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Sewage sludge (SS),which is a by-product of wastewater treatment plants (WWTPs), is expected to overcome 13 million tons/y on dry basis up to 2020 at European level (Kelessidis and

Stasinakis, 2012). Because of environmental concerns, social acceptability, costs, innovation needs and legal constraints, each major treatment for sludge handling, such as agriculture,

composting, landfilling, and incineration is becoming more and more complex to deal with. Thus, it is increasingly important to give its value in the circular economy perspective, developing

sustainable processes to recover valuable products from SS. In this framework, hydrothermal carbonization (HTC) is gaining attention as suitable technology for SS treatment. HTC is a

thermochemical process for converting wet biomasses at mild temperatures (180 - 250 °C), under autogenous pressure (up to 2 MPa), and reaction time of 3 - 10 hours. Applying this

technology on SS, three different products are obtained: a solid-coal like material (hydrochar), a liquid phase (process water), and a small gaseous fraction (which is mainly made of CO2)

(Libra et al., 2011).

Hydrochar is a carbonaceous material, which may be recovered as combustible in industry, as fertilizer in agriculture, in soil remediation, and as adsorbent matrix in wastewater treatment.

Instead process water may be valorised as substrate in anaerobic digestion (AD), and for recovery of bio-based materials.

The aim of this study was to investigate the relation between San Colombano WWTP (managed by Publiacqua SpA, Florence (Italy)) and HTC technology.

An innovative sludge treatment line integrated with HTC for San Colombano WWTP is here proposed.

This table shows the chemical 

characterization of process 

water.

The COD concentration is 

remarkably high and in good 

balance with TN. 

The difference between TN and 

NH4 N may be assigned to 

organic nitrogen. 

A relevant part of TS is volatile, 

whereas the concentration of 

TSS is negligible.

Table 1 – Chemical characterization of liquid fraction. 
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SS feedstock was collected from San Colombano plant, which is a conventional modified

Ludazck-Wettinger activated sludge process treating urban wastewater of Florence and

surroundings. An autoclave reactor (500 ml) was feeded with centrifuged and not digested

secondary SS (Figure 3).
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Process water was characterized using analytical kits for COD, nitrogen, phosphorous.

Total, volatile, and suspended solids (TS, VS, and TSS) were measured according to

standard procedures (APHA 2540, 1998).

The biodegradable COD fraction (bCOD) of process water was determined performing

BOD tests with OxiTop® Control system. Tests lasted 20 days and were performed

according to standard method (APHA 5210, 2001). Each test was performed in

duplicate.

The relation between San Colombano WWTP and HTC was investigated using a

modelling approach. The WWTP was simulated with an ASM No. 3 model with the

software WEST (DHI). The model was first calibrated and then validated using a 1-year

real data.

Later, the plant in the present configuration and with HTC process in the sludge

treatment line were simulated with decreasing values of sludge retention time (SRT) in

the range 9-28 days.

Figure 3 – HTC scheme and experimental set-up.

Relevant concentrations were measured in process water for many of investigated

substances (Table 1).

Process water characterization

COD (mgO2/L) 17865

TN (mg/L) 1682

NH4 N (mg/L) 554

NO2 N (mg/L) 1.5

NO3 N (mg/L) 95

TP (mg/L) 21

PO4 P (mg/L) 16

TS (wt %) 1.4

VS / TS (%) 91

TSS ( wt %) 0.01

BOD tests demonstrated an high percentage of bCOD, indicating a good potential for

aerobic degradation of process water. Since the TSS concentration is so small, under the

hypothesis that the total COD was in the soluble form, the COD was fractionated as

described below (Figure 4).
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Figure 4 – COD fractionation.

Figure 1 – Current sludge treatment line of San Colombano WWTP. Figure 2 – New sludge treatment line of San Colombano WWTP integrated with HTC.

The ASM No.3 model was optimised to simulate San Colombano WWTP and anaerobic

digestion (AD). It modelled different outputs progressively decreasing the SRT (e.g.

energy consumption for aeration). As reported in literature (Wirth et al., 2015), the AD of

HTC process water is a promising technique disposing this fraction. Hence, the San

Colombano WWTP model was then implemented considering the HTC process water as

a new input in AD, according to its characterization. Interestingly both the aeration costs

and the biogas production in AD increased (Figure 5).

INTRODUCTION

• This study integrated experimental investigations and modelling applications pointing

out HTC as a promising process for sludge management. HTC can be

advantageously integrated into the sludge treatment of San Colombano WWTP

(Figure 1 and Figure 2), with the enhancement of biogas production in AD.

• The increase in aeration process is mostly due to the recycling of ammonia nitrogen

which also affect the nitrification/denitrification process. Anammox process could be

indicated to avoid the increase of aeration cost and organic carbon demand for

denitrification while ensuring the increase in biogas production.

Figure 5 – Comparison of energy consumptions and biogas productions obtained by simulations. 
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