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Introduction
The European Union aims to achieve carbon neutrality by 2050, prompting

substantial investments in sustainable energy research, particularly in the realm of renewable
sources (RESs). Italy, anticipating an energy demand of 366 TWh by 2030, is obligated by the
EU to fulfill 75% to 84% of this demand through RESs®. A promising solution to meet this
requirement is the production of green hydrogen through water electrolysis, specifically
employing Solid Oxide Electrolysis Cells (SOECs). SOECs offer advantages over Alkaline
Electrolyzers (AEs) and Proton Exchange Membranes (PEMs) since they can utilize treated
wastewaters, eliminating the necessity for pure water, which is already scarce??®. This study
centers on exploring the potential of SOECs to operate effectively in high-temperature conditions
and utilize water in its gaseous form as the inlet source, commencing with treated wastewaters
derived from municipal wastewater treatment plants..

Materials and Methods

Four distinct treated wastewaters, each characterized by differences in capacity, industrial load,
and treatment scheme, underwent evaluation for their potential as feedstock in hydrogen
production through Solid Oxide Electrolysis Cells (SOECs). The study employed Aspen Plus
software to simulate the entire process. SOECs were spotlighted for their energy-efficient role
in hydrogen production, leveraging thermal energy with a specific focus on water and air
vaporization and heating. The research extensively outlined the setup of the electrolysis stack,
placing emphasis on the segregation and utilization of different streams and the recuperation of
residual heat from the cell products. The modeling approach for the SOEC stack encompassed
equations addressing cell voltage, potential, and electric power consumption. Furthermore, the
study delved into a thermal model that integrated energy and mass balance equations for various
components, albeit utilizing a simplified modeling approach..

Results and Discussion

This study illustrates that treated municipal wastewater acquired from wastewater
treatment plants (WWTPs) of diverse capacities, industrial loads, and treatment schemes can
function as an optimal water source for Solid Oxide Electrolysis Cells (SOECs) to generate
"clean" hydrogen. Specifically, Italy is targeting the installation of 5 GW of electrolysis capacity
by 2030 in alignment with the European Union's energy transition initiative. The propositions
presented in this article, leveraging wastewater from various WWTPs as renewable energy
sources, have the potential to aid in achieving this goal. To elaborate further, in the Best-case
Scenario (BS) where a SOEC operates for 7,500 hours with a moderate power of 2.12 V
supported by wind and conventional energy, a WWTP (referred to as WWTP C) with a capacity
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of 120,500 P.E., an average flow rate of 27,500 m*/d, and an industrial load of 11%, can produce
0.10 Mt/y of hydrogen (equivalent to about 15% of the national target). Simultaneously, a larger
WWTP (referred to as WWTP A - capacity of 620,600 P.E., average flow rate of 155,300 m¥d,
and an industrial load of 15%) can generate 1.46 Mt/y, surpassing the national target. Even in
the Worst-case Scenario (WS) with solely wind energy (resulting in reduced operating time to
2,000 hours per year), WWTP A remains a significant contributor, producing 0.39 Mt/y, while
WWTP C contributes 0.03 Mt/y“.
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Figure 1. Layout of SOEC stack.

Converting this hydrogen production into electricity, Italy's increasing electricity demand in
2030 necessitates an annual addition of 8.6 to 10.7 GW of capacity. In the best-case scenario,
WWTP A alone has the capability to fulfill 20% of the electricity demand, while in the worst-
case scenario, it could cover 5.4%. For WWTP C, contributions amount to 1.3% in the best
scenario and 0.4% in the worst scenario. These results underscore the considerable potential of
harnessing wastewater as a sustainable and renewable energy source to address Italy's electricity
requirements.

Significance

This research illustrates that processed municipal wastewater sourced from diverse wastewater
treatment facilities can serve as a superb water reservoir for Solid Oxide Electrolysis Cells
(SOECs) to generate environmentally friendly hydrogen. The main objective is to emphasize the
practicability and energy sustainability of utilizing wastewater as a non-potable water source for
producing green hydrogen within the framework of a circular economy. This approach
demonstrates efficiency in energy usage, cost-effectiveness, and holds the potential to transform
the landscape of clean energy production, especially in regions with limited access to drinkable
water. The amalgamation of wastewater treatment and hydrogen production has the capacity to
address various sustainability objectives and contribute significantly to a decarbonized future.
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ABSTRACT

This research addresses the European Union's pursuit of carbon neutrality by exploring the
potential of water electrolysis for hydrogen production, offering a promising solution for
decarbonizing existing energy systems. The Solid Oxide Electrolysis Cell (SOEC) is particularly
attractive due to its capability to utilize impure water sources.

Using Aspen Plus software, this study models a SOEC supplied with four distinct streams of
real treated municipal wastewaters of Lombardy (Italy).

Simulation analysis reveals that two wastewater streams can be efficiently evaporated and
treated within the SOEC avoiding the generation of waste liquids with excessive pollutant
concentrations.

OBJECTIVE

* To demonstrate the possibility and energy
viability of using treated municipal wastewaters
obtained from real WasteWater Treatment Plants
(WWTPs) of varying capacities, industrial loads
and treatment schemes to produce “clean”
hydrogen from SOEC.

METHODOLOGY
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Two of the four wastewater streams could

be effectively evaporated and treated within SOEC, without

generating waste liquids containing excessive

oollutant concentrations.

CONCLUSIONS

* By evaporating 27% of the first current and 10% of the second, it was estimated that 26.2 kg/m3 and 9.7 kg/m3
of green H, could be produced, respectively.

* Considering to have 5 GW of installed power capacity by 2030, this H, production could meet anywhere from
0.4% to 20% of Italy’s projected electricity demand.
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