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Abstract: The use of biomass mixtures as a feedstock in the production of pellets requires optimization

of the percentages of the components, since interactions occur during combustion between the

components forming the blend (lignin, cellulose, and hemicellulose), affecting characteristics of

pellets such as calorific value, ash content, fine fraction content, bulk density, and mechanical

durability. Our study focuses on the assessment of the quality of pellets produced from biomass

blends generated from pruning seabuckthorn and blackberry mixed with wheat straw. The results of

literature data analysis and laboratory research show that wheat straw pellets exhibited the lowest

calorific value (15.2 ± 0.2 MJ/Kg) and the highest ash content (5.7 ± 0.18%) while seabuckthorn

and blackberry biomass pellets possessed significantly higher calorific value with low ash content.

According to the maximization of the mixtures taken in the study, it was proved that the addition

of up to 25% wheat straw remaining seabuckthorn biomass provides all the qualitative indicators

specified by ENPlus 3 standards. The straw content can be increased up to 35% if 10–20% of blackberry

biomass is added to the mixture. The production of pellets from biomass mixtures with an optimized

composition, meeting the requirements of EN3Plus standards, will benefit the environment and the

agricultural economy by replacing polluting fuels and making optimal use of straw and fruit tree

pruning residues.
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1. Introduction

The agricultural sector is one of the pillars of the Moldovan and Romanian economy,
resulting in a huge amount of residues that are often not valued at their fair value. One of
the future directions of valorization of agricultural residues is their use as feedstock for the
production of densified solid biofuels, the application for energy purposes being intensively
studied in the literature, both worldwide [1–4] and in Moldova and Romania [5–10]. It is
also known that only a part of agricultural residues can be used as feedstock for the pro-
duction of densified solid biofuels with quality characteristics that meet the requirements
of ENPlus 3 standards.

Research carried out in the Solid Biofuels Laboratory of the Agrarian State University
of Moldova on the energy potential of agricultural residues specific to the Northern Zone
of the Republic of Moldova has shown that only 9–10% of the total agricultural residues
in this area ensure the quality parameters of the finished product in accordance with the
requirements of classes A1 and A2 [11], the other residues being used as a filler in a mixture
with other types of biomass [6,12]. Agricultural residues have a low calorific value per
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10. Ţenu, I.; Roman, C.; Senila, L.; Roşca, R.; Cârlescu, P.; Băetu, M.; Arsenoaia, V.; Dumitrachi, E.P.; Corduneanu, O.-R. Valorization

of Vine Tendrils Resulted from Pruning as Densified Solid Biomass Fuel (Briquettes). Processes 2021, 9, 1409. [CrossRef]

11. EN ISO 17225-2:2021; Solid Biofuels—Fuel Specifications and Classes—Part 2: Graded Wood Pellets (ISO 17225-2:2021). Interna-

tional Organization for Standardization: Geneva, Switzerland, 2021.

12. Pavlenco, A.; Marian, G.; Gudîma, A. Quality of the Energy Potential of Agricultural Residues: Case Study for the Northern

Development Region, Republic of Moldova. S, tiint,a Agric. 2018, 2, 141–148.

13. Karkania, V.; Fanara, E.; Zabaniotou, A. Review of sustainable biomass pellets production—A study for agricultural residues

pellets’ market in Greece. Renew. Sustain. Energy Rev. 2012, 16, 1426–1436. [CrossRef]

14. Jamradloedluk, J.; Lertsatitthanakorn, C. Influences of Mixing Ratios and Binder Types on Properties of Biomass Pellets. Energy

Procedia 2017, 138, 1147–1152. [CrossRef]

15. Papandrea, S.F.; Cataldo, M.F.; Palma, A.; Gallucci, F.; Zimbalatti, G.; Proto, A.R. Pelletization of Compost from Different Mixtures

with the Addition of Exhausted Extinguishing Powders. Agronomy 2021, 11, 1357. [CrossRef]

16. Kovacs, E.; Hoaghia, M.-A.; Senila, L.; Scurtu, D.A.; Varaticeanu, C.; Roman, C.; Dumitras, D.E. Life Cycle Assessment of Biofuels

Production Processes in Viticulture in the Context of Circular Economy. Agronomy 2022, 12, 1320. [CrossRef]



Agronomy 2022, 12, 2018 14 of 14

17. Kizuka, R.; Ishii, K.; Sato, M.; Fujiyama, A. Characteristics of wood pellets mixed with torrefied rice straw as a biomass fuel. Int. J.

Energy Environ. Eng. 2019, 10, 357–365. [CrossRef]

18. Pradhan, P.; Mahajani, S.M.; Arora, A. Production and utilization of fuel pellets from biomass: A review. Fuel Process. Technol.

2018, 181, 215–232. [CrossRef]

19. Lisowski, A.; Matkowski, P.; Dąbrowska, M.; Piątek, M.; Świętochowski, A.; Klonowski, J.; Mieszkalski, L.; Reshetiuk, V. Particle

Size Distribution and Physicochemical Properties of Pellets Made of Straw, Hay, and Their Blends. Waste Biomass Valor. 2020, 11,

63–75. [CrossRef]

20. El-Sayed, S.A.; Elsaid Mohamed, M.K. Mechanical Properties and Characteristics of Wheat Straw and Pellets. Energy Environ.

2018, 29, 1224–1246. [CrossRef]

21. Pavlenco, A. Improving the Quality of Densified Solid Biofuels in Line with Renewable Energy Development Policies. Ph.D.

Thesis, State Agrarian University of Moldova, Chis, inău, Moldova, 2018.

22. Marian, G.; Banari, A.; Gudîma, A.; Daraduda, N.; Pavlenco, A. Characterisation of Residues from the White Currant Production

Chain. S, tiint,a Agric. 2020, 2, 91–96.

23. EN ISO 18135:2017; Solid Biofuels—Sampling (ISO 18135:2017). International Organization for Standardization: Geneva,

Switzerland, 2017.

24. EN ISO 14780:2017; Solid Biofuels—Sample Preparation (ISO 14780:2017). International Organization for Standardization: Geneva,

Switzerland, 2017.

25. EN ISO 18134-3:2015; Solid Biofuels—Determination of Moisture Content—Oven Dry Method—Part 3: Moisture in General

Analysis Sample (ISO 18134-3:2015). International Organization for Standardization: Geneva, Switzerland, 2015.

26. EN ISO 18123:2017; Solid Biofuels—Determination of the Content of Volatile Matter (ISO 18123:2015). International Organization

for Standardization: Geneva, Switzerland, 2017.

27. EN ISO 18125:2017; Solid Biofuels—Determination of Calorific Value (ISO 18125:2017). International Organization for Standard-

ization: Geneva, Switzerland, 2017; p. 68, ISBN: 978-0-580-89326-1.

28. Cimpoies, , G.; Popa, S. White Seabuckthorn; Universitatea Agrară de Stat din Moldova: Chis, inău, Moldova, 2018; ISBN

978-9975-56-601-8.

29. Sava, P. Research Oriented to the Development of Baciferous Crops. Academus 2015, 2, 111–116.

30. Balan, V.; Sava, P.; Calalb, T.; Ciorchină, N.; Cumpănici, A.; Dodică, D.; Ros, ca, I.; Todiras, , V.; Zbancă, A. Cropping of Fruit Bushes

and Strawberry; Universitatea Agrară de Stat din Moldova: Chis, inău, Moldova, 2017; p. 434.

31. Marian, G.; Banari, A.; Nazar, B.; Daraduda, N.; Pavlenco, A. Prospects on the Capitalization of Seabuckthorn Residues for Energy

Purposes. Lucr. S, tiint, ifice UASM 2022, 56, 297–301.

32. Niedziółka, I.; Szpryngiel, M.; Kachel-Jakubowska, M.; Kraszkiewicz, A.; Zawiślak, K.; Sobczak, P.; Nadulski, R. Assessment
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