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ABSTRACT

Rapid urbanisation and water resource depletion have compelled regions worldwide to consider
reverse osmosis desalination as a solution for securing a sustainable water supply. However, the
sustainability of reverse osmosis desalination plants, especially in the Gaza Strip, remains a
critical concern. So, a comprehensive evaluation of the sustainability of these facilities is
essential. This paper presents a framework for assessing the sustainability of reverse osmosis
desalination plants in the Gaza Strip, aiming to promote informed decision-making and address
the multifaceted challenges associated with water resource management in this area. As a case
study, the generated framework was applied to the southern desalination plant in Gaza. The
framework integrates technical, environmental, economic, social, and institutional setup
categories utilising various multi-criteria decision analysis methods such as the analytical
hierarchy process, weighted summation, and swing methods. The framework was built
depending on a list of sustainability indicators that were carefully selected and attributed to each
sustainability category. Then, a group of local specialists in the desalination field were involved
to determine the relative weight of the sustainability categories and their indicators. Finally,
multi-criteria analysis was applied to find the global sustainability index that reflects the
desalination plant's sustainability status. The southern desalination plant was found to be
partially sustainable, with a global sustainability index value of 65%. Finally, this research
promotes sustainable water management in regions like the Gaza Strip by guiding informed
decisions on reverse osmosis desalination plants, emphasising the need for ongoing
sustainability efforts.
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INTRODUCTION

Freshwater is a scarce resource that makes up only 2.5% of the water on earth, out of which
only 1% is available for use from accessible natural water resources [1]. The global demand
for freshwater resources continues to rise, driven by population growth, urbanisation, and
industrial development [2]. The coincidence of freshwater scarcity with the increased demand
for water has exacerbated the global water crisis.
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According to United Nations (UN) predictions, water shortages will affect 14% of the
world's population by 2025 [3]. Moreover, conventional freshwater resources, such as
groundwater, lakes, and rivers, have become insufficient to cover the growing water demand
[4]. Therefore, searching for new resources and techniques for producing freshwater became
necessary to overcome the water scarcity challenges |5]. Desalination technology has emerged
recently as a viable option for producing freshwater that minimises the gap between water
supply and demand [6]. The Middle East and North African countries are rapidly shifting
towards adopting desalination techniques to overcome the shortage of freshwater reservoirs | 7]

Currently, 1% of the world's population regularly uses desalinated water [8]. The total
number of desalination plants worldwide was more than 21,000 in 2022 [9], producing 110
million m*/day and providing water to about 300 million persons. The amount of water
produced by these plants was 97 million cubic meters in 2017; this means that in 5 years, this
amount increased by 13.4% [9].

Reverse osmosis (RO) is a technique that forces solvent molecules to flow from a more
concentrated solution to a less concentrated solution via a semi-permeable membrane [10]. For
this purpose, a pressure greater than the osmotic pressure is supplied to the more concentrated
solution. For desalination purposes, the membrane allows the solute (brine) contained in the
treated seawater or brackish water to be separated from the pure solvent, thus obtaining
permeate water [10, 11]. In Palestine, reverse osmosis seawater desalination technology has
been proposed as an appropriate solution to address the water scarcity problem [12], and the
Palestinian Water Authority (PWA) recommended that RO desalination technology is the best
reliable choice in the Gaza Strip [13, 14].

The availability of water and energy is essential for human being life; hence, they are crucial
for the growth and development of human societies. Increased population rates, climate change,
rising urban growth, and industrialisation have increased freshwater demand worldwide [15].
Water desalination technologies are being adopted at an increasing rate, raising several
important sustainability issues at both the local and international levels. These concerns span a
variety of topics, such as the depletion of natural resources, the environmental impact caused
by the process, the energy consumption, the production of the materials required for its
construction and operation, and economic effects. They also cover a wide range of societal
effects, such as problems with the quality of desalinated water, health, employment, and
general quality of life [16, 17]. Therefore, evaluating these effects on the long-term
sustainability of the desalination process is crucial. It can be done by creating a framework for
such an assessment [18], and creating composite indicators or metrics is most effective when
we can establish a minimal set, preferably just one, that encompasses all the relevant metrics
for assessing the various aspects of sustainability in the subject under analysis [19].

Water resources are a key component of sustainable development [20]. The essential idea
of sustainability is protecting the economy and environment for future generations and
preserving the capacity of natural systems to offer ecosystem services and natural resources.
Sustainability as a concept can be defined as the continuation of water supply services over a
long period of the initial investment or the ability of the water source to continuously yield
adequate clean and safe water for the users at any particular time [21]. However, the simplest
definition is the capacity to keep something going for a long time [18].

The paper introduces a novel sustainability assessment framework tailored to evaluate the
sustainability of RO desalination plants in the unique context of the Gaza Strip, addressing
critical water scarcity challenges in the region. The Multi Criteria Decision Analysis (MCDA)
is a structured approach used to evaluate and compare multiple options or alternatives based
on multiple criteria or decision factors [22]. By applying this framework to a practical case
study, the research demonstrates its real-world applicability, offering valuable insights into the
sustainability of existing RO desalination plants and providing guidance for stakeholders
involved in water resource management. The study adopts an interdisciplinary approach by
integrating expertise from various fields, such as environmental science, economics, and social



impact assessment, to comprehensively address the complex sustainability issues associated
with RO desalination.

Recognising the distinct challenges the Gaza Strip faces, including political instability,
resource constraints, and demographic pressures [23], the framework considers these
contextual factors, enhancing its relevance and effectiveness for decision-makers in the region.
This research aligns with broader global goals of sustainable development by addressing
critical water scarcity issues and contributing to efforts to ensure access to clean and sustainable
water resources, particularly in regions grappling with water stress.

METHODS

The approach to building the proposed sustainability evaluation framework was based on
integrating the main pillars of sustainability (environmental, social, economic) with the
technical and institutional setup pillars. The multi-criteria decision analysis (MCDA)
techniques, the analytical hierarchy process, the swing method, and the weighted summation
method were used to integrate the five pillars mentioned and produce the evaluation framework.

In building the framework, sustainability indicators were identified and attributed to each
sustainability category. It is known that the measurement units of these indicators differ from
each other as some are measured quantitatively and others qualitatively. So, it was necessary
to standardise the measurement unit through the normalisation process. A group of local water
and desalination experts participated in determining the relative importance of the main
sustainability factors and their indicators by distributing a questionnaire.

The following steps summarise the methodology used in the development and validation of
the proposed framework by its application on the South Gaza desalination plant as a case study:

1. Goal & Scope definition.

2. Selecting and assigning a group of related sustainability indicators to the five most

important categories (technical, environmental, economic, social, or institutional).

3. Assessing all sustainability indicators based on literature data, local expert opinions and

previous studies, and the authors' experience.

4. Normalising the values of the sustainability indicators.

Calculating the relative weights of the main sustainability categories and their

indicators by surveying local water and desalination experts' opinions.

6. Integrating all normalised values of sustainability categories and indicators and the
relative weights into a Global Sustainability Index (GSI) score.

e

Study goal & scope

The suggested approach starts with defining the desalination goal and scope to establish the
system boundaries needed for the phases of the sustainability evaluation. The purpose of the
desalination process may be established by determining the characteristics of the incoming
seawater and the characteristics of the primary outcome, which is the desalinated water. As a result,
these outputs will be valuable for determining whether a desalination plant satisfies the required
characteristics.

The scope of desalination means identifying the local circumstances and components affecting
the desalination plant that can be utilised to evaluate its sustainability. These conditions vary
between environmental, technical, economic, social, and institutional setup aspects. Identifying
project stakeholders is also crucial to the scope definition because they will be essential in
assessing the sustainability indicators. The outputs from the scope definition will be primarily
utilised to create a list of sustainability indicators with associated quantification units for use in
the assessment process.



Sustainability indicators identification

Identifying which indicators to involve under the proposed five sustainability categories
primarily results from the opinions of local experts, in addition to the published literature. Several
documents and studies on identifying and selecting indicators were reviewed for consideration.
Some of these studies are the Water Research Foundation Report [24], the UNEP Handbook of
Environmental Impact Assessment of desalination [25], the Desalination Journal paper on
environmental and energy issues relevant to water desalination [26], and other sources. The
sustainability indicators for evaluating desalination plants used in previous studies have been
studied and identified to assess the performance of these plants and determine the various

environmental, social, and economic impacts [27].

Table 1 shows the selected 27 sustainability indicators that have been carefully chosen to

ensure a comprehensive framework for evaluating the desalination plants in the Gaza Strip.

Table 1. Main sustainability categories and their relevant indicators

Sugt;l:g:;;lty Sustainability Indicator (S7) Unit
Energy consumed kW/produced m?
. Recovery rate %
Technical Produced water quality mg TDS/1
Ratio of renewable energy used %
Use of natural resources
Land used "the possibility of expansion" Assessed qualitatively
Groundwater effects (in the case of Assessed qualitativel
beach well intakes) q y
Discharged brine impacts
Salinity increase mg/l
Environmental Temperature increase °C
Effects on the marine environment (alga, I
. Assessed qualitatively
topography, seawater quality, etc.)
Air emissions
Carbon dioxide emission “CO,” kg/m?
NOx & SOy emissions g/m?
Level of noise Assessed qualitatively
Human recourses cost USD/m?
Fuel costs USD/m?
Economic Spare parts cost USD/m?
Chemicals usage cost USD/m?
A unit cost of desalinated water USD/m?
Financial revenue rate %
Water quality acceptability level Assessed qualitatively
Community awareness level Assessed qualitatively
Social Providing job opportunities Employees number
User Ability to Pay “Affordability” %
Willingness to purchase Assessed qualitatively
gfgggﬁﬁi t?(fli?e operation staff Assessed qualitatively
Institutional Training and development of the staff Assessed qualitatively
Setup The presence of government support USD/m?

Institutional compatibility

Assessed qualitatively




The following points have been taken into consideration in the proposed framework when
selecting sustainability indicators:

e The importance of this indicator and its relationship with the desalination process,
Measurability,

e Inclusiveness,
Availability of sufficient data for quantification purposes.

In summary, consideration of large numbers of sustainability indicators will complicate the
proposed framework, as well as the reluctance of water and desalination experts involved in
evaluating and giving the relative weights to these indicators, which will lead to a lower response
rate and thus, the accuracy of the final results of the study. So, many of the less important
indicators were excluded.

The values assigned to the sustainability indicators are collected through experts' interviews,
field visits, visual inspections, and interviews with key operation and maintenance staff and the
plants' operators. Therefore, the questionnaire was provided to 30 responders who represent
desalination plant stakeholders, such as PWA, Coastal Municipalities Water Utility (CMWU),
and Municipalities, in addition to local water desalination experts in the academic field.

Since the measurement units of these indicators differ, as shown in Table 1, the standardisation
of their units was made through the normalisation process to facilitate the process of their
integration. Table 1 presents a proposed list that can be utilised as a starting point in formulating
the relevant S7, with the option of adding other indications that may arise during the selection
process.

Expert's survey

The relative relevance of the primary sustainability categories and their indicators is represented
by their weights in the proposed framework. In general, the two following methods represent the
most important methods used to determine the relative weights:

a) Considering that all sustainability categories and indicators have the same weights, this
method has been criticised for disregarding the significance of one category or indicator
compared to others.

b) Ranking the main sustainability categories and indicators by a relative importance order.

This study used this approach to achieve transparency, rationality, and validity in this
framework. All relative weights of the key sustainability categories and indicators were identified
through a survey in which questionnaires were distributed to local water and desalination experts.
Local specialists have been selected to reflect local perceptions in deciding on the sustainability
of the Gaza Strip's desalination plant. In this study, the relative weights of the various
sustainability indicators were calculated using the swing method. In contrast, the relative weights
of the major sustainability categories were determined and calculated using the hierarchical
analysis technique.

Thirty experts were selected from governmental entities and academic fields, which included
CMWU, PWA, EQA, and academics from local universities. These experts are highly
experienced in strategic planning and the water desalination field. A field survey was conducted
by distributing a questionnaire asking all experts to evaluate the importance of the main categories
and their indicators.

Indicators normalisation

From the above, the sustainability indicators are different from each other in terms of
measurement units, as shown in Table 1, which makes it impossible to compare, collect, or
directly integrate, making the need to standardise these different units by using a unified scale that
eliminates these units, and therefore obtaining dimensionless indicator. A linear utility function
with a domain from zero to one is the method adopted for this purpose and is applied to each
indicator separately. A value of one represents the highest value of the indicator, while a value of



zero represents the lowest value. As shown in eq. (1) the middle values will depend on the
preferred order, while eq. (2) will determine the lowest values representing the desirable
option [18].

0, if i =LowestValue

Y(i) = ;I:IL ifL<i <H (1)

1, if [ = Highestvalue

1, if i = Lowest Sub
—i

H < 2)
A ifL< i <H
0

) if [ = HighestSub

Y() =

The units utilised were classified into two types: quantitative and qualitative. Figures and values
like volumes, rates, areas, concentrations and so on express quantitative units. However, because
qualitative units describe uncountable elements, the units employed for this kind are the same as
in a Likert-type scale, as shown in Table 2, to reflect the range of linear utility function.

Table 2. Likert-type scale developed for linearly normalised qualitative indicators [28]

Indicator rating Normalised score
Very-High 1.0
High 0.750
Medium 0.50
Low 0.250
Very-Low 0.0

Sustainability categories and indicators relative weights

Indicator weighing techniques can be broadly categorised into equal weighting, weighting
based on statistics, and weighting based on public or expert opinion. Giving each indicator the
same weight is called "equal weighting". In statistically based weighing, weights are calculated
from the statistical characteristics of the data. As opposed to equal and statistic-based weighting,
public/expert opinion-based weighing is based on feedback from the participating public or
experts, whose opinions ultimately determine the weights assigned to individual indicators [29].

The weights of the primary categories and indicators were established after normalising all
indicators. As mentioned, the analytical hierarchy approach will determine the sustainability
category weights. In contrast, the weights of the indicators will be determined using the swing
technique.

The Analytic Hierarchy Process (AHP). The AHP approach was applied to identify the best
alternative based on a set of predetermined criteria [30]. This method is based on a pairwise
comparison utilising a specific ratio scale with a range of 1 to 9 depending on the intensity of
significance, as shown in Table 3. A decision matrix, eq. (3) represents the result of this
comparison, where 1 and j represent the elements under comparison, and xj; is equal to the
reciprocal of x;;. Therefore, the comparison required number equals n % (n — 1) / 2, where n is the
total number of criteria to be evaluated.
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Table 3. Analytical hierarchy process significance intensity and score

Score Significance intensity
1 Indicators have similar significance
3 An indicator is a little more significant than another
5 An indicator is more significant than another
7 An indicator is strongly more significant than another
9 An indicator is extremely more significant than another

The relative weights of the criteria were generated by normalising the decision matrix in the
following three steps [18, 31]:
1. Each column; in the decision matrix was summed.

n

cs; = Z Xy Vij )

i=1

2. Each element in a column of the decision matrix was divided by its column sum.

Xij
_ ]
Aij —_—

=L vij
CS

&)

.3 The mean of each row i was calculated Z;, which represents the criterion weight.

n
j=14ij

Zij= ——— (6)

Eq. (7) was used to calculate the consistency index, where Amax is the maximum eigenvalue
and n is the decision matrix dimension.

B Amax—n
I=—"1 U

Finally, the consistency ratio was calculated by eq. (8).

CI

CR = —
RI

(8)

The random consistency index (R/) value, which calculates the mean consistency indices of
specific numbers of random number pairwise comparison matrices, depends on the size of the



matrix, as shown in Table 4. Finally, the consistency ratio (CR) value of 10% or less is considered
acceptable [30].

Table 4. Average random consistency R/ [16]

Size of matrix 10 20 30 40 50 60 70 &80 90 100

Random 0 0 058 090 1.12 124 132 141 145 149
consistency

Swing MCDA technique. The swing method is the most likely technique used in the MCDA
to determine the sustainability indicators' relative weights [32, 33]. The main reason for excluding
the AHP method for weighting the sub-indicators is the difficulty of surveyed experts in dealing
with many marital comparisons, which will increase the chance of error and decrease the response
rate. On the other hand, the swing method makes the procedure easier and more accurate.

Experts are asked to evaluate the indicators and assign a value of 100 for the most important
indicator among the indicators under comparison and then assign a value between 0 to 100 for
other indicators, according to their assessment of this indicator compared to the most important
indicator. Then, the geometric mean of each sustainability indicator is calculated for all the values
given by all experts through eq. (9).

1
Q; = an = Y01 xQ;x..Q, Q, €{0.100} )
k=1

Where: n — the total of the experts' number, Q, — the indicator value assigned by each expert.
Ultimately, each set was normalised to determine the weight of each indicator by dividing each

indication's geometric mean by the total of the geometric means of all the indicators in the same

category. The sum of all indicators weights in a category must equal 1, eq. (10) [34, 35].

1 1
n n b n n b

w; = HQZ /Z HQZ where Zwizl
k=1 i=1 \k=1 i=1 (10)

Where: w; — the indicator weight, b — the indicator number inside the same category.
Then, eq. (11) was used to calculate the indicator's standard deviation.

B on -y
N -1 (1)

Where: w; — the indicator normalised weight value, w — the average of each indicator's weights
as determined by experts, N — the total number of surveyed experts.



Aggregation of the weight values and the normalised indicators

Choosing the right weighting and aggregation techniques for a particular sustainability
assessment project is important and tricky. The weighted summation approach is the most used
aggregation technique for preference determination [36]. It is used in this research to combine the
normalised indicators and their weights into a single score to calculate the desalination plant's
global sustainability index (GSI).

Firstly, it was necessary to integrate the normalised indicators and the corresponding weights
to obtain the sustainability index for the desalination plant. The next step was to combine them
with the weights assigned to the major sustainability categories to determine the final score. The
weighted summation method was used in this research to get the overall score as it is the most
common MCDA aggregation technique, eq. (12).

1
Sf = ZWi « Is (12)
i=1

Where: Sf — the overall score of each category, w; — the indicator's assigned weight, Is — the
indicator normalised score.
The desalination plant's overall score GSI is derived by adding the weighted values of each

primary category, eq. (13).

K
GSI = Z W, x Sf (13)
k=1

Where: GSI — the total score of the desalination plant under assessment, Wi — the weight
assigned to each category, Sf — the category score.

RESULTS AND DISCUSSION

This research was initiated to prepare a framework for assessing RO desalination plant
sustainability in the Gaza Strip with a case study of the southern desalination plant. After doing
the work, the following results have been found.

Results of the main sustainability categories' weights

The weights suggested by respondents for each sustainability category are shown in Table 5.
These weights were used to calculate the plant's sustainability index, and it was calculated for the
Gaza southern desalination plant and cannot be used for other desalination plants.

Table 5. Weights of sustainability categories

No Sustainability category Weight of category
1 Technical 0.277
2 Environmental 0.085
3 Economic 0.309
4 Social 0.093
5 Institutional Setup 0.236

Total 1.000




Rabah, F., Mushtaha, A., et al. Year 2024
Developing a framework for sustainability assessment of... Volume 12, Issue 1, 1110475

Results of weighting the sustainability indicators:

The Figures from 1 to 5 show the weights of each sustainability indicator in each sustainability
category.

Relative weights of technical category indicators. As illustrated in Figure 1, the highest
indicator weight in this category is the amount of energy consumed per cubic meter; this indicator
represents the energy required for plant operation and maintenance. The second-highest indicator
is the quality of water produced, followed by the recovery rate indicator, and the lowest indicator
weight in this category is the ratio of renewable energy used in the plant.

0.35 ~
0.3 -
0.25 -
0.2 -
0.15 -
0.1 -
0.05 -

0 -

Relative Welght

Energy consumed Recovery rate [%] Quality of water Ratio of renewable
[kW/produced m?] produced. energy used.

Figure 1. Technical indicators' relative weights

Relative weights of environmental category indicators. As illustrated in Figure 2, The highest
indicator weight in the environmental category is the groundwater effects, followed by land used,
effects on the marine environment, salinity increase, air emissions, and noise level. The lowest
indicator weight in this category is temperature increase due to discharged brine.

Relative weight

S i

OOOOO»—H—H—H—
SR NO—=N RN

Figure 2. Environmental indicators' relative weights

Relative weights of economic category indicators. As illustrated in Figure 3, The highest
indicator weight in the economic category is the unit cost of desalinated water measured as
USD/m?, followed by the financial revenue rate indicator, fuel cost, spare parts cost, and human
resources cost. The lowest indicator weight in this category is the chemicals' cost.

Journal of Sustainable Development of Energy, Water and Environment Systems 10
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Figure 3. Economic indicators' relative weights

Relative weights of social category indicators. As illustrated in Figure 4, the level of water
quality acceptability gets the highest weight under this category. It is followed by affordability,
willingness to purchase, and level of community awareness, while the provision of employment
gets the lowest weight under this category.

0.25

0.15
0.05 I
0 T T T T 1

Level of water ~ Level of Provision of  User Ability to Willingness to
quality community employment Pay purchase
acceptability ~ awareness “Affordability”

S
(\9J

Relative weight
(]

Figure 4. Social indicators' relative weights

Relative weights of institutional setup category indicators. As illustrated in Figure 5, the
presence of government support gets the highest weight under this category. It is followed by
knowledge of employment staff and institutional compatibility. The training and development of
the staff gets the lowest weight under this category.

0.3
0.25
%D 0.2
‘o 0.15
5 0.1
]
2z 0.05
s 9
& The knowledge of  Training and  The presence of Institutional
the operation staff development of government compatibility.
(Level of the staff. support.
education).

Figure 5. Institutional setup indicators’ relative weights
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Table 6 shows all weights results of sustainability categories expressed by wl, the relative
importance weight of the indicators under each category expressed by w2, and the final weight W
of each indicator measured by wixw2.

Table 6. Summary of sustainability categories and indicators weighting

Category Indicator Final
Sustainability Categories weight weight weight
wl w2 W=wlxw2
Technical 0.277
Energy consumed [kW/produced m?] 0.291 0.081
Recovery rate % 0.237 0.066
Quality of water produced 0.257 0.071
Ratio of renewable energy used 0.215 0.060
Environmental 0.085
Land used " the possibility of expansion" 0.160 0.014
Groundwater effects (in case of beach well 0.161 0.014
intakes)
Salinity increase 0.127 0.011
Temperature increase 0.087 0.007
Effects on the marine environment (alga, 0.128 0011
topography, seawater quality, etc.)
Carbon dioxide emission “CO,” [kg/m?] 0.118 0.010
NOx & SOx emissions [g/m’] 0.104 0.009
Level of noise 0.114 0.010
Economic 0.309
Human resourses cost 0.140 0.043
Fuel costs 0.180 0.056
Spare parts cost 0.156 0.048
Chemicals usage cost 0.134 0.041
Unit cost of desalinated water [USD/m’] 0.210 0.065
Financial revenue rate 0.181 0.056
Social 0.093
Level of water quality acceptability 0.222 0.021
Level of community awareness 0.196 0.018
Provision of employment 0.153 0.014
User Ability to Pay “Affordability” 0.213 0.020
Willingness to purchase 0.216 0.020
Institutional set up 0.236
The knowledge of the operation staff (Level 0.242 0.057
of education)
Training and development of the staff 0.235 0.055
The presence of government support 0.284 0.067
Institutional compatibility 0.239 0.056
Sum 1.000 1.000

Results of Quantifying Sustainability Indicators

The standardisation procedure is defined for each indicator once the indicators and their
respective weights have been established to provide a standard measuring scale for all indicators
with varying unit types to calculate the overall score. The measurement unit type and the
indicator's nature are the key determinants of standardisation methodology.

All resulting criteria are quantified based on each indicator unit. The figures were driven from
the data collected from the operation and maintenance staff of the southern short-term low-volume
(STLV) desalination plant in addition to the design report and the EIA study conducted for the
desalination plant.



By using eq. (1) and eq. (2) for the indicators that were measured quantitatively, and the Likert-
type scale presented in Table 2 for the indicators measured qualitatively, Table 7 summarises
the normalised scores for all selected indicators.

Table 7. The summary of the normalised scores for all sustainability indicators

Indicators Unit Value Normalised
score
Technical
Energy consumed [kW/m?] 4 0.95
Recovery rate [%] 41.8 0.68
Quality of water produced [mg/1] 290 0.85
Ratio of renewable energy used [%] 27 0.27
Environmental
Land used "the possibility of expansion" Qualitative Medium 0.5
ggl)luir;l(glf(aet:)r effects (in the case of beach Qualitative High 0.75
Salinity increase [%] 65 0.65
Temperature increase [°C] 24 1
Effects on the marine enV1.ronment (alga, Qualitative Low 0.25
topography, seawater quality, etc.)
Carbon dioxide emission “CO,” [kg/m?] 3.55 0.85
. ;3 NOx 3.17
NOx & SOx emissions [g/m’] SOx 6.38 0.85
Level of noise [dBA] 110 0.68
Economic
Human recourses cost [USD/m?] 0.108 0.70
Fuel costs [USD/m?] 0.664 0.80
Spare parts cost [USD/m?] 0.13 0.65
Chemicals usage cost [USD/m?] 0.04 0.85
Unit cost of desalinated water [USD/m?] 1 0.85
Financial revenue rate [%] 35 0.35
Social
Level of water quality acceptability Qualitative Medium 0.5
Level of community awareness Qualitative Medium 0.5
Provision of employment No. 8 0.65
User Ability to Pay “Affordability” [%] 35 0.35
Willingness to purchase Qualitative Medium 0.5
Institutional set up
The knowledge of the operation staff o .
(Level of education) Qualitative High 0.75
Training and development of the staff Qualitative Medium 0.25
The presence of government support Qualitative Medium 0.5
Institutional compatibility Qualitative High 0.75

The total score of each category was measured by multiplying the weight assigned to each
indicator under each category by the indicator normalised score, eq. (12). The results show that
the technical category has a sustainability index of 71%, indicating that this plant's desalination
process is going well because the water quality is within WHO guidelines. In addition, the average
energy consumption per cubic meter and the recovery rate are within acceptable ranges. Regarding
the environmental category, the results show that this category gets a sustainability index of 72%
since the significant environmental risks are low from the desalination plant project.

Due to the resultant index of 68% in the economic area, the southern STLV desalination plant
is regarded as only partially sustainable. The primary markers of this score are the high relative
weight of the economic category and the lack of sustainable financial resources for the operation
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and management of desalination. The large decline in the revenue rate is another crucial metric
that aids in the partial economic viability of a plant.

The results showed that the institutional category got a sustainability index of 56%. In comparison,
the social category got the lowest sustainability index of 49%. Figure 6 shows the total score for
the five sustainability categories. Each category defines the strength of choice according to
sustainability ranking, as shown in Table 8.

0.8
% 0.6
5 0.
=
5 0.2
~
0 . . . . )
Technical Environmental Economic Social Institutional
set-up
Figure 6. Main sustainability categories' total scores
Table 8. Sustainability indicators classification
Classification of choice Score range  Sustainability ranking
Excellent >80 Sustainable
Very good 70—80 Sustainable
good 60—70 Partial Sustainable
Fair 50-60 Partial Sustainable
Poor <50 Not Sustainable

These classifications and degrees were proposed based on similar literature. These indexes were
used by Salem [37] to evaluate the sustainability of the north Gaza wastewater treatment plant.
Another similar classification was used by Balkema ef al. [38] in proposing a general assessment
methodology that builds on multi-objective optimisation and a complete set of sustainability
indicators.

Finally, the southern Gaza desalination plant global sustainability index score (GSI) was
obtained by applying the weighted summation method, eq. (13), which integrates the sustainability
categories scores with the weight of each category, the result of the GSI of the desalination plant
is 65%, and according to the framework and as indicated in Table 8, the plant is considered a
partially sustainable plant in the ranking scale of sustainability.

CONCLUSIONS & RECOMMENDATIONS

Based on this research, it can be concluded that:

e A framework to assess the sustainability of desalination plants has been prepared to
evaluate desalination plants in the Gaza Strip, where the main categories and indicators
were identified for evaluation.

e Desalination plant owners and operators can use the proposed sustainability assessment
framework to assess RO desalination plants' sustainability level.

e The suggested framework quantified sustainability's meaning and created significant
indexes that will be used to support any decisions made in the future regarding improving
saltwater desalination plant design and operation.
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e Asking desalination plant designers to use sustainable design frameworks and working to
develop sustainable desalination processes are advised for utilities and agencies that
control and govern the water sector.

e Itissuggested that operators of desalination plants use the proposed assessment framework
as a tool for sustainability evaluation and develop it by tying the outputs to action plans for
boosting the weak indicators in sustainability categories.

e Itisadvised that operators of desalination plants analyse the sustainability of their facilities
frequently each year to maintain the sustainability level and keep improving and
developing measures,

e It is advised to create water legislation provisions that emphasise the need for all water
sector utilities and infrastructure to be built, operated, and maintained using sustainability
principles.

This research contributes to the ongoing dialogue on water resource management in the Gaza
Strip and similar regions facing water scarcity challenges. A systematic approach to sustainability
assessment empowers stakeholders to make more informed decisions about the operation and
development of RO desalination plants. Furthermore, it emphasises the importance of continued
efforts to enhance the sustainability of these vital facilities, ensuring a more secure and resilient
water supply for the future.

NOMENCLATURE
CR Consistency Ratio
GSI Global Sustainability Index
RI Random Consistency Index
Abbreviations
AHP Analytic Hierarchy Process
CMWU Coastal Municipalities Water Utility
EIA Environmental Impact Assessment
EQA Environment Quality Authority
MCDA Multi-Criteria Decision Analysis
PWA Palestinian Water Authority
RO Reverse Osmosis
STLV Short-Term Low-Volume
TDS Total Dissolved Solids
UN United Nations
UNEP United Nations Environment Programme
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