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ABSTRACT: Everyday coffee is consumed globally. Spent coffee ground (SCG) is the residue obtained during the 

brewing process. SCG represent an abundant source of energy biomass, or raw material for added value products, still 

largely unexploited. Such residue can have several applications such as polymers/composites precursors, biofuels, 

biofertilizers etc. The aim of the present paper is the pilot production of pellets by mixing SCG and other residual 

biomass feedstocks. In this light, coffee residues were mixed at different ratios (0, 10, 30, 50, 70, 90 wt%) together 

with: i) forestry residues; ii) sawmill residues;iii) urban pruningsiv) maize residues; v) peach prunings; and vi) 

miscanthus. Continuously, samples of each fuel mixture were analysed at the Solid Fuels Laboratory of 

CPERI/CERTH in Greeceby applying established standards. The results of the analyses show that the mixing of 

biomass residues with coffee could result to competitive solid biofuels. More specifically, pellets with up to 10% 

coffee residues, mixed with sawmill residues, comply with the A2 limits set by ISO 17225-2 for wood pellets, while 

pellets withup to 30% coffee residues comply with the class B limits for wood pellets for commercial/residential 

applications. In the same light, urban prunings mixed with 10 wt% coffee residues are within the limits set for class B 

wood pellets. 

Keywords: mixed coffee pellets, solid biofuels, solid fuels characterization, solid waste, pilot production. 

 

 

1 INTRODUCTION 

 

 Coffee is considered as one of the mostvaluable 

primary products in world trade with a 

constantincreasing consumption. Coffee consumption 

is expected to rise up to more than 10 million metric 

tons of coffee beansin 2023 worldwide, 

corresponding to more than 6 million metric tons of 

spent coffee grounds(1).The huge amount of residue 

generated annually in the production of coffee 

requires waste management plan consistent with 

existing national regulations. Until now, the 

management of spent coffee ground (SCG)has 

generally represented a disposal problem, rather than 

an opportunity for additional revenue. The most 

common practice to deal with it is that of disposing it 

untreated in landfills.The utilization of spent coffee 

grounds could result in the diversion of waste and the 

conservation of resources with a view in limiting 

gaseous and solid pollutants. Usingadvanced 

thermochemical and bio-chemical methods SCGscan 

be converted to various biofuels such as 

bioethanol(2) bio-oil (3), syngas (4), biogas (5), 

biodiesel (6)and other highly added value 

products(7). 

 Another exploitation method for SCG is that of 

pelletizing them and using coffee pellets for energy 

production.In general, it is estimated that the global 

production of pellets is steadily increasing.More 

specifically the global production increased by 

4.7%in 2022 based on the report published by 

Bioenergy Europe(8). In this sense, the production of 

coffee pellets could be a promising exploitation 

method of SCGs. The physical–chemical 

characteristics of the SCGs confirmed the high 

quality of the raw material as a biomassthat could be 

used for pelletization. SCGs pellets have shown 

excellent levels of calorific value and negligible 

values of polluting metals as reported 

elsewhere(9,10).   

 However, burning pure SCGs pellets can lead to 

low boiler efficiency resulting in increased particle 

emissions(9,11). This obstacle can be overcome by 

changing the pellets’ SCGs rate. A basic material that 

can be used in the pellet mixer is wood residues.More 

specifically, many researchers choose to use pine 

wood residues because of their natural resin content 

that can increase the product’s calorific value(12). 

Moreover, previous studies verified the high calorific 

value of SCGs pellets, though it is slightly lower than 

wood pellets(13,14). More recent studies verified the 

pelletizing process of SCG with other biomass types 

(waste or agrobiomass), and under different 

percentages that could conclude in higher calorific 

value (15,16). Colantoni et al. tested various mixtures 

of SCGs with sawdust in order to optimize the 

mixture (9). The authors observed a significant 

reduction of the heating value when the sawdust was 

increased in the mixture, together with higher ash 

content.  

The idea of mixing the residues resulting from 

pruning and other agricultural or industrial practices, 

together with residual coffee, could provide a 

promising biofuel that would be used for energy 

applications. Thus, the outcome of the current paper 

is to evaluate whether mixed coffee pellets can be 

competitive solid biofuels, contributing to a clean 

energy production and significantly lowering CO2 

emissions, compared to their landfill disposal. 

 

 

2 METHODOLOGY 

 

2.1 Coffee Residues Collection and residual biomasses, 

Karditsa, Central Greece 

 Coffee residues were collected from local coffee 

houses in the city of Karditsa, Thessaly, Central Greece. 
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At the end of each day, the participating coffee houses 

provided their coffee residues for the pilot pellet 

production. The most common disposal method of the 

coffee residues is that of throwing them in the landfills 

together with the rest wastes. The idea of the current 

paper was to test various fuel mixtures of coffee residues 

together with other residual biomasses. 

 

 

 
 

Figure 1:Coffee residues sourced from local coffee 

houses in Karditsa 

 

 The various residual biomass feedstock that were 

mixed together with coffee residues were the following: 

• Forest residues sourced from the nearby local 

forest 

• Sawmill residues sourced from local sawmills 

• Urban prunings sourced from maintaining the 

health of trees in urban parks and roads 

• Maize residues (stalks, cobs, leaves) sourced 

from the local area 

• Peach pruningssourced from nearby peach 

farms 

• Miscanthus from a local farmer 

 

2.2 Pellet production from residual biomass 

 ESEK (Energy community of Karditsa)is an energy 

community, with over 400 members, including 

municipalities, SMEs and local associations, which 

operates in the region of Thessaly, an area with strong 

agricultural production. Its main activity is related to the 

management of a biomass plant for the production of 

solid biofuels. The pellet plant for processing and 

standardizing local biomass and converting it into a 

commercial form, such as pellets, has a capacity of 

producing half tonnes pellet per hour. ESEK’s pellet 

plant was used for the pilot production of coffee pellets 

mixed with the abovementioned biomass feedstock. 

 

 
Figure 2:ESEK pellet plant at Karditsa, Greece 

 

 The mixed pellets that were produced and analysed 

had the following mixtures: 

• Coffee residues mixed with forest residues 

(from now own: CF) at 0/100 (CF0), 10/90 

(CF10), 30/70 (CF30), 50/50 (CF50), 70/30 

(CF70), 90/10 (CF90)wt% ratios 

• Coffee residues mixed with sawmill residues 

(from now own: CS)at 0/100 (CS0), 10/90 

(CS10), 30/70 (CS30), 50/50 (CS50), 70/30 

(CS70), 90/10 (CS90)wt% ratios 

• Coffee residuesmixed with urban 

prunings(from now own: CU)at 0/100 (CU0), 

10/90 (CU10), 30/70 (CU30), 50/50 

(CU50)wt% ratios 

• Coffee residues mixed with maize residues 

(from now own: CM) at 0/100 (CM0), 10/90 

(CM10), 30/70 (CM30), 50/50 (CM50), 70/30 

(CM70), 90/10 (CM90)wt% ratios 

• Coffee residues mixed with peach 

prunings(from now own: CP) at 0/100 (CP0), 

10/90 (CP10), 30/70 (CP30), 50/50 (CP50), 

70/30 (CP70), 90/10 (CP90)wt% ratios 

• Coffee residues mixed with miscanthus (from 

now own: CMI) at 0/100 (CMI0), 30/70 

(CMI30), 50/50 (CMI50)wt% ratios 

 

 
 

Figure 3:Mixed coffee pellets produced at ESEK pellet 

plant 

 

2.3 Fuel analysis of biofuels 

 Samples of the produced pellets were analysed. In 

total, 31 different pellet samples were analysed. The fuel 

characterization of the produced pellets was performed in 

CERTH/CPERI’s laboratories in Ptolemaida by applying 

established standards ISO 18134-1 for moisture, ISO 

18134-3 for ash, ISO/DIS 18125 for heating value, ISO 

16948 for ultimate analysis, ISO 16967 for major 

elements, ISO 16968 for minor elements and ISO 17828 

for bulk density. Total moisture was measured using a 

furnace type Heraeus Thermo Scientific T-12 

(temperature temporal deviation of ± 5°C). The 

measurement of moisture, ash and volatiles were carried 

out in a Thermogravimetric Analysis (TGA ELTRA 

Thermostep, temperature control precision of 2 % or ±2 

°C). The calorific value of fuel was determined using a 

Parr 6400CL Calorimeter (relative standard deviation 

below or equal to 0.10%) and their chlorine and sulfur 

CF10CF90 CF50CF70 CF30

CS70CS90 CS10CS30CS50

CM10CM30CM50CM70CM90

CP50CP70 CP10CP30CP90

CMI30CMI50 CU10
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content was measured according to ISO 16994 & ASTM 

D 516. The elemental analysis (CHN) was conducted 

through the use of a Perkin Elmer Series II instrument 

(accuracy below 0.3%). The concentration of major 

elements and selected heavy metals was determined by 

means of Flame- and Graphite Furnace-Atomic 

Absorption Spectrometry (AAS, Shimatzu AA-6300, 

relative standard deviation below 0.5%), after the 

complete digestion of samples with an acid mixture of 

HNO3/H2O2/HF in a microwave oven (BerghofSW-2). 

 

 

3 RESULTS 

 

3.1 Fuel Analyses of mixed biofuels: Spent coffee 

grounds with forest residues 

 Table I, Figure  and Figure present the fuel 

characterization and major and minor elements of the 

coffee pellets mixed with forest residues at different 

ratios.  

 

Table I:Main fuel characteristics of coffee pellets mixed 

with forest residues 
 

Property Units 
CF

0 

CF1

0 

CF3

0 

CF5

0 

CF7

0 

CF9

0 

Moisture %, a.r. 8.4 8.7 8.8 9.5 10.7 10 

Ash %, d.b. 5.5 5.2 4.9 3.3 3.1 2.5 

Volatiles %, d.b. 76 75.3 75.7 75.4 75.7 76.3 

C %, d.b. 
48.
57 

49.1
2 

49.2
6 

50.6
6 

50.5
7 

50.7
7 

H %, d.b. 
5.6

6 

5.67 5.73 6.05 6.13 6.22 

N %, d.b. 
0.5
1 

0.78 1.43 2.26 2.53 2.96 

S %, d.b. 
0.0
5 

0.06 0.11 0.16 0.18 0.2 

Cl %, d.b. 
0.0

3 

0.02 0.02 0.02 0.02 0.02 

HHV 
ΜJ/kg, 

d.b. 

18.
65 

18.8
6 

18.6
5 

20.0
2 

19.1
8 

20.5
3 

LHV 
ΜJ/kg, 

a.r. 

15.

75 

15.8

7 

15.6

8 

16.7 15.6

8 

17.0

2 

Bulk 

density 

kg/m3, 

a.r. 

684 687 701 695 666 725 

Mechanic
al 

Durability 

%, a.r. 

94.

3 

95.5 93.4 93.4 91.9 91.1 

*d.b.: dry basis; a.r.: as received 
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Figure 4:Major elements (mg/kg d.b.) of coffee pellets 

mixed with forest residues 
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Figure 5:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with forest residues 

 

 Overall, the produced pellets have a range of LHV 

from 15.75- 17.02 MJ/kg (a.r.) and ash content from 2.5- 

5.5 % (d.b).From the results, it can be seen that as the 

content of coffee residues increases in the fuel mixture, 

the heating values, bulk density, carbon and hydrogen 

content increases, whereas the ash content decreases 

significantly (from 5.5% to 2.5%) and the chlorine 

content decreases slightly. The ash decrease could be 

possibly attributed to the lesser forest residues in the fuel 

mixture, thus less leaves and soil contamination. On the 

other hand, by increasing the coffee residues in the 

mixtureleads to increasing the nitrogen and sulphur 

content and decreasing the mechanical durability of the 

pellet. 

 Regarding the major elements, it can be seen that by 

increasing the content of coffee residues in the mixture, 

the potassium (K) increases from 3,747 mg/kg (CF0) to 

7,356 mg/kg (CF90), along with Magnesium (Mg). 

Nonetheless, increasing the content of coffee residues in 

the fuel mixtures, the content of calcium (Ca) and silica 

(Si) decreases significantly. This is possibly attributed 

due to the fact that less forest residues in the mixture 

means also less soil contamination, and thus less Ca and 

Si.Other major elements such as Iron (Fe) and 

Aluminium (Al) also decreases, whereas the rest have no 

major differences when the ratio of spent coffee ground 

changes. Regarding the minor elements, by increasing the 

coffee residues in the fuel mixtures, the Cu content 

increases. On the other hand, by increasing the spent 

coffee ground, the content of Mn decreases significantly, 

along with Cr, Pb, and Ni. All of the rest minor elements 

are either reduced or they have negligible alterations. In 

overall,all pellet mixtures are in line with the limits of 

ISO 17225-2 for wood pellets regarding minor elements, 

apart from Cu (limit of 10 mg/kg d.b. for class A and B 

pellets). The limit is surpassed for pellet mixtures with 

30% coffee residues (Cu at 14.3 mg/kg) and above. 

 

3.2 Fuel Analyses of mixed biofuels: Spent coffee 

grounds with sawmill residues 

 Table II, Figure  and Figure  present the fuel 

characterization and major and minor elements of the  

coffee pellets mixed with sawmill residues.  
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Table II:Main fuel characteristics of coffee pellets mixed 

with sawmill residues 

 
Property Units CS0 CS10 CS30 CS50 CS70 CS90 

Moisture %, a.r. 6.69 9.2 7.4 8.1 8.4 9.3 
Ash %, d.b. 0.9 1.2 1.7 1.9 2.1 2.3 

Volatiles %, d.b. 78.9 78.8 77.5 77 76.4 75.6 

C %, d.b. 50.5 50.53 50.36 50.63 50.84 50.88 
H %, d.b. 6.05 6.02 6.11 6.14 6.24 6.28 

N %, d.b. 0.19 0.43 1.14 1.88 2.51 3.24 

S %, d.b. 0.01 0.03 0.07 0.1 0.14 0.21 
Cl %, d.b. 0.01 0.02 0.02 0.02 0.01 0.01 

HHV 
ΜJ/kg, 

d.b. 
18.8

8 
19.51 19.35 19.95 20.05 20.29 

LHV 
ΜJ/kg, 

a.r. 

16.2

3 
16.29 16.5 16.91 16.91 16.94 

Bulk 

density 

kg/m3, 

a.r. 
698 712 715 720 724 735 

Mechanical 
Durability 

%, a.r. 95.7 94.2 92.3 93 93 94.1 

*d.b.: dry basis; a.r.: as received 
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Figure 6: Major elements (mg/kg d.b.) of coffee pellets 

mixed with sawmill residues 
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Figure 7:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with sawmill residues 

 

 The produced pellets have a range of LHV from 

16.23- 16.94 MJ/kg (a.r.) and ash content from 0.9- 2.3 % 

(d.b). From the results, it can be seen that almostthe same 

trend with the previous mixtures is followed as well. As 

the content of coffee residues increases, the heating 

values, bulk density, carbon and hydrogen content 

increases. However, the increased coffee residues also 

increases the ash content (from 0.9% to 2.3%), along 

with the nitrogen and sulphur content and decreases the 

mechanical durability of the pellet. Finally, the properties 

of this mixture comply with the A2 limits set by ISO 

17225-2 for wood pellets with up to 10% coffee residues 

(CS10), apart from LHV where the limit is at 16.5 MJ/kg 

and that of CS10 pellet at 16.23 MJ/kg, while the CS30 

and CS50 comply with the class B limits. 

 Regarding the major elements, they follow the same 

trend as previously. It can be seen that by increasing the 

content of coffee residues in the mixture, the potassium 

(K) increases from 1,161 mg/kg (CS0) to 5,665 mg/kg 

(CS90), along with Magnesium (Mg). Nonetheless, 

increasing the content of coffee residues in the fuel 

mixtures, the content of calcium and silica decreases 

significantly. Other major elements such as Al also 

decreases, whereas Na increases. Regarding the minor 

elements, by increasing the coffee residues in the fuel 

mixtures, the Cu and Mn content increases. On the other 

hand, by increasing the spent coffee ground, the content 

of Crand Pb decreases. All of the rest minor elements are 

either reduced or they have negligible alterations. All 

pellet mixtures are in line with the limits of ISO 17225-2 

for wood pellets (class A and B pellets) regarding minor 

elements, apart from Cu. The limit is surpassed for pellet 

mixtures with 50% coffee residues (Cu at 14.8 mg/kg) 

and above (CS50, CS70, CS90). 

 

3.3 Fuel Analyses of mixed biofuels: Spent coffee 

grounds with urban prunings 

 Table III, Figure  and Figure present the fuel 

characterization and major and minor elements of the 

coffee pellets mixed with urban prunings.  

 

Table III:Main fuel characteristics of coffee pellets 

mixed with urban prunings 

 
Property Units CU0 CU10 CU30 CU50 

 Moisture %, a.r. 10.3 11.1 11.4 10.9 
Ash %, d.b. 4.2 1.6 3.7 3.4 

Volatiles %, d.b. 68.6 77.9 75.8 75.8 

Carbon, C %, d.b. 49.64 50.35 50.11 50.48 
Hydrogen, H %, d.b. 5.86 6.01 5.99 6.09 

Nitrogen, N %, d.b. 0.51 0.8 1.6 2.11 

Sulphur, S %, d.b. 0.04 0.05 0.11 0.13 
Chlorine, Cl %, d.b. 0.02 0.02 0.02 0.02 

HHV 
ΜJ/kg, 

d.b. 
19.42 19.87 20.23 20.53 

LHV 
ΜJ/kg, 

a.r. 
16.02 16.23 16.5 16.85 

Bulk density 
kg/m3, 

a.r. 
688 648 671 664 

Mechanical 

Durability 
%, a.r. 96.8 96.2 94.6 93.1 

*d.b.: dry basis; a.r.: as received 
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Figure 8:Major elements (mg/kg d.b.) ofcoffee pellets 

mixed with urban prunings 
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Figure 9:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with urban prunings 

 

 The produced pellets have a range of LHV from 

16.02- 16.85 MJ/kg (a.r.) and ash content from 1.6- 4.2% 

(d.b). From the results, it can be seen that when the 

content of coffee residues increases, the heating value, 

carbon and hydrogen content increases. Furthermore, by 

increasing the coffee residues in the mixture, the ash 

content decreases in the produced pellets. More 

specifically, the produced pellet from only urban 

prunings had 4.2 %, d.b. ash content, whereas, by mixing 

it with 50 wt% coffee residues (CU50) the ash content 

was reduced to 3.4 %, d.b.However, as it was identified 

in the previous solid biofuels mixtures, the increased 

coffee residues also increases the nitrogen (from 0.51 

wt% in CU0 sample to 2.11 wt% in CU50) and sulphur 

content and decreases the mechanical durability of the 

pellet. Finally, the properties of this mixture comply with 

the class B limits set by ISO 17225-2 for wood pellets 

with up to 10% coffee residues (CU10), apart from LHV 

where the limit is at 16.5 MJ/kg and that of CU10 pellet 

is at 16.23 MJ/kg. 

 Regarding the major elements,it can be seen that by 

increasing the content of coffee residues in the mixture, 

the potassium (K) increases from 2,747 mg/kg (CU0) to 

4,435 mg/kg (CU50), along with Magnesium (Mg). 

However, by increasing the content of coffee residues in 

the fuel mixtures, the content of calcium and silica 

decreases significantly. More specifically, the content of 

calcium (Ca) drops from 12,043 mg/kg (CU0) to 7,020 

mg/kg (CU50). This may be attributed to the fact that 

increasing the coffee residues, the leaves and soil 

contamination from urban prunings is reduced, and thus 

the content of calcium and silica. Regarding the minor 

elements, by increasing the coffee residues in the fuel 

mixtures, the Cu content increases significantly. More 

specifically, the Cu content increases from 1.3 mg/kg 

(CU0) to 14.1 mg/kg (CU50). All of the rest minor 

elements are either reduced or they have negligible 

alterations. Pellet mixtures with 10% coffee residues and 

90% urban prunings are in line with the limits of ISO 

17225-2 for wood pellets (class A and B pellets) 

regarding minor elements. The rest pellet mixtures also 

comply with the limits, apart from their Cu content that is 

higher (Cu at 16.5 mg/kg for CU30 and 14.1 mg/kg for 

CU50). 

 

3.4 Fuel Analyses of mixed biofuels: Spent coffee 

grounds with maize residues 

 Table IV, Figure  and Figure present the fuel 

characterization and major and minor elements of the 

coffee pellets mixed with maize residues.  

 The produced pellets have a range of LHV from 

13.51- 16.45 MJ/kg (a.r.) and ash content from 3.9- 15.2 

% (d.b). From the results, it can be seen that when the 

content of coffee residues increases, the heating value 

increases significantly by 23% (CM90 compared to 

CM0). As in the previous solid biofuels mixtures, carbon 

and hydrogen content increases as well. Furthermore, by 

increasing the coffee residues in the mixture, the ash 

content decreases in the produced pellets significantly. 

This may be attributed to the high ash content of the 

agricultural residues. More specifically, the produced 

pellet from only maize residues had 15.2 %, d.b. ash 

content, whereas, by mixing it with 90wt% coffee 

residues (CM90) the ash content was reduced by 74%.  

However, as in the previous solid biofuels mixtures, it 

can be seen that the increased coffee residues also 

increases the nitrogen (from 0.9wt%, d.b. in CM0 to 3.1 

wt% in CM90) and sulphur content (from 0.10 wt%, d.b. 

in CM0 to 0.17 wt% in CM90). On the other hand, by 

increasing the content of coffee residues the chlorine 

content is reduced as also the mechanical durability of the 

pellet. The high ash content of the produced pellets and 

high N, S, Cl content don’t comply with the limits set by 

ISO 17225-2 for wood pellets or Biomasud Plus® for 

pellets for commercial/residential applications. 

  

Table IV:Main fuel characteristics of coffee pellets 

mixed with maize residues 

Property Units 
CM0 CM1

0 

CM3

0 

CM5

0 

CM7

0 

CM9

0 

Moisture %, a.r. 7.4 11.6 8.4 10.7 9.9 11.7 

Ash %, d.b. 15.2 13.5 12.4 8 5.8 3.9 

Volatiles %, d.b. 68.6 69.6 69.7 72.9 74.1 75.2 

C %, d.b. 
41.7

5 

43.05 43.91 46.76 48.84 50.25 

H %, d.b. 5.05 5.23 5.36 5.66 5.96 6.14 
N %, d.b. 0.9 1.16 1.99 2.15 2.76 3.14 

S %, d.b. 0.1 0.1 0.14 0.14 0.16 0.17 

Cl %, d.b. 0.28 0.25 0.18 0.12 0.07 0.04 

HHV 
ΜJ/kg, 

d.b. 

15.8

9 

15.78 17.02 16.97 18.24 20.28 

LHV 
ΜJ/kg, 

a.r. 
13.5

1 
12.65 14.31 13.8 15.02 16.45 

Bulk 

density 

kg/m3, 

a.r. 

740 662 716 708 715 682 

Mechanical 

Durability 
%, a.r. 

95.4 97.6 92.5 95.3 93.6 92.7 

*d.b.: dry basis; a.r.: as received 
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 Regarding the major elements, it can be seen that by 

increasing the content of coffee residues in the mixture, 

the potassium (K) decreases significantly from 16,349 

mg/kg (CM0) to 6,452 mg/kg (CM90). In brief, all major 

elements were decreased by increasing the content of the 

coffee residues in the fuel mixture with maize residues, 

thus improving the “quality” of the fuel. This may be 

attributed to the fact that increasing the coffee residues, 

the soil contamination from maize residues was reduced, 

and thus the content of calcium and silica was reduced. 

The same trend is followed by the minor elements as 

well.By increasing the coffee residues in the fuel 

mixtures, all minor elements were reduced apart from Cu 

content that was slightly increased. More specifically, the 

Cu content increases from 14.0 mg/kg (CM0) to 23.8 

mg/kg (CM90). For this set of pellets produced, all 

mixtures did not comply with the limits of ISO 17225-2 

for wood pellets (class A and B pellets) regarding minor 

elements due to the Cu content that was above limit for 

all ratios. Other than Cu, the CM0, CM10, CM30 

samples were above the limit for the Ni content. 

However, by increasing the coffee residues in the fuel 

mixture, the Ni content was decreased and the produced 

pellets with 50 wt% and more coffee residues were 

within the limits. 
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Figure 10:Major elements (mg/kg d.b.) ofcoffee pellets 

mixed with maizeresidues 
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Figure 11:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with maizeresidues 

 

3.5 Fuel Analyses of mixed biofuels: Spent coffee 

grounds with peach prunings 

 Table V, Figure  and Figure  present the fuel 

characterization and major and minor elements of the 

coffee pellets mixed with peach prunings. 

 

Table V:Main fuel characteristics of coffee pellets mixed 

with peach prunings 

 
*d.b.: dry basis; a.r.: as received 
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Figure 12:Major elements (mg/kg d.b.) ofcoffee pellets 

mixed with peach prunings 
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Figure 13:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with peach prunings 
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 The produced pellets have a range of LHV from 

15.98- 17.13 MJ/kg (a.r.) and ash content from 2.4- 5.1 % 

(d.b). From the results, it can be seen that when the 

content of coffee residues increases, the heating value, 

carbon and hydrogen content increases. More 

specifically, by adding 90 wt% coffee residues, the LHV 

was increased by 7.2%. Furthermore, by increasing the 

coffee residues in the mixture, the ash content decreases 

in the produced pellets. The produced pellet from only 

peach prunings had 5.1 %, d.b. ash content, whereas, by 

mixing it with 90 wt% coffee residues (CP90) the ash 

content was reduced by 52.9%. The significant decrease 

of ash content may be attributed to fewer leaves or soil 

contamination through the peach prunings. Moreover, the 

increased coffee residues also increased the nitrogen 

(from 1.15wt% in CP0 sample to 3.02wt% in CP90) and 

sulphur content (from 0.06 wt% in CP0 sample to 0.19 

wt% in CP90)and decreased the mechanical durability of 

the pellet. Finally, the high ash content of the produced 

pellets and high N, S, Cl content don’t comply with the 

limits set by ISO 17225-2 for wood pellets for 

commercial/residential applications or other solid biofuel 

certification schemes e.g.Biomasud Plus®for agripellets. 

 Regarding the major elements, the same trend is 

followed as in the pellet samples with maize residues. In 

brief, all major elements were decreased by increasing 

the content of the coffee residues in the fuel mixture with 

peach prunings, thus improving the “quality” of the fuel. 

This may be attributed to the fact that increasing the 

coffee residues, the soil contamination and/or leaves from 

peach prunings is reduced, and thus the content of 

calcium and silica was reduced. Almost the same trend is 

followed by the minor elements as well. By increasing 

the coffee residues in the fuel mixtures, all minor 

elements, apart from Mn and Cu, were reduced. More 

specifically, the Cu content was increased from 17.2 

mg/kg (CP0) to 31.0 mg/kg (CP90). For this set of pellets 

produced, all mixtures did not comply with the limits of 

ISO 17225-2 for wood pellets (class A and B pellets) 

regarding minor elements due to the Cu content that was 

above limit for all ratios. Other than Cu, the rest minor 

elements were within the limits. 

 

3.6 Fuel Analyses of mixed biofuels: Spent coffee 

ground with miscanthus 

 Table VI, Figure  and Figurepresent the fuel 

characterization and major and minor elements of the 

coffee pellets mixed with miscanthus.  

 

Table VI:Main fuel characteristics of coffee pellets 

mixed with miscanthus 

 
Property Units CMI0 CMI30 CMI50 

 Moisture %, a.r. 9.5 8.1 8.6 

Ash %, d.b. 11.2 9.2 6.8 
Volatiles %, d.b. 72.9 73 73.9 

C %, d.b. 43.79 45.57 47.66 

H %, d.b. 5.33 5.55 5.77 
N %, d.b. 0.37 1.32 1.94 

S %, d.b. 0.05 0.1 0.11 

Cl %, d.b. 0.16 0.13 0.08 
HHV ΜJ/kg, 

d.b. 

17.11 18.16 18.84 

LHV ΜJ/kg, 
a.r. 

14.21 15.38 15.86 

Bulk density kg/m3, 

a.r. 

617 597 567 

Mechanical %, a.r. 94.8 92.2 91 

Durability 

*d.b.: dry basis; a.r.: as received 
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Figure 14:Major elements (mg/kg d.b.) ofcoffee pellets 

mixed with miscanthus 
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Figure 15:Minor (down) elements (mg/kg d.b.) of coffee 

pellets mixed with miscanthus 

 

 Miscanthus was mixed together with coffee residues 

at three different ratios: 0 wt%, 30 wt% and 50 wt% 

coffee residues. The produced pellets had a range of LHV 

from 14.21- 15.86 MJ/kg (a.r.) and ash content from 6.8- 

11.2 % (d.b).The addition of 50 wt% coffee residues 

(CMI50) increased the LHV of the fuel by 12%, 

compared to just miscanthus. Furthermore, though the 

pellet with only miscanthus (MI0) had high ash content, 

by mixing it with 50 wt% coffee residues (MI50) reduced 

the ash content by 39%.As it was also seen in the 

previous results, increasing the coffee residues in the 

pellets with miscanthus, it also increased the content of H 

and C. On the contrary, the increased coffee residues 

content didn’t result to an increased bulk density. Instead, 

the higher the amount of residual coffee in the mixture, 

the lower was the bulk density of the pellets. Lastly,the 

increased coffee residues also increased the nitrogen 

(from 0.37wt% in CMI0 sample to 1.94wt% in CMI50) 

and sulphur content (from 0.05 wt% in CMI0 sample to 

0.11 wt% in CMI50) but reduced the chlorine content 

(from 0.16 wt% in CMI0 sample to 0.08 wt% in CMI50). 

Finally, the high ash content of the produced pellets and 

high N, S, Cl content, along with the low heating value of 

the fuelsdo not comply with the limits set by ISO 17225-

2 for wood pellets for commercial/residential applications 

or other solid biofuel certification schemes e.g.Biomasud 

Plus®for agripellets. 

 Regarding the major elements, it can be seen that 
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most major elements either were reduced or had slight 

alterations by increasing the content of coffee residues in 

the mixture. Only, the potassium content (K) increased 

from 7,023 mg/kg (CMI0) to 7,921 mg/kg (CMI50), 

along with a slight increase in the Na content (4% 

increase). Again, the content of calcium (Ca) drops from 

5,272 mg/kg (CMI0) to 2,263 mg/kg (CMI50) and silica 

from.15,123 mg/kg (CMI0) to 12,178 mg/kg (CMI50). 

This may be attributed to the fact that increasing the 

coffee residues, the soil contamination from miscanthus 

is reduced, and thus the content of calcium and silica. 

Regarding the minor elements, by increasing the coffee 

residues in the fuel mixtures seems to result in the 

reduction of most minor elements, apart from Cu. More 

specifically, the Cu content increased from 7.4 mg/kg 

(CMI0) to 22.5 mg/kg (CMI50). All of the rest minor 

elements are either reduced. Other minor elements such 

as Mn, Cr and Ni were reduced significantly while 

increasing the coffee residues content. Pellet mixtures are 

in line with the limits of ISO 17225-2 for wood pellets 

(class A and B pellets) regarding minor elements, apart 

from the Cu and Ni content. Only the pellet mixtures with 

only miscanthus (CMI0) were below the limit of Cu but 

were above the limit for Ni content. The only pellet 

mixture that was below the Ni content was that of 

CMI50, where the coffee residues resulted to a significant 

decrease in the Ni content. 

 

 

4 CONCLUSIONS 

 

 In general,the addition of spent coffee grounds in the 

fuel mixtures had some horizontal influence on the 

properties of the pellets. More specifically, by increasing 

the spent coffee ground, the bulk density, heating value, 

carbon and hydrogen content of the fuels increased. 

Furthermore, the increased coffee residue content 

decreased the ash content of the fuels (apart from CS 

mixtures) and in most cases decreased the chlorine 

content as well. On the other hand, the addition of coffee 

residues in the mixture increased the content of Nitrogen 

and Sulphur and decreased the mechanical durability of 

the produced pellets. The granular form of coffee 

residues and the smaller particles and less lignin content, 

compared to the other biomass feedstock, most probably 

caused the reduction in the mechanical durability. 

However, with better fine-tuning of the pelletizing 

process (e.g. compaction ratio), this could be addressed. 

 Regarding the major elements, the addition of spent 

coffee grounds resulted to some “patterns” as well. By 

increasing the coffee residues in the fuel mixture, the K 

(apart from CM and CP samples) and Mg content (apart 

from CM, CP and CMI samples) increased. Furthermore, 

in all samples, increasing the spent coffee grounds led to 

the reduction of Ca and Si content. Regarding the minor 

elements, by increasing the coffee residues ratio resulted 

to increased Cu content. Mn content as well increased but 

only for the CS and CP samples. The rest minor elements 

were reduced with the addition of spent coffee grounds. 

 The results of the analyses show that the mixing of 

biomass residues with coffee could result to competitive 

solid biofuels. More specifically, CS10 sample comply 

with the A2 limits set by ISO 17225-2 for wood pellets 

with up to 10% coffee residues, while the CS30 (up to 

30% coffee residues) comply with the class B limitsfor 

wood pellets for commercial/residential applications. In 

the same light, urban prunings mixed with 10 wt% coffee 

residues are within the limits set for class B wood pellets. 

 In general, based on the local biomass availability, 

the biomass type and percentage of mixing, the produced 

pellets could find application to either commercial/ 

residential applications or industrial applications 

provided suitable combustion systems and air pollution 

control measures and devices are implemented. Thus, 

mixed coffee pellets can be competitive solid biofuels 

contributing to a clean energy production, and 

significantly lowering GHG emissions compared to their 

landfill disposal, by using local unexploited biomass 

feedstock. 
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