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H I G H L I G H T S

• Water supply chain is formulated as a multi-period mixed integer linear problem.
• The objective function minimizes the net present value of the water supply chain.
• Strategic decisions optimize capacity expansion for the water supply chain assets.
• Operational decisions optimize water production and transportation for various sites.
• A case study shows economic and environmental benefits of the proposed model.
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This study presents the retrofit of water supply chain problem through multi period mixed integer linear pro-
gram (MILP) model. The major strategic decisions include the determination of optimal new facility locations
and capacity expansions of water desalination supply chain infrastructure assets which consists of water desali-
nation plants, pipelines, and storage tanks, over a long time planning horizon. Other strategic decisions deal with
the optimal selection of desalination technologies for existing and newdesalination plants. In addition, themodel
provides decisions to define the pipeline network configuration forwater transportation among several sites. The
operation decisions are modelled to optimize the water production from desalination plants, energy consump-
tion, brine disposal, as well as CO2 emissions. In addition, water transportation through the pipeline network
and water storage at every site are optimized to satisfy water demand at every time period, and to minimize
the net present value of the supply chain network. Finally, the proposed approach is solved for a case study to
illustrate the application of the proposed mathematical programming model. The results show economic and
environmental benefits if one considers full site integration and water production coordination in the supply
chain network through the planning time horizon.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Water scarcity, population growth, and stringent environmental con-
straints are the main drivers for desalination industry to put long term
plans in order to deal with the previously mentioned concerns [1]. For
many countries in theMiddle East andNorthAfrica (MENA), seawater de-
salination is practically the only source of water supply. There are many
desalination technologies (e.g., reverse osmosis (RO),multistageflashdis-
tillation (MSF), etc.)which can be considered effective to satisfywater de-
mand from seawater. However, these technologies differ in terms of
investment cost, energy consumption, water recovery, and environmen-
tal impact [2]. Therefore, there is a legitimate question to raise about the
best choice of desalination technology selection in a specific project in
order to gain economic and environmental benefits.

Seawater desalination plants are normally distributed over large geo-
graphical area to supply water demand in different locations [3]. These
desalination plants are normally located on coastal area in order to have
easy access of seawater intake. Furthermore, these plantsmayhave differ-
ent desalination technologies in hybrid designs with different production
capacities. Water supply by these desalination plants may satisfy local
water demand and other needs for other area (e.g., noncoastal area).
Other water supply chain infrastructure assets (e.g., pipelines, storage
tanks) normally exist over large area to allow the transportation and
storage of water through nationwide network. Such a system defines
the water desalination supply chain network.

There are large numbers of optimization studies related to desalination
with diverse subjects. Plant design problems have attracted many re-
searchers to find optimal process unit arrangement and operation
conditions [4–9]. Hybrid desalination plants seek synergies between differ-
ent desalination technologies in order to minimize capital and operation
cost [10–13]. Other studies looked for operational problems and
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Fig. 1. a. Representation of water desalination supply chain network. b. Seawater desalination supply chain representation.
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