
Accepted Manuscript

Solvent-free Lignin recovered by Thermal-Enzymatic Treatment using Fixed-
Bed Reactor Technology – Economic Assessment

Lisa M. Schmidt, Víctor Pérez Martínez, Martin Kaltschmitt

PII: S0960-8524(18)31036-8
DOI: https://doi.org/10.1016/j.biortech.2018.07.107
Reference: BITE 20237

To appear in: Bioresource Technology

Received Date: 20 May 2018
Revised Date: 20 July 2018
Accepted Date: 21 July 2018

Please cite this article as: Schmidt, L.M., Martínez, V.P., Kaltschmitt, M., Solvent-free Lignin recovered by Thermal-
Enzymatic Treatment using Fixed-Bed Reactor Technology – Economic Assessment, Bioresource Technology
(2018), doi: https://doi.org/10.1016/j.biortech.2018.07.107

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.biortech.2018.07.107
https://doi.org/10.1016/j.biortech.2018.07.107


  

 

 1 

Solvent-free Lignin recovered by Thermal-Enzymatic Treatment using Fixed-Bed 

Reactor Technology – Economic Assessment 

 

Lisa M. Schmidta,*, Víctor Pérez Martínezb, Martin Kaltschmitta 
 

aHamburg University of Technology, Institute of Environmental Technology and Energy 

Economics, Eissendorfer Strasse 40, D-21073 Hamburg, Germany 

 

bHamburg University of Technology, Institute of Thermal Separation Processes, 

Eissendorfer Strasse 38, D-21073 Hamburg, Germany 

 

*Corresponding author: Tel.: +49 (40) 42878-4154. Fax: +49 (40) 42878-2315, E-mail 

address: Lisamarie.schmidt@tuhh.de (L. M. Schmidt) 

 

Abstract 

The economic viability of producing lignin by thermal-enzymatic treatment in a high-

pressure fixed-bed reactor is investigated for the first time. In this direction, different 

advantages (e.g. recovery of low-odor sulfur-free lignin, high process flexibility) and 

disadvantages (e.g. high investment for high-pressure equipment) of this technology are 

considered. Regarding process flexibility, four different operating modes (i.e. flow through, 

circulation) are investigated by varying process parameters and applications of the C5 sugar 

fraction. Therefore, a combined modelling approach is applied by using overall biorefinery 

models and a predictive fixed-bed model.  

At optimum process conditions, lignin can be produced at a competitive price (395 

€/tLignin) when comparing to other technical lignins. This result is achieved by using the 

fixed-bed reactor only for thermal treatment, with the water consumption being the most 

important factor affecting the cost of lignin production. Compared to that the C5 sugar 

recovery of the pretreatment is negligible. 

 

1. Introduction 

Being the only renewable source for aromatic compounds, lignin has gained more and more 

attention as raw material to substitute fossil-based chemicals and products (Saake and 

Lehnen, 2000; Wertz and Olivier, 2013). Along with cellulose and hemicellulose, lignin is 
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