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1. Introduction 
The EU energy transition to a low-carbon economy is extensively supported through a variety of measures 

such as the European Green Deal and the Fit for 55 package, which aims at climate neutrality by 2050 and a 55% 
greenhouse gases (GHG) reduction by 2030. Complementary measures under RED III and the REPowerEU Plan 
acknowledge several alternative fuels and specifically foster the uptake of methane and biomethane. More 
specifically, the REPowerEU plan sets a target of 35 bcm of biomethane production per year by 2030, up from 4 
bcm in 2023, supported by an investment of €37 billion [1]. In this context, food waste emerges as a particularly 
valuable feedstock due to its relatively homogeneous composition and its potential to contribute significantly to 
renewable methane production, despite seasonal variability. 
 
With reference to the Italian scenario, the Emilia-Romagna Region generates approximately 450 kt/year of 
industrial waste from the food and beverage sector, primarily from meat processing (NACE 10.1), fruit and 
vegetable processing (NACE 10.3), and the manufacture of vegetable and animal oils and fats (NACE 10.4) [2]. 
Of this, food and beverage processing waste (EWC 02) accounts for about 302 kt from NACE 10 (Manufacture of 
food products) and 14 kt from NACE 11 (Manufacture of beverages) in 2019 [3], emphasizing the significant role 
of the Emilia-Romagna Region which accounts for 3.26% of the total regional industrial waste production and 
13.39% of the total national food and beverage waste, second only to Lombardy Region contributing with a share 
of 17.33%. 
 

Leveraging a comprehensive screening of waste streams from the regional food and beverage industry, 93 kt/year 
of selected food waste (i.e., solid and sludges) in the Region have been identified and considered within the present 
analysis showing the results of a preliminary conceptual design and techno-economic assessment of an integrated 
process combining anaerobic digestion and hydrothermal treatment to support national biomethane production 
targets while maximizing material recovery through hydrochar retrieval. 

 
2. Material and methods 
The conceptual design phase of the present work focuses on the development of an innovative process 

converting organic waste from the food industry into biofuels. Considering the chemical composition of the 
selected waste streams—characterized by high moisture content and variable fractions of lipids, proteins, 
carbohydrates, and ash—the proposed layout integrates anaerobic digestion (AD) with hydrothermal carbonization 
(HTC). AD is applied to the solid waste stream producing biogas and digestate; the biogas is subsequently 
upgraded to biomethane, while the digestate is mechanically separated into liquid and solid fractions. The digestate 
solid-rich fraction is then combined with sludge streams and treated in the HTC unit, generating hydrochar and an 
aqueous process phase. Hence, this liquid stream is recirculated within the AD unit, with pH regulation using 
calcium hydroxide. The process has been modeled using Aspen Plus®, with detailed simulation of both AD and 
HTC units. AD model includes intermediary reactions, inhibition factors and kinetics, using a combination of the 
ADM1 and Angelidaki’s kinetic models [4], while HTC has been simulated using yield-based models and 
statistical assumptions [5]. The combustion of hydrochar has also been included mainly to supply thermal energy 
to the HTC reactor. 

 
3. Results and discussion 
The conceptual process design is reported in Figure 1, showing the two streams of Slaughterhouse Solid 

Waste (SHSW) and Slaughterhouse Sludges (SHS) treated in the anaerobic digestion module, meanwhile Fruit 
and Vegetable Solid Waste (FVSW) and Fruit and Vegetable Sludges (FVS) which are characterized by a higher 
moisture content are directly processed in the hydrothermal carbonization unit for hydrochar recovery. The main 
mass flow rates, mass and energy indicators are reported in Table 1. Two key economic indicators have been also 
calculated and reported in Table 2: the Levelized Cost of Waste Treatment (LCWT) and the minimum Tipping 
Fee (TF_min, including revenues) required for profitability. 
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Figure 1: Process flow diagram of the proposed Waste-to-Value process. 

Table 1: Preliminary mass and energy balance of the integrated process. 

Stream Description Value Unit 
1 FVSW 58,332 t/y 
2 SHSW 12,260 t/y 
5 FVS 1,552 t/y 
6 SHS 21,342 t/y 

waste Total inlet waste (stream n.1+2+5+6) 93,486 t/y 
    

Indicator Description Value Unit 
BMP Biomethane potential 0.233 Nm3/kgVS(ADin) 

Yhydrochar Net hydrochar yield (i.e., hydrochar to storage) 130 kghydrochar/twaste 
Wel Specific electric consumption 27.8 kWhel/twaste 

 
Table 2:Results of the economic analysis. 

Economic analysis results 
Total investment cost [M€] 8.85 
Annual capital charge [M€/y] 1.41 
Operating costs [M€/y] 4.80 
Revenues [M€/y] 2.33 
LCWT [€/twaste] 77.69 
TF_min [€/twaste] 48.56 

 
4. Conclusion 

The novel process offers a sustainable and cost-efficient alternative to traditional waste treatment methods: taking 
into account 7500 hours of annual operations, the results show an annual biomethane production equal to 2.8 
MNm3/year and a hydrochar output in the order of 10.4 kt/year. Future work should focus on experimental 
validation of the HTC model, accurate characterization of input waste, and exploration of post-treatment options 
concerning wastewater and hydrochar to enhance their value preserving regulatory compliance.  
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