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Abstract

The development of a sustainable energy economy based on renewable, carbon-neutral energy is a necessary and
urgent task. Photo-electrochemical approaches for solar fuels and materials are interesting, provided they can be
efficiently, stably, scalably, and sustainably implemented. The functionality of such devices relies on complicated
and coupled multi-physics processes, occurring at multiple temporal and spatial scales. Device modelling can
actively and efficiently support the choice of the most promising — in terms of efficiency, cost, robustness,
scalability, and practicability — conceptual design pathways, material choices, and operating approaches.

First, T focus on cost competitive photo-electrochemical (PEC) devices identified through quasi-transient techno-
economic modeling". I will describe the conceptual idea of thermal integration in the context of PEC <, provide
results of maximum theoretical efficiency calcylations to quantify the benefits, and review the modeling framework
that enabled the design of a feasible device”. I will illustrate how we have used our models to design and
implement a PEC device with a solar-to-fuel efficiency of 17%, and discuss ongoing approaches to scale up by our
lab in order to bridge the gap between research and practical applications.

Second, I will discuss detailed multi-dimensional mesoscale models that allow to assess the transport in complex
(photo)electrodes. Specifically, we use direct pore-level simulations for the coupled transport characterization of
mesostructured (photo)electrodes utilizing nano-tomography techniques to obtain the exact mesostructure that is
utilized in direct numerical simulations™. I will extend these investigations to ordered structures for the assessment
of the transport in mesostructured electrodes for the electorchemical reduction of CO; and discuss the effect of the
mass transport on selectivity and activity”. I will then present possibilities to simplify these involved multi-
dimensional numerical models into rapid screening models based on semi-analytical correlations. I will discuss
analysis results for a large range of semiconductor materials™’.

I will end with an outlook on research challenges and gaps in the field of (photo)electrochemical water and CO o
splitting.
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