Tackling real-stream complexity in the valorization of
microalgae HTC wastewater via aqueous phase reforming

Giuseppe Pipitone, Marina Andriolo, Edoardo Tito, Raffaele Pirone & Samir Bensaid

Department of Applied Science and Technology, Politecnico di Torino, Corso Duca Degli Abruzzi 24, 10129,
Turin, Italy

E-mail: giuseppe.pipitone@polito.it

Hydrothermal carbonization (HTC) mimics natural coalification to convert wet biomass into a carbon-
rich solid (hydrochar) with high fuel value. However, the process also generates a significant aqueous
by-product (HTC-AP), accounting for up to 20 wt% of the biomass. This liquid stream contains a complex
mix of organic and inorganic compounds and poses both environmental and economic challenges due
to disposal costs. To address this issue, we explored the aqueous phase reforming (APR) process, which
converts biomass-derived compounds dissolved in water into hydrogen and alkanes at moderate
temperatures (220-270 °C) and pressures. Despite its potential, APR of HTC-AP from microalgae
remains unexplored—mainly due to the analytical and operational challenges of real feedstocks.

Here, we present the first APR study of HTC-AP from microalgae, with three main objectives: i)
developing a reliable method to characterize the organic and inorganic content of the wastewater; ii)
identifying APR conditions that maximize gas production—especially hydrogen—while minimizing
residual organics in the liquid; iii) reducing solid residue formation, a key cause of catalyst deactivation.
The figure below shows two representative outcomes. On the left, increasing the reaction temperature
boosts both hydrogen productivity and selectivity, driven by higher glycerol conversion. On the right,
we demonstrate that diluting HTC-AP (from 1:3 to 1:18) mitigates catalyst fouling, as confirmed by
reuse tests with glycolic acid, a model compound (namely fresh, in the figure). Improved performance
under diluted conditions marks a step toward long-term viability of APR for treating complex aqueous
waste. These results support the integration of HTC and APR in a circular bioeconomy framework,
enabling the conversion of both solid and liquid outputs into energy carriers.

1.0

—_ I H, productivity -
é{ 129, c0, % 60 -
[3]
I 104 08 R 50 4
: :
£ 8 - 06 £ 40 -
= o =
b 6 QN ~—
-.é L oa T _?:7 30 A
S 41 g
5 g 20 -
o Lo T
a 24 o
o 5 10+
I o
04 0.0 T
230 °C 250 °C 270 °C 0

Fresh 1;3 1:9 1:18
Keywords: Aqueous phase reforming; Biorefinery; Hydrothermal Carbonization; Microalgae;
Wastewater

GRICU 2025 — Challenging Chemical Engineering
September 14-17, 2025, Ischia, Italy

GET INNOVATION


mailto:giuseppe.pipitone@polito.it

