Accepted Manuscript

Title: Methodical design and operation of membrane
distillation plants for desalination

Authors: A Hagedorn, G. Fieg, D. Winter, J. Koschikowski, T.

Mann o (Crene
PII: S0263-8762(17)30399-4

DOI: http://dx.doi.org/doi:10.1016/j.cherd.2017.07.024

Reference: CHERD 2765

To appear in:

Received date: 14-12-2016
Revised date: 26-6-2017
Accepted date: 14-7-2017

Please cite this article as: Hagedorn, A, Fieg, G., Winter, D., Koschikowski,
J., Mann, T., Methodical design and operation of membrane distillation
plants  for  desalination.Chemical = Engineering Research and  Design
http://dx.doi.org/10.1016/j.cherd.2017.07.024

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.


http://dx.doi.org/doi:10.1016/j.cherd.2017.07.024
http://dx.doi.org/10.1016/j.cherd.2017.07.024

CHERD-D-16-01458R2 1

Methodical design and operation of membrane distillation plants for desalination

A. Hagedorn*, G. Fieg, Institute of Process and Plant Engineering, Hamburg University of Technology (TUHH), Hamburg,
Germany; D. Winter, J. Koschikowski, Fraunhofer Institute for Solar Energy Systems (ISE), Freiburg; Germany, T. Mann
Filtration Group GmbH, Hamburg
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Highlights

e A seawater desalination plant based on PGMD was operated without any flux decline
e A heat recovery concept was implemented in a pre-industrial DCMD plant

e Theyield of a DCMD plant was significantly increased due to a recycle concept

e A pre-industrial DCMD plant was successfully operated on board using seawater

Abstract

The operation of pre-industrial membrane distillation (MD) units is of great importance in order to implement this new
technology. The systematic development from module to plant design for MD is conducted in an industrial research-cooperation.
The consequent up-scaling from a lab plant at Hamburg University of Technology (TUHH) for MD module evaluation to a pre-
industrial plant is presented. Permeate gap MD (PGMD) and Direct Contact MD (DCMD) spiral wound modules with different
channel lengths have been used in this study to evaluate the most suitable module configuration and design. It has been decided
to go along with DCMD modules with a relatively short channel length.N A pilot plant for on land testing has been built and
operated for 9 months before constructing the pre-industrial unit. In the pre-industrial plant waste heat was used and a heat
recovery and recycle concept was implemented and tested successfully. It has been proven that long-term operation with real
seawater is possible without significant performance decline. Besides operational data also MD plant design specifics will be
discussed. The importance of ambient pressure conditionNs for the MD modules was determined. In addition, the possibility of
piping system deaeration is discussed.
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1. Introduction

NTRODUCING new technologies into the market is always a challenging process requiring various reference test trials with

long-term operation under real conditions. In this particular case the industrial feasibility of membrane distillation is evaluated

choosing an application of industrial relevance for the development of a pre-industrial unit. In a structured investigation the gap
between laboratory investigations and material contemplations to full-scale module and plant design is carried out.

In general, membrane distillation is a thermal separation technology which is capable of serving various separation needs.
First described in the 1960s by Bodell and Weyl [1,2], since then there have been plenty of applications described for MD in
literature. The most promising amongst them are the desalination of seawater, process water or the further concentration of brine
from reverse osmosis units and the recovery of highly pure valuable compounds from liquid mixtures [3].

In this work the focus is on the application of MD for the desalination of seawater in order to demonstrate its industrial
feasibility. Seawater is available on earth in large quantities. 96.5 % of total water is contained in World’s Oceans [4]. Only few
water resources can be called freshwater. But freshwater is necessary and extensively used for industrial processes and
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