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Abstract 

 
This study was focused on the Calabria region of Italy and coordinated by Cortea, with the help also of 

local partners, and hosted by the city of Crotone through NET, environment and energy pole. 

The research was focused on studying the availability of biomass in the Calabria region for the 

production of biogas, thanks to the great potential from agricultural activities, such as citrus fruit pulp, 

pomaces, olive cake and buffalo dung, using the technology of dry anaerobic digestion. The higher 

yield of biogas production was obtained using buffalo manure (0.88 sm3/kg volatile substance, then 

citrus pulp (0.60 sm3/kg VS). 

A special mention for the biowaste, the organic fraction of municipal solid waste: the Calabria region 

has definitely untapped potential, thanks to large urban centers and a vast rural area. The use of this 

material arouses a lot of interest especially for the production of biogas via dry digestion. 
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1. Introduction 
 

The Calabria region offers a lot of biomass as a result of production processes 

especially from fruit industry and processing. Calabria provides many types of biomass such 

as citrus pulp, marc, olive pomace etc. typical of the Mediterranean region. The idea at the 

base of the proposal is to use and valorize, from the point of view of energy, the existing 

huge biomass quantity in the Calabria region that nowadays is not yet exploited or used in 

any way (Marziliano et al., 2016; Paiano and Lagioia, 2016). The natural valorization for this 
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type of biological natural material is the digestion to produce biogas (Battista et al., 2013; De 

Luca et al., 2015; Siciliano et al., 2016). The produced biogas can be burned to produce 

heating, mechanical energy and so on. The project was financed by the Calabrian Region 

through the POR/FESR 2007/2013 (Regional operative plane) and done in collaboration with 

NET, the regional pole of energy innovation and environment. 

The other important aspect, characteristic of the Calabria Region, from the point of 

view of the availability of biological material for biogas production by digestion is the low 

level of differentiated waste collection of urban solid waste in the region that offers a great 

potential quantity of organic fraction for digestion (OFSW) (Agovino et al., 2016; Paiano 

and Lagioia, 2016). The economic impacts in the region are significant due to the integration 

between different activities in the pursuit of common goals and interests for the region in 

particular: 

- implementation of the agro-energy in the territory  

- integrated rural and sustainable development in marginal areas 

- environmental protection (measures against instability and soil erosion etc.) 

The purpose of the study was to investigate the production of biogas in relation to the 

available biomass in Calabria. With regard specifically to the biogas production from animal, 

agricultural and agro-industrial waste, due to the fact that the material has a low moisture 

content, or is even solid or semisolid was adopted the dry technology without integration of 

process water with the great advantage of a modest amount of digestate at the end of 

fermentation. 

Fermentation tests were conducted using dry anaerobic digestion technology with 

different types of biomass mixtures such as citrus pulp, olive pulp, grape pomace, buffalo 

manure used as inoculum. The use of this fermentation technique has many operational 

advantages, such as those related to the handling of the biomass, to the production and 

recycling of the percolate etc., but above all involves a large energy savings.  

With the traditional methodology of wet digestion in fact, approximately 15-20% of 

the electricity produced is consumed to activate all the necessary mechanical agitation of the 

biomass for proper fermentation while in the case of dry fermentation, for the intrinsic 

characteristics of the process, this need not arise (Bacenetti and Fiala, 2015; Battista et al., 

2013). Through a digester, in a laboratory scale, different biomass mixtures have been tested 

and the amount of biogas produced was detected. Using a portable analyzer the quality of the 

biogas produced was also evaluated. 

The system of biogas production is innovative, primarily because conceived to small 

and medium scale, the system utilized is indeed designed for small - medium power scale 

suitable for companies and production units of agricultural waste and agro-industrial residues 

of medium size, secondarily presents reduced or zero environmental impact, low operating 

and investment costs. 

 

2. Materials and methods 

 

First of all a research was conducted on the availability of biomass on the Calabrian 

territory to identify the location and the type of biomass on land resources, the qualification 

and quantification of biomass potential of agricultural and forest of inter-area, a 

characterization of the different types of biomass under the agronomic and analytical profile, 

an identification of the productive potential of biomass. Subsequently some samples of 

different types of biomass, among those available, were recovered thanks to local companies. 

Once characterized the biomass samples, the tests of digestion were conducted in a 

laboratory scale digester using standardized conditions. In this way the speed of conversion 

of each raw material into biogas was determined. For the territorial study of biomass 



 

Cesaro and Jodice/Procedia Environmental Science, Engineering Management, 3, 2016, 1, 23-31 

 

25 

 

available in Calabria was performed a survey, with identification and classification of local 

raw materials from agricultural and forest residues, energy crops and waste used for energy 

purposes such as the organic fraction of solid urban waste (OFSW). 

Then different biomass samples were collected, among those most available such as 

citrus pulp, olive pomace, marc etc., for determining the chemical organic matter, nitrogen, 

phosphorus, potassium and other mineral compounds content and the physical characteristics 

(salinity, humidity, density, size etc.). Moreover microbial analysis were conducted to 

determine the total microbial populations such as flora, cellulolytic, hydrolytic, and other 

functional groups. 

Once characterized the biomass samples the tests of digestion were conducted in a 

laboratory scale digester using standardized conditions. In this way the speed of conversion 

into biogas was investigated. The dry fermentation tests were conducted on a laboratory 

scale digester. Maximum weight 2.5 kg tested. The biomass to be tested is disposed inside 

the sealed digestion chamber. Through the fermentation process the production of biogas 

determines a pressure increase within the digestion chamber which is constantly maintained 

at the operating temperature set through a PLC control. The pressure can increase up to a set 

value at which intervenes the automated opening of the exhaust valve of the biogas, that is 

then reclosed to a lower limit value set to allow the repetition cycle. 

The measuring system in the time of pressure variations and temperature from which 

can derive the amount of biogas produced. Inside the cylindrical digestion chamber a 

stainless steel drum is allocated within which the biomass to be tested is disposed. At the 

center of the basket, equipped with side racks for moisture and biogas passage, there is a hole 

that allows the passage of the measuring probe of the internal temperature of the digestion 

chamber. 

Above the drum where the biomass is allocated, a perforated steel pipe, within which 

the leachate to always keep the walls of the wet digestion chamber is circulated. There is also 

the possibility, as seen in the figure, to instantly spray the biomass by acting on a control 

panel button. The screen display allows you to set the parameters and check the status of the 

system easily. The data is recorded on computer and or USB stick connected to the system. 

Normally, the biomass retention time for the complete anaerobic digestion is about 30 days 

(Lettinga, 1980). 

Tests with different biomass were performed, particularly with citrus pulp, with marc 

and with buffalo dung. The tested mixture was formed always from 80% of biomass to be 

tested and 20% of buffalo manure inoculum for a total weight of 2.5 kg. 

 

3. Results and discussion 

 

This paper presents an important study regarding the conversion to biogas of the types 

of biomasses present in the Calabria Region especially from the point of view of the impacts 

on environment and on local economy. At first the results on the availability of biomass in 

the region, arising from preliminary study, have shown that for citrus fruit pulp strong 

provinces in terms of productions are those of Reggio Calabria, Cosenza and Catanzaro with 

special reference to that of oranges. Average annual production amounted between 90.000 

tons and 7.000 tons. Overall for the Calabria region the availability of orange citrus fruit pulp 

is around 170.000 tons per year. 

For olive pomace the trend is the same of citrus fruit pulp and the productions are 

between the 90.000 tons and 18.000 tons with total values for the region around 200.000 tons 

per year. The distribution of marc for the production distribution is almost uniform in the 

region with the exception of the province of Vibo Valentia. The productions are between the 

20.000 tons and 1.300 tons with total values for the region around the 50.000 tons per year. 
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For woody biomass something different must be conducted according to the actual 

availability of the biomass through the transport and road link.  

A macroscopic analysis has issued guidance on the logistical difficulties, which also 

reflect the production trends recorded earlier biomass, however, at microscopic level, it is 

necessary a detailed study at the retail level to determine the real potential and availability of 

biomass.  

Average annual production stood between 100.000 m
3
 per year and 40.000 m

3
 per 

year. Overall for the Calabria region of timber availability in terms of cubic meters goes 

from 360.000 m
3
 per year for broadleaf to 300.000 m

3
 per year for conifers. 

Finally, as regards the organic fraction of urban waste, margins of improvement are 

still large. For the province of Cosenza, the most virtuous, the fraction collection of biowaste 

is approximately 20.000 tons per year (in the Vicenza area, afferent to the center of Bassano 

del Grappa biogas OFSW (organic fraction solid waste), the value is about 40.000 tons per 

year against a catchment of 300.000 inhabitants). 

Subsequently physical and chemical analyzes were performed. From the point of view 

of chemical analysis, "approximate and ultimate", of the elemental composition such as 

carbon and nitrogen (CN analysis), conducted by the elemental analyzer LECO CN628, 

equipment NET pole, the results are shown in Table 1. In Table 2 the results of the physical 

analysis of raw materials are shown. 
 

Table 1. CN analysis results, dry matter basis 

 

Biomass C (%) N (%) C/N 

Citrus pulp 45.009.83 1.910.20 23.90 

Orange pulp 35.702.83 1.140.28 31.32 

Buffalo litter 41.402.02 3.200.14 12.94 

Olive pomace 54.001.41 1.790.16 30.17 

Chicken droppings 36.601.45 3.680.11 9.95 

Oil mill waste water 52.002.09 1.430.01 36.40 

Cereal straw 44.203.40 1.020.16 43.33 

Jatropha curcas (solid residue of squeezing) 43.600.41 4.360.30 100.7 

 
Table 2. Physical analysis results 

 

Biomass Humidity (%) Dry substance (%) Ash (%) Volatile substance (%) 

Citrus pulp 78.1 21.9 19.1 80.9 

Marc 77.0 22.9 18.8 78.0 

Buffalo manure 85.5 14.5 32.2 67.8 

Olive pomace 69.5 30.5 4.8 95.2 

 

After the tests, dry fermentations in the laboratory scale digester were performed, as 

discussed previously. During the fermentation time, about 30 days, the temperature is set 

constant and the pressure on the camera is controlled. The increasing pressure means that 

biogas is forming. An example of the data detected by the monitoring system: in particular, 

here the temperature and pressure levels over time are reported. The almost constant trend of 

temperature after reaching the test temperature is reported, and the linear trend of the 

pressure up to the maximum of 25 mBar value at which it is expected the product gas outlet. 

For each pressure peak corresponds an opening of the exhaust valve. As example a sample of 

the temperature and pressure trend during the fermentation test is presented in Fig. 1. 

The pressure increases until the max value of 25 mBar, which was set as a limit for 

the test, and then decreases due to the opening of a pressure valve. The valve is closed 
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immediately by the PLC controller and the pressure, at cause of fermentation, can increase 

again. From different biomass obviously very different behaviors were obtained, with 

different biogas production between them in relation to the quantity of bacteria present in 

biomass (Figs. 2, 3). Table 3 shows the quantity of biogas for the different type of the 

biomass tested. 

 
 

 
 

Fig. 1. P-T diagram of fermentation test 

 

 

  
 

Fig. 2. Yield of biogas  

(First 10 days, Citrus pulp) 

 

Fig. 3. Yield of biogas   

(First 10 days, Buffalo manure) 
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Table 3. Yield of biogas at 10 days, per kg of dry biomass 
 

Test no Biomass tested Mole of biogas sm3 biogas  

1 Citrus pulp 15.62 0.35 

2 Citrus pulp (oranges) 4.64 0.10 

3 Marc 3.51 0.08 

5 Buffalo manure 25.60 0.60 

 

The short-term response is excellent for the citrus pulp but the results show that when 

mixed with orange peels the mixture is less productive with the increasing percentage of the 

oranges (Fig. 4). The marcs need much more time to trigger the fermentation whereas for the 

olive pomace it is well known, from the test results, that it contains toxic substances for 

anaerobic fermentation. 

 

 
 

Fig. 4. Yield of biogas. First 10 days, per kg of dry biomass 
 

Table 4 shows a summary of the experiments conducted and the amount of biogas 

produced at 10 days of fermentation compared to the dry substance, that part of the sample 

remaining after the removal of water. The fermenter records the variations of the pressure 

inside the chamber, the volume of the chamber is known therefore the volume of biogas 

produced is obtainable and normalized as a function of the temperature of the digestion 

chamber.  
 

Table 4. Yields of biogas at 10 days per kg of dry biomass 
 

Test Biomass Mole of biogas  sm3 of biogas 

1 Citrus pulp 15.62 0.35 

2 Citrus pulp with oranges 4.64 0.10 

3 Marc I 3.51 0.08 

4 Buffalo manure 25.60 0.60 

5 Marc II 1.80 0.10 

6 Olive pomace 1.80 0.10 

 



 

Cesaro and Jodice/Procedia Environmental Science, Engineering Management, 3, 2016, 1, 23-31 

 

29 

 

The trial results, in light of the potential of the region Calabria, are encouraging. The 

best results were offered by citrus pulp, of which the region has a great availability with 

biogas yields around 0.35 sm
3
/kg referred to the dry biomass. Widely different results were 

recorded for the marc and the citrus fruit pulp of oranges and olive residues that offer, in 

addition to having more time to trigger anaerobic digestion, biogas values referred to the dry 

biomass trigger anaerobic digestion, biogas values are ranging from about 0.1 sm
3
/kg to 0.35 

sm
3
/kg referred to the dry biomass (Fig. 5). From the point of view of the volatile substance, 

which constitutes about 70-80% of the biomass used in the tests, the biogas production is 

very variable depending on the type of biomass tested.  

The values expressed from buffalo manure is around 240 sm
3
 of biogas produced per 

organic matter ton as is. The values for the citrus fruit pulp are of the order of 120 sm
3 

of 

biogas per organic matter ton as is while for the marc and the olive pomace the production 

value reduces of an order of magnitude to values ranging from 20 to 40 sm
3 
biogas per ton. 

 

 

 
 

Fig. 5. Quantity of biogas per kg of dry biomass 
 

Table 5 shows a summary of the experiments conducted and the amount of biogas 

produced at 10 days of fermentation compared to the volatile substance, the entire organic 

part of the sample. 

 
Table 5. Yield of biogas at 10 days comparison per kg of dry and volatile substance 

 

Test Biomass Mole of biogas 
sm3 of biogas per kg dry 

biomass 

sm3 of biogas per 

kg volatile 

substance 

1 Citrus pulp 15,62 0,35 0,60 

2 Citrus pulp with oranges 4,64 0,10 0,20 

3 Marc I 3,51 0,08 0,09 

4 Buffalo manure 25,60 0,60 0,88 

5 Marc II 1,80 0,10 0,19 

6 Olive pomace 1,80 0,10 0,28 
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The values obtained per ton of biomass in the case of buffalo dung are in line with 

those existing in the literature but the interesting thing, as the graph below shows, is that the 

values expressed by citrus pulp, if well mixed and with little presence of oranges, reach 

production values of all respect in the order of 120 sm
3
 per ton of biomass as is (Fig. 6). The 

citrus pulp can be, given its great availability in the territory and the levels of productivity, 

an excellent resource for the production of energy from renewable sources. 

 

 

 
 

Fig. 6. Quantity of biogas per kg of volatile substance biomass 
 

6. Concluding remarks 

 

In the campaign tests the data were monitored and recorded and processing them 

properly quantity of biogas produced and moles per dry biomass were estimated. 

As regards OFSW, the Calabria region offers great potential availability of organic 

fraction of solid urban waste for fermentation and the technology shown here, the dry 

digestion, is perfect for that purpose due to the fact that it don’t provide the agitation of the 

material. 

Future objectives and future step of the experiment on the dry digestion technology 

will be to investigate the production of leachate, related to the quantity and type of biomass 

used, its composition and its possible reuse. 

 

Acknowledgements 
Polo NET and the Calabria Region for their support and for making possible the experimentation. 

 

References 

 
Agovino M., Casaccia M., Crociata A., (2016), The impact of European Regional Development Fund 

on separate waste collection: Evidence from Italian regions, Environmental Science & Policy, 61, 

97–107. 



 

Cesaro and Jodice/Procedia Environmental Science, Engineering Management, 3, 2016, 1, 23-31 

 

31 

 

Bacenetti J., Fiala M., (2015), Carbon footprint of electricity from anaerobic digestion plants in Italy, 

Environmental Engineering and Management Journal, 14, 1495-1502. 

Battista F., Ruggeria B., Fino D.,  Erriquens F., Rutigliano L., Mescia D., (2013), Toward the scale-up 

of agro-food feed mixture for biogas production, Journal of Environmental Chemical Engineering, 

1, 1223–1230. 

De Luca A.I., Molari G., Seddaiu G., Toscano A., Bombino G., Ledda L., Milani M., Vittuari M., 

(2015), Multidisciplinary and innovative methodologies for sustainable management in 

agricultural systems, Environmental Engineering and Management Journal, 14, 1571-1581. 

Lettinga G., (1980), Anaerobic Digestion for Energy Saving and Production, Proc. of EEC-Conference 

for Energy from biomass, Brighton, 1980. 

Marziliano P.A., Lombardi F., Altieri V., Coletta V., Menguzzato G., Stillitano T., Marcianò C., (2016), 

Forest management and biomass production for energy: a case study in Calabria Region (Italy), 

Procedia - Social and Behavioral Sciences, 223, 805–811. 

Paiano A., Lagioia G., (2016), Energy potential from residual biomass towards meeting the EU 

renewable energy and climate targets. The Italian case, Energy Policy, 91, 161–173. 

Siciliano A., Stillitano M.A., De Rosa S., (2016), Biogas production from wet olive mill wastes 

pretreated with hydrogen peroxide in alkaline conditions, Renewable Energy, 85, 903–916. 

 


