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based on important emerging research that redefines the current disciplinary boundaries in
science, technology and innovation (STI) in order to develop integrated concepts for
sustainable development. It not only discusses the progress made towards securing more
resources, allocating smarter solutions, and rebalancing the relationship between nature and
people, but also provides in-depth insights from comprehensive research that addresses the
17 sustainable development goals (SDGs) as set out by the UN for 2030.
The series draws on the best research papers from various IEREK and other international

conferences to promote the creation and development of viable solutions for a sustainable
future and a positive societal transformation with the help of integrated and innovative
science-based approaches. Including interdisciplinary contributions, it presents innovative
approaches and highlights how they can best support both economic and sustainable
development, through better use of data, more effective institutions, and global, local and
individual action, for the welfare of all societies.

The series particularly features conceptual and empirical contributions from various
interrelated fields of science, technology and innovation, with an emphasis on digital
transformation, that focus on providing practical solutions to ensure food, water and energy
security to achieve the SDGs. It also presents new case studies offering concrete examples of
how to resolve sustainable urbanization and environmental issues in different regions of the
world.

The series is intended for professionals in research and teaching, consultancies and industry,
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Springer ASTI series will acquaint readers with essential new studies in STI for sustainable
development.

ASTI series has now been accepted for Scopus (September 2020). All content published
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Preface

The Water-Energy Nexus is one of the most important and priority issues to be resolved for
both current and next generations. Water and energy underpin economic and social devel-
opment. Water is needed for each stage of energy production, and energy is crucial for the
provision and treatment of water. In the energy community, much of the attention has centred
on the impact of water availability on the different processes of the energy sector and the
energy sector’s impact on water quality and quantity. This interdependency has significant
implications for both energy and water security. With both water and energy needs set to
increase, it has become ever more important to understand the linkages between the two, to
anticipate future stress points and to implement policies, technologies and practices that
soundly address the associated risks.

The findings show that there are ways to mitigate risks. Policies and technologies are
already studied and proposed by scholars and technicians for sustainable development.
However, a clear vision of both state of the art and all possible solutions is needed for
decision-makers to assess the possible trade-offs and different scenarios. A successful action
will require a strong, coordinated focus across different branches and levels of government and
collaboration between policy-makers, researchers, industry and consumers.

This volume will include papers that broadly address recent and novel developments in
technology and in the solutions that could be proposed to help ease chokepoints and reduce
demand in both sectors, meaning that water does not have to be a limiting factor for the energy
sector and a rise in water demand does not have to be accompanied by an equal rise in energy
demand. This volume will provide an opportunity for knowledge exchange to advance our
understanding of the current state of Water-Energy systems and their nexuses that will lead to
guiding and developing sustainable and resilient systems. The scope of the volume is extended
to the relative environmental, management and economic aspects related to the Water-Energy
systems.

In detail, this volume includes selected contributions presented during the III edition of the
international conference on WaterEnergyNEXUS, which was held in December 2020. This
edition of the conference was organized by the University of Sfax (Tunisia), in cooperation
with the Sanitary Environmental Engineering Division (SEED) of the University of Salerno
(Italy), the Advanced Institute of Water Industry at Kyungpook National University (Korea)
and The Energy and Resources Institute, TERI (India)). The first edition of Water-
EnergyNEXUS was organized in Korea in 2017 during the Asian International Water Week,
one of the more pertinent and significant meetings in Asia for scientists and professionals
working in the field of water use and sustainability. The second edition was organized in
Salerno (Italy) in 2018. The third WaterEnergyNEXUS conference provided an international
digital platform where key topics on water management were discussed by participants with
the presentation of nature-based solutions, advanced technologies and best practices by a panel
of experts invited as plenary and keynote speakers. Another objective of the third edition
of the WaterEnergyNEXUS conference is to enhance cooperation, integration and sustainable
development in the Euro-Mediterranean region on the critical links between Water and
Energy.



vi Preface

The WaterEnergyNEXUS series of conferences are supported by the UNESCO World
Water Association Programme (WWAP) and the International Water Association (IWA). It
also enjoys the patronage of several international scientific societies, associations and orga-
nizations and has established a publishing partnership with Springer Nature.

This volume gives an overview of current research focusing on emerging Water-Energy
Nexus issues and challenges and their potential applications to a variety of environmental
problems that are impacting the Euro-Mediterranean zone and surrounding regions. A selec-
tion of novel and alternative solutions applied worldwide will also be presented. The volume
contains carefully refereed contributions selected from the conference. Topics covered include
(1) Nexus framework and governance, (2) environmental solutions for the sustainable
development of the water sector, (3) future clean energy technologies and systems underwater
constraints, (4) environmental engineering and management and (5) implementation and best
practices.

Intended for researchers in environmental engineering, environmental science, chemistry
and civil engineering, this volume is also an invaluable guide for industry professionals
working in both the water and energy sectors.

Fisciano, Italy Vincenzo Naddeo
Daegu, Korea (Republic of) Kwang-Ho Choo
Sfax, Tunisia Mohamed Ksibi
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Water Conservation Indexing: The HVAC
of Suranaree University of Technology

Andreas Prasetyadi and Atit Koonsrisuk

Abstract

A water conservation indexing using availability and
accessibility was proposed in order to have an index that
is reliable, consistent, free of site character, and easy to
interpret. A year simulation of the heating ventilating and
air conditioning (HVAC) system of Suranaree University
of Technology Hospital (SUTH) main building was
conducted for the case using TRNSYS. Water availability
was applied to show the total amount actually or
potentially being harnessed during the process. Accessi-
bility indicates the fitness of the available water. The
results show that indexes of the water conservation of the
system in 22, 24, and 26 °C temperatures setting are
around 50%. It implies that there are amount of unused
water. The higher the temperature setting is the less
conserving the system becomes.

1 Introduction

Water conservation is a main issue and needs a metric to be
measured (Proença and Ghisi 2010). Water conservation
metrics tend to be biased of location due to uneven water
distribution. It implies a difficulty in comparing the
approaches in different locations.
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ding Case

Indexing water conservation as a mix of quantity and
quality of the water at use was proposed as a metric. The
index shows the system performance level in conserving
water during its use process. The metric ability to be free of
location bias with different water potential conditions is
expected.

2 Methods

The water conservation index has two main important fea-
tures. They are water availability showing all the water
amounts that people can obtain from the process and water
accessibility. The concepts are derived from the work of
Georgescu-Roegen (1975) about thermoeconomics. Gener-
ally, both metrics show the ratio of the actual condition over
the ideal one.

2.1 Water Availability, Capped Water
Availability, and Water Accessibility

Water availability (Wav) is determined to show ratio of
available water over utilized water at the point of use
through Eq. (1). Wa and Wr are the available water and the
water required for the process, respectively.

Wav ¼ Wa=Wr ð1Þ
The capped water availability (Ŵav) shows ratio of water

usage over av water at the point of use with maximum
condition of 1 and is defined in Eq. (2).

Ŵav ¼ 1; 1\ Wa=Wrð Þ
Wa=Wr; 1[ Wa=Wrð Þ

�
ð2Þ

Water accessibility (Wac) shows the water provision fit-
ness to the water requirement. It is determined by Eq. (3)
with Ci is the water energy coefficient.

ailable
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2.2 Water Conservation Level

W�
av i

W�
av

Wac ¼
Xn

i¼1

CiŴav;i=
Xn

i¼1

Ci ð3Þ

WC ¼ Wac �W�
av ð4Þ

W ; 1 W
W�

av ¼ av � av

W�1
av ; 1[Wav

�
ð5Þ

2.3 SUTH Main Building HVAC Water

The conservation level of water is defined as a score leveling
system in conserving water amount and quality during the
usage. It is calculated using Eq. (4), with s determined
by Eq. (5). WC is the water conservation level, and is
the availability factor.

A year TRNYS simulation of the HVAC hospital system
was conducted to find the HVAC water data as shown in
author’s former work (Prasetyadi and Koonsrisuk 2019).
The procedure is shown in Fig. 1.

Start

TRNSYS 
Simulation

|Cooling load –
maintenance data | 

> 15%

Simulation
Parameters

Yes

HVAC Parameters, 
temperature setting 

variations

HVAC 
Energy, 
Water

Finish

TRNSYS 
Simulation

No

Fig. 1 Procedure of simulating the HVAC system of SUTH main
building

Table 1 Type of water, daily
water amount, and its coefficient

Water type Amount of water in m3 at
temperature setting

Coefficient (Wakeel
et al. 2016) (kWh/m3)

Note

22 °C 24 °C 26 °C

Tap water 38.54 27.96 20.89 0.22 Main resource

Soften water 38.54 27.96 20.89 0.36 Water requirement

Brine 6.42 4.66 3.48 0.22 Alternative resource

Condensate 29.10 21.30 17.40 0.36 Alternative resource

3 Results and Discussion

The application of the coefficients to the water mentioned in
Table 1 can provide the water availability, water accessi-
bility, and water conservation level as shown in Table 2. The
table shows that water accessibility of the system is 1 in
various temperature settings. The table also reveals that the
water need can be fulfilled in those temperature settings. The
water conservation level is different for the temperature
settings. The higher the temperature setting is the lower the
water conservation level becomes.

Table 2 indicates that the system does not utilize water
effectively. This is shown by the water availability score,
being greater than 1 and was confirmed by the water
accessibility score (1). If the water accessibility score is less
than 1, but its availability score exceeds 1, the water con-
servation level is less than 1. The condition indicates that
there is a water supply quality problem. In terms of amount,
there is enough water, but it does not meet the requirement.
If water availability and accessibility are less than 1, it shows
that the system suffers from a shortage in the water supply.

The pattern relation of water availability and conservation
level is shown in Fig. 2. When the water accessibility is less
than 1, or the water quality does not match the requirement,
water conservation becomes less than 1.

The water treatment and processing coefficients do not
affect the index scale. Water accessibility is calculated using
the energy for the water treatment and processing. The
coefficient actually varies and depends on the site. However,
Eq. (3) set shows that the maximum of accessibility
becomes 1. This implies that the water conservation should
not sacrifice the designed system capacity operation.
Accordingly, the number is also free of the site character.
Therefore, the water index conservation does not depend on
the site.

4 Conclusion

A water conservation index using availability and accessi-
bility was developed and applied to HVAC system of SUTH
main building with score of 0.50. The index is free of the site
treatment and processing coefficients. It has range of 0–1



with the higher score indicating a better condition of water
usage. It shows the effect of temperature setting on the water
conservation level. The higher the temperature setting is the
lower the conservation level will be. The level of water
conservation indicates the level of available water utilized by
the system. The temperatures setting data show that alter-
native water resources are potentially harnessed to meet the
energy need.
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Table 2 Water availability, accessibility, and conservation levels at
various temperature settings

Temperature
setting (°C)

Water
availability

Water
accessibility

Water conservation
level

22 1.92 1 0.52

24 1.93 1 0.52

26 2.00 1 0.50

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2

W
C

Wav

1 0.25 0.5Wac

Fig. 2 Relation of water availability (Wav) and water conservation
(WC). Water accessibility becomes the coefficient determining the
maximum of water conservation, as well
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