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Abstract 

Managing solid waste in urban areas remains a major challenge for achieving 
sustainability in the city.  Our work presents the experience gained during the 
last decade in treating organic waste to produce electricity and compost in 
Cesena, Italy.  Cesena is a city of about 100,000 inhabitants, located in the 
southeast corner of the Emilia-Romagna region (northern Italy).  Since 2001 
Romagna Compost Srl. has been disposing of organic waste from Cesena, with 
the aim of producing electricity and viable compost for local nurseries, city 
parks, gardens and other green spaces.  The pre-existing composting plant 
(located in S. Carlo), which is 8 Km southwest of the city, was renovated 
between 2008 and 2009 to eliminate bad odours, improve the quality of its 
effluent water and to reduce the overall environmental impact of the facility on 
the surrounding landscape.  Through the process of anaerobic digestion, similar 
to that occurring in a cow’s stomach, each ton of organic waste is now being 
converted into about 90 cubic meters of biogas of which 60% is methane and 
180 kWh.  The introduction of dry fermentation as a new treatment process 
allowed for a conversion of biomass with a dry matter content of up to 50% into 
compost and renewable energy.  This system supplies about 10% of the 
electricity for domestic use in Cesena and it is the first dry anaerobic digestion 
plant in Italy.   More data will be presented together with the ongoing effort to 
employ this facility also as an education centre and a demonstration site, to 
inspire other municipalities to achieve more sustainable methods and approaches 
of managing and recycling organic, municipal waste. 
Keywords: anaerobic fermentation, biogas, compost, cogenerator, dry 
fermentation, organic waste, renewable energy, sustainability. 
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1 Introduction 

An increasing accumulation of municipal solid waste (MSW) has been 
challenging human communities in affluent countries for a long time thus, urging 
cities to develop feasible strategies and approaches for proper waste disposal 
through recycling and biogas production [1].  Harnessing biogas is aimed at 
generating renewable energy in the form of electrical power [2].  Present, 
dwindling non-renewable fossil fuel resources and increasing CO2 emissions 
responsible for global climate change are challenging modern society 
particularly in urban areas, to limit waste production [3] also because of 
increasing environmental and energy costs for its proper disposal. Therefore, it is 
becoming imperative to develop energy systems that are more sustainable and 
that may aid in producing renewable energy from byproducts and other waste 
resources. Compost and biogas production from organic waste are not old 
approaches in disposing of biomass that derives from agricultural and food 
wastes [4].  As a matter of fact, agricultural byproducts can be valuable inputs in 
an effort of producing renewable energy [2, 5–7].  However, the chronic crisis 
that has been affecting modern agriculture and the current fluctuation in oil 
prices upon which farming depends remains a tangible threat to large scale 
agriculture, both economically and environmentally [8]. Thus, the economy of 
industrialized countries remains heavily reliant on oil and other non renewable 
fuels to supply the energy needs of human communities with limited concerns to 
seek more viable solutions to resolve present and foreseeable challenges that 
affect the current energy crisis worldwide.  On the other hand, organic wastes 
produced in cities appear to have become an interesting raw material, which 
appropriately decomposed generates biogas, in addition to electrical and thermal 
energy [9].  The purpose of our work consisted in showcasing the achievements 
but also present the challenges of day-to day operations in a new composting 
plant in northern Italy, capable of aiding the nearby city of Cesena with about 
100,000 inhabitants to generate sustainably some of its electricity. This venture 
is the outcome of a partnership among several local organizations [5] and it is led 
by Romagna Compost that has been operating in the region since 2001. 

2 The composting plant in Cesena, Italy 

Cesena is a province of the region Emilia-Romagna in northern Italy and it is 
located in its southeast corner, 14 Km. from the Adriatic Sea.  The agricultural 
industry in this area is an economic activity of primary importance, which 
emphasizes in vegetables and fruits production.  The compost plant has been in 
function since 2001.  In 2008 it was renovated and enlarged (from 7,000 m2 to 
about 10,000 m2), in order to better accommodate the need of processing 30,000 
tonnes of waste from the city (Cesena) and surrounding villages.  This expansion 
was aimed at improving the existing treatment process of the separated collection 
of organic waste coming from the city. 
     The process is based on a two-phase oxidation of the biomass for a total 
duration of 90 days, with aerated oxidation and maturation in covered stalls.  It 
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includes an anaerobic fermentation (dry batch) in special compartments for 
30 days and it is completed by 20-day maturation in aerated windrows.  Also, the 
new plant design included an addition of eleven stalls (190 m2 each) for 
anaerobic fermentation and six aerated windrows (175 m2).  These were added to 
the old plant where some pre-existing areas retained their role in the process and 
where others have become converted into transformation areas, without 
disrupting the homogeneity of the whole complex (fig. 1).  Romagna Compost 
Srl. disposes food waste, which derives from local farms and food processing 
plants of the province and households in Cesena.  Additional biomass derives 
from parks waste and other green spaces, which yield materials such as leaves, 
grass clippings, tree branches and other woody wastes. 
 

 

Figure 1: Composting plant of Romagna Compost Srl. in 2001 (left) and 
since its renovation (right), which was completed in 2009.  

3 Energy through the anaerobic digestion process, dry 
fermentation and cogeneration 

Although several approaches exist to convert biomass in viable compost [1, 2], 
biomass digestion through anaerobiosis is a very effective mode of biomass 
disposal for producing biogas.  The process is driven by microbial activity and it 
begins via a hydrolysis of complex carbohydrates, followed by acetogenesis and 
methanogenesis [9]. These two processes were thought as priority features for 
the renovation of our pre-existing composting plant and the production of 
renewable electricity consisted in the main objective in the remodelling effort.   
     The process employed at Romagna Compost consists in filling up the 
chambers hermetically for 30 days with the collected organic waste.  This 
biomass undergoes anaerobic digestion, which provides the opportunity of 
treating waste with a maximum content of dry matter almost to fifty percent.  
This is the first composting plant to have adopted such a technology in Italy [5].  
The whole biodegradative process takes place in a single, cement fermenter 
where the biomass is not altered in anyway, nor inoculated, neither mixed.  This 
technology is not a novel one however and many countries have employed it 
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already for several years [3, 9].  The homogenization of the fermenting biomass 
is insured by the leachate collection from the bottom of the fermenter, which is 
sprinkled from the top, back to the decomposing biomass, fig. 2. 
 

 

Figure 2: Schematic representation of the biogas and electricity producing 
system at Romagna Compost Srl., in Cesena, Italy. 

     In a second phase of the composting process an intensive bioxidation takes 
place through forced ventilation, which is followed by the aerobic stabilization 
of the biomass.  At the completion of this process, heat and electricity are 
generated via internal combustion by cogenerators, which are fed biogas 
(containing about 60% methane), which was produced during the anaerobic 
digestion.  The combination of anaerobic and aerobic processes is advantageous 
to improve the whole energy balance of the plant and the anaerobic phase 
generates a surplus of energy, which makes electricity production very 
effective [5].  
     Bad odours develop in consistent amount during the fermentation process and 
they can be a serious challenge to any composting facility.  Their reduction 
requires a design of the plant, which is focusing on monitoring and controlling 
the whole composting process [10] since its early phase.  At Romagna Compost 
bad odours are kept at minimum because they are produced in the closed 
fermenter and only during the production of biogas, which is immediately used 
by the cogenerators.   
     Cogeneration is the simultaneous production of electricity and steam, or heat 
in a single power plant and this process is the most efficient when compared with 
a separate production of electricity and steam (Edward Bryant, personal 
communication, 2011). The type of cogeneration used is based on the use of 
internal combustion engines that burn methane from biogas and produce 
electricity, which is fed directly, into the public grid.  The heat generated in the 
process is employed to maintain constant (37°C) the temperature in the anaerobic 
fermentation stalls and to heat, or cool off the plant offices, through a 
trigeneration system. 
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4 Data and discussion 

We report the data of the last two years (2010 and 2011) that represent the most 
significant results about the organic waste transformed into electricity at 
Romagna Compost Srl, table 1. 

Table 1:  Organic waste treated (ton) and transformed by Romagna Compost 
Srl in 2010 and 2011. 

Input/Output 2010 2011 
Treated waste (ton) 30,000 39,500 

Cuttings and 
prunings (ton) 

5,600 6,600 

Biogas (m3) 2.650,000 3.150,000 
Electricity (kWh) 5,250,000 6,500,000 

Compost (ton) 2,400 4,800 
Biostabilized (ton) 6,500 6,500 

Non-reusable fraction 
(ton) 

1,500 4,800

Eluates (m3) 10,000 10,000 
 

 

Figure 3: Relationship between the mass of organic waste treated (ton) and 
electricity generated every month in 2010. 
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     The compost produced is a valuable soil amendment for agricultural fields, 
whereas the biostabilized (compost) is not suitable for farming purposes and it is 
used as a topping to cover landfills.  The non-reusable fraction is non 
biodegradable and it is disposed in landfills.  With the term ‘eluates’ we refer to 
any liquid material originating from any phase of the treatment and 
transformation processes.  All eluates undergo depuration and they are 
discharged into the public sewage system.  Additional data illustrate the 
correlation between electricity production and the amount (tons) of the monthly 
treated waste within the same timeframe (2010 and 2011), (figs. 3 and 4).  It 
should be noted that biogas production (and consequently the production of 
electricity) is directly proportional to the mass of treated waste.   
 

 

Figure 4: Relationship between the mass of organic waste treated (ton) and 
electricity generated every month in 2011. 

5 Conclusion and future developments 

Composting organic waste offers tremendous opportunities to achieve 
sustainability in urban areas.  Although effective methods exist already to 
produce electricity from the biogas spewed by municipal landfills [11], the 
advantages of working with organic waste are multifaceted.  Through our 
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educated about the importance of recycling and converting waste into electricity.  
However, from our experience we learned that a clear understanding and 
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management of biomass digestion remains fundamental to achieve outstanding, 
renewable energy yields.   
     The uninterrupted waste processing for the last two, consecutive years at our 
plant has demonstrated the following: 

 Dry, anaerobic digestion is an efficient process for our type of 
biomass (organic waste); 

 Satisfying energy yields have been produced from 90 m3/ton of 
treated waste; 

 The biological process (fermentation) is safe, effective and 
manageable to yield renewable electricity. 

     In addition to this, the renewable production of electricity (from 5×106 kWh 
in 2010 to 6.5×106 in 2011 suggest that the plant posses the capability of yielding 
up to 165 kWh per ton of biomass.  This indicates that a typical four-people 
family in Cesena, Italy can be supplied with about the 10% of its electricity 
needs from the organic waste processed at Romagna Compost Srl.  Secondly, the 
ultimate output of the composting process (the compost) becomes a valuable 
resource for local agriculture. With both compost and renewable energy 
production from waste biomass the plant offsets about 85 kg of CO2 for each ton 
of composted biomass [12].  Therefore, about 32,000 tons of CO2/year is 
sequestered by our composting plant contributing effectively to reduce the 
ecological footprint of Cesena, Italy.  In the near future, we hope to achieve a 
higher level (>30%) of heat harnessing from the composting plant, which could 
also be supplied to the community.  A feasibility study to employ a photovoltaic 
system is being considered to augment the kWh of electricity output from the 
plant.  Finally, the treatment and processing of woody biomass is being studied 
to produce more renewable energy from waste in the form of pellets that could 
be burned in stoves. 
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