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then their mixtures with coffee grounds in the following proportion
were prepared: 75% substrate — 25% coffee grounds, 50% substrate —
50% coffee grounds, 25% substrate — 75% coffee grounds. Calorific
value of particular substrates was increasing with the amount of added
coffee grounds. Their biggest flow was reported in the mixture of
50%/50% of coffee grounds and wheat straw and the smallest in case
of coffee grounds and wood on account of a similar calorific value of
both substrates.

Used symbols:

k — coffee grounds
h — tea grounds

d — pine wood

s — wheat straw

Introduction

Coffee (except for tea) is one of the most popular beverages in the world. Global produc-
tion of coffee in 2014 was over 8.5 million tonnes (ICO, 2015). Import of coffee in Poland
in 2013 was 123.4 thousand tonnes (import of tea — 32.3 thousand tonnes) (Main Statistical
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Office, 2015). Both coffee and tea are products which after use generate the amount of
waste which is equal to import and sales.

Moreover, a considerable impact of coffee on the natural environment is known in the
global scale (Rousso et.al., 1998; Hue et.al., 2006). On account of the specificity of con-
sumption of both coffee and tea (restaurants, cafés, households) it is difficult to organize
a collection of spent grounds to obtain them in a pure form. In Poland they occur the most
frequently as a mixture with other biological waste from restaurants or households.

Table 1.

Composition of coffee grounds
Parameter Reference

value

Total carbon 47.8-58.9 ®9
Total nitrogen 1.9-2.7 @b
Protein (gprotein- 100" g) 6.7-17.44 @
Cellulose 8.6-12.4 0
Hemicellulose 39.1 @
Lignin 23.9-33.6 @9
Fat 220@
Ashes 1.3-1.43 @9

Composition (g-100" g dry material). (a) Ballesteros et al., 2014; (b) Melo et al. 2007; (c) Bizo 2003; (d) Nogueira
and Costa 1999; (¢) Mussato et al.,2011a; (f) Mussato et al.,2011b; (g) Caetano et al., 2012.

Rich content of organic compounds (table 1.) in coffee grounds justifies variety of tests

on the possibility of their use:

— for biodiesel production (Caetano et.al., 2012; Mebrahtu, 2014),

— for pellet production (Caetano et al., 2012; Kondamudi et.al., 2008),

— as the source of sugars (Mussatto et.al., 2011a),

— from production of activated carbon (Kante et.al., 2012; Tsai et.al., 2012),

— in the composting process (Hachicha et al., 2012; Liu and Price 2011; Zuorro and
Lavecchia, 2012),

— as a sorbent for removing metal ions (Fiol et.al., 2008; Oliveira et.al., 2008).

On account of the unfavourable impact of biological waste, such as coffee grounds, on
the environment, effective methods of their utilization should be searched for. Despite
many possibilities of using grounds there is no information on the effectiveness of their
combustion with other biological materials. The objective of the paper was, inter alia, to
determine the impact of coffee grounds on the heat of combustion of their combination with
other biological materials.

Objective and scope of research.

The objective of the research was to determine the usefulness of coffee grounds as
a fuel and as an additive to biological materials. The heat of combustion was defined — and
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on this basis — the calorific value — of coffee grounds, tea grounds and their mixtures with
pine wood and what straw.

Research methods

Research on the heat of combustion and calculations of the calorific value were carried
out with the use of a KL-12 Mn calorimeter according to the technical specifications and
standards PN-81/G-04513 and PN-ISO 1928:2002.

The studies included coffee grounds of the same variety obtained from one household
(k), tea grounds of the same variety from one household (h), pine wood (d) and yellow
wheat straw (s). The heat of combustion of particular substrates was determined and then
mixtures of substrates with coffee grounds in the following proportion were prepared: 75%
substrate — 25% coffee grounds, 50% substrate — 50% coffee grounds, 25% substrate — 75%
coffee grounds.

The research consisted in total combustion of the fuel sample (1 g) in the oxygen at-
mosphere at the pressure of 2 MPa in the calorimetric bomb immersed in water and in de-
termination of the temperature growth of the water. The heat of combustion is calculated
automatically and presented on the computer screen. The measurement of the temperature
growth is provided with a precision of 0.001°C. Moisture was determined according to the
requirements of PN-80/G04511 with the use of the MAC 50 moisture analyser which has
a precision of the moisture read-out of 0.001% and the maximum drying temperature of
160°C.

Samples for research were dried, ground and carefully mixed. In each case, three sam-
ples of determination of heat of combustion were carried out. An arithmetic mean of three
measurements was taken as a basis. In case of differences between the samples for a given
mixture higher than 20%, the test was repeated. The heat of combustion so defined was
used for calculation of the calorific value of particular substrates and mixtures.

Research results

According to the assumed methodology of research, calorific value of particular sub-
strates and mixtures was determined. Averaged results were presented in table 2 and 3.

The calorific value was calculated with the use of a computer programme, in which
a controlling unit of the calorimeter operation is equipped (pursuant to standards PN — 80 /
G — 04513 and PN — ISO 1928:2002).

Table 2.

The heat of combustion of substrates

Substrate (kJ-(lgg'l)
Coffee grounds 22,890

Tea grounds 19,754

Pine wood 22,156

Wheat straw 20,453
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Table 3.
The heat of combustion of mixtures

Mixture

of coffee Heat Mixture of Heat of Mixture of coffee Heat of
grounds (k) of combustion coffee grounds  combustion grounds (k) combustion
and tea Q (kh)l (k) Q (ks_)1 and pine woods Q (kh)1
grounds(hy ~ (kg)  andstaw(s) - (kI'kg) (d (kg™
k25%, . . . .
h75% 20,158 k25%, s75% 2,0856 k25%, d75% 22,175
k30%, 21,254 k509 0 k50%. d50°
h50% ’ %0, $50% 21,870 50%, d50% 22,321
k75%, . . ) .
h25% 22,055 k75%, s25% 22,138 k75%, d25% 22,702
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Figure 1. The calorific value of uniform substrates
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Figure 2. Calorific value of the mixtures of coffee and tea grounds depending on their
moisture
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Figure 3. Calorific value of the mixtures of coffee grounds and wheat straw depending on
their moisture
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Figure 4. Calorific value of the mixtures of coffee grounds and pine wood depending on
their moisture

Summary and conclusions

Based on the test on the calorific value of coffee grounds and their mixtures with tea
grounds, wheat straw and pine wood, it may be stated that the calorific value was within the
range of the determined calorific value of the used substrates.

Due to a high calorific value of coffee grounds, combustion seems to be one of the best
methods of utilization of this biological waste which is burdensome for the environment.

In case of the mixture of coffee and tea grounds, the increase of the calorific value of tea
grounds was proportional to the increase of the content of coffee grounds in the mixture.
The biggest impact was reported in the mixture of 50%/50% of coffee grounds and wheat
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straw and the smallest in case of coffee grounds and wood on account of a similar calorific
value of both substrates.

Coffee grounds on account of their physical and chemical properties may constitute
a perfect additive to the selected types of biomass raising their calorific value.

References

Ballesteros, L., Teixeira, J., Mussato, S. (2014). Chemical, Functional, and Structural Properities of
Spent Coffee Grounds and Coffee Silverskin, Food Bioprocess Technology, 7, 3493-3503.

Bizzo, W. (2003). Generation, Distribution and Use of Steam, Apostila de Curso, UNICAMP, Brasil
(in Portuguese).

Caetano, N., Silva, V., Mata, T.M. (2012). Valorization of Coffee Grounds for Biodiesel Production,
Chemical Engineering Transactions, 26, 267-272.

Fiol, N., Escudero, C., Villaescusa, 1. (2008). Re-use of exhausted ground coffee wastefor Cr(VI)
sorption. Separation Science and Technology, 43, 582-596.

Glowny Urzad Statystyczny. (2015). Import i eksport wazniejszych towaréw pochodzenia roslinnego.
http://stat.gov.pl/obszary-tematyczne/rolnictwo-lesnictwo/uprawy-rolne-i-ogrodnicze/produkcja-
i-handel-zagraniczny-produktami-rolnymi-w-2013-r-,1,10.html

Hachicha, R., Rekik, O., Hachicha, S., Ferchichi, M., Woodward, S. Moncef, N., Cegarra J.,
Mechichi, T. (2012). Co-composting of spent coffee ground with olive mill wastewater sludge
and poultry manure and effect of Trametes versicolor inoculation on the compost maturity,
Chemosphere, 88, 677-682.

Hue, N.V., Bittenbender, H.C., Ortiz-Escobar, M.E. (2006). Managing coffee processing water in
Hawaii. Journal Hawaiian Pacific Agriculture, 13, 15-21.

International Coffee Organisation. (2015).Total production by all exporting countries. Obtained from:
http://www.ico.org/new_historical.asp?section=Statistics

Kante, K., Nieto-Delgado, C., Rangel-Méndez, J.R., Bandosz, T.J. (2012). Spent coffee-based acti-
vated carbon: specific surface features and their importance for H,S separation process. Journal
Hazardous Materials 201, 141-147.

Kondamudi, N., Mohapatra, S.K., Misra, M., (2008). Spent Coffee Grounds SA a Versatile Source of
Green Energy. Journal of Agricultural and Food Chemistry, 56, 11757-11760.

Liu, L., Price G.W. (2011). Evaluation of three composting systems for the management of spent
coffee grounds, Bioresource technology, 102, 7966-7974.

Mebrahtu, H. (2014). Integrated volarization of spent coffee grounds to biofuels. Biofuel Research
Journal, 2, 65-69.

Melo, G., Melo, V., Melo, W. (2007). Composting. Faculdade de CiéncasAgrarias e Veterinarindrias
Jaboticabal, Brasil, 10p.

Mussatto, S., Carneiro, L., Silva J., Roberto I., Teixeira J. (2011a). A study on chemical constituents
and sugars extraction from spent coffee grounds. Carbohydrate Polymers, 83(2), 368-374.

Mussatto, S., Machado, E., Martins S., Teixeira J. (2011b). Production, composition and application
of coffee and its industrial residues. Food and Bioprocess Technology, 4(5), 661-672.

Nogueira, W.A., Nogueira, F.N. (1999). Temperature and pH control in composting of coffee and
agricultural wastes, Water Science and Technology, 40(1), 113-119.

Oliveira, W.E., Franca, A.S., Oliveira, L.S., Rocha, S.D., (2008). Untreated coffee husks asbiosor-
bents for the removal of heavy metals from aqueous solutions. Journal of Hazardous Materials,
152, 1073-1081.

Roussos, S., GaimePerraud, 1., Denis , S. (1998). Biotechnological management of coffee pulp,
Raimbault Maurice, Soccol C.R., Chuzel G. (Eds.). International training course on solid state
fermentation, ORSTOM, 151-161.

182



Impact of coffee grounds addition...

Tsai, W.T., Liu, S.C., Hsieh, C.H. (2012).Preparation and fuel properties of biocharsfrom the py-
rolisis of exhausted coffee residue.Journal of Analytical and Applied Pyrolysis, 93, 63-67.

Zuorro, A., Lavecchia, R., (2012). Spent coffee grounds as a valuable source of phenolic compounds
and bioenergy, Journal of Cleaner Production, 34, 49-56.

WPLYW DODATKU FUSOW KAWY NA WARTOSC OPALOWA
WYBRANYCH MATERIALOW BIOLOGICZNYCH

Streszczenie. Celem badan byto m.in. okre§lenie wptywu zawartosci fuséw kawy na ciepto spalania
ich mieszaniny z innymi materiatami biologicznymi. Badania ciepta spalania i obliczenia warto$ci
opalowej przeprowadzono za pomoca kalorymetru KL-12Mn zgodnie ze specyfikacja techniczna
i normami PN-81/G-04513 i PN-ISO 1928:2002. Do badan wykorzystano fusy kawy, fusy herbaty,
drewno sosnowe oraz stom¢ pszenng z6tta. Okreslono ciepto spalania poszczegodlnych substratow,
a nastgpnie przygotowano ich mieszaniny z fusami kawy w stosunku: 75% substratu — 25% fusow
kawy, 50% substratu — 50% fuséw kawy, 25% substratu — 75% fusow kawy. Warto§¢ opatowa po-
szczegblnych substratow wzrastata wraz z iloscig dodawanych fuséw kawy. Najwickszy ich wptyw
odnotowano w mieszaninie 50%/50% fuséw kawy i stomy pszennej, a najmniejszy w przypadku
fuséw kawy i drewna ze wzglgdu na zblizona warto$¢ opatowa obu substratow.

Stowa kluczowe: fusy kawy, ciepto spalania, warto$¢ opalowa, mieszanina
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