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LEAP x VALUE CE-IN

Background

 The general project objective is the optimization of the value chain related to the 
treatment of municipal and industrial wastewater by applying circular economy principles 
and proposing high TRL solutions and Key Enabling Technologies (KET). 

 VALUE CE-IN: within circular economy framework, water resources preservation, nutrients 
recovery and sludge disposal, increasing WWTP energy efficiency and introducing new 
business models.

 LEAP activities: Phase 3 – part 3 - evaluation of Hydrothermal Treatments for Sewage 
Sludge conversion in secondary raw materials minimizing plant waste output.

 Partnership with Agrosistemi s.r.l. for HTD pilot plant development and testing.

Objectives

 Techno-economical analysis of HTD process as pre-treatment for mono-incineration and 
power production.
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Sewage Sludge Disposal Routes
1. Agricolture
European, National and Regional Laws discourage this route -> health concerns.
Data 2010: still preferred route by the 5 main sewage sludge producers
2. Incineration
Thermal treatment is the preferred solution when agricultural re-use is not possible.
3. Landfill
Italy's extensive use of landfilling is an anomaly in Europe

Incineration is extensively applied in EU. Netherlands totally 
relies on it (100%), followed by Belgium (87%) and Germany 
(53%).

Sludge incineration  high energy demand for sludge drying 
due to significant residual water content (~70-78%w/w)

Novel process Higher DM content @ dryer inlet (at least
+10-30%w/w DM increase exploiting hydrothermal technology)

Agricolture+
compost Incineration Landfill Other

Sewage Sludge Disposal in Europe - 2010

1
2

345

Source: Eurostat
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Hydrothermal Processes

Sewage Sludge

Hydrothermal Liquefaction (HTL)
250 – 370 °C |180 - 250 bar | 5 – 60 min

High pressure – short time reaction;

Bio-crude

Hydrochar

Dewatered Cake
Hydrothermal Dewatering (HTD)
210 – 230 °C |20 bar | 15 – 30 min
Low pressure – short time reaction;

Hydrothermal Carbonization (HTC)
180 – 250 °C |15 – 25 bar | 1 – 8 h

Low pressure – long time reaction;
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Benchmark vs. Novel Sewage Sludge Incineration Processes

Benchmark Incineration Process

• Sewage sludge from waste-water treatment 
plant dewatered and conveyed to belt dryer;

• Dry sludge incinerated in a dedicated fluidized 
combustor

• Flue gas from the combustor  thermal 
integration with ORC via a dedicated diathermic 
oil circuit

• ORC  power production and thermal duty for 
the belt dryer
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Benchmark vs. Novel Sewage Sludge Incineration Processes
Novel Incineration Process

• Sewage sludge from waste-water treatment 
plant partially dewatered and conveyed to HTD;

• HTD increase DM content up to 35-55 % (filter 
outlet)

• Dry sludge incinerated in a dedicated fluidized 
combustor

• Waste heat recovery from combustor flue gas via 
dithermic oil circuit

• Diathermic oil  thermal duty for HTD process 
and ORC

• ORC  power production and thermal duty for 
the belt dryer
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Benchmark vs. Novel Sewage Sludge Incineration Processes
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Conceptual Design Scenarios

Benchmark process performance evaluated based on 
required DM% at dryer outlet (70%,75%, 80%)

Novel process performance evaluated using three key 
parameters:

• DM% at HTD inlet (7.5%, 12.5%, 14%)

• DM% at HTD outlet (35%, 45%, 55%)

• DM% at dryer outlet (70%,75%, 80%)

Leading to the evaluation of 27 scenarios + 3 benchmark

Benchmark process

Novel process
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Techno-Economic Analysis
Benchmark Process – Processed feed and Energy duties

• Process design: 1.37 t/h sludge (7500 h/y)

• ↑ORC size with dryer thermal duty (function of DM%)

• Additional thermal input from biomass combustion ≈  thermal duty from sludge incineration
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Techno-Economic Analysis
Benchmark Process – Economic analysis

• ↑Disposal Cost  with ↑DM% dryer outlet

• Disposal Cost: 100-110 €/tTQ
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Novel Process – Economic analysis

Techno-Economic Analysis

• Costs comparable with benchmark 
process

• ↑ DM% at HTD outlet = ↓ ORC size

• ↑ DM% at HTD outlet = ↓ biomass inlet

• Novel process re-design for high DM% at 
HTD outlet 
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Benchmark vs. Novel Sewage Sludge Incineration Processes

Novel Incineration Process – re-designed 

• Sludge dewatered to at least 45% DM

• ORC too small for economic sustainability -> 
removed

• No need for biomass extra-input -> removed

• Belt dryer replaced with thin film dryer -> 
thermal integration between HTD and flue gas 
from FBC only
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Novel Process – Economic analysis

Techno-Economic Analysis

Simplified plant configuration -> up to 25% Capital Cost savings!
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Techno-Economic Analysis
FINAL RESULTS – DISPOSAL COSTS

• Specific costs for a ton of sludge at 25%DM (REF)
• Dewatered and Dried: a facility with only dewatering 

and drying capability - a disposal cost of ~133 €/tref

• Up to 20% in disposal cost reduction achievable
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Conclusions and Future Perspectives

Conclusions

 HTD process can be effectively integrated with the mono-incineration process in a cost-effective way (-25% with 
respect to the benchmark process)

 Threshold: 45% DM at HTD outlet, already reached in the lab tests

Future Perspectives

 Complete integration: recycling of hot water stream from HTD to WWTP head ( feasibility to be verified)

 Pilot Plant from Agrosistemi to be modified ->  continuous operation

 Further experimental campaign to support pre-commercial scale plant design
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Grazie per l’attenzione!

marco.gabba@polimi.it
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