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As the Kingdom of Saudi Arabia (KSA) looks at solar and other renewable energy resources to supply
energy to the water industry, there are significant issues related to desalination plant technology
choices, investments, and operations. These single desalination plants are part of a larger network
representing a region or spanning the entire country, since desalination and power plants are
increasingly connected together with water pipelines and electricity transmission lines. The water/
energy network analysis can investigate and identify candidate locations for renewable solar
desalination plant investments, after accounting for existing assets and current investment plans. The
goal of SSDN project is to develop a strategic sustainable desalination network platform for
planning the efficient deployment of a renewable energy based desalination network in KSA. The
framework will take into account key performance attributes, such as sustainability, optimality,
strategic security and robustness as well as the ideal phasing and deployment of the network. These
attributes will span multiple dimensions, including spatial (network topology), temporal (multiple
phases) and technical (available technologies). By building simulations that leverage key principles,
such as robust, large-scale and multi-disciplinary optimization routines, the SSDN project will ensure
the desired characteristics of the proposed plans are achieved across all mentioned dimensions. In
addition, SSDN will also take uncertainty into consideration, which is critical for a secure and
sustainable existence of the Kingdom in the face of an uncertain future.
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SSDN Project - Research Questions
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Can solar desalination technology replace traditional desalination in KSA
over time and be competitive?

What are the optimal technology choice, location, and size of solar
desalination plants?

Should solar power generation (PV, CSP) and desalination operation be co-
located in the same place or should they be separated with long-distance
transmission?

What are the priorities for usage of solar desalinated water as part of the
larger KSA infrastructure network? Can we do more agriculture?
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Overview of Mathematical Formulation 7\
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In this paper, the INFINIT model defines three sets of decision variables: (1) flow amount . INéOSE
on arc Lj, denoted by xij+, (2) capacity expansion of arc ij, denoted by yij, and (3) a 26 Isymy
binary variable representing whether arc i is used/invested or not, denoted by zij. The Ecinburgh, e
mathematical formulation of the INFINIT problem is presented below:

Minimize:

_ Z J. (eq.1)

v where Jij is a contribution from arc i to
the overall objective function in the
form of a weighted linear sum of xij+,

1j, and zij, bi denotes the net supply/
Z Ay = Z Ajxji = b VIEN o g;mand VéCtOI’ at node i, lij and ggy
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Video — Potable Water
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Irrigated Areas by Region
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Resulting network from 2010 to 2050
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Video — Water for Agriculture
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Conclusions
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- The concept of “Desalination for Agriculture” in the context of
the Kingdom of Saudi Arabia.

* The objective is not to emphasize specific results, but to
demonstrate one way of evaluating this concept from an
infrastructure network perspective.

— Many alternatives, factors and issues to be addressed in the context of
desalination for agriculture.
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 l|dentify a list of guidelines and best practices in order to support
policy makers™ decisions for a long term planning through
scenario analysis and multidisciplinary optimization.

— Consideration of solar desalination and waste water treatment for more
sustainable agricultural system.

— Support decisions in term of investment in new infrastructures over time
(location and deployment) taking into account uncertainty, addressing
internal changes (population and economic growth, etc.) as well as
potential external changes (international trade market and natural
environmental constraints, etc.)
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VIDEO POWER SYSTEM OVER TIME
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