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In the current context of health crisis due to the SARS-CoV-2 virus, the need to prevent contagion through disinfection
has become a major issue. Like other coronaviruses, this new virus can be destroyed by UV-C radiation. With the
emergence of UV-C LEDs, the question of the relevance of using this technology to stop the current epidemic arises.
This report provides answers to this question by comprehensively addressing the potential applications, the state of
the art of UV-C LED technology, the principles of integrating these components into finished products, the
characterization of performance, the prospects for market development, as well as the regulations and standardization

applicable in Europe.
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DISINFECTION BY UV-C RADIATION

The disinfection ability of UV-C radiation, known for several decades, is no longer to be
proven and its germicidal effect is thus used for applications of disinfection and
purification of water, air and surfaces.

However, the use of UV-C radiation for disinfection requires knowledge, in particular to
determine the necessary dose for the inactivation of a microorganism (the dose
depending on a certain number of parameters related to the application, to the
environment, etc.), but also in order to take into account the risks associated with the
use of this technology.

Indeed, the use of UV-C radiation for disinfection presents two major risks: a photo-
biological risk (UV-C radiation is dangerous for humans) and a risk of ineffective
disinfection (in the case of a disinfection system which has not been designed correctly
in relation to its application).

Disinfection / purification of water by a UV-C LED system
UV-C LED brings flexibility to reactor design

Traditional UV-C lamps, low pressure mercury vapor, leave =

little freedom in the choice of the shape of the reactor. %;
Thus there are 2 forms of reactor. Cmtsanal rer
The longitudinal reactor, in which the lamps are parallel to Source: Lit-Uv

the flow of water.

The transverse reactor, in which the lamps are perpendicular
to the flow of water.

UV-C LEDs give the designer more freedom in the design of
the product.

New design

opportunities

UV-C LEDs market and their
trends.

Regulation and standardization
in Europe.
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Mercury lamp positioned in the water circulation
Circuit

UV-C LEDs mounted in the end caps of the reactor
UV-C LEDs positioned on the walis of the reactor
UV-C LEDs mounted in an irregularly shaped circuit

Reactor for disinfection /

purification of water using UV-C
LEDs
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UV-C LED TECHNOLOGY AND MARKET

The technology traditionally used as a source of UV-C radiation is the mercury lamp. In
recent years, manufacturers have put UV-C LEDs on the market, this fairly recent
technology offers unique advantages (robustness to on/off cycles, does not contain
mercury, compactness, etc.) allowing improvements compared to existing systems, but
also opportunities for new applications.
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The current low performance and high price are the main brake to wider adoption of UV-
C LEDs by the UV-C disinfection market today

However, the analysis of the portfolio and roadmaps of UV-C LED manufacturers confirms
the trends observed for several years: a rapid and regular drop in prices and a significant
increase in performance (power and efficiency), which should allow UV-C LED to establish
itself in the field of disinfection by UV-C radiation, at mid or long term depending on the
applications.

UV-C LED technology is more complex than visible LED technology and the market is
currently guite small, so there are not so many UV-C LED manufacturers. Late 2019 /
early 2020 some major manufacturers have even left the UV-C LED market.

DESIGN AND IMPLEMENTATION OF UV-C LED SYSTEMS FOR DISINFECTION

The design phase of a disinfection system is key to ensure that the microorganism
receives the required dose to render it inactive. Concretely, the aim of the design phase
is to define the parameters of the UV-C source from the required dose, application
parameters (exposure time, size of the target to be treated, etc.) and optical parameters
(uniformity, attenuation due to the distance between the source and the target...).

Optical simulations of UV-C radiation and irradiance carried out by Piséo with Light Tools software

The integration of UV-C LEDs has more constraints than for LEDs in the visible range:
UV-C radiation degrades materials usually used for optical systems in the visible, the low
efficiency of UV-C LEDs has an impact on its thermal integration ...

The replacement of the mercury lamp by the UV-C LED in existing systems is not trivial,
for instance the design of a reactor used for disinfection / purification of water must be
reworked to be adapted to the properties of LED (optical emission, thermal management,
etc.).

REGULATIONS AND STANDARDIZATION

With the Covid-19 epidemic, many UV-C products, mainly for surface disinfection, are
appearing on the market. The current regulations and standards cover the safety aspects
related to the use of these devices, but do not cover the disinfection aspect (no defined
test process that would allow the performance of products to be compared in terms of
disinfection, etc.).

For now, manufacturers of disinfection systems generally rely on scientific publications
and have their products tested by microbiology laboratories as a guarantee of the quality
of their product in terms of disinfection. However, even a laboratory test is not a
guarantee for the user, as the test conditions may be different from the conditions of use
(type of surface, etc.).

Eventually, faced with the photo-biological risk, countries have decided to ban the sale
and use of UV-C disinfection products outside the medical environment.
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Piséo is an independent Innovation Center that offers services in technological analysis, design, realization and characterization of
illumination, detection and imaging systems operating in UV, visible and infrared.

Specialists in the integration of photonic technologies and their applications: LED, VCSEL, laser diodes, photodiodes, imaging
sensors, materials for optics, surface treatment, etc. , we support companies in all sectors in their approach to innovation and
optimization..
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