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ABSTRACT

An exploratory study of a liquid desiccant waterfall (LDW) system was conducted
as a means of achieving air dehumidification of an internal air environment. The
aim is to explore an alternative technology which can reduce energy
consumption, while still achieving acceptable thermal comfort conditions and
achieving specific advantages when compared with conventional air conditioning
systems. Some of these advantages include the pleasing aesthetics and
appearance of a waterfall feature, the efficient functionality behind desiccant
dehumidication technologies of the LDW system. This study and research
proposed a system which harnesses hygroscopic salt of lithium chloride
(desiccant) in its liquid form (45% concentration). This naturally attracts and
absorbs moisture from an internal environment. Having absorbed the moist
indoor air into the system, the lithium chloride then converts into a diluted form
(30% concentration) and this requires the solution to be reactivated. A further
advantage of the LDW system is explored representing significant potential in
saving energy through the harvesting of solar thermal energy in order to expel
moisture out of the system, as well as to efficiently reactivate the saline solution
of lithium chloride to undertake its the cyclic nature of new dehumidification
processes. To further quantify the amount of moisture to be absorbed by the
LDW system and to some extent verify this exploratory study, a case study of a
hypothetical space of an open plan office building in Kuala Lumpur city was
proposed. The study then calculates the total amount of moisture to be
eliminated by the LWD system (as specified by the common standard) was 25.4
kg/hr based on standards of thermal comfort for an office environment. Life cycle
costs and energy savings were estimated. The results demonstrate and suggest a
high prospect in creating an attractive financial return-on investment (ROI)
including energy savings. When design optimally, this technology or system can
save up to 92% of energy consumption and offer an investment rate of return of
34% per year. This was considered an attractive investment because it could
offer reasonable payback period of 3 years.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

For the past decades, conventional air conditioning systems have ensured thermal
comfort in hot humid regions. However, this enhancement does not come without a
high amount of energy consumption. From a luxury to a necessity, the air conditioning
system has increased air pollution levels, mainly because of higher carbon dioxide
levels of fossil fuels used to generate energy for the system. In the long run, this can
influence global warming and climate change.

Traditional air conditioning system is ideally required to counterbalance
between two load components termed as latent loads and sensible loads in order to
attain feasible thermal comfort condition. For instance, to handle a latent load and
dehumidify moist air, the system must initially cool the humid air down to its
saturation point in order to condense the moisture out of the atmospheric air. This
cooling is more than what is necessary for human thermal comfort. The dry air is then
reheated to a feasible room temperature for comfort. These processes of overcooling
and reheating consume a large sum of energy and this can only be fulfilled by an
excessive use of electricity. Figure 1.1 indicates the complete dehumidification

process in a conventional air cooling system.
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Figure 1.1 Air dehumidification in conventional air conditioning system

In humid climate regions, the conventional air conditioning system is no longer
sufficient to meet the requirements of occupants, who are concerned about indoor air
quality. One such example is the Sick Building Syndrome phenomenon. Adequate
ventilation can eliminate such occurrence, but it will increase indoor moisture to a

level unhealthy and uncomfortable to the occupants.

1.2 DESICCANT DEHUMIDIFICATION TECHNOLOGY
In order to eradicate shortcomings of the traditional air cooling systems, more energy
saving technologies were innovated. This causes the emergence of various
dehumidification techniques and applications, which are becoming the main part of
the air conditioning system’s function in buildings and spaces that require humidity
control.

In recent years, dehumidification technology applications based on desiccant

materials have attracted considerable public attention with regards to their energy



saving characteristics and precise humidity control. These features prevent major
problems faced by industrial applications such as moisture regimes, protection against
condensation and protection against corrosion.

In contrast to the conventional air conditioning systems, a desiccant
dehumidification system utilizes a highly absorbent material called desiccant to
capture and absorb water vapor naturally from the ambient air, due to the difference of
water vapor pressure between the desiccant - air interfaces. Expelling the absorbed
moisture out of the desiccant as well as reactivating the desiccant material can be
accomplished by introducing heat from any energy source, such as solar thermal
energy, natural gas, electricity or wasted heat source.

For dehumidification task, generating heat is much easier and less costly than
consuming electricity for sophisticated machineries. Therefore, the desiccant
dehumidification system is particularly functional in the case where a latent load is
high since such system can eliminate moisture more economically than the traditional

air conditioning system.

1.3 THE LIQUID DESICCANT WATERFALL (LDW) SYSTEM
The liquid desiccant waterfall (LDW) system aids in removing water vapor from the
air without the burden of conventional air conditioning system’s excessive energy
consumption. The functionality behind desiccant dehumidification technologies along
with the aesthetic appearance of the waterfall feature are combined to create the LDW
system.

The critical notion that drives the LDW system’s operation is the harnessing of
hygroscopic salt of lithium chloride (desiccant) in its liquid form (45% concentration).

This naturally attracts and absorbs moisture from the atmosphere. Subsequent to



having the indoor moist air absorbed in the LDW, the working fluid of the lithium
chloride converts to be diluted (30% concentration). Another advantageous
characteristic of the LDW system is in harvesting solar thermal energy to expel
moisture; this efficiently reactivates the saline solution of the lithium chloride to
undertake new dehumidification tasks.

The LDW system proposes a variety of advantages — dehumidification,
cooling, particle elimination, purifying, energy conservation — over the conventional
air conditioning system. Hence, it can be implemented and adapted to numerous

applications such as in residential, healthcare, office, and commercial buildings.

1.4 PROBLEM STATEMENT

The liquid desiccant waterfall (LDW) system eradicates moisture out of the air with
an extremely low energy consumption. It can also eliminate the necessity of
conventional air-conditioner in humid climate. There is a lack of research on the
applications and energy saving impacts of the combination between this waterfall
feature and the desiccant dehumidification technologies. Most previous studies
harnessed the desiccant dehumidification technology to solely the air conditioning

system applications.

1.5 RESEARCH AIM AND OBJECTIVES

The research aims to explore, using variable standards and design assumptions, the
liquid desiccant waterfall (LDW) system as a mean of space dehumidification, which
aids to eliminate the potential pitfalls associated with conventional an air conditioning
system.

The following are the objectives of the study:



I- To review related aspects and concepts of liquid desiccant waterfall
(LDW) system and recent advancement of the dehumidification
technologies applied.

2- To identify and analyze air ventilation requirements in order to accomplish
feasible thermal comfort conditions according to the air conditioning
standards related to the subject in applicable climates.

3- To apply the standard environmental parameters to a proposed case study
space in Malaysia in order to quantify the total amount of moisture to be
removed from the space.

4- To investigate the optimum properties of desiccant materials in order to
select the best desiccant solution to the LDW system.

5- To establish the selection and sizing of the proposed system components
to demonstrate maximum efficiency with respect to air ventilation
requirements.

6- To conduct a life cycle cost analysis of the LDW system with a

corresponding air conditioning system at the specific space.

1.6 RESEARCH STRUCTURE

The thesis outlines the premises and methodological approach adopted to explore the
proposed system as a dehumidification means under a humid and tropical climate.
This thesis is structured in seven main chapters in order to meet the problem
statement, objectives and the aims presented. The research structure of this research is

illustrated n Figure 1.2.
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Figure 1.2 The research’s structure

The second chapter highlights related literature on desiccant dehumidification
technologies. This includes desiccant materials classification, their performance, the
applicable climate to adapt such technology and the potential of cost and energy
saving obtainable from applying the dehumidification technology. The literatures are
sources from both international and national. Relevant books, scientific papers,
journals and websites were also extensively reviewed to obtain an understanding of
this technology.

In Chapter Three, air ventilation and humidity removal requirements were
identified and presented as the foundation for developing the exploratory study. It will

also be determined and calculated, the total amount of moisture to be absorbed by the



LWD system in order to attain a feasible thermal comfort condition in the Malaysian
climate.

To achieve such goals, this thesis proposes a hypothetical case study of an open
plan office located in Kuala Lumpur. The office has an area of 320 m’. Secondly, the
building comfort set points specified by the Malaysian Standards (MS1525-2009)
along with the extreme and actual Malaysian weather data conditions were obtained.
Lastly, all the sources of moisture were identified in the proposed space.

Chapter Four presents a comparative study of the desiccant material
specification in order to select the optimum desiccant solution for the LDW system
based on the desired properties and the advance performance. Lithium chloride,
lithium bromide, calcium chloride and magnesium chloride were the four proposed
desiccant solutions.

Each candidate saline solution was investigated through a screening process
based on the eight properties required to be satisfied such as vapor pressure, corrosion
rate, safety and cost. Whereas, the importance of the properties to the LDW system
was assigned as the maximum weight factor and the relative weight was assigned as
the objective of merits for the properties that were investigated. The optimum
desiccant solution is then to be chosen as the one with the highest weight factor.

After obtaining the exact amount of moisture to be removed with the optimum
desiccant solution, the configuration and sizing of the system components were
addressed in Chapter Five. The sizing was a reflection of the system requirement to
operate efficiently in the proposed space. Each component was sized separately to
accomplish maximum clearance on its different parts, functions and roles in the LDW

system’s operation.



Chapter Six provides the development of life cycle cost analysis for the LDW
system’s different components, as well as clarifies the economical value this system
can offer in the long run. The engineering estimation method was taken as the most
appropriate approach for the cost analysis of the proposed system. This is because an
exact system specification does not exist in the current markets, and this study was
established based on design guidelines for the system’s potential implementation.

The pricing process of the system component was assigned based on a search
for the component’s supplying company in local and international markets. After the
capital cost of the proposed system was determined, a simple comparative life cycle
analysis was conducted for the LDW system with a corresponding air conditioning
system at the proposed open plan office. In addition, investment rate of return for the
system was presented to confirm the system value economically and environmentally,
as well as proving that it gives much more room for additional improvements,
depending on flexible adjustments possible for the components of the system.

Chapter Seven concludes the results optimization and analysis throughout the
thesis both theoretically and technically. It also provides the reader with a vision of
how this system can be improved, modified and implemented in order to achieve
maximum efficiency.

Furthermore, this chapter summarizes all results from a different set of
calculations which lead to the presenting of the LDW system to ensure the flexibility,
simplicity and user-friendliness of the system. Alongside the above, it will show a
great prospect for implementing the proposed system in residential, commercial and

health care buildings.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION
This chapter outlines a background literature on the development of desiccant
dehumidification technologies throughout the last two decades including a study on
the suitable criteria for the selection of the most proper desiccant for the LDW system.
Furthermore, it reviews various studies on different types of desiccant materials,
determining their advantages and disadvantages and how they are applied in the
dehumidification technology industry. It also reviews their developments and
performances under different conditions of temperature and concentration levels.

This also includes current case studies on innovative feature of the desiccant
waterfall dehumidification established by the team from University of Maryland
(2011), one of the most attractive ideas that leads to the concept of the LDW system’s

design development.

2.2 DESICCANT MATERIALS IN PERSPECTIVE

Since the early 1920’s, the notion of water absorption and adsorption was initially
explored as dehumidification’s means of cooling, focusing on their applications in
residential, commercial and industrial buildings (Anon, 1996). With respect to
advanced technologies, the interest of desiccant dehumidification was renewed in the
early 1990’s, having the solution perceived as an alternative to eliminate new

challenges associated with the conventional air cooling and heating system (Jurinak,



Mitchell and Beckman, 1984). Such challenges include the significant depletion of
energy resources along with escalating energy demands.

Desiccants are either natural or synthetic substances with high affinity for
water vapor within the air due to the differences in vapor pressure of water between
the exposed surface of the desiccant and the surrounding air. The capability of
desiccant materials to capture moisture out of the air is termed as Sorption, while the
process of transferring and extracting moisture from the desiccants to the surrounding
environment is called Desorption (ASHRAE, 2005).

Vapor pressure is the crucial driver for transferring moisture from desiccant
materials to the atmosphere and vice versa. For instance, desiccants with lower vapor
pressure than that of the surrounding air will absorb moisture from the latter. In
contrast, substances with higher vapor pressure will always expel moisture out to the
ambient air. Figure 2.1 represents the diagram of vapor pressure role in a desiccant

cycle.
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Figure 2.1 Diagrammatic representations of the vapor pressure role in desiccant cycle
(Lewis and Harriman, 2002)
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