest management issues [61]. The choice of the ARIMA
method, as well as of the ARIMA method that takes account of seasonality (SARIMA), was
based on a literature review in which the authors attempted to make predictions in various
areas of the economy. We need to agree with Broz and Viego [62], who claim that using
predictive techniques and models in the area of forestry is still rare. However, attempts
were made to apply these methods in forestry. An article [63] by Greek researchers who
investigated the possibility of using the ARIMA modelling for firewood attracted the most
attention. The resulls of their research were salisfaclory. Broz and Viego [62] applied
the ARIMA method to analyse the prices of wood in Argentina. Japanese researchers
have successfully applied the exponential smoothing (ETS) method and autoregressive
integrated moving average (ARIMA) models to forecast monthly prices of logs obtained
from the three most important tree species in Japan [48]. Soares et al. [64] demonstrated
that ARIMA was the appropriate model for the forecasting of prices of eucalyptus wood.
Yin [65] used one-dimensional ARIMA models to forecast prices in the USA and concluded
that short-term forecasts were precise enough to be adopted in practice. Hetemilki et al. [2]
used one-dimensional and multi-dimensional models of ime series and concluded that they
may serve as a useful tool for short-term price forecasts for Finnish wood [66]. Kolo and
Tzanova [39] used time series analysis for short- and medium- term forecasting of the size of
exports and imports of raw wood and of prices in the German wood markel. Auloregressive
modelling was used to analyse the predicted changes of pine (Pimus sylvestris L.) prices in
the four main regions of Finland on the basis of actual monthly prices of stumps between
January 1995 and June 2005 [51]. The artificial neural network model and the ARIMA
model were also used to forecast the wear of pine lumber [67] and for the prediction of
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the price of plywood [68] and cellulose, lumber export prices in Brazil [55], and for wood
rubber price prediction [69,70].

Examples of other disciplines in which the ARIMA model was used include
micdicine [71-79]; the energy mdustry [B081]; environmental sciences [82-91]; fine
protection |92]; the stock markel and eryplo-currencies [93]; and the food industry [94,95]

3. Results
3.1. Forecast for M2 ZE Assortmeen! (Residual Wiod)

Prices of nesidual wood ranged between 20 and 30 PLN/m*, We can ohserve a
significant increase in the price in Q4 of 2021, which continued in Q1 and Q2 of 222, This

factor influences the forecasting procedure for the data provided (Figure Z).

Assortments M2 ZE price (pln/m?)

i,

WL MICL W TG MG WG IVEE I MG NG VL I MG NG IV 1 g
2018 2019 2020 2021 2022

Figure 2 Prices for the M2 ZE assortment at quaredy intervals in years 2008-2022. Souwrce Own
elaboralion based on dala obdained from the Stale Foresls IT System (SILF).

The ARIMA (0, 2, 0) model was used during the dala analysis Lo assign relevanl p, d, g
parameters bo the ARIMA method (Fgure 3).

Forecasts from ARIMA(D,2,0)

" £
=

ra
=

price of Biemass [pinim’]

: .

ama 2020 ] 2024
[Egil]

Figure 3. Price forecast for the M2 ZE assortment for O3 of 2022, (4 of 2022, and O of 2023, Source:
Crwen elaboration based on data obtained from m:-.azmrmrrsysm {SILM).
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The walues of the point forecast for residual wood are on an upward trend. It is a
significant hike in the price compared to 2027 (Tabbe 1), Comparing the prices in the first
two quarters of 2022, which increased by an extremely large amounl, gives rise Lo the
anficipation of a further increase in the following years,

Table 1. Price forecast for M2 712 assortment for 8 of 2022, 04 of 2022, and (1 of H125. Soorce: Own
elaboration based om data obtained from the State Fenests U7 System (SILP-own elaboration based on
the Computer Management Support System of the State Forests National Forest Hobding).

Time Point Forecast Lo 80 * It 50 * Lods* IHi 95 *
Cplnim®) ipinim®) {plmim®) iplnim’) {plmim®}
20122 03 131 12053 HLIF 11545 146.55
2 O 172 149.26 19473 13723 206,77
mt.}n n3 17483h P R 15452 rnas

* galimualnd valis: 8% ard 5. conldemoe inbervaks.

3.2 Forecast for the M2 Assortment {Firewood Slash)

Price leveds for firewood slash have not been subject to radical changes sinoe 2008, A
mireor drop could be observed at the tuem of Q4 of 2000 ared O1 of 2021, The trend line for
the M2 assortment values can be regarded as stable (Figures 4 and 5).

Assortments M2 price (pln/m®)

15
30 __l-_'-‘_h...h_'_____'_—_,-l-l-'—-
Z5
20
15
ili]

o md md W 1o N NG G NG g Mo g g o g g ona
2018 2019 2020 2021 2022

l-_ls;m'z 4. Prices for the M2 assortment at quaru:rl}r intervals in yrars 2NE 2022, Spuarce: (wn
elabeyration bosed on data obtyined from the Stabe Fonests TT Systbem (SILFP).

A analysis of the forecast for fimewood slash mdicates that prices remained at a stable
lewel from quarter lo quarter. Differences between quarlerly prices ranged between PLMNO3
and FLMO.4 (Table 7).

Table 2. Price forecasd for the M2 assortment in Q3 of 20022, 04 of 2002, and O1 of 2023, Source: Own
elaboration based on data obtained from the State Forests TT System (SILFP).

e Farind Fumecast Lo A * i &0 ¥ La 95 * Hi 95 *
{plnim®) iplnmc) (plaim®) {pln/m"y iplnim®)
iy l.:'El- o Fla IRl E 30
PITT O 6 3048 M 3035 3347
202301 (¥R T] 3016 AL 212 1515

* estimiated vahee B and %5% confidence miervals.
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Figure 5. Price forecast for the M2 assortment in O3 of 2002, (4 of 2022, and 01 of 2023, Sowrce: Own
elaboralion based on dala obained from the Stale Foresls IT Syskem (SILF).

3.3. Foregast for the S2AP Aswortment (Gemeral Purpose Cordioond)

Interpreling the graph above (Figure &), one can observe an increase in the price of
general-purpose cordwood that has confinued since (4 of 2021, A comparison of price
lewels in the period betwoesn O of 2008 and Q2 of 2022 shows that the price increased by
maore than 100%. The most significant increase took place in Q4 of 2021 {Table 2).

Aszortments 52AF price (pln/m®)
250
200

150

10

P NG movo g no Mmoo g namona jaqong mano oo
2018 2013 2020 2021 2022

Figure 6. Prices for e S2AP assortmenlt al quarterly inlervals in years J08-2022. Source: Own
elaboration based on data obtained from the State Forests IT System (SILFP).

Table 3. Price forecast for the S2AF assortment for O3 of 2022, 04 of 2022, and Q1 of 023, Source;
Owen elabaration based on data obtained from the State Forests TT System (STLP).

Time Paind Fofecasi s B0 Hi R0 Liz %5 Hi a5
tplnim™ iplnim™) iplnim®} ] iplmim®}

2 O3 27 9% 2579 DR 96 249,95 205,91

2172 (4 N3 2433 £ 1 RHAS 425

I =8 30594 W2 28218 1148
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The price forecast values for the S2AP assortment [Figure 7) are distinguished by an
upward trend. Differences between the forecasts range by PLNA0/m?,

Foracasts from ARIMA, Z2,0)

B0

prica of Biomass [plnl'ms|
&

.g

axe ) 2:'.:: ) 23 . 2I12‘r-1
lime
Figure 7. Price fomecst for the S2AF assortrent for (3 of 2022, (4 of 2022, and (1 of 2023, Source:
Crwen elaboration based on data obtained from the State Forests IT System (SILF).

3.4. Forecast for the 54 Assortment {Firewood)

The analysis of firewood price values has a seasonal characteristic (Figures £ and 9).
The increase in price levels takes place in quarters 4 and 1 of the subsequent years. That
period covers the autumn and winter months, in which an increased demand for firewood
iz observed. However, attention needs fo be paid to the significant price increase in O3 of
2021 and to the fact that this situation continued in 1 of 2022, The difference between the
highest price noted in (0 of 2021 and in O of 2022 amounts to 3%, which significantly
exceeds the difference belween previous years.

Assotments 54 price (pln/m®)

162 HCL micy v ngr 0 G R o G G g o g WMo M NG I g
2018 2013 2020 2021 2022

Figure 8. Frices for the 54 assoriment al quarlerly intervals in years 20082022, Sowurce: Own
elaboration based on data obtained from the State Forests IT System (SILFP).
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Forecasts from ARIMA[D, 2,0(0,1,0)

price of Biomass [phl'rngl

ol \(/\/’\_/\/

208 020 2 m';
ume
Figure 9. Price forecast for the 54 assortment in O3 of 2022, O4 of 2002, and O of 2023, Source: Ohwn
elaboration based on data obtaimed from the State Fonests 'ITﬁ':hm {SILP) [4).

The characteristic of seasonality for the 54 firewood was established through data
analysis (Table 4). Consequently, the SARIMA model, expanded by the seasonality factor,
was applied.

Talrle 4. Price forecasl for Uhe 54 assortment i O3 of 2022, (M4 of 3022, and (1 of 2023, Sowrce: Ohwn
elaboration based on data obtained from the State Forests TT System (SILF).

Time Puind Furecast Lo 80 Hi 80 Lis 95 Hi 95
iplafm® ipln/m™) ipla/m® ipln/m™) ipla/m?}
HrE2 irs 12138 12462 126153 125.47
7T LM 129 17539 13251 17347 13453
202301 138 13195 144.06 12875 147.25

For the: purpose of the forecast sensitivity tost, sctual prices for the third quarter of
2022 were taken inko account, as this informalion was reported by PGL LP- The remaining
periods are not finished, which makes it impossible to provide final data.

The: resullts of the sensitivity test for the use of the ARIMA model o forecast forest
biomass prices are presented above., The largest errors are characterised by the MZZE
assortments of approximately 45.56% of the percentage erron, while the smallest ermor wis
found in the M2 assortment, where MAPE was 2.55% (Table 5).

Table 5. MAE, MAPE, BMSE results for O3 2022, Source: Orwon elaboration based on data olstained
from he Stale Porests IT System (STLF).

Assorbments M2ZE [plnim?) M2 (plnfm®) S2AP (plnim®) 54 (plnim?)
2022 Y resal R 3 2 114
2072 M forecast 131 .79 g ds 123
MAE 41 nma 40.9% 4
MAPE [%] 4556 255 1764 136
EMSE 1 . M)A 4
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4. Discussion

The: formes of tradde in wood raw matenial are based on market prices of the sourced
assoriments, which are influenced by mulliple factors. The global climate change thal is
bing ohserved, the adjustment of regulations, and the meneased logging coused by biotic
and abiolic factors are the main factors influencing Aucluations in the wood trade in the
last decade. The largest logging incidents are mainly related to the significant number
of climate catastrophes causing damage to trees and an increased supply of roundwood
on the market. In most cases, this fact resulted in a drop in wood prices or their partial
stabilisation. In the future, the wood uhilissation sector will be the most stable market, as the
interest in and consumption of renewable sources of renewable biomass is on an upward
trend. According to researchers, the ELs policies [6] contribute fo that [96]. Due to these
changes, there is currently strong competition in the firewood and industrial wood markets
(pulp and paper ndustry), which leads fo structural changes in the supply of wood. 1t s
one of the key elements thal will be influencing demand among wood producers in the
miear future.

There are Hi:ll.!'iﬁl:' factors that influence the wood trade in Poland. Price luctuations
on the market are distorted by the single dominating entity, which is PGL LP {responsible
[1#%1f|||ullaﬁwl forests in Poland), while all minor entities have to a:!il.l.-d: their Elri.l'l‘.
strategies to the dominating enftity. Price lewels im the country depend on local supplies
and economic needs on the market, Local influences, the structure of wood processing
companies, and the specific approach to wood trade in Poland influence the structure of the
woes] assortment supphicd to the mdustry, This is confirmed by the increase i the vollume
of wond deliverad b the corsumer, also in the case of the lowest quality assortmenls, in
recent years, This has necessitated a change in the perception of the problem of wood price
forecasling. Solving the problems of the wood markel can be based on the moniloring
of the development of the market of wood consumers in the country, as well as on the
Fum Wpean arud ghﬂ'.nl markets, on the basis of the assessment of wood trade bevels; ma'k'lrl.g
trade agreements; conducting assessments at the appropriate frequency; and reacting to
thesss changes. Due to the high frequency in price changess at this point, we can opt fora
shiort-term forecast, as the price level is also affected by the political and economic situation
im the country. W are unable to predict correctly what prioes will be inomid-2023, as
external factors may change drastically. Therefore, the authors undertook Lo forecast only
quarterly series in the near term. The inflation aspect was explained above.

Predictive analyses of price fluctuations have o focus on new seclors in forestry (car-
bon sequestration, carbon trading, renewable sources of energy). Wood processing plants
hawe o concentrate on developing new products based on wood and on investing inowood
processing technologies [%7]. The wood industry exhibits a certain supply cyclicity 28]
which resulis from complex inferactions between market factors that determine the sibu-
ation in the primary wood market (with regard to demand, prices, and supply of wood ).
Dhifferences in the cyclicity of price fluctuations between different industries result Largely
from the durability of the product, as durable goods industries are several limes more cyclic
than non-durable poods industries [99]. 1t is also sugpested that fechnological progress
and changes in consumers’ preferences determine long-term trends in the forest products
sector [100]. Cyclic price patterns in the Polish market were largely connected with the
condition of the national, Furopean, and global economy and constituted the main factor
responsible for gemeral wood price fluctuations. The years 200810122 were a period of
dymamic economic changes caused by an expansion in the economic development of the
timber industry (in 2020). In addition to the increased demand for raw material from
European Linion countrics, the increase in the supply of raw material in Morth America
was significanl. During the pandemic and the increase in demand for lumber in Morth
Amierica, the mapor lamber processors in Europe imeressed their lomber exports. European
prices increased significantly due Lo the shorlage of sawn malerials, which translated inlo
increased demand for roundwood [60,101].
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Cyclic fluctuations can be observed that revealed large amplitudes in the real prices
of wood in Poland, reaching PLNTIS /e for the S2AI assorfment in the years 2018-2022
and PLMA3 /m?® for the M2ZE assortment. After two years of significanl price increases, the
oollapese in diemamd trameslated into a drop in prices from Q1 of 2000, with a shift cocurming
in Q3 of 2021. The urning points for prices coincided with lurning points for the European
wond market. An upward trend in the real prices of wood was observed in the yvears
252022, The situation in the: European wood market was also linked to the phases in the
global economic cycle. The drop in wood prices in European countries in 2019 was caused
by the health ensis triggered by COVID-19. The construction and renovabion increases ane
related to government stimulus packages following the COVID pandemic, as well as to the
low bank inberest rates at the time. O1 and O4 of 2019 brought a drop in sales. Cyclic price
fluctuations coincided with the peak in the Polish wood economy (2021 /2022) due o the
growing demand from industry, esprcially construction. The growth in construction and
renovalion was linked o the government’s slimulus packages after the COVID pandemic,
as well as low bank interest rates at the time. Similar to 2019, supply diminished in (1 of
2021. Howewer, in Poland, demand for woosd assortments does not always reflect trends in
G [12). The decline in demand for wood products was seen during periods of slower
economic growth. This led to a decrease in imber harvesting. This consequently caused
fluctuations in supply and increases in demand, which coincided with gradual cycles of
price changes,

The price of wood derived from its supply (in terms of amount as well as assortment
structure) depends pomanly on the degree of implementation of forest management plans.
Despite the volaltility in global markels and Lhe significant drop in demand in 2019, the
State Forests managed to fulfil its sales plan, albeit at slightly reduced prices. Kesearch [102]
confirmed the high price elasticity for the supply of small- and medium-sized wood in
Europe [103]. According to research conducted in Europe and on other continents, the
price and supply of wood are shaped by market and non-market factors, depending on
the products and the geographical region [104]. Industrial wood (M2, M2ZE, SZAF, and
54 displays a lower price elasticity than large-sized wood [105], which suggests that prce
fluctuations have less impact on the supply of pulpwood (industrial wood) than on sawmill
wond. Taking into account the biomass assortments presented in the publication, which
im 2021 were recognised as energy wood by the Director General of the Stale Forests, the
quality and dimensional classification applicable in Poland was followed. This is due
o, e, the situation in the US markel, which resulled in higher prices of sawn limber
and caused a rise in the prices of large sized wood ina short peried of time [106,107].
Analyses conducted with the application of predictive models [39,47,61,62] and, in the case
analysed here, with the application of the popular ARIMA model [45,86,108], confirmed
the occurmence of the |:|n1di.1.'h-rj increses in the |:n-i|:1|.-. of wood on the g:elu-.ml lewve] for the
MZZE and 52AF assortments by 45% and 17%, respectively, between (2 of 2022 and (3 of
2022 (forecast). The increase for the remaining assortments M2 and 54 was not significant
(2%:; 3%} The maost significant increase in real prices was observed for the S2AF and M2ZE
assortrments, for which a major price hike could be observed at the tumm of OF ared O of
2022 The prices of middle-sized wood peaked in O3 of 2022, This ensures prediclable
revenues, at the same time restricting the possibility of making economically beneficial
decisions duril:lg the yesar. .l‘una]}-.-s-illg information with the a|:||'.|||'|:=.t'ulr| of autocorrelation
of the prices of wood raw material will make it possible to illustrate the seasonality of
assortments. This situation can be observed with HEHI'I:I b the 54 assortment, which
achieved greater popularity in the winter months (October-December). This applies to
the: price increase observed in that period, 1t also increases the price of fuel products for
individual customers buying wood from private companies in the wood industry. The
cquestion ansing at this point is what other wood assortments are seasonal as well,

The more stable the economy and the beller the economic indicalors, the lower the
frequency and amplitude of wood price fluctuations. Matural disasters (such as windfalks

or disease a Hl:ﬂ:‘tllrlg Spruce and E:li.ru-. stands) and other unrrr:etl'il:'tul:lh-. events wene local
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and did not impact the supply of wood on a national scale, with the exception of spruce
standds in the years 2017-2008 (degraded by the bark beethe) [109]. 1 can also be concluded
that changes in local prices in degraded areas did not have a significant impact on the
price of wood in Poland overall. Sowrcing wood from stands damaged by the hurricane,
which affected northwest Poland in August 2017, resulled in an additional supply of
approximately 3 million m? of wood, also in 2018 (the annual harvest of wood in Poland is
approximately 39 million m¥) [110].

Price increases can be observed across Europe; however, comparing the predicted
imcrease in wood prices between countries is complicated due to different quality regquine-
ments for definitions of assortment classes [111]. However, these can be simplified, using
the: M2, M2ZZE, S2A, and firewood 54 assortments applicd hoene [41]. 1 is important to
nole thal prices of wood in neighbouring countries in Central Europe were similar (which
sugpests that there wies room for a further increases in the Polish market). As stabed corlier
in the chapler, limber pricing in Poland is specific and includes periodic informalion on the
inclusion of harvesting, skidding, and administration costs in the minimum price. If one
of these factors increases, the prce will also increase. The setiing of the maximum price
by the State Forests in previous years was intended fo maintain the stability of the timber
industry in Poland.

The high frequency of natural disasters in the whole of Cenitral Europe (windfalls) had
a mative irmpasct onthe prices of coniferous wood. There was an oversupply of sproce
wind in Southern Poland. As prices in Poland were relatively low comipared to Austria,
transportation costs were acceptable, and curmency exchange: rates favourable, domestic and
foreign companies showed more interest in the product, which led o price reductions [15].
Prices were lowened for Polish entrepreneurs who were the main recipients of wood, and
such large Muctuations that have laken place recently have affected the overall price of
wood raw material. For companies in the wood industry, these prices were high, which
resulied in the lack of profilability of doing business. Such decigions have huge effects
im the Folish economy, where the wood industry plays an important role. The indication
S2A applies to wood n Poland, which, being already damaged, is not subject to sudh a
strong decline in value as other roundwood sorts. Research conducted in Japan showed a
correlation between lower monthly prices bebween June and August due to damage coused
by pests [112]. Similar activities can be seen in Europe; however, due o the assumiplions of
sustainable development, European procedures ane longer and not so strongly exposed.
However, allention is included, and the impact of degradation in European counlries is
indicated [113]. Assortments with a medium diameter (52A) showed greater price stability.
Mo :d:n":u:lg_ Muctuations in the pri:_t-.ﬁ of that asseorknwent wens r“:ﬁm‘\'l}d; |||.M1.-.'|.-'r:r, an r.'l.'l,"lll_",l
increasing price trend can be detected in the period investigated (2018-2022), which is due
o the t'f‘ln{'inul'l'_l,' of harvesis. Hnw:e‘m-.r, prin.-. forecasts |:|¢'|i|1| [1§] :,i'igl:li.rll"dlll inereases in the
value of that assortment.

The comparizon of data with the application of the ARIMA model showed a significand
increase in the prices that may be adopled by the State Foresls in 2023, and in subsequent
yumrs, that is due to, 1., the change in prices between the Polish and Western European
markels on the one hand, and the Baltic and Scandinavian markels on the other [31).

In the face of the energy crisis in Central Europe, new solutions, relying on renewable
SOITTES uft-.nl,-.rgp, are |:l1:-.i1"|gI &'xp]l:rm.i. Measures inbended bo ensure sooess bo heat and
electricity are among the main considerations of specialists in the field. Assortments that
wene .suhjtu‘h.ﬂ.] Ty the ﬂllﬂl}lﬂi:ﬁ and ﬁm—..!._-d'll:ls can be wsed in the j:ll.'l'lll:!ul‘l'iﬂl:l of heat {aﬁ-
forest biomass), which relieves the burden of coal use. This adheres to the legislative
documents of the Green Mew Deal [6], which defines the common climate and environment
protection policy. The use of forest biomass as a renewable source of energy enables the
reduction of the carbon fostprint generated by the heat production industry, Acocss to
real-lime information aboul the price of the resource is highly significant for businesses
operating in the wood industry and for private consumers who need to plan their short-
erm |:|.||.1.EH5. Attention should also be |:laid v thee satuation to the east of Poland. Amrmg
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the main suppliers of wood residues were couniries such as Ukraine, Russia, and Belarus.
et thae warr situation scross Poland s castern border, supplics have been significantly
restricted. The reduction in resources due to the discontinuation of imports from the east
hias also been the cause of the increase in the prices of wood raw materials destined for
biomass. The import of pellels from Ukraine is of greal importance bo Poland. Our country
was the largest importer of this product—in 2021 we imported a total of 121,000 tonnes
from Ukraine, which accounted for nesacly 30% of all Ukrainian expaorts (412000 tonnes).
Considering that the volume of pellet production csdllates around 1 million tonnes, this is
qquite a serious loss [114]

5, Conclusions

Wiosod prices show a sagnificant upward trend over time, Both in bermes of direction and
the broad amplitude of change. The verifiable temporal distribution was used to analyse
the: overall price volatility of wood raw material, The practical aspect of the resulits of the
research consisted in identifying seasonal fluctuations for small- and medium-sized wood
assortments as factors influencing the situation on the wood market.

Strong devialions in the predicted price levels occurring over shorl lime periods
(1-2 quarters) are often caused by random events that are difficult to identify. In the time
perind studied (2018-2023), irregular fuctuations in the predicted price changes for amall-
and medium-sized assortments constituted a small part of the analysed data. The local
character of the cccurrence of random distortions did not have a sigmificant impact on the
price of these assortments.

Seasonal Auctuations in the prices of 524, M2, M2 7E, and 54 woomd occurning over
the period of one year are related to seasons, weather conditions, climate change, and
seasonality in the sourcing of wood and demand for wood. The 53 assortment (firewood)
displayed seasonality loo. Iis price increased in (4 of each year. No seasonalily was
ohserved for other assortrments. Price patterns depend on the assorbment of wood; the
lowest predicted price increase value was observed for the M2 assortment, while the highest
value was observed for the S2A1P assortments. The supply of hardwood was the highest in
1 and loawest in Q3.

The analysis of the overall price wolatility and wood supply enables the application of
ARIMA maodels for the forecasting of wood prices and planning the amownts of wood o
be sourced in longer ime periods, as well as for the adjustment of the wood assortment
structure to the chamges m market demand.

Long-term price lucluations displayed a minor upward trend, while the predicted
price of wood over the last 2 years was distinguished by a dearer upwand tendency, which
continued over the forecasting period (Lhe percenlage increase in the prices of M2ZE and
52AF assortments amounted to 45% and 17%, respectively). In the long term, the growing
demand for medium-sized wood will cause a rse in prices as a result of oversupply.

Price forecasting is the result of complex mechanisms. The ARIMA model captures
past market behaviowr using a single data series. This low data requirement is a strength of
the ARIMA approach in a forecasting situation with many unknowns.

The weakness of the: model is its reliance on a single ime serics of prices from fore
casting. It does not allow for the inclusion of future changes caused by exogenous factors:
tramsportation prices, rade restrichons, natural disasters, ok,

Forecasts are useful for crealing a shorl-lerm forecast, ane or two quarlers; for use
beyond this period, other methods are needed that take into account exogenous factors.

Due to the: large number of exopgenous factors affecting the forecast of wood prices in
Poland, the analysis is difficult. In the case of natural disasters, the political and economic
situation in Poland, the authors assumed in their study that the price inclsdes this infor-
mation. This also applies to the level of inflation in the country. In their further plans, the
authors want to atfempt fo expand the forecasting model with external factors influencing
the determination of the level of wood prices in Poland.
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Abstract: This paper presents the application of prediction in the analysis of markel price volatility in
Polish condilions of wood processing by-products in the form of biomass, The ARTMA model, which
lakes inlo accounl cyclical, seasonal, irregular Muclualions of historical dala on the basis of which the
forecast and long-lerm Lrends of selecled wood products were made, was used in predicling prices.
Comparisons wene made belween Lhe ARIMA prediction method and the multiplicative Winlers—Haoll
model. During the period studied (2017-2022), the changes in the markel price of biomass were
characlerized by a wide spread of values, On average, the price of these products increased From
207 1o the end of 2022 by 125%. The price prediclion analysis showed seasomal Muctuations in the
case of wood chips. The uncertainty in price prediction is due o changes in supply resulting from
the influence of global factors. The Diehold-Mariano test of matching accuracy confirms that the
price prediction of the analyzed by-product sorts using the ARTMA and WH maodels is possible. The
conclusion reached by comparing these two methods is that each can be used under certain market
conditions of certain assortments. In the case of a stable wood product, the chaoice of the ARTMA
mde] should be resobwed, while in the case of price volatile products, WH will be a better chodoe.
The difference between the predicted and achual price with ARTMA ranged from 24% 1o 11.6% and
for W from 3.7 tn 29.5%.

Kz_punrdu.' timber market; wonsd biomass pr'u:q.; Iurdm:hmt,. Mm][ty o ﬂuppl}'; qr:lin:.'lil}';
\I:"riﬂdl,'hipﬁ‘; sawdust; bark; AR A; Winters-1 Tnlt

1. Introduckion

The management process of woody biomass resources seeks to increase the impor-
tance of reducing negative environmental impacts, This is influenced by the increasing
importance of managing by-products in production processes, or the so-called waste [1-3].
The: growing swarencss of the negative consegquences of the use of fossil row materals wse,
which leads to the favorable view of renewable raw malerials [4], increases the proporlion
of decisions and actions taken by producers and consumers who take into account environ-
mienkal decision-making directions and ecological policies of biomass management. The
result is an effort to maximize the use of raw materials and waste materials in the produc
Hon process as well as the ransition to “zem waste” [5-8]. Increased use of renewable raw
materials tends to be the direction of wood-processing-related companies [9). The timber
imdustry s an examphe of an induestry whene the total whlizstion of wood mw material is
possible. Due o the nature of processing, by-products are generaled thal are consumed
im thar original enterprise or processed nother branches of the induastry, In practice, this
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means the production of imber products existing alongside the potential for reuse and
recycling in the generation of so-called waste or by-products [10]. Such opportunitics
and activilies translate directly into economic and environmental benefils, influencing the
formation of & newtral ervironment for the circulation of wood biomass [11]. Processing:
hard-lo-reach post-disaster wood into biomass can be a good solulion for prevenling energy
biomass shortages [12].

The largest processing, podential in the tmber industry s in the lumber industry.
Wood processing generates both finished and by products, By-products, due to their low
processing and lack of chemical contamination, can be used for energy purposes. The
goal of sawmill enterprises is to improve profitability with the stable use of raw material
rescurces. It is important to be able to quickly adjost the prodect price to cconomic needs
and markel changes. The activilies of wood-processing plants are based on making price
evaluations adapted to demamad, imcluding in the area of supply of energy biomass, These
aclivities are limited Lo providing access o by-products such as woodchips, sawdust and
bark. The industry's management affects social goals, which is confirmed by the i
as well as environmental and social aspects [13].

Volatile economic conditions are increasing the pressure on financial management and
the need to show high financal pedformance. Acconding to positive accounting theory,
increasing risk is associated with the phenomenon of earnings management manipula-
tion, Central European companies manipulabe carmings tooa similar extent, sith Slovak,
Czech and Hungarian companies increasing accounting profit to a greater extent than
Pelish companies [14-16].

Under Polish markel conditions, if the sawdust and woodchips in question meel
the requirements of regulations, they can be qualified as a by-product. The concept of
“by-product” was introduced in Article 5 of Directive 2008/ 93,/ EC of the European Farlia-
ment and of the Council Mo, 2008 /98, EC on waste and repealing certain directives [17],
hereinafter referned to as “Thrective 200898,/ FC”. The Polish legal provision of Article
10 of the Waste Act [1%] has an analogous wording. In these definitions, a material or
substance & given the status of a by -product of it & 2 material neubang from a producton
process, the primary purpose of which is not to produce it, but to further use the substance
or such subjpects, and these can be wsed directly without any further procesing, 1t should be
emphasized that a by-produect is nol waste, and therefore is not subject o the requirements
of broadly defined “waste law”, Sawdust and woodchips, which are generated as a residue
of the production process, can be used both in production processes and in other processes
(.., processed into wood products, directly bummed, or processed into other solid and
|if|uid [ul?l:i‘,l. This I::.rpt- af b WSS, A% woll as ilks ph}'.-uﬂ'al and chemieal puﬁml,‘-ll,-.rs, ane
included in the framework quality requirements of a given energy group or else are directhy
restricted in how the biomass can be used. The quu'i.tj' r:ﬂ.ru'immr.r‘rl:k for solid biomass have
a common reference source, which is the European standard PMN-EN 14961-1 [19,20].

Sawdust and shavings are generated by sawing and cutting wood.  Their shape
depends on the tools used. In practice, they are considered 1o be bulk materials that
are a by-product of sveing roundwood ina wet state (moistune content above 3056) and
processing sawn malerials. The structure of shavings is practically the same as that of the
processed material while, as a by-product, it has a varied shape structure [21].

An additsonal prnd.url af wiond pnlﬂ?wing s ba rk_,. which comsists of all Hsswes oulside
the vascular cambium cells. Wood bark is much thinner than the trunk’s woody part.
Ureder the cond itions of roundwoond Fn:’!u.'::hing, the bark g removed from the side of the
trunk ko reduce tool wear. The resulting product is used as an energy material and as a
product in horticulture or panel material production [22].

The introd uction of increased use of by-products conlribules o reducing the con-
surnphion of wood as well s fossil fucls. Actions carmicd out by compamies allow for the
successive increase in the value of these products in the energy balance, as defined by the
2021-2030 goals of increasing the share of renewable energy in total energy consumption
and increasing energy efficiency by at beast 32% [23]. Therefore, it is advisable to address
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this subject, especially given the narrow number of data from the literature and scientific
studivs on economic fachors shaping the potential wse of mdustrial woody biomass. Most
of the studies are related 1o the use of forest biomass and verification of the prediction of
price changes in forest biomass [24,25]. In order fo effectively assess the sustaimakbility of
biomass ulilization, il is necessary Lo carry oul an analysis of raw malerial abundance and
economic calculation of post-production biomass.

Given the urgent need to switch to low-carbon energy carmiers, waste wood esounes
could provide an altermative energy nesounce and redvce emissions at the same time, Vari-
ous species of waste wood find applications in energy processing using modern processing
techniques. Energy from low-polluting processed wood waste will provide advantages
owver fossil fuels [26-26].

To analyze the economic polenlial of processed wood waste, the area of Poland and
data om the price vanability of biomass offored by sawmills, which are the first link of
roundwond processing, were selected. This paper classifies price \rarlablmy From the point
of view of by-products that are the result of wood raw material p

The starting poant for further analysis was a compilation of data on har\'l,‘:i'bﬂ.i ard
sold wood in Poland from 2000-2021 (Figure 1),

Timber harvesting in million m?

f\\/

2012 3 M4 15 HN1E m7 2018 2019 2020 2031

harsesting of coarse wood timber sales

Figure 1. Timber harvest, sales, exports and imports froem 3000-2021 | 25-37].

Poland currently processes about 40 million m* of wood per year, of which sawmills
process about 25 million m® [35]. The mest popular and most processed wood raw material
is pine. Il accounts for aboul 61% of the processed raw material. The other species are as
forllows: spruce (6%), fir (4%), beech (79%), oak (6%), birch (59%) and otbwers that scoount for
a total of 11% [35). Taking inlo account the volume of wood processing by sawmills, the
destination for the resulting wood by-products of the so-called industrial wood biomass
woins indicated.

The pmﬁtal:lilil}r of processing wood by-products depends on a number of factors,
including their quaniity, form, market demand, transporfation costs, external energy costs
or the energy requirements of a given processing plant. The larger the sawmills, the greater
the possibality of selling such by-products to, e, panel plants, or processimg them into an
energy product: pellets briquettes. In smaller sawmills, on the other hand, most often the
by-product material s directly wsed for energy purposes. Thus, with the coomomic aspect
in mind, it is important for further consideration o determine the demand of each group of
sawmills, Using a model, it was possible to determine the processing structure of sawmills
and indicate the amount of by-products they generate (Table 1) [29]
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Table 1. Cuantity of by-products from wood processing in sawmills i 2021,
By-Froducts
pr——— Tkal “Tokal
;hll.u'-:_nl' 'I'Pnnd_ Piecemeal Wasle (30%) o Bark (5%} By- mcts  By- mcin
] F Tiarkal (8070 “'qri:l;::pn ¢ %) Shawings + Bark + Hark Unil
1%}
[#housand m?]
Total 1651575 Go06.3 B 238163 1651.58 1321 2% ¥ 56 130
Cowmroe: U claborabon [29,55).

Timber prices are not the primary criterion regulating the amount of timber available
om the market [32], but they ane important in optimicing sales planning [39,40]. Information
on changes in limber prices is a source of knowledge used in planning the activilies
of timber enterprises. Therefore, analyses explaining the mechanisms of timber market
formation, through changes i the prices of wiood by-products over time, are the subject of
many studics both in Poland and in other countries [41-53]. These prices are under pressure
fromm numesrous political, natural and market Gectors, The functioning of the primary timbser
market, as well as the market for by-products of wood processing, is considered using time
series [54.55], The wse of appropriate prediction methods allows us to predict changes in
timber product prices | 56-61]. Currently, most studies focus on the analysis of changes or
trends in time serics and their roke in predicting market prices [62].

The purpase of this study was Lo confirm Lthe applicability of lime series predictive
madels and determine the fit of statistical methods to price changes in the industrial waste
bicmass markel. [l was hypolhesized thal the use of ARIMA and WH models makes il
possible to predict wood prices over variable ime horizons and adjust the price structure
of wond processing products in accordance with changes in market demand.

2. Materials and Methods

I a growp of numerous by-products from mechanical wood processing, the basic
sorts traded on the market were included. Woodchip materials were singled out as the
micst valuable group amd further divided into paper and lumber chips. Another group
of analyzed biomass was sawdust and shavings from sawmill rework. The last form of
bry-product of mundwood processing was pine bark, which finds its position in the market
for energy biomass and the product that goes directly to the market as horticultural bark.
Data on the prices of wood by-products were obtained by venifying direct market prices
and the literature data |63,61).

In order to verify the validity of predictive method selection, the Dicbold-Mariano test
wias onducted. First, data up to Seplember 2022 were comsidered, where the test answered
a question of whether the fit of both models used differed significantly from each other.
ARIMA and the multiplicative Winters—Holt (WH) model were selected [65,66]-

T werify the price of wood by-products (industrial biomass), a predictive methodology
was used, which includes in its assumptions an integrated avtoregressive model with a
moving average (ARIMAJ. In order to use ARIMA (p, 4, g), the valwes of p, 4 and g must be
eutimated. These parameters indicate the following:

p i the autocorrelalion parameler.

i s the integration level of the series,

g is the moving average parameler.

In general, ARIMA can be presented by the following Equation (1)

F L
Bz 0 B)ap lub = =TI TR T (1)
0 k—1
whwere (2):
PlB) =1 @B — @B — - — @, B7 @)

146



Emargias 2023, 16, 3670

Sof 1

We estimate the ¢ parameter to assess the impact of the previous value of the process
on the current value (7).
This is a non-seasonal auloregressive parameter p (3).

B(B) =1—8B— 6B — .. -8B %)

This is the non-seasonal moving average parameber q and the parameler B as a
backward shift operator, which can be written as (4):

BPLy 2y g (4)

#1920 and th, t, & are unknown coefficients that were estimated from sample
dala using approximale probabililies.

Iry the exquartion v = {1— R}I'r, d is a backward shift operator of onder “p, Le., defined
as (5]

V7 = 7y — 74y along whit V= 7! 5)

It 1= ;.'ll:!l.‘:pllh:! s Hhe Birst ._-fbo.-.|:l of calculabion o check the daka i.T'I‘h:‘.Eﬁ‘ti.lllﬂ. Theat 'i:ﬂ,
determining whether the data are stationary or whether it is possible to transform them
ko thee nature of :dat'wmarily. When the dmu-.'ln_iusl ks are Mal—imw}r, F] Eﬁl‘-llllt'.‘h'.fd ==
assumed, while when the data need to be transformed, the parameter d > 0 is adopted. To
dicterming: the stationarity of data, the KPSS (Kwiatkowski—hillips-Schmod t-Shin) test was
used [67]. This test verifies the hypathesis of whether the process is stationary determining
whather comsideration of differences is nevded, While conducting the study of stationarity,
the raw dala is first subjected bo test. The amount of differentiation process of the dala is
carried out until the data is characterized by stationarity after the KPS test.

To determine the remaining paramelers p and g, the aulocorrelation function (ACF)
and partial autocorrelation function (FACF) are used. Based on the resulting histograms, it
is possible bo proceed to the identification of the autocorrelabion parameter and moving
average. By comparing the histograms, the levels of increase in the value of obtained data
in Bhve adogbed periods are determined, as is the probable variant of the ARIMA model. The
methodological assumptions were in line with the authors’ previous research papers [20].
In the conducted study, variants of paramcters p, d and g were determimned separately for
each datasel of individual sorted groups.

In addition, a comparison was made with the Winters-1 lolt model. The W1 is one of
the prediction methods thal uses exponential smoothing |68]. It imvolves the crealion of an
exponential smoothing moving average, the weights of which are determined according
o the scheme that the older the data on the phenomenon under study, the smaller the
value they present for a given prediction. Specific assumptions and equations are needed
o develop the model.

Equation for random fluctuation estimation (&):

Fr=ocm we + (1 — e} = (Frg + 51) (&)
where:
Fr—ramdom variations for cach observation in the time series.
yr—obaervalion value.

Fy_y—random changes for the previous observation in the time series.
5y g—estimated trend in the previous observalion.
Equation for trend estimation (7):
Se= B (For B {1 B) x5 7
where o and [§ are model parameters with values between 0 and 1.
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In model development, it is necessary o calculate expired predictions (8), ie., for the
period in which the actual value has already materialized, and then actual predictions can
be calculated for the fulure period (9).

Egquation for expired prediction (B

vt =Fg 50 (8)
Equation for actual prediction (9):
yi* = Fn ot (T n) 5a )

where:
T=n+lm+2._..
Fy—random variations for the last observation in the fime series.
%—I}ﬁﬂl‘l‘lah‘.‘j trend in the last observabion.
n—the number of observation.
The first values of Fy and 5 should be mken s

Fr=w1

H=0

hi=yz—hn
The next step in the analysis was o determine the correctness of the chosen methodol-
oy, Actual prices were compared with prediction prices.
R program version 4.2.0 of 2022 was the ool used o conduct the caloulations.
The following equations were used: mean absolute error (MAE), mean absolute
peroent error (MAPE), and root-mean-squane deviabon (RMSE):

MAE (10):
Ax = |x — x| (1
where:
x—real value of price
y—prediction valee of price
MAPE (11}
§=£fﬂnw% (1)
BMSE {12):
_[Elx — x|
EMSE = o (12)

where N is the number of observation.

The: final stage of sbudy, using the Diebold-Mariano test, determined the acouracy
of selected models for the October—December 2022 prediction period. This test answers
the: question of whether the difference in predichon efficiency s sgraficant. The value for
determining maodel fit and efficiency is the p-value, which is taken in advance at the level
of (L5,

In the prediction carried oul, it should be noted that external factors such as inflation,
economic crisis and historical prices have already been taken into account at the level of
inpul data. The prediction also includes these factors in ils dala relurn value.

3. Results

Industrial biomass otherwise defined as a by-product of the lechnological process
of wood processing is used most often for energy purposes or as a raw material for the
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production of wood-based panels. Releasing this biomass tor sale allows its market price
tor b determined. The following is o graph showing the changes in the price of wood
by-products by month from 2007 to H022.

Figure 2 shows the price changes for individual growps qualifying as by-products
of roundwood processing. The largest price increase occurred for sawdust and shavings,
while the smallest change was for paper chips. Between 2017 and 2022, the price of paper
chips increased by about 108%:; lumber chips by about 116%; pine bark by about 112%;
while the largest price increase of almost 167% was recorded for sowdust and shavings.

Monthly changes in industrial biomass prices from 2017 o 2022

&00
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400 x—
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e ———— S i |

100 ——— e

o
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F31311333333324FF313F 7%
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== TFaper chips (pln/m?) == Lumber chips {pln/m7)
=== TFine Bark (pln/m7) Sawedust and Shavings (pln/mT)

Figure 2. Monthly changes in industrial biomass prices from 2017 to 2022, Soarces Own elabaoration
hased on ohtained data |33 78],

The Dhiebald-Mariano best was wsed to determine the il of selected models. This best
answers the question of whether the fit of both models used is significantly different from
cach other. In this case, it was hy pothesiaed that WH has a better fit. Based on the resulls, it
can be concluded that WH's fit based on dala only up o September 20232 is better (Table 2).
owever, it should be taken into account that, as a result, both methods can have an equally
goosd il

Table 2. Diehold-Mariano test results of ARIMA and WH fir.

Sorting p-Value Program K Confirmation
Paper chips [T 1R Confirmied
Lumber chips N34z Confirmed
Fine bark iRk} Confirmed
Sawdust and shavings 0000472 Confirmed

Sspvisron: U elaboralion bassd on oblained daka.

After data analysis, the cormesponding ARIMA variants were selected (Table 3).

Table 3. Selection of ARIMA va.ri:lrrl:lfmpaperl:hil:nq, hﬂbﬂ'miPuq,Piﬂ:hark_nw:lustand :d'l.:nr.inp.

Sorting Varant of Model ARIMA
Faper chips 22,0
Lumber chips 520
Pime bark 01,0
Sawdust and ﬂuvins}i 1,23

Soumoe: Chwn elaboration based on obtxined data
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3.1. Prediction for Paper Chips

Tabl: 4 shows the values of the forecast using ARIMA and WH compared o the schaal
price. As vou can see in the case of paper chips, belter values are achieved when using
WH. The smallest differences behwecen the actual and forecast prices were recorded for the
firsl month of forecasting (October). The biggest difference occurs for the last forecast
month {December). The Wi method gives better results in the short-term forecasting

preriond (For one month prediction).

Tabrle 4. Paper chip price prediction for Oclober—December 2022,

ARIMA Winters—Halt

Actual Price (pln/m®)  Predicted Price (plnim®  Predicted Price {pla/m®)
Chctober 2072 400 44477 476,25
Mowember 2022 400 AT5.68 44687
Decembwer 32 3 49178 46343

Sanmrce: Chwn elaboration basscl oo obbainesd dakas | 35-35]

3.2 Prediction for Limber Chips
‘Table 5 shows the predicted value for lumber chips. The use of W gives smaller
differences between the forecast and the actual price compared Lo ARIMA. The smallest

errors were recorded in the first month of forecasting (October), and the largest for the
last maomth (Decembser). The WH method E'iw.es better results in the shorf-berm ﬁ.mua:d:i.rl.g

perind (for one month prediction).

Table 5. Lumber wood chip price prediction for October—December 2022

ARIMA Winters-Tlolt

Actual Price (pinfm®)  Predicted Price iplnfm®)  Predicted Price (plnfm®)
Clcinber HI22 00 416,56 11487
Mowember 222 400 W64 1547
December M2 350 4E0.41 45412

Somroe: Uhwn claborabon based on obbaaned daka [ r".-‘]

3.3, Prediction for Pine Bark

Table & shwvws the differences between the actual and forecast prices on the pine bark
example. In this case, the constant difference in each month of forecasting was recorded
using ARIMA and amounted to PLN 20/ m”. With the WH method, the smallest difference
was recorded in the second month of forecasting, and the largest in the third month of
forecasting, The ARIMA micthod gives betior results in the longest-term forecasting period
(for three months prediction).

Table b. Pine hark price prediction for the period from Odober December 2022,

ARIMA Winters—Hall
Actual Price (plnfm®)  Predicted Price iplnim®  Predicted Price (plnfm®)
Cctnber 222 30 ZH0 28151
Mowvembeer 2022 300 280 245
Dlecember H022 300 280 25760

Tomrce: Dhwn olabaration hased on chiained daka [5525].

3.4, Predichion for Seudust and Shavimgs
I the casee of sawdust (Table 7), the smalbest differsnces between the actual and forecest
prices were recorded for ARIMA for the two forecast months [October, Novemnber), while the

150



Emergies 2123, 16, 3430

o 1i

largest ones were observed in the third month of forecasting (December). WH had the smallest
differenoes i the seoond month of forecesting (November), whien: the Lirgrest differences wene
for the first and third months of forecasting, (October and December). The ARIMA method
gives botter resales inthe longest-term forecstng peniod (for teeo months prodiction).

Table 7. Sawdust and shavings prioe prediction.

ARIMA Winters—Halt
Actual Price (plnfm®)  Predicted Price (plnim®)  Predicted Price (plnfm®)
Octnber 122 550 53653 ATLIE
Mowembrer 2002 aski 57703 4N 45
Diecember 3072 450 60725 545,45

Tonmroe: U clalorabion Based cn chiained daks |55 25].

3.5 Summary

The actual and predicted prices were compared to identify the errors that resulted
from the |HH.f||.'l'i|::|rL methond wsed, and their level was determined.

The error comparison for both methods shows the variation in results (Tables & and 9).
The BMSEs obtained using two methods are very similar, e i can be concluded that the
methods provide similar prediction efficiency. The methods used overestimated the forecast
values, In the case of pine bark and sawdest and shavings, the foreeasted prices were lower
than the real prices. The RMSE is based on the exponenliation operation. As a resull, it is
msch miore prome o impoese langer penaltics with lirger differences between the prodicted
values and the actual values. It is also relaled to the sensitivity of this measure Lo outliers.
Omi the other hand, the MAE, being the average of the absolute values of the prediction
errors, is mone intuitive, but also gentler in situations where the difference between the
predicted and the actual value is large. 1t can therefore be concluded that the best model
selected wsing the EMSE value is the maodel that was able to better predict the values of
the set's outliers. On the other hand, looking through the MAE analysis and guided by
the average of the absolute crror values, the selected maodel is gencerally able fo cormectly
predict price values, but it may make larger errors when outliers occur.

Tabsle 8. Surnmary of MAE, MAPE and RMSE fior the prediction using ARIMA.

FPaper Chips Lumber Chips Fine Bark Sawdust and Shavings
MAFE MAFE MAFE MAFE
MAE %1 BEMSE MAE %l RMSE MAE %l RMSE MAE 1%l RMSE
October 2022 a7 107 .65 4656 1164 341 20 BT 147 1347 245 JET
Mowember 0122 TS 15492 B0 A 1587 L 1] [ 447 A3 493 A
Ipvember M2 1N 3291 1144 1341 Bl &0 1] Ay 447 e T T 1254
Table 3. Summary of MAE, MAPE and EMSE for the prediction using WH,
Paper Chips Tambver Chiips Fire Bark Savedust amd Shavings
MAFE MAIE MAIE MAFE
MAE RMSE  MAE RMSE  MAFE RMSE  MAE RMSE
Isl s M 1%l § i EMS
Uhctodeer 2022 26,25 .56 512 1457 372 386 &4 616 43 TrET 15 887
Bovember 2022 46.87 1nzz h.BS 1597 399 4000 IR55 952 554 5155 @37 78
December 122 9393 Pt L] JLC NP o] Lik.i] 424 1413 iS5l Y545 HH 977

The Driebold-Mariano accuracy test for the October—December 2022 period provides
results that can be interpreted as the significance of prediction efficency. In observing
the prediction resulls and the fact thal p-value is high, it can be concluded thal WH does
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not have better efficiency than ARIMA (Table 10). This does not necessarily mean that its
prediction efficiency s worse.

Talrle 10, Drickold-Mariamo lest resulls of the prediction efficiency of ARIMA and WH.

Sorting p-Value Program R Confirmation
Paper chips 054851 Conlfirmalion
lLumber chips. 165 Confirmation
Fine bark OLEAT Confirmation
Sawdust and shavings 03855 Confirmation
4. Disscusion

Price fluctuations due b market, natural condibions and organizatonal condibons [69,70]
are one of the main sources of uncertainty in economic planning [40,55]. 1ence, the stability
and predictability of the market 15 an incentive for investors with regard o investrmendt
decisions for the development of a particular industry. Knowledge of the causes of price
fluctuation:s and trends is the basis for a deep understanding of the system mechanismes
and development trends of related research fields [71]. Identification of factors influencing
price formation, as well as the ability to implement them in economic planming, becomes an
easential condition for the survival of business entilies in the current volatile environmeni
Price prediction is one of the basic instruments for supporting decision making processes
im the economy. Therefore, knowledge of market prices, in this case the price of foresl
biomass, seems to benefit both suppliers and buyers of wood raw material [72].

Prices of harvested wood by-product assortments are shaped by many market fac-
tors. Observed technological changes and regulatory adjustments, as well as increasing
oprtimization of wood ubilization, are the main factors influencing Auctuations in the wood
products trade | 73]. In most cases, the change in prices of wood processing by-products is
caused by an increase in demand for both cellulose and biomass energy materials, Inthe
fulure, the industrial biomass ulilizalion seclor may gain imporiance due Lo the inlerest
and consumption of renewable biomass sources. Based on studies [74], this is infloenced
by EU policies [75] regarding the markel for firewood and industrial wood (pulp and
paper industry). At the same time, for proper economic planning, it is necessary to have
krwawledge of, among others, changes in the markets. One of the key elements of this
process is the prediction of timber prices. The solution to the problems of price changes in
the timibser market can be the development of monitoring of the Bmber customer market
im the country and in the European and world markets by evaluating the level of trade
in by-products of wood processng, reviewing prices at the appropriate frequency and
responding o these changes. Price prediction is one of the elements of demand evaluation
by timber producers in the near future, and support with moedeling can be a valuable
economic ool [76]. Taking this into account, it i8 justifiable o undertake efforts aimed at
revealing prediction methods that allow the building of predictions that best match the
reality shaped by the above-mentioned variables.

In predictive analyses of price changes, it is necessary to foous on new sectors of timber
indusbry activily (paper produsction, lumber brede, biomass as a renewable energy source).
The timber industry |[77] operates based on market factors that shape supply and demand in
the primary timber market, Differences i the cychcality of price dhanges between different
products (woodchips, sawdust and bark) are largely due 1o product demand |78]. Changes
in market preferences determine long-term trends inthe industrial products sector. The
cyclical nature of pricing, patlerns for industrial biomass s related o the condition of the
European economy responsible for overall fluctuations in timber prices. From 2018 to 2022,
there have boen :]j'l‘urrn'u' SOOI |:‘|1a|||g|.-:k due bo an increase in the :ﬂ.lp‘l:llj' of roundwond
and its products. It is possible to notice fluctuations that revealed large increases in the
E:lrin.e& of woosd Bomass in Poland }:r}r as much as PLN m—35ﬂf|u3 in the case of the praper
or lumber chip sort in 2018-2022; for the sawdust and shavings sort, it was as high as
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PLM 375/m? [63,64). After recent vears of stable price increases, significant changes in
demand translated into a sharp increase in prices starting in the second quarter of 2022,
The siluation in the European limber market was also relaled Lo the phases of the global
coonomic cycle. The increase in the price of wood by-products in European countries in
2022 was due o the energy crisis. In the first and fourth quarters of 2022, there was an
increase in selling prices. The fluctuations in prices coincided with the peak in the Folish
timber economy due to nsing demand from the construction sector. However, demamnd
for wood processing by-product sorts in Poland was particularly dominated by solid fuel
shortages. In this situation, research venifying the feasibality of using various methods o
identify future market changes, including price, is particularly important.

Ther price of bark resulting from ks supply (both quantity and sssorfment stroctune)
depends primarily on the seasonality of demand in the horticultural area and the stable level
of supply o customers, Studies have confirmasd high price stability for bark supply both
in Poland and Europe [79]. According o the research, the price and supply of woodchips
and sawdust, as well as wood shavings. is an effect of both market and non-market factors,
depending on the products and geographic region [80]. Wood biomass (chips, sawdust,
shavings), which is a by-product of industrial processing, shows higher price elasticity
than bark [£1], suggesting that price changes have less impact on the supply of ind ustrial
biomass from sawmill wood processing [62,83]. Analyses carried out using prediction
micsdels [46,54,54,85] and, in the case under review, using the ARIMA model, which is
popular for forest resource evaluation, and WH [21,55,68,86,87] confirmed the occurrence
of propected increases in bark prices at an overall level of 6%, Comparing the deviations
for 200182022 {projected), while the other woodchip sorls significantly deviated from the
acceptable level, exceeding 10%, in the case of sawdust and bark, the increases in deviations
of projected prices in 2022 were significant (—35%). The largest increase in prices was found
in the case of assortments such as woodchips at the end of the third and the beginning of the
gixth quarber in 2022 (Figure 7). The scale of monthly measurements only shightly ensunes
predictability of revenues, limiting the possibility of making economic decisions during the
vear, The analysis of informabion using the autocorrelation of prices of individual wood
industry by-products allows us to illustrate the seasonality for the studied assortments.
Such a situation can be observed in the case of sawdust sort, which inereased its price in
the winter months of 2022, This also cawses an increase in the price of fuel products for
individual customers supplied by suppliers representing the timber industry. At this point,
it can be observed that other wood sorts also have a seasonal characterislic.

Une of the commonly used methods for change prediction is ARIMA. Diego K. Broz [85]
clatms that this meEhod u::uall_l,.' i:l!lﬂl'-ldt-_k higjll_',' .“Hli:{[ﬂﬂﬁﬂj‘ fiks weith Tosw data collection
costs. (n the other hand, this type of model shows poor results in long-term prediction and
E:ll'ﬁj'ii,‘til:ls. wnusual movements IRRI. THHIIE s il vacoount, 1k was decided o I:'l.-er'lf}r the
usefulness of this method for predicting prices for the analyzed wood assortments. Based
on this research, it was found that the application of ARIMA for paper and lumber chip
prices under markel uncertainly showed large deviations of prediction resulls from actual
results, The MAPE for ARIMA was found to be larger than that for WH, The deviations
found for ARIMA, on the order of 20% (Tables 7-9), may Aucluate further within the
operations of timber companies in 2023 and beyond, which is a result of, among others,
n:lr.ril:! rhaﬂgr:. i energy baomass |:|rir‘|,:<. Rﬂ]’.‘lid :!l;:_"'lr'uz{, often caused |:l_',l market Fx:"hrr:s,
im such wide ranges can be difficult to identify. In the studied time horizon of 20017-2022,
irnegu]ar Muctuwations in |:|n::3'i|:"'|:i.n’:|n |:lrin.-. :"Imn;gr:k for wond r.m.uf‘le:gjins hy—l:ln‘ﬂl.u'la WETe an
uncertain part of the analyzed data. The nature of stromg market disturbances (including
political ones) significantly affected the price of assorbments.

This is also the resull of changes in the price of wood raw malerial traded between the
Polish and Western European markets on the one hanad, and the: Baltic and Scandinavian
markets on the other [39]. The inlensification of the energy crisis in Central Europe has led
to an increase in investments using renewable energy sources (RES). Measures fo ensure
acoess o thermal enErgy as wiell as t!]f:"l:ri.i"ll}r have shifbed P'nﬁ- Musctuations {ir‘umﬂ-.s\,l {04
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sorted groups that can be used to generate thermal energy (forest biomass and wood by-
products of mechanical processing), thus relievimg the: use of fossil fuels. The popularizstion
of low-quality bicmass use is fostered by the founding of the New Green Deal |75], which
defines the use of womdy biomass with a reduction in the harvesting of forest biomass.
Changes in the price level of woody biomass play a huge role in planning the cost of ils
purchase. This is especially important given the situation on the eastern side of Poland.
Some of the largest suppliers of wood residues were Eastern Furopean counbries, e,
Ukraine, Russia and Belarus [90]. Reduoed s by the suspension of imports from

Eastern countries is cne of the reasons for increased prices of wood raw matenials infended

for biomass purposes.

5. Comclusions

Owver the studied time horizon, the prices of products under study show a strong
upward trend both in terms of direction and broad amplitude of change (Figare 2). Verifi
cation of the adopted monthly time series was used to analyze the overall variability of
price components depending on the parameter cousing, the price Auctuation and the time
horizon of change.

Both ARIMA and W1l showed that the quality of obtained predictions decreased
wilthin the period for which the prediction was made. (n the bazis of research conducted,
both methods can be recommended for predicting the future price up to one month in
advance. In addition, it was found that the periodic deviation of prediction price levels
from the actual ones occurring in the time horizons studied (months, quarters) is unstable.

Seasonal Muctuations in the price of by-products occurring, inthe annual horizon
are related to the seasonality of demand sourcing for energy wood. Seasonality was
characterized by assortrments such as woodchips and sawdust. For pine bark, strong
seasonalily in price changes was nol found. Price patterns depend on the sorting, of wood
processing by-produocts.

Analysis of the overall volatility of imber prices and supply allows for the use of
ARIMA and W in predicting timber prices and planning the amount of imber to be
harvested in short time honzons by adjusting the assortment stroctune of wood processing
by-products to changes in market demand. The hypothesis that ARIMA and WH models
can be used to forecast biomass market prices was confirmed.

Long-term price changes, on the other hand, require prediction with higher measure-
miervk Froguency or thie use of models sech s WH arad ARIMA in short-ferm evaluations.
In the long term, increasing demand for timber will resull in a gradual increase in prices,
which iz not consistent with the mdications made in the modeled example. Further ne
search requires the introdwction of new models o determine the impact of changes on the
prediction of prices of wood by-products in both Poland and other European countries.

The conclusion of a companson between ARIMA and WH is to fit the method to the
market conditions of a given sort. In the case of sawdust and wood chips and pine bark,
whare they are characterized by seasonality, ARIMA i a better fit for the prediction model,
while in the case of lumber and paper chips, which are stable in the market, WH is a better
predichion model. However, the authors tend to verify ARIMA and WH ina weckly fime
series. The practical aspect of study results was to determine the usefulness of both models
for the correct forecasting of industrial biomass prices depending on the relevant market
conditions of the given assortments.
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ABSTRACT

The article iz an attempt to determine the impact of market changes and sawnwood
production on the wutilisation of a limited supply of wood raw material, taking inte account
coniferous species and selected grades found on the market for the production of pallet lumber.
The proposal to mclude the raw material value factor in the econometric medel provides a
measurable benchmark. Closed efficiency through the criterion of maximising the added value of
wood in industrial processing takes into account the parameters that shape the impact of the value
of the product and wood raw material. This criterion i3 derived from the supply of roundwooed and
customer demand for particular species and grades. The efficiency index iz a reference to the price
factors of market change over a variable period of time with the ability to forecast the direction of
change.
KEY WORDS: lumber, technelogy, efficiency, added value.

INTRODUCTION

The efficiency of rational proceszing of wood inte matenial: and products depend: on
complex production, technological and market factors. In the market conditions of European Unicn
countries, there are for lumber products in, significant differences in terms of resulting from the
volume of woed processing for woeed plants, as well as production methods resulting from the
efficiency of technological equpment. The situation of the sawmill mdustry in Poland 1s associated
with the emergence of many new vanables for lumber producers and operators with very different
technical and technological levels. The dynamic development of sawmills 1z the result of the
favourable market sitnation in 20192022 and the policy of timber sales by the State Forests.
Changes in market policy have led to a sigmificant shift in the cost intensity of production. As

1
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mdicated by data from the Central Statistical Office (GUS 2023) according to the Polish
Claszification of Activities (PKD), the production of wood and wood preducts, including sawmill
products, beoards, plywoed, veneers, carpentry, furniture, cork and wicker products (excluding
furniture), stabilised at 3742 million m' of roundwood. According to an ongeing analyzis
(Jablonsln 20000, and taking into account the amount of raw materials purchased from the State
Forests, plants with a capacity of 30,000-400,000 m*/vear play a dominant role in the Polish lumber
mdustry. The group of small- (up to 3000 cubic metersvear) and medium-sized (from 5000 to
50,000 cubic metres'vear) enterprises accounts for the dominant share of the number of Polish
wood product-manufacturing plants, emploving and presenting the highest growth dynamics
(Mydlarz and Wiernszewski 2022).

The concentration of labour potentizl and its specialization 15 due to the reduction in cost-
ntensive production processes. Examples include German, Austrian and Swedish sawmills that are
oriented to the production of large-sized lumber mainly for construction (Krzosek 2003, Lis et al.
2000).

MATERIALS AND METHOD
Woodworking fechnologies

Technological factors, especially the productivity of raw materials obtained in medium-
sized plants in Poland, particularly affect the efficiency of thiz production. The processes of
roundwood processing for the production of lumber and sawmill products are related, on the one
hand, to the diverse quality of the roundwood raw material and, on the other hand, depend con the
range of products obtained (Kupgdk 2013). Traditional proceszsing processes are dominated by
various products, enabling the realization of the requirements of local markets. Ezamples of
harvesting levels and management directicns for large-sized round pine timber with a thickmess at
the thinner end of more than 14 cm (W0 50), large-sized logs up to 6 m (WK So) and medium-
sized logs with a thickness at the thinner end without bark up to 5 em (S2E So) processed at

sawmmills are shown in Figure 1.
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Figure 1. Level of uze of zoftwood proceszed into lumber (www.e-drewne.pl, GUS 2023)

The technologies and equipment used are closely related to the product mix. It is poszible
to separate the follewing groups: small plants (emplovment up to 30 people — Income up to £7
million), producing commedity lumber for vanous purposes; groups of small- and medim-sized
sawmills (income up to €40 million — employment up to 250 people) specialismg in the production
of lumber and general-purpose products for the comstroction industry (meluding factories
producing recf trusses) using frame, circular and band saws, and performing pre-fabrication
operations; groups of small- and medium-zized plants dominated by the production of products and
elements of the so-called “garden and pallet programme”, which has developed in Poland in recent
vears and has great dynamism. It should be added that traditional sawing machines and tools, frame
saws, and a set of multi-saw equipment are used. These factories use large-scale automation of the
process and deep processing of components into final products.

Criziz processes in Europe have resulted in a variable dymamisation of preduction
concentration processes in large wood precessing plants (Bidzinska and Ratajezak 2003, Erzosek
2003). The specialisation of production iz inextricably linked to the introduction of systemic
principles of preduction quality assurance. This is served by standards that optimise technological
proceszes, which, unlike subject and production standards, are organizational standards and
principles of systemic assurance of high, site-independent quality (Cholewa 2000, Jzblonski 20007,
Systemic azsurance of product quality and guarantee of repeatability of products from certified raw

162



material are implemented by many facteries in Poland that use standards: IS0 9001 and PEFC
{Programme for Enderzement of Forest Certification) and FSC (Forest Stewardship Council®)
cerfificates. Thiz standardization of productz and production allows for the standardizstion of
product quality and the effective competition of wood products not only in the domestic market
baut also in European markets (https:/wow.drewno pl/, https:wrarw_e-drewno pl/'stock). The main
products of roundwood processing with vanable price ranpes (Fig. 2) are sawn materials with
varying market values (Table 1). By-products such as woed chips or sawdust and bark are alzo
obtained as a result of sawmilling (Table 2). The share of these products is closely dependent on
the processing technology used and the form of the main products (lumber). Both main products
and by-products influence the efficiency index of the production process. Previous studies have
confimmed a definite mcrease in the share of the production of chunk: by-products (wood chips —up
to 20-30%) with a significant share of sawdust, 2z a result of sawing (sawdust — 10-13%:). In the
overall structure, it 15 acceptable to take the economic effect obtained from the bark (up to §%) as
an additional group of by-products, called “waste’ of the process of preparation for sawing
(Mydlarz and Wieruszewski 2022). Significant variability in the value of the product is due to local
and global market changes. However, the main product, Le. lumber and its semi-finizhed products,
iz the main indicator of the impact on the legitimacy of roundwood processing.
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Figure 2. Price level of softwood proceszed into lumber (wanw.e-drewno.pl, GUS 2023)

163



Table 1. Summary of averaged pricez for pine pallet lumber (https://'waw.drewne.pl)
hittps:/wonw.e-drewno.pl/stock/, Goma et al. 2023)

Price of pine lumber

Period 2019 2020 2021 2022 2023
PLN/m’

I quarter 440 430 430 1100 1000

1T quarter 440 430 G600 1300 800

1T quarter 440 430 330 1400 700

IV quarter 430 460 1100 1100 600

Mean 4423 4323 1375 12250 775.0

Table 2. Summary of averaged pricez of pine by-preducts in 2019-2023 (https:/www.drevwno pl/,
hitps-/wonw e-drevimo pl/stock/, Goma et al. 2023)

The by-product “falls off

Name Paper chups | Lumber chips | Pme Bark | Sawdust
Year PLN/m*

2019 218 163 116 149
2020 192 140 117 133
2021 187 146 121 133
2022 330 320 238 370
2023 288 288 307 jl18

Participation in the process [%:] 20-30 2 10-15

Influence of technological processes on the gfficiency of woodwarking

The technological processes of proceszing wood into lumber and sawmill products depend,
in particular, on the conditions for the purchase of raw materials by various business entities. The
analysiz of the problem of cost and quality of wood raw material procurement in relation to the
mdustry (Bidzinska and Ratajezak 2003, Jablonzlka 2000, Krzozek 2003, Lis et al. 2000) cannot
abstract from the current structure and =ize of savwmill: in Poland.

Using the wniversal macro-indicator of technelogical efficiency of the processing of round
raw material into humber and sawmill products (Ep) formulated in natural units or as a percentage

5
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defined as the sum of the conformity of the value of the lumber raw material (main, accompanying
of zawmill products) obtained from the lumber raw matenial, taking inte account the cost of
purchazing the raw material, which iz neceszary for its preduction, we describe formulas 1 and 2

(Hruzik et al. 2000):
E ﬁ“x‘f‘f’ = 100
L4 IV =[Tr+iCg) [‘:H-:‘]
Where:

Ep - technelogical efficiency of raw material processing,
Vol —volume *q° class sawnwood,
Vot —volume *q° class raw materials,
C..9—prices of sawnwood,
C.7 —prices of raw materials,
T — prices of franzport.
TV Ve Cpe* Vit C

Epc = + 100 [%]

T
VR T

Epc — full technological efficiency of raw material processing.

Wy — volume ‘g’ class savmwood,

Vi —volume *q" class raw materials,
Vo' —volume *q° class sawnwood,

Vot —volume *q° class raw materials,
C..%—prices of sawnwood,

.7 —prices of raw materials,

Cp — prices of wood waste and sawdust,
Ci —prices of bark,

T, — prices of transport.

RESULTS AND DISCUSSION

(1]

(2]

Taking into account technological conditions and canons of work, as well as the fact of
dimenszional and quality variation of roundwood and current price reports (https:/www.drevwno pl/,

B
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https:/wanw.e-drewno.pl/stock”), the average productivity (W) of processing pine wood (Figure 3)
mto pallet lumber in small- and medium-sized general-purpose lumber plants was determined, and
production efficiency was analysed based on the formulas presented (Figure 4). The average
volume of efficiency adopted for further analysiz is §0% where the chanpes in the price of wood
transportation determined, in 2019-2023 oscillated on average at 28, 30, 33, 38 and 35 PLN'm’

(own market rezearch).

diameter performance

m length performance
B0
o
3
= 4p
=
0

O; 30 om= 5 20-F%cm W. 14-19 ¢
Crrigin of raw material in length / log diameter range
Figure 3. Technological efficiency of processing conifercus wood inte semi-finished lumber in
sawmills (own elaboration, Hruzik et al 2000, 2003, Mydlarz and Wieruszewska 2022,
Wierzzewski et al. 2020, 2023)

It can be concluded that comparing the procezsing of timber in zawmills in plants that uzed
log quality zorting (0 — lower, 5 — medium and W — upper) with that in plants that used cnly log
diameter category, regardless of the type of plant, the best productivity can be obtained processing
lower logs with larger diameters (68-72%%), but the lowest productivity was confirmed when
processing upper logs with small diameters (30-55%%). In general, this regulanty shaped the price
relations for raw material and lumber in the domestic market, but this is mainly what the source
material (EN 1611-1:1999/A1:2002) is limited to.

The efficiency of wood processing (Fig. 4) can also be considered in the example of specific
grades (elements) of finished pallet products. Examples of the production efficiency of selected
pine elements for pallet products made in 2022 (Fig. 3) indicate that these assortments allow for
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achieving zn average efficiency of Ep=101-168% with similar matenial and sawing efficiency in
the range of W=30-72% (assumed average 60%) (Hruzik et al. 2000, 2003).

The Ep variability curves show a good fit with the coefficient of determination R*=0.3. At
the same time, there are no significant differences in the effect of the type of pine raw material cn

the change in Ep (p=0.5).
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Figure 4. Ep processing efficiency
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Figure 5. Total Epc efficiency including by-products in pallet lumber preduction (own elaboration)
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It iz worth noting the impact of market prices asscciated with byv-products. They have
recently gamed m value due to the possibility of obtaining energy blomass from them This 1z
particularly true for chunk products (wood chips) and sewdust. This translates into an additional
component of the economic impact indicator, as presented in Figure 5 in the form of the Epc total
efficiency indicator. The ANOVA statistical test showed no significant statistical difference in the
effect of the tested by-product forms on Epe (p=0.7). At the zame time, the functions describing
the variability of Epc have a good coefficient of determination 8'=0.5 of matching results.

Plants producing components and pallet productz are companies associated in a sphere
dominated by production for the European market. Comparative spheres of sawmill preduction
efficiency are supplemented by a potential indicater for large factories (using mainly compact
technologies), but products and lumber are currently received by different technologies in sawmills.
The potential range of average material efficiency in sawmilling, aligned with the economic
indicator formed by the price relationship of raw materials and products, will not be different from
the level of efficiency obtained in factories using traditional technologies because the relationship
iz not shaped by the local market but by the global market. The values of Ep production efficiency
of zelected pallet assortments in recent years gradually increazed from a level of about 91% to
180% n 2022 to begin a sharp decline with the downtum in 2023. The added value of the process
iz the Epc efficiency effect of the use of by-products. Az for lumber, it depend: on market price
fluctuations. In the structure of reference to the price of raw material, the highest increaszes in the
mdicator are abtained by S2BG wood processing where it fell from 31% to 23% in 2019-2021. An
additicnal increase in the by-product efficiency ratic increased sigmificantly in 2022 to a level of
33-3%% to remain at a simlar level in 2023, In sum, this allowed the efficiency of total Epe
processing of pine raw material into pallet homber to reach 194-220% in 2022 with a decrease in
2023 to 135-161%. This indicates how significant the rational management of by-products in the
sawmilling process is.

The wood raw material offered by forest farms can be used in industrial processing for
various wood materials and semi-finished products, leading to the manufacture of fimished
products. This depends mainly on the dimensional and quality structure of the roundwood of 2
given species. Different will be the shares of the vanous destiny grades of raw material from the
division of arrows of higher classes of thickness and quality, while others from thinner amows
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harvested during silvicultural operations in the forest. However, from a given arrow m a certain
size group and height of trees, it 1s possible to manipulate different zorts according to demand,
which 1z currently a topic of discussion mong specialists. The direction of wood utilisation
depends on a number of more or less important factors. The decisive cne is the profitability of
wood processing that can be quantified and analysed. It can be expected that, over time, the wood
market will move towards the most efficient structure of its utilization through the demand relations
of individual wood industries determined by this profitability. The levels of customer demand exert
an influence on the price levels of individual wood grades. They follow the ndividually shaped
timber valuez accepted by individual entrepreneurs assuming expected levels of operational
profitability of processing. Alse important 13 the impact of the current market situation in a given
phase of the economic cycle, as well as the technical and crganisational levels of a particular woed-
processing plant and the activities of sales and procurement services (Stamula et al. 2023a).

An attempt can be made to determine the structure of timber management, to which the
market-shaped levels of demand from the wood processing industry for particular grades will
follow over time. The most important of the expectations of enfrepreneurs iz the level of operational
profitability in its technical and market conditions. The cost of bringing raw materials from forestry
depots to the plant weighs significantly, especially in the recent period, on production costs
(Stanula et al. 2023b). With their relatively high level, the value of timber in this case may be lower
according to caleulztions bazed on the propozed formula. Fecovery values from the zale or on-zite
proceszing of wood chips and sawdust are alzo noticeable (Hruzik et al. 2003). The caleulated value
of wood significantly determines the optimum management of the raw material.

The value added in economic activity achieved in wood processing iz determined by
subtracting the value of sales revenue: from the value transferred, eamed n other, preceding
proceszes of processing raw materials and materials. The added values achieved in the conziderad
phase of wood processing can also form the basis for determining the structure of roumdwood
utilization, since in macro-scale analyses, these values make up this basic measure of the level of
economic development. The high added value generated in the enterprize is distributed among
emplovees, the budget, the finamcing of contributions charged to persomnel costs, various
mandatery benefits and, most impertantly from the peint of view of the economic entity, net profit.
However, the inclusion of added value in the timber management account will not provide a fully
accurate determination of the structure of the demand for particular grades, as opposed to the value

10
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of timber. The value of timber will certainly ke influenced by the future structure of raw material
prices, which, of course, would have to be determined in further work cn the model.

Meazures of roundwood value, value added in processing and efficiency indicators can
therefore be used in the proposed method of raw matenial management account acting as
functions of the econometric criterion.

Thus, it can be concluded that the timber value eriterion will ke the main factor shaping
changes in demand for roundwood of various qualitative-dimenzional grades and species limiting
their growth. However, the maximization of the objective fumction is limited by a number of more
of less important conditions that can be described by relevant equations. Amoeng the most
important are:

- supply of individual wood grades and species,
- demand for wood.

The supply of roundwood 15 determined by the forest farms offering it, and n the case of
Poland, mainly the State Forests, while demand iz driven by the needs of the market for materials
and semi-finished products znd wood products. It 15 also related to the technological level and
processing capacity of particular industries and enterprizes.

The need for rational management of timber, also in terms of volume with forecasts, is
mndicated as the most important element of forest-timber cooperation by the timber circles, as well
az central authorities. This implies the need for strict control of flows within the national economy.
It can be expected that the timber market will, to zome extent, shape the profitable structure of
timber utilization, zlthough the significant influence of the poliey of the State Forests pursuing
multiple objectives of mamtaiming stands cannot be overlooked.

CONCLUSIONS

Wood processing technelogy and the structure and size of sawmills at the current stage in
Poland have hittle impact on the efficiency of lumber and weed preduct production.
Technological processes in the wood industry are directly related to the production mix, but the
efficiency of its production, due to the dominant share of raw material costs, depends eriticzlly on
the price relationship between raw material and products, as in between raw material and produets,
baoth in the local market and in the European market.
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The efficiency of wood processing for lumber and sample lumber products 1= currently at
about 60%. The efficiency of production of selected elements and sets (products) of pine pallet
type 13 at Epe=135-161% in 2023, thanks to the added value of by-products.

Timber value accounting from the point of view of profitability of processing can be applied to
determine the direction of changes in the demand structore for roundwood.

The eriterion of added value in processing, as well as the efficiency relationship, can be used in the
study of the management structure of a limited supply of wood, for example in multi-plant
enterprizes.
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