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1. ABSTRACT 

This work aims to evaluate the product obtained through the Ecoswiss system for the stabilization, 

inerting and valorization of the organic fraction of municipal and industrial solid waste through an 

innovative Ecological Food Recycler (EFR) technology. 

Organic waste, through the process developed by Ecoswiss is transformed into an inert and sterile 

material. 

The organic waste undergoes a sterilization process at 120°C to obtain a complete removal of 

enzymatic and bacterial activity, cause of contamination and foul-smelling putrefactions.  

In order to verify the possibility of reuseusing the material obtained with a view to sustainability, 

samples from four production companies were subjected to chemical-physical analysis, three of which 

belonging to the catering sector (two company restaurants and a hotel), and one to the production 

sector (processing and transformation of seafood products). 

In particular, the possibility of using the solid compound obtained as a result of EFR treatment, as a 

soil improver, feedstock or as an inert material that could be dispersed at sea (cruise activity) was 

investigated.  

The analytical results confirmed the possibility of using the compound as a soil improver or burnt with 

regard to products from restaurants are concerned, after possible pH change probably due to the high 

variability of the input product (waste of both animal and vegetable origin in varying proportions), its 

use as feed raw material after analysis of the average content in crude protein, crude lipids and ash, 

while it is not possible to disperse the compound at sea. However, the use of EFR technology on 

ships is a valid alternative to the delivery of organic waste produced in ports also in view of the new, 

increasingly stringent regulations on the protection of the marine ecosystem. 

 

2. GLOSSARY 

• Waste: "Any substance or object which the holder discards or intends or is obliged to discard" 

where holder means the person who has it in charge and decides to discard it; therefore, he starts 

it for disposal or recovery operations" (Italian Legislative Decree 152/2006, article 183). 

• Solid urban waste: (a) household waste, including bulky waste, from premises and places used for 

residential habitation; (b) non-hazardous waste from premises and places used for purposes other 

than those referred to in subparagraph (a), assimilated to urban waste by quality and quantity, 

pursuant to Article 198, paragraph 2, subparagraph (g); (c) waste from street sweeping; d) waste of 

any nature or origin, lying on public roads and areas or on private roads and areas otherwise 

subject to public use or on sea and lake beaches and on the banks of watercourses; e) vegetable 

waste from green areas, such as gardens, parks and cemetery areas; f) waste from exhumations 

and extumations, as well as' other waste from cemetery activities other than those referred to in 

letters b), c) and e) (Italian Legislative Decree 152/2006, article 184 c2). 

• Organic waste: biodegradable garden and park waste, food and kitchen waste from households, 

restaurants, caterers and retail premises, and similar waste generated by the food industry 

collected separately (Italian Legislative Decree 152/2006, article 183). 

http://www.giubilesiassociati.com/
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• Recovery: any operation which has the main result of waste serving a useful purpose, by replacing 

non-waste materials that would otherwise have been used to fulfil a particular function, for example 

turning food waste into compost (Italian Legislative Decree 152/2006, article 183). 

• Recycling means any recovery operation by which wastes are processed into products, materials, 

or substances whether for the original or other purposes (Italian Legislative Decree 152/2006, 

article 183). 

 

3. INTRODUCTION 

One of the major challenges in waste management and disposal are the excessive waste streams 

deriving from the different sectors of the current linear economic model. Municipal waste accounts for 

only about 10% of the total waste generated. Municipal solid waste consists of waste collected by or 

on behalf of municipal authorities and disposed through the waste management system. The amount 

of municipal solid waste, globally collected per year, is approximately 1.3 X 1012 t and it is expected to 

rise up to 2.2 X 1012 t per year by 2025. 

Some 46 wt% of European municipal solid waste is organic waste, composed of food waste deriving 

from homes, restaurants and markets. Domestic waste and waste from industrial processing 

represent the major part in the total amount of municipal solid waste. 

Due to the significant quantities of organic municipal solid waste produced worldwide and the 

consequent negative environmental impact, local, national and European authorities have undertaken 

various activities finalized towards the implementation of di different management solutions regarding 

this type of waste, such as waste collection. 

Conventional techniques widely applied for the treatment and management of organic waste in 

developing countries consist of animal feeding, composting, anaerobic digestion, incineration and 

disposal in landfills (Matsakas et al., 2017).  

Disposal in landfills causes several environmental issues including emissions of greenhouse gas, 

unpleasant smell production and the formation of leachate. 

Due to the composition of organic waste and the high water content, incineration is an energy 

demanding and inefficient process that also entails air pollution.  

Composting is a process during which the organic materials are converted into low value-added 

products. 

On the other hand, thermochemical mconversion processes (e.g., pyrolysis, gasification, liquefaction) 

and bio-chemical conversion methods (e.g., anaerobic digestion, fermentation, microbial fuel cell) are 

more advanced approaches for the treatment and management of organic waste in conjunction with 

the potential to produce value-added bio-based chemicals, polymers, fuels and energy  

(Mohan et al., 2016). 

Through the development of proper methods and systemic approaches, di erent types of biogenic 

wastes can be converted into diversified types of bio-energy products (e.g., biogas, syngas, methane, 

hydrogen, electricity), targeting various market outlets under the framework of a circular economy 

(Tickner et al., 2017). 

Mirabella et al. presented a summary of the different aspects of the valorization of vegetable and fruit 

wastes for the extraction of bioactive compounds and nutrients (Mirabella et al., 2014). 

http://www.giubilesiassociati.com/
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An innovative approach for the valorization of bakery waste for the production of bio-colorants has 

been proposed by Haque et al. (2016). Agro-industrial, dairy and food processing wastes have been 

recently used for the production of bio-surfactants (Satpute et al., 2017). 

Though the production of biogas is a valid method to recycle organic waste, it cannot be used in some 

situations where a long disposal period can cause the proliferation of bacterial loads and the 

production of bad smells, such as for example on cruise ships. 

As in the past, the problem of biomass storage is still current. In dry conditions the waste material 

(solid biomass) can become a substrate for bio-transformations for producing biosurfactants, 

biopesticides, bioplastics, organic acids or phenolic compounds, however, an important issue 

associated with the use of the organic waste is its heterogeneity. 

The aim of this expertise is, hence, the analytical evaluation of products deriving from EFR 

technological treatment applied to organic solid waste from food services and fish production, through 

an innovative, easy and cheap method for the stabilization (i.e., sterilization) and valorization of the 

organic fraction of municipal solid waste. 

Specifically, the main applications of the inert product identified and analyzed are: 

• soil improver; 

• burned; 

• pet food component; 

• sport fishing component; 

• inert material that can be dispersed in the sea. 

 

4. MATERIALS AND METHOD 

 
4.1. System description 

The innovative EFR system recovers and valorizes food waste of any nature, state, and organic 
structure (e.g., rice, pasta, bread, meat, fish, bones, shells, bones, vegetables, fruits, seeds) through 
an efficient and sustainable technology, which, thanks to its regeneration and thermal stabilization 
(sterilization) process, reduces the volume of waste by up to 90% and the weight by up to 80% in a 
few hours. The equipment regenerates waste produced by any activity that prepares, handles or 
processes food products.  
Figure 1 shows an example of the systemt subject of this report, Figure 2 illustrates the production 
cycle, and Figure 3 shows the technical data.  
In general, the organic waste processing cycle varies from 10 to 12 hours depending on the capacity 
of the plant itself and reaching sterilization temperatures (120°C). 

http://www.giubilesiassociati.com/
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Figure 1: the Ecoswiss system 

 
 

 
Figure 2: the production cycle 

 
 

 

 
Figure 3: technical data 

 
 

http://www.giubilesiassociati.com/


 

  

Expertise ECOSWISS ENG 2022 

 

Giubilesi & Associati srl 
Sede legale - Via R.M. De Capitani 14 - 20158 Milano 
Sede operativa - Via G. Leopardi 1 - 20123 Milano 

P.I. 13193430157    R.E.A.1628079    Reg. Imprese MI-2000-24456 
direzione@pec.giubilesiassociati.com    Cap. soc. €100.000,00 i.v. 
www.giubilesiassociati.com  

 
Pag. 7 di 13 
 

 

 

 
4.2. Samples analyses 

Four types of samples were evaluated from four facilities located at different locations: from 

canteen/restaurant and from fish processing waste. The samples, collected at room temperature by 

qualified sampler on 06/27/22, are identified as follows: 

- Sample 1: inert solid compound from municipal organic waste at the Hotel Splendide located in 

Lugano named “Hotel Splendide”; 

- Sample 2: inert solid compound from municipal organic waste at the canteen Serenissima located in 

Vercelli, named "Serenissima"; 

- Sample 3: inert solid compound from municipal organic waste at the Generali canteen located in 

Milan, called "Generali"; 

- Sample 4: inert solid compound from fish processing waste at the fish processing company located 

in Vicenza, called "Ittica Vicenza". 

 

4.3. Chemical-physical analyses 

Evaluation of the chemical-physical characteristics of the samples were performed by the Aqagroup 

srl laboratory in Merate (LC): 

- Ash; 

- Moisture; 

- pH; 

- Total organic carbon; 

- Extractable organic matter; 

- Humified organic matter; 

- Fulvic humic carbon; 

- Organic nitrogen; 

- Total nitrogen; 

- Organic nitrogen/total nitrogen; 

- C/N ratio; 

- Copper. 

 

5. RISULTS AND DISCUSSION 

The results of the four samples analyzed, presented in Table 1, show: 

• ash content expressed as a percentage (%) on dry matter, with a range between 4.6 

("Serenissima") and 23.4 ("Ittica Vicenza"); 

• moisture content expressed as % on dry matter, with a range between 5.8 ("Ittica Vicenza") and 

7.3 ("Hotel Splendide"); 

• acidic pH with values between 4.42 ("Hotel Splendide") and 6.67 ("Ittica Vicenza"); 

• stable total organic carbon content, with small variations among the four samples and an average 

value of 50 % on dry matter; 

• extractable organic matter content, expressed as % on dry matter, with values ranging from 21 

("Serenissima") to 54 ("Hotel Splendide"); 

• humified organic matter content, expressed as a % of dry matter, between 15 ("Serenissima") and 

36 ("Hotel Splendide"); 

http://www.giubilesiassociati.com/
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• humic and fulvic carbon content, expressed as % of dry matter, between 13 ("Serenissima") and 34 

("Hotel Splendide"); 

• organic nitrogen content, expressed as % of dry matter, between 12.12 ("Ittica Vicenza") and 2.24 

("Hotel Splendide"); 

• total nitrogen content, expressed as % of dry matter, between 12.13 ("Ittica Vicenza") and 2.25 

("Hotel Splendide"); 

• organic nitrogen/total nitrogen, expressed as % of dry matter, which for all four samples can be 

considered as 100, i.e., the total nitrogen present is in organic form; 

• C/N ratio, expressed as % of dry matter, between 21 ("Hotel Splendide") and 3.7 ("Ittica Vicenza"); 

• copper content, expressed in mg/Kg of dry matter, ranging between 3.6 ("Hotel Splendide") and 

1.5 ("Ittica Vicenza"). 

Analyzing in detail the results reported in Table 1 that refer to the individual samplings, it is possible to 

observe how the data present homogeneity within the original matrix of organic source waste. In fact, 

the data inherent to the three samples taken from canteens and restaurant present a greater 

homogeneity of results than the results from the Vicenza fish farm. 

The variability can be explained by the nature of the waste itself, which in the first case (case of 

canteens and restaurant) is by its very nature highly variable and composed of both animal and 

vegetable waste, whose percentages may vary from time to time, while in the second case (case of 

waste from fish processing company) the values differ greatly from the previous ones as they come 

from a homogeneous starting matrix. 
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Table 1: results from chemical-physical analyses 

 

SAMPLES 
Ash 

(%)* 

Moisture 

(%) 
pH 

Total organic 

carbon  

(%) 

Extractable 

organic matter 

(%) 

Humified 

organic matter 

(%) 

Fulvic humic 

carbon (%) 

Organic 

nitrogen (%) 

Total 

nitrogen 

(%) 

Organic 

nitrogen/total 

nitrogen 

C/N 
Copper 

(mg/Kg s.s.) 

Hotel Splendide 12,5 7,3 4,42 48 54 36 34 2,24 2,25 96 21 3,6 

Serenissima 4,6 7,2 5,12 53 21 15 13 ,86 2,87 99,6 18 4,1 

Generali 4,8 6,4 5,06 53 32 22 20 4,38 4,39 99,8 12 3,7 

Ittica Vicenza 23,4 5,8 6,67+ 45 33 25 20 12,12 12,13 100 3,7 1,5 

(%)*= expressed as % of dry matter. 
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In particular, the results show that all the samples can be used as soil improver, after pH correction 

with a buffer substance (in the case of samples from canteen and restaurant the pH is quite acidic), or 

directly burned.  

In fact, DM Mipaaf 10/07/2013 "Update of the annexes of Legislative Decree 75/2010, concerning the 

reorganization and revision of the discipline in the field of fertilizers," brings the analyzed samples 

under the category of Mixed Composted Soil Improver defined as "a product obtained through a 

controlled process of transformation and stabilization of organic waste that can be constituted by the 

organic fraction of Urban Waste from separate collection, digestate from anaerobic treatment (with the 

exclusion of digestate from the treatment of undifferentiated waste), waste of animal origin including 

livestock slurry, waste from agro-industrial activities and untreated wood and natural textile 

processing, as well as the matrices provided for green composted soil improver."  

The DM specifies the "minimum titer in useful elements and/or substance":  

- Moisture: max. 50%; 

- pH: 6.0 to 8.8 

- Organic C on dry matter: min 20%; 

- Humic and fulvic C on dry matter: min 7%; 

- Organic nitrogen on dry matter: min 80%; 

- C/N ratio: max 25. 

In addition, EU Reg. 2019/1009 laying down rules on the making available on the market of EU 

fertilising products and amending Regulations (EC) No 1069/2009 and (EC) No 1107/2009 and 

repealing Regulation (EC) No 2003/2003”, requires that the organic soil improver must be composed 

of 95 percent materials of exclusively organic origin, The copper (Cu) content does not exceed 300 

mg/kg dry matter, contains at least 20 percent dry matter, and the organic C content is at least 7.5 

percent by mass. 

All the results of the analyzed parameters of the samples fall within the eligibility criteria except for the 

pH parameter. 

If the customer would be interested in reusing the waste in a sustainable way as a soil improver, 

experimental tests are needed to assess the amount of a buffer substance (e.g., calcium carbonate) 

needed to raise the pH in order to fall within the ranges set by the standards mentioned above.  

Another interesting use of the product obtained through the EFR technology is its use as a feed 

material (ingredient), for companion animals (non-farm animals) as it is included in the list of feed 

materials provided for in EU Reg. 2017/1017 "concerning the catalog of feed materials - Annex PART 

C." All raw materials that can be used as "feed" are regulated in the catalog, including also surplus 

and scrap produced by catering, large-scale retail trade and other sectors of the food chain. 

In the section 9.9.1, kitchen and catering waste are defined as: all food waste containing material of 

animal origin, including used cooking oil, from restaurants, catering companies and kitchens, both 

centralized and domestic.  

The mandatory declarations to be reported are crude protein, crude fat, crude ash and moisture 

content if > 8 %, so if Ecoswiss were interested in reusing the waste as raw material for animal feed, it 

is necessary to carry out further analysis to determine average crude protein and fat content. 

In addition, the resulting product can be burned because, incinerated biowaste (biomass) is 

considered "renewable" carbon-neutral fuel as defined by the Directive 2001/77/EC of the European 

http://www.giubilesiassociati.com/
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Parliament and of the Council of 27 September 2001 on the promotion of electricity produced from 

renewable energy sources in the internal electricity market. 

Finally, the possibility of using EFR technology to treat and dispose of organic solid waste from cruise 

activity at sea was analyzed.  

Current regulations do not provide for this possibility as all waste generated on ships must be 

delivered to port reception facilities, as stipulated in EU Directive 2019/883 on port reception facilities 

for delivery of ship waste, amending Directive 2010/65/EU and repealing Directive 2000/59/EC. This 

directive is based on what is established in the MARPOL Convention.  

Specifically, the regulation in paragraph 26 states: "Regulation (EC) No 1069/2009 of the European 

Parliament and of the Council requires the disposal in an authorized landfill by incineration or landfill 

of catering and kitchen waste from means of transport engaged in international voyages, including 

waste from ships calling at Union ports, which has potentially been in contact on board with animal by-

products. To ensure that this requirement does not restrict the preparation for reuse and recycling of 

ship wastes, efforts should be made, in accordance with the consolidated IMO guidance, to better 

segregate wastes to avoid potential contamination, for example of packaging waste."  

This guidance is derived from the International Convention for the Prevention of Pollution from Ships 

(MARPOL) aims to prevent and minimize pollution from ships (accidental pollution and from routine 

operations), which was adopted on 2/11/1973 by IMO and subsequently updated in 1978 following a 

number of major tanker accidents and applies to: 

• all ships flying the flag of a member state of the Convention or operating within its jurisdiction; 

• vessels of any kind operating in the marine environment, including hydrofoil boats, air-cushion 

vehicles, submersibles, watercraft, and fixed or floating platforms. 

Over the past two decades, the MARPOL Convention and its annexes have undergone major 

amendments that have put in place stricter rules and prohibitions for discharges of ship wastes at sea; 

it was implemented in Italy by Law No. 438/1982 "Accession to the Protocols relating to the 

International Conventions for the Prevention of Pollution from Ships and for the Safety of Life at Sea, 

respectively, with annexes, adopted in London on February 17, 1978, and their implementation," et 

seq. 

Thus, with a view to the reuse and recycling of ship-generated waste, Ecoswiss' EFR technology 

could be a viable alternative from an environmental and marine sustainability perspective, making it 

possible to reduce the volumes of waste generated to be delivered to port collection facilities. 

 

http://www.giubilesiassociati.com/
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6. CONCLUSIONS 

The carried out research activity aimed to evaluate Ecoswiss' Ecological Food Recycler (EFR) 

technology for processing organic solid waste.  

This system is available, in different sizes, depending on where it is to be installed (domestic-

residential use, canteen, restaurants, cooking centers), i.e., in all food production activities where the 

separate collection of organic waste is complex, difficult to manage and burdensome for disposal 

treatment.  

The targeted treatment of organic waste through its transformation into an inert, valorized, and 

traceable product can be used for several purposes.  

The developed process leads to several advantages: 

• revention from potential environmental sanitation contamination due to the inerting and stabilization 

of the finished product;  

• an extension of the possibilities for reuse of the waste; 

• the reduction of the initial volume by 90%; 

• high savings in energy and disposal costs; 

• absence of additives or adjuvants that could impair product recycling; 

• transformation of organic waste into products with a "new life cycle"; 

• decrease in space allocated to waste containment at the production site; 

• traceability of the process with the inclusion of 4.0 technology; 

• "zero waste" criteria provided by the CAM (Minimum Environmental Criteria); 

• environmental sustainability of the entire process. 

The results showed the possibility of burning the product obtained as it is considered "zero" immission 

biomass or of its reuse either as a soil improver or as raw material for pet food, while the possibility of 

dispose the product into the sea is forbidden due to increasingly stringent regulations on the marine 

ecosystem.  

In conclusion, it can be said that the technology designed and implemented by Ecoswiss represents 

an important evolutionary step in terms of environmental impact, food waste safety and sustainability 

in a circular economy perspective, thanks also to the reductions in CO2 emissions, since organic 

waste, if not properly and quickly treated, becomes a source of carbon dioxide emissions. 
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