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Field experiments, biomass growing, productivity, quality and 
the use of perennial and annual alternative crops for energy 

and industrial purposes

(Stolarski 2018)



 14 willow cultivars: Start, Sprint, Turbo

(2007); Bona, Kortur, Monotur, Oltur, Tur

(2009); Ekotur, Żubr (2015); Aspi, Cortexa,

Delta, Viva (2017) and around 150 clones

eg.: clone UWM 195C; S. viminalis L., clone

UWM 263C; S. viminalis L., clone UWM

337C; S. dasyclados Willd, clone UWM 155;

S. pentandra L., clone UWM 035; S. alba L.,

clone UWM 095.

 Poplar e.g.: Populus balsamifera L., clone

UWM 2; P. balsamifera L., clone UWM 3; P.

nigra × P. maximowiczii Henry cv. Max-5

 Robinia pseudoacacia L.

SRC in UWM experiments 
(woody biomass) 

(Stolarski 2018)



 Helianthus salicifolius A.Dietr

 Sida hermaphrodita Rusby L.

 Silphium perfoliatum L.

 Reynoutria sachalinensis Nakai

 R. japonica Houtt.

 Helianthus tuberosus L.

Herbaceous crops in 
UWM experiments 

(semi-woody biomass)

Phot. M. Stolarski

(Stolarski 2018)



 Miscanthus × giganteus J.M. Greef

& M. Deuter

 M. sacchariflorus ((Maxim.) Hack.)

 M. sinensis ((Thunb.) Andersson)

 Spartina pectinata Bosc ex Link

 Arundo donax L.

Grasses in UWM 
experiments (straw)

Phot. M. Stolarski

(Stolarski 2018)



The most popular PIC in Poland

Short rotation coppices - SRC (Salix and Populus)

Herbaceous crops (Sida) Grasses (Miscanthus)

Phot. M. Stolarski

Phot. M. Stolarski

(Stolarski 2018)



Willow production during 12 consecutive years —The 
effects of harvest rotation, planting density and 

cultivar on dry biomass yield 
(Stolarski et al. 2019. GCB Bioenergy. https://doi.org/10.1111/gcbb.12583)



Willow productivity from small- and large-scale experimental 
plantations in Poland from 2000 to 2017

(Stolarski et al. 2019. Renewable and Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2018.11.034)



Production technology and logistics of biofeedstock acquisition and 
processing to obtain higher added value bioproducts and conversion 

to solid, liquid and gaseous biofuels 
(Stolarski et al. 2021. Energies. https://doi.org/10.3390/en14216877)

Wood chips preparation from various types of wood biomass stored at the Quercus site and the logistics
transport to the end consumer

Forests, wood processing residues



SRC – EXAMPLES OF ONE STAGE HARVEST AND 
BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

P1010147.JPG

Phot. M. Stolarski

Phot. M. Stolarski

(Stolarski 2019)
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SRC – EXAMPLES OF TWO STAGE HARVEST AND 
BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

P1010107.JPG

Phot. M. Stolarski

Phot. M. Stolarski

(Stolarski 2019)
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HERBACEOUS CROPS – EXAMPLES OF ONE STAGE HARVEST 
AND BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

Phot. M. Stolarski

Phot. M. Stolarski

HERBACEOUS CROPS – EXAMPLES OF TWO STAGE HARVEST 
AND BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

(Stolarski 2019)



GRASSES – EXAMPLES OF TWO STAGE HARVEST 
AND BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

GRASSES – EXAMPLES OF ONE STAGE HARVEST 
AND BIOMASS LOGISTIC TECHNOLOGIES IN UWM 

Phot. M. Stolarski

Phot. M. Stolarski

(Stolarski 2019)



3 types of pellets  ≥  A1 (ISO) i Grade 1 (KFRI)

23 types of pellets in at least one class

0 out of class pellets

Short rotation woody crops and forest biomass sawdust mixture 
pellet production

(Stachowicz and Stolarski 2023. Industrial Crops and Products. https://doi.org/10.1016/j.indcrop.2023.116604)



The energy input for pellet production (kWh Mg-1) from selected 
types of forest and SRC biomass and from their mixtures (Stachowicz and

Stolarski 2024. Renewable Energy. https://doi.org/10.1016/j.renene.2024.120250)

75-83%



The cost of pellet production (€ Mg-1) from selected types of forest 
and SRC biomass and from their mixtures 

(Stachowicz and Stolarski 2024. Renewable Energy. https://doi.org/10.1016/j.renene.2024.120250)

50-58% 

18-25% 



Cascaded use of various agricultural - and forest- origin 
biofeedstock types 

Wood of one-year-old and four-year-old SRWC shoots as a raw material for 
multi-purpose use (Stolarski et al. 2024. Energies. https://doi.org/10.3390/en17071535) 



BIOmagic project (Stolarski et al. 2017-2021)



 The objective of this task is to evaluate factors which affect the productivity and
thermophysical and chemical properties of biomass of 11 PIC species, generating biomass
in the form of wood, semiwood and straw, in the context of sustainable biomass
production. Elaboration of optimal PIC cultivation technologies on marginal land, and
delivery of biomass, satisfying the quality requirements, to the project’s partners.

Sustainable technologies for cultivation of 
Perennial Industrial Crops (Stolarski et al. 2017-2021)

Salix viminalis Salix purpurea
Populus nigra x 

P. Maximowiczii

Robinia 

pseudoacacia

4 species SRWC

3 species herbaceous crops 4 species grasses

Helianthus 

salicifolius
Silphium

perfoliatum

Helianthus 

tuberosus

Miscanthus

× giganteus
M. sinensis

M.saccharif

-lorus

Spartina

pectinata

bark

wood

wood+bark

biomass biomass

Harvest time:
February/March

Harvest time:  (i) February/March,  (ii) June,  (iii) October

Photos: M.J. Stolarski



Plant extracts from supercritical extraction and 
management of post-extraction biomass 

(Stolarski et al. 2017-2021)

PIC lignocellulosic biomass Supercritical extraction Extracts

source: UWM source: INS source: INS

Post-extraction biomass
for pellet productionin yellow mealworm rearing

Bordiean et al. 2022. Insects. https://doi.org/10.3390/insects13090810

Stolarski et al. 2022. Industrial Crops and Products. https://doi.org/10.1016/j.indcrop.2022.115104



BIOmagic final bioproduct - 
Veterinary bioproduct - cow udder care gel

(Stolarski et al. 2017-2021)

source: CP



Economic and environmental 
analysis of poplar extract 

production

(Olba-Zięty et al. 2022. Industrial Crops and Products.
https://doi.org/10.1016/j.indcrop.2022.115094) 

Assessment of economic, energetic and environmental 
effectiveness of cultivation, production, logistics and 

processing of biomaterials

(Krzyżaniak et al. 2023. Energies. https://doi.org/10.3390/en16217287) 



Assessment of economic, 
energetic and environmental 
effectiveness of cultivation, 

production, logistics and 
processing of biomaterials

(Stolarski et al. 2018. Energy. 
https://doi.org/10.1016/j.energy.2018.03.021) 



Energy ratio for the production of 26 perennial 
industrial crops genotypes in six consecutive annual 

harvest rotations (2012–2017) 
(Stolarski et al. 2019; Industrial Crops and Products. https://doi.org/10.1016/j.indcrop.2019.04.022) 



Characterisation and assessment of biomass and other RES 
usability on an individual, local, regional, national and 

international level

(Stolarski et al. 2020. Energy. https://doi.org/10.1016/j.energy.2020.117952 )



Characterisation and assessment of biomass and other RES 
usability on an individual, local, regional, national and 

international level

(Stolarski et al. 2020. Renewable and Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2020.110238)

Bioenergy technologies and biomass potential 
vary in northern European countries



Bioconversion of various types of biomass residues by insects 
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