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Abstract. In recent years, there is growing importance of a new non-waste technology in wine industry that 

contributes to environmental protection. Relatively frequently vineyard waste wood cut off during winter time is 

used to produce fuel pellets. Another option is the use of grape marc for the briquettes production and then for 

further production of energy or gaining oil by pressing the separated seeds. This paper discusses the evaluation 

of pellets features from cakes of grape seeds from the energetical point of view as well as from the point of 

compliance with the standards for production of pellets. The calorimetric measurement was first determined by 

the calorific value of the pellets of grapevines wood, seeds, grape marc and cakes. The pellets of the separated 

seeds had the net calorific value of 19.54 ± 0.67 MJ·kg
-1

 compared to those from grapevine wood pellets 

16.39 ± 0.18 MJ·kg
-1

, seedless grape marc pellets 16.85 ± 0.46 MJ·kg
-1

 and cake pellets 18.60 ± 0.72 MJ·kg
-1

. 

The smaller net calorific value of cake pellets compared with the pellets made from seeds is due to the reduced 

amount of oil-based substances in cake produced during the oil-pressing process. The quantity is reduced by 40-

60 %, yet the calorific value is satisfactory, when compared to other types of fuel. When carrying out the pellet 

test, emissions were analysed and in most parameters complied with national as well as international standards. 

Double amount of sulphur content has been found in cake pellets, which has negative effects on the environment. 

The content of chlorine was slightly higher, around 0.11 % compared to the limit of 0.1 %, which negatively 

affects the combustion equipment. A possible solution to reduce these over-limit values is to mix pellets from 

cake with other pellets. The mixture that meets all emission requirements and reaches a calorific value of 

17.36 ± 0.06 MJ·kg
-1

 was tested and is finally made up of 50 % of seedless grape marc, 30 % of grapevine waste 

wood and 20 % of cake.  

Keywords: pellets, calorific value, grape marc, wood, grape seeds. 

Introduction 

Bilandzija et al. [1] state that the use of biomass energy has got an increasing importance in 

ensuring renewable energy sources, in enhancing energy self-sufficiency in the regions, in reducing 

greenhouse gas emissions, in maintaining cultural landscapes by bigger use of biomass waste, in 

creating of new jobs and in stabilizing the rural area. The use of biomass can significantly contribute 

to the diversification of resources more evenly dispersed in a particular area and thereby ensure greater 

stability in energy supply [2]. On the other hand, Hamelinck et al. [3] argue that due to the large 

amount of phytomass energy needed for obtaining the energy equivalents (compared to, for example, 

coal) it is not suitable for long distance transport.  

In recent years, there is a growing importance of new non-waste technology in wine industry that 

contributes to environmental protection [4]. Relatively frequent is use of vineyard waste wood cut-offs 

during winter time that are used to produce fuel pellets [5]. Another option is the use of grape marc for 

the briquettes production (and then for further production of energy) or gaining oil by pressing the 

separated seeds. 

When using biomass for energy purposes, it is usually necessary to make the adjustments 

accordingly. This is based on the character, most often it is either crushing or chipping, or on the use 

of the further disintegration process and subsequent application of the resulting mass in the production 

of pellets [6-8]. Another burden is drying of the input raw material [9].  

When evaluating the use of grape seed cakes from pressing of the grape seeds, it is necessary to 

consider the great advantage of such pellets, which require minimal post-treatment. The resulting 

cakes are pellet-like and moisture-minimized. The content of this non-lubricated oil may also have a 

higher calorific value. 

According to the findings of Vitázek et al. [10], it is necessary to evaluate the new biofuel not 

only from the energy point of view, but also regarding the fulfilling of the standards accordingly to the 

qualitative characteristics, as well as to the content of the limit elements. It is important to use these 

raw materials in the production of pellets to evaluate them as regards the composition of ash and flue 

gas emissions.  
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The objective of this work was to compare the grape seed cakes made from the production of oil 

by pressing the grape seeds and pellets from the waste material from the vinicultural and wine 

production from the point of calorific value and fulfilling the specific parameters according to the 

international standards. 

Materials and methods 

For the purpose of this experiment there were five samples of single-component pellets produced 

and one sample of a multi-component pellet, Table 1. 

Table 1 

Biomass feedstock information to produce pellets 

Tested samples 

of pellets 
Used materials 

Description / producing 

process 

1 Grape marc 
Solid remains of grapes after 

pressing for juice 

2 Seedless grape marc 
Grape marc after separating the 

seeds 

3 Separated grape seeds 
Separated seeds from the grape 

marc 

4 Grapevines waste wood 
Wood after the winter cut of 

vineyards 

5 Grape seed cakes 
Product remains of grape seeds 

after pressing for oil 

6 
Mix: 50 % seedless grape marc pellets, 

30 % waste wood pellets, 20 % cake pellets 

Single-component pellets 

mixed together 

The production of pellet samples 1-4 was realised on a commercial pelletizing line MGL 400 

(KovoNovak, made in the Czech Republic). Sample 5 was produced on a small capacity oil screw 

press UNO (Farmet, made in Czech Republic). Sample number 6 is a mixed sample of pellets 3, 4 and 

5. All samples were produced in three repeats.  

The energy value of the pellets, samples 1 – 6, was verified by a set of calorimetric measurements 

in order to determine the gross calorific value (GCV) and net calorific value (NCV). For determination 

of the calorific value, the calorimeter Parr 6400 (Parr Instrument, USA) was used. Determination of 

the GCV for solid biofuels was carried out according to the standard ISO 18125:2017. The obtained 

GCV was calculated to the NCV according to the formula 1. 
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where Q
r
 i – NCV of the evaluated sample, MJ·kg

-1
; 

 Q
r
 s – GCV of the original sample, MJ·kg

-1
; 

 γ – ratio of evaporation of 1 % H2O, MJ·kg
-1

, at temperature 25 ºC, γ = 0.02442 MJ·kg
-1

; 

 8,94 – hydrogen to water conversion ratio of, –; 

 W
r
t – total water content in the original sample, %; 

 H
r
t – total hydrogen content in the original sample, %. 

The weight of the samples was measured by the analytical scales KERN AES 200-4C (Kern & 

Sohn, Germany) with 0.0001 g resolution. 

The analysis of the elementary composition was provided through the TOC/TN analyser multi 

N/C 2100S (Analytik Jena, Germany) and the gas chromatograph Trace GC ultra (Thermo Fisher 

Scientific, USA). 

The moisture content of selected biofuels was determined according to the standard ISO 18134-

2:2017 by means of the laboratory oven Memmert UFE 400 (Memmert, Germany). The samples were 

dried out at the temperature of 105 ºC to a constant weight (formula 2). 
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where w – moisture content, %; 

 m1 – original weight, g; 

 m2 – dry mass weight, g. 

The ash content determination in the tested samples was analysed on the muffle furnace BEA 8,2 

(BEA, Austria) and calculated by the standard: ISO 18122:2015. The ash content was calculated from 

the formula 3. 
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where A – ash content, %; 

 m1 – mass of the empty drying container, g; 

 m2 – mass of the dish plus the test sample, g. 

 m3 – mass of the dish plus ash, g. 

All measurements were performed in triplicate and the result value was calculated as the average 

of three measurements with SD. These determined values were evaluated using the analysis of 

variance (ANOVA) and later on mutually compared by the Tukey´s test at the significance level 

α = 0.05. A statistical analysis was carried out using the software package Statistica 12.0 (StatSoft 

Inc., USA).  

Results and discussion 

The moisture, NCV and ash content form the basis of the solid fuel technical evaluation in terms 

of their suitability for energy purposes, Table 2. For the comparison, the regular values of NCV of the 

fuel pellets made from the wood waste is approximately 16-19 MJ·kg
-1,

 the moisture value is from 7 

up to 10 % and the ash content is somewhere between 0.4 and 2 % [11-13]. 

Table 2 

Elementary composition, physical characteristics and calorific values of tested samples 

H C N O Tested 

samples 

of pellets 

Moisture 

(wt. %)  (wt. %) 

Ash 

(%) 

GCV 

(MJ·kg
-1

) 

NCV 

(MJ·kg
-1

) 

1 9.63 6.02 48.31 1.63 46.42 5.12 18.58 17.03 ± 0.17
a
 

2 9.78 3.81 51.34 0.67 39.72 4.83 17.92 16.85 ± 0.46
a
 

3 9.52 6.08 52.58 1.32 38.38 3.42 21.10 19.54 ± 0.67
c
 

4 7.33 7.47 50.21 0.47 43.92 0.62 18.20 16.39 ± 0.18
a
 

5 7.97 9.60 53.42 2.08 40.17 3.23 20.89 18.60 ± 0.72
bc

 

6 8.23 4.58 51.02 1.37 41.64 1.14 18.56 17.36 ± 0.06
ab

 

* Legend: Values means ± standard deviations of triplicate determinations. Means followed by 

different lowercase letters in the same column indicates significant differences (P < 0.05). 

Sample 1 represents the most common vinicultural waste product. Unfortunately, for the further 

use within the bioenergy it needs the drying process. Miranda et al. [14] state that for the washed grape 

pomace, the average value of GCV is 19.5 MJ·kg
-1

, at the moisture of 7.49 % and the ash content 

7.47 %. Verma [13], while using similar materials shows the values accordingly: pellets made of apple 

juice industrial waste have the value of GCV approximately 20.68 MJ·kg
-
1, by moisture 12.34 % and 

ash content – 2.4 %; pectin pellets made of citrus shell have the values of GCV – 19.24 MJ·kg
-1

, by 

moisture – 13.59 % and ash content – 1.63 %; the sunflower husk pellets GCV – 20.27 MJ·kg
-1

, by 

moisture – 11.80 % and ash content – 2.78 %. Sample 2, of pellets derived from seedless grape marc, 

was found to have a low calorific value. This sample had the highest moisture values, due to the entry 

material that was significantly lowered during the pellet production.  

The input material had worse quality for pelletizing lines, there was not an ideal interconnecting 

of pellets and problematic was also higher production of ash during combustion. When comparing to 
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sample 1, the lower NCV value is due to the separation of most seeds. To prove this, sample 3 was 

observed and it has reached the highest NCV. Berndes et al. [6] state that the calorific value of plant 

raw materials can increase the content of more valuable components, such as resins or oils. However, 

from the practical application point of view, it is not possible to envisage the use of seeds for energy 

purposes [15]. Due to its uniqueness, it will find use in the food or cosmetics industry. Sample 4 

represents pellets commonly available on the market, which, according to Souček et al. [5], have 

achieved standard results. Sample 5 reached a lower NCV compared to sample 3 due to the reduction 

of the oil content by pressing. However, the ash content remained almost identical. All pellets showed 

acceptable calorific values within the range between 16.39 and 19.54 MJ·kg
-1

. 

Table 3 shows the results corresponding to the analyses of the pellets. These samples usually 

achieved the parameters. The limits of selected parameters for woody and non-woody pellets are 

determined by ISO 17225-2 and ISO 17225-6 standards.  

Table 3 

Reference specifications for pellets and achieved values 

Moisture, 

wt. % 
Ash, % S, % Cl, % 

Tested 

samples of 

pellets 

Used standard 

MV LV MV LV MV LV MV LV 

1 ISO 17225-6 9.63 ≤ 12.0 5.12 ≤ 6.0 0.12 ≤ 0.20 0.03 ≤ 0.10 

2 ISO 17225-6 9.78 ≤ 12.0 4.83 ≤ 6.0 0.08 ≤ 0.20 0.02 ≤ 0.10 

3 ISO 17225-6 9.52 ≤ 12.0 3.42 ≤ 6.0 0.17 ≤ 0.20 0.03 ≤ 0.10 

4 ISO 17225-2 7.33 ≤ 10.0 0.62 ≤ 0.7 0.02 ≤ 0.04 0.01 ≤ 0.02 

5 ISO 17225-6 7.97 ≤ 12.0 3.23 ≤ 6.0 0.40 ≤ 0.20 0.11 ≤ 0.10 

6 ISO 17225-6 8.23 ≤ 12.0 1.14 ≤ 6.0 0.18 ≤ 0.20 0.03 ≤ 0.10 

* Legend: MV – measured value, LV – limited value by standards. 

The moisture content of the samples examined was lower than 10 % by weight, so the pellets met 

the requirements. Double amount of the sulphur content has been found in cake pellets (sample 5), 

which has negative effects on the environment, Vitázek et al. [10]. The content of chlorine was 

slightly higher, around 0.11 % compared to the limit of 0.1 %, which negatively affects the 

combustion equipment [16]. A possible solution to reduce these over-limit values is to mix pellets 

from cake with other pellets. The analysis of pellets, composed by mixtures of biomass residues, is 

interesting in order to meet the limits of the given standards. The mixture pellet (sample 6) that meets 

all emission requirements and reaches a calorific value of 17.36 ± 0.06 MJ·kg
-1

 was tested and is 

finally made up of 50 % of de-seeded grape marc, 30 % of grapevines and 20 % of cake. 

The analysis of pellets composed by mixtures of biomass residues is interesting in order to obtain 

a suitable combination with respect to their physical and chemical characteristics. 

Conclusions 

1. The results obtained from the analysis of the investigated samples show that the majority of the 

examined pellets satisfy the standard requirements given for the pellets in the ISO17225-2 and 

ISO 17225-6.  

2. The energetic value of pellets produced from the wine industry waste products was verified by a 

set of calorimetric measurements, in which there were stated the values of net calorific values. 

Depending on the nature of the tested samples – grape marc, seedless grape marc, separated grape 

seeds, grape seed cakes and mixed sample, it ranged between 16.85 and 19.54 MJ·kg
-1

.  

3. The sample similar to the commercial pellets made of grapevines waste wood presented better 

characteristics than the others, especially in the ash content, chlorine and sulphur percentage. On 

the contrary, they presented lower values of the net calorific value, but still the values commonly 

reached the level of 16.39 MJ·kg
-1

.  

4. The mixture samples made from 50 % of seedless grape marc pellets, 30 % of waste wood pellets 

and 20 % of cake pellets show good thermal characteristics for their use in combustion processes 

at all standard limits by ISO 17225-6. 
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