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Supporting solar photoreactor development for Solar-to-X applications with key performance indicator framework

Summary
This work elaborates a framework of key performance indicators for Solar-to-X devices as recommendation to research, industry and policy for a transparent and fair evaluation of solar photoreactors and systems in order to enable comparability and deduct conclusions for further development needs.
Keywords: Solar-to-X devices, key performance indicators, assessment under real sunlight
Field of application for the findings: Solar-to-X
Addressed audience: research, solar industry
Introduction 
Solar-to-X devices are widely researched in interdisciplinary research networks across material science, reactor engineering and solar sciences. The evaluation parameters applied however vary widely in literature, based on the use of materials, studied reaction mechanisms, reactor types and scales as well as based on the light sources applied in research. Here, specifically real sunlight experiments are available rather limited, and lack a clear assessment framework for evaluation and further development. 
Methodology
Within the IEA SHC Task 72 this lack of a clear framework of key performance indicators in Solar-to-X research has triggered a work across all Subtasks (Materials, Solar Photoreactors and System Integration) to commonly define recommendations to research, policy and industry on a fair assessment scheme of such devices. 
The elaboration methodology started with an expert survey to gain insights into the variety of metrics applied among the Task 72 network. This triggered a discussion workshop, which led to the definition of four distinct classes of research scales and objectives, for each of which distinct evaluation indicators are relevant. Most important evaluation aspects have been elaborated in working groups for each class as basis for key performance indicator definition. 
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Figure 1: Visualization of elaboration methodology
Results
The following table summarizes the four defined research scales and their respective objectives and resulting evaluation aspects.

Table 1: Defined research classes and evaluation aspects in Solar-to-X research, as basis for defining key performance indicator sets for each research class
	Research and Device Scale
	Research 
Objective
	Important 
Evaluation Aspects

	Lab scale under artificial light
	Material development, material stability, new materials
	Material screening, requirement of reference processes for yield and QE comparison, material stability

	Lab reactor testing under artificial light
	Most efficient reactor type
	Reference reactors and reference materials, light source definition, reactor classification, evaluation without material limitation

	Real sunlight experiments for specific reactors and catalyst (small-medium scale)
	Evaluation of photoreactor (incl. Components) performance under real sunlight (short - long term)
	Definition of sunlight conditions and its measurement, measurement strategies for energy of incident DNI reaching reactor surface incl. spectral, energy and mass balances, time-varying evaluation of performance (collector efficiency, reactor-collector efficiency, product yield)

	Larger prototypes
	Energy balance of plant; (long-term) system performance
	Energy and resource efficiency, environmental parameters, economic deployment parameters



Specifically for real sunlight experiments evaluation parameters have to consider the time-dependency of radiation. This adds on the complexity of the need for wavelength specific radiation distribution in order to evaluate both, the overall solar energy reaching the reactor surface, as well as the share of photons in the targetd wavelength range accessible by the photocatalysts in place.
Besides presenting first key performance indicators and definitions for each research class, the presentation will give insights into research examples of the IEA Task 72 network where varying key performance indicators have been applied for different research scales. Focus will be given on Class 3 “real sunlight experiments for specific reactor types” where different reactor types have been recently tested under real sunlight.
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