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Abstract 

In the present study a thermo-mechanical treatment for the disposal of the Organic 

Fraction of Municipal Solid Waste (OFMSW) at apartment or condominium scale 

is proposed. The process presents several advantages allowing to perform a 

significant volume and moisture reduction of the produced waste at domestic scale 

thus producing a material with an increased storability and improved characteristics 

(e.g. calorific value) that make it available for further alternative uses. The 

assessment of the applicability of the proposed waste pretreatment in a new scheme 

of waste management system requires several research steps involving different 

competences and application scales.  

In this context, a preliminary study is needed targeting to the evaluation and 

minimization of the energy consumption associated to the process. To this aim, in 

the present paper, two configurations of a domestic appliance prototype have been 

presented. The performances of the prototype have been tested on three model 

mixtures representing a possible daily domestic waste and compared with an 

existing commercially available appliance.  

The results obtained show that a daily application of the process is feasible given 

the short treatment time required and the energy consumption comparable to the 

one of the common domestic appliances. The evaluation of the energy recovered in 

the final product per unit weight of raw material shows that in most cases it is 

comparable to the energy required from the treatment. 

 

1. INTRODUCTION 

The organic waste represents a large portion of municipal solid waste ranging from 

about 30 to 65% [1] depending on the urbanization and the economic development 

in the different world geographic areas. When separated waste collection is 

performed, landfilling still represents the most common method used to dispose the 

Organic Fraction of Municipal Solid Waste (OFMSW). A correct management of 

wastes at domestic scale could be a viable alternative to the current centralized 

management system having beneficial effects on the operations of waste collection, 

storage and disposal. 

Some domestic appliances have been already launched on the market even though 
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their diffusion is somewhat limited (garbage disposal unit, GDU). Many studies 

have shown the convenience of the application of GDUs and they safe application 

also in highly urbanized areas [2]. Nevertheless, some concerns still persist due to 

the extra-loading of pollutants to the sewer systems and wastewater treatment 

plants induced by a massive use of this appliance. 

In this paper a mechanical treatment coupled to a dewatering/drying process [3] has 

been applied to treat at domestic scale the OFMSW. The process is aimed to the 

reduction of both the specific volume and the microbial activity of the waste thus 

producing a material with higher calorific value suitable to be stored for long 

periods and to be further used for energy production. Three model mixtures of 

organic domestic waste have been processed and characteristic times and energy 

flows involved in the treatment cycle (energy consumption and energy recovery in 

the processed material) have been compared to the results obtained from a 

commercially available appliance.  

 

2. EXPERIMENTAL 

2.1 Experimental set-up 

The tests have been carried out in a prototype of a household dryer (Figure 1) 

consisting in a grinding unit and a thermopress, characterized by an electrical 

power equal to 812 W  [4]. A commercially available food waste processor capable 

to simultaneously grind, press and dry the waste, in the following referred as FWP, 

has been used as reference case [4]. FWP needs to be fed with a preliminary 

grinded material. 

 

 
Figure 1. Sketch of the thermopress prototype 

 

Two configurations of the prototype have been considered using different system 

for the size reduction of the raw material: a commercial shredder equipped with a 

system of opposed blades and a Garbage Disposal Unit (GDU) consisting of a 

turntable surrounded by a shredder ring, which has sharp slots. The food waste is 

placed on the turntable and through centrifugal force is forced to its perimeter and 
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through the shredder ring. The GDU requires the addition of a certain amount of 

water (about 5 l for 1 kg of waste).  

 

2.2 Materials and methods 

The experimental tests have been carried out setting the thermopress temperature 

(TSET) and pressure (P) respectively at 170 °C and 10 bar. A thermocouple placed 

inside the thermopress allows to measure the temperature of the material during the 

drying process. For each test 1 kg of raw material is fed representing the daily 

average production of organic waste in a family of 4 people. 

The composition of three model waste mixtures [4], WS1, WS2, WS3, has been 

defined reproducing a typical composition of a domestic organic waste mixture and 

taking into account some critical properties for the operation of the grinding unit, 

namely sponginess, fibrousness and hardness.  

In both the prototype configurations the feedstock is weighted and fed to the 

grinding unit (shredder or GDU) and after the mechanical treatment it is collected 

in a 400 μm mesh Teflon filter bag placed inside the perforated cylinder. A 

characterization of the filtrate obtained using the GDU unit is produced to evaluate 

its impact on the sewer systems and on the waste water treatment plants. The 

results of filtrate characterization are reported elsewhere [4]. Then, the process is 

launched and goes on alternating a stop of 1 minute every 5 minutes (tstep) that 

allow the weight operation, obtaining in this way the weight loss curves. At the end 

of the treatment cycle (when the weight loss rate is lower than 0.04 wt%/min), the 

material is collected and weighted and characterized characterized in terms of 

Yeld, Higher Heating Value, Energy Recovery, Ash, C/O, H/O  

 

3. RESULTS AND DISCUSSION 

In the panel a) of Fig. 6 the thermal profiles of the model waste mixtures in both 

the prototype configurations are shown, while in the panel b) the weight loss curves 

are presented. The mixture WS3 has not been processed in the shredder 

configuration as the shredder was not able to grind animal bones and fruit pits that 

represent the main component in this mixture. In the first part of the process, 

during the heating stage S1 and the stage at constant temperature, the thermal 

profiles of the mixtures in each configuration are overlapped. This is probably due 

to the fact that the content of water in the three model waste mixtures is still high 

and the thermal properties of the mixtures can be considered similar to that of the 

water. When the temperature rises again (stage S2) after the stage at constant 

temperature in both the prototype configurations bland differences have been 

obtained in the thermal profiles and weight loss curves for the different model 

waste mixtures. In the shredder configuration the mixture WS1 and WS2 behave 

quite similarly during the thermal treatment. The main components of these 

mixtures are residues belonging to the same food categories, fruit and vegetables 

(Table 2); moreover, as it can be seen from the final weight of the processed 

mixtures (Fig. 6, panel b)), they are characterized by similar moisture content. As a 
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consequence, the heat required for the drying of the mixtures is similar as well as 

the heat and mass transfer properties thus resulting in comparable values of cycle 

time and an energy consumption, as shown in Fig. 3. In the GDU configuration, it 

has been possible to grind also the hard material of the mixture WS3 whose 

composition is very different from WS1 and WS2. As it can be seen from the final 

weight of the three processed mixtures (Fig. 2, panel b)), the grinding and filtering 

stage make the moisture content of the material fed to the pressing/drying stage 

more uniform independently on the composition of the raw material. As expected, 

cycle times and energy consumption (Fig. 3) do not differ significantly for the 

different model waste mixtures. The cycle time and the energy consumption are 

always lower in the GDU configuration. This result can be explained considering 

that the water required from the grinding device, varying between 41 and 44% of 

the material fed to the thermopress is almost completely removed in the cold 

pressing step after which a weight loss equal to 45 % for WS1 and WS2 and 33 % 

for WS3 is observed (see Fig. 6, panel b) thus not affecting remarkably the cycle 

time. Moreover, only a portion varying between 63 and 82% of the raw material is 

recovered and fed to the drying after the grinding and filtering of 1 kg of mixture 

thus determining cycle times lower than the ones obtained when the shredder 

configuration is used. In any case cycle times are always compatible with a daily 

application of the treatment varying between 80 and 120 min in all the examined 

cases. Energy consumption for the treatment of 1 kg of waste is always lower than 

1 kWh and it is comparable to the usual domestic appliances.  

The results obtained for the mixtures WS1 and WS2 in the thermopress prototype 

have been compared with the ones obtained in the FWP. The mixture WS3 has not 

been processed in the FWP due to the specification indicated by the manufacturer 

that discourages the introduction of hard material such as bones and pits present in 

the mixture WS3. The cycle time of the treatment of the model waste mixtures 

using the prototype in both GDU and shredder configuration is remarkably lower 

than the ones obtained using the FWP (about 180 min). However, the energy 

consumption is lower only in the GDU configuration of the prototype, whereas, 

when the shredder configuration has been used, it is comparable.  

Finally, a general comment should be given about the collection of the processed 

material after the treatment. In the case of the proposed prototype the grinded 

material is collected into a Teflon filter and at the end of the drying process the 

removal of the processed material from the bag is very easy: it appears as a 0.3 cm 

thick circular slab with a diameter of 26.5 cm (corresponding to the diameter of the 

perforated cylinder of the thermopress) whose volume corresponds to the 3% of the 

raw material volume. On the contrary, in the FWP the collection of the processed 

material is a complex operation because only a small fraction of the processed 

waste can be found in the tray at the bottom of the heated box. Most of the material 

remains inside the box stuck on the surface of the box and a wire brush is needed to 

remove it.  
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Figure 2. Temperature (a) and weight loss (b) during the treatment of the model 

waste mixtures. 
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Figure 3. Cycle time and energy consumption of the treatment of the model waste 

mixtures in the prototype and in the FWP. 

 

3.1 Potential use of the processed waste for energy recovery 

The evaluation of the energetic potential of the processed mixtures and the energy 

recovery obtained from 1 kg of raw waste have been provided in Table 1.  

 

Table 1. Product properties of the dried waste mixtures. 

  
WS1 (spongy)  WS2 (fibrous)  

WS3 

(hard)  

  Shredder GDU Shredder GDU GDU 

Yield [wt % on the raw material] 20.0±1.1 16.4±1.0 17.0±1.2 11.5±1.0 21.0±1.1 

HHV [MJ/kgdried waste] 
18.0±0.3 20.2±0.01 18.2±0.3 21.5±0.1 16.7±0.5 

Energy recovery [MJ/kgraw waste] 
3.6±0.2 3.3±0.2 3.1±0.3 2.5±0.2 3.5±0.3 

Ash [wt % on the dried material] 4.4 2.0 5.2 2.6 29.9 

C/O 1.71±0.03 1.79±0.00 1.75±0.02 1.95±0.02 2.70±0.16 

H/O 2.75±0.05 3.22±0.01 2.82±0.08 3.55±0.02 4.24±0.12 

  
The energy recovery is higher when the grinding is carried out with the shredder, 

comparable to the energy consumption of the treatment. The HHV value calculated 
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in the GDU configuration is always higher due to the higher values of C/O and 

H/O. The ash content of the processed material deriving from WS1 and WS2 is 

lower when the mixtures have been processed in the GDU configuration, while the 

WS3 mixture is characterized by a high ash content due to the presence of high 

amounts (50%) of animal bones. Nevertheless it should be remembered that this 

mixture is the less representative of a real organic waste.  

 

4. CONCLUSIONS 

In this study two configurations of a prototype, each one consisting in a grinding 

and a dehydration unit, has been proposed capable to perform a volume reduction 

and a drying of the OFMSW at domestic scale. The performance results, obtained 

by testing three model waste mixtures, show that: cycle time and energy 

consumption of the thermopress prototype are improved with respect to the ones of 

a similar commercially available food waste processor when the prototype is used 

in the GDU configuration, while they are comparable when the shredder 

configuration is applied; the energy recovered in the processed waste is comparable 

to the energy requirements. The daily use of the prototype allow to obtain a long 

time storable material with a calorific value of about 18-20 MJ/kg. 
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