Analysis, Synthesis and Optimization of Multiple-Effect Evaporation
Systems using Mathematical Programming
Elvis Ahmetovića, Midhat Suljkanovića, Zdravko Kravanjab, François Maréchalc, Nidret
Ibrića, Nesib Mustafića, Maziar Kermanic, Miloš Bogatajb
a

University of Tuzla, Faculty of Technology, Tuzla, Bosnia and Herzegovina,
elvis.ahmetovic@untz.ba; midhat.suljkanovic@untz.ba; nidret.ibric@untz.ba

b

University of Maribor, Faculty of Chemistry and Chemical Engineering, Maribor, Slovenia,
zdravko.kravanja@um.si; milos.bogataj@uni-mb.si
c

EPFL/ Industrial Processes & Energy Systems Engineering Group (IPESE), Lausanne,
Switzerland, francois.marechal@epfl.ch; maziar.kermani@epfl.ch

Evaporation processes are used within the process industries in order to produce concentrated
products by evaporating part of water from different feeds-diluted water solutions.
Concentrated products can represent final products (fruit and vegetable juices) or intermediate
products in cases that crystalized (salt, sugar) or dried (milk powder) final products should be
produced. Large amounts of steam and cooling water are consumed in these processes. In
order to reduce energy and water consumption within evaporation processes different systems
can be applied, namely, multiple-effect evaporation, vapor recompression (thermal and
mechanical) or their combinations. Additionally, these processes can be integrated with other
process subsystems in order to achieve improved energy and water integration.
To address these issues different computer-aided tools have been proposed. However, most
studies have focused on analysis and simulation of evaporation processes. Some of the initial
studies [1, 2] considered the synthesis of evaporation processes in order to develop tools for
computing the minimum utility use for a multiple-effect evaporation system, which was heatintegrated with process hot and cold streams. These studies were based on a modified grand
composite curve and heat-path diagram. Also, the focus of the recent works have been on
multiple-effect evaporation systems [3] and their energy integration with the background
processes in order to minimize the energy consumption within the overall system [4]. These
studies have motivated us to further expand research in this direction, by applying
mathematical programming approach for the analysis of existing and the design of new
evaporation systems as well as their heat integration with other process subsystems or process
streams.
The main goal of this paper is to develop models based on mathematical programming that
can be applied for the analysis, synthesis and optimization of multiple-effect evaporation
systems. The proposed models will be developed in General Algebraic Modeling System
(GAMS). The developed models will enable examination of different scenarios of multipleeffect evaporation in order to address the analysis of existing, retrofit and/or design new
evaporation process. Within the proposed framework, a network consisting of a multipleeffect evaporation system and heat exchanger network will be investigated in order to achieve
the improved heat integration within the overall system. Two strategies will be considered to

achieve this task, namely, sequential and simultaneous. The developed models will be tested
on several examples, and also applied to different feed streams. New results are expected to
be obtained within this field.
Keywords: multiple-effect evaporation, analysis, synthesis, optimization, mathematical
programming.

Acknowledgment
The authors are grateful to the Swiss National Science Foundation (SNSF) and the Swiss
Agency for Development and Cooperation (SDC) for providing financial support within the
SCOPES 2013‒2016 (Scientific Co-operation between Eastern Europe and Switzerland) joint
research project (CAPE‒EWWR: IZ73Z0_152622/1).

References:
[1] Hillenbrand JJB, Westerberg AW. The synthesis of multiple-effect evaporator systems
using minimum utility insights—I. A cascaded heat representation. Computers & Chemical
Engineering. 1988;12:611.
[2] Westerberg AW, Hillenbrand JJB. The synthesis of multiple-effect evaporator systems
using minimum utility insights—II. liquid flowpattern selection. Computers & Chemical
Engineering. 1988;12:625.
[3] Khanam S, Mohanty B. Energy reduction schemes for multiple effect evaporator systems.
Applied Energy. 2010;87:1102.
[4] Sharan P, Bandyopadhyay S. Energy Integration of Multiple Effect Evaporators with
Background Process and Appropriate Temperature Selection. Industrial & Engineering
Chemistry Research. 2016;55:1630.

