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Innovative membrane reactor on its way to being an industnal scale through Evonik-coordinated
MACBETH project

Evonik continues to strengthen its position as one of the leading companies in the field of C4 chemistry. MACBETH
(Membranes And Cataly sts Beyond Economic and Technological Hurdles), the largest ELHunded project coordinated by
Ev onik to date, was recently launched The aimis to develop a new process for cataly tic sy nthesis w ith appropriate
separation equipment in a single, highly efficient catalytic membrane reactor (CMR). MACBETH is the follow -up project
to the ROMEQ project (Reactor Optimization by Membrane Enhanced Operation), w hich was completed in September
2019

The new Iy founded project consortium consists of 24 partners fromten different countries. It brings together ex pertise
related to cataly sis to membranes, carriers, reactors, engineering, modelling as w ell as the perspective of the end user.

"It is crucial that w e think bey ond the boundaries of chemistry, share know ledge and ex ploit sy nergies. One individual
company could never achieve this. Our consortium brings together the know -how that is essentialfor the desired
preakthrough in catalytic sy nthesis,” says Or. Marc Oliver Kristen, Head of the Innov ation Agency a Evonik and Project
Manager MACBETH.

In individual sub-projects, the concept of the new reactor is now being applied to various chemical reactions and put
into practice. This includes hydrof ormylation for specialty chemicals, hy drogen production for the transport/electricity
generation sector, propane dehy drogenation (PDH) for large-volume chemicals and biocatalytic oil cleavage for
pictechnologically manufactured products.

Evoniks focus of the project is on the hydrof ormy lation reaction. In this cataly sis, w hich is traditionally carried out
homogeneously, synthesis gas is used to comvert olefins into aldehy des.

Sustainability is a key driver here: the planned reduction of greenhouse gas emissions in large-v olume industrial
processes will be up to 35% and the increase in resource and energy efficiency up to 70%.

Furthermore, the new reactor design not only guarantees considerably smaller and ev en saf er production plants. talso
helps to strengthen the leading role in the market, because in future, the investment costs (CAPEX) and operating costs
(OPEX) of systems of this ty pe can be reduced by up to 50% and 80% respectively.

"Our next milestone is clear: We wantto implement and operate a demonstration plant under real, industrial condttions,”
say s Frof. Dr. Robert Franke, Project Coordinator of the overall MACBETH project and Head of Hy droformylation
Research at Bvonik "Therefore, we willnow, in the first project phase of MACBETH, concentrate on the optimization of
the components used and the final reactor sy stem For this purpose, w e will utiise the promising developments and
results fromthe previous project.”
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