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Abstract

The solid desiccant based dehumidifier used in conjunction with the conventional HYAC combines
the dehumidification of solid desiccant system and with the cooling capacity of the conventional air
conditioning system. This hybrid cooling system provides thermal comfort to the occupants of the
conditioned space. The hybrid systems main appeal lies in the fact that, it consumes much lesser high
grade electrical energy as compared to the dedicated standalone traditional air conditioning systems.
The electrical energy usage is possible still lower by use of primary energy sources for to supply the
thermal energy needed for the desiccant regeneration. For this purpose freely available renewable solar
energy or industrial waste heat can also be used for the regeneration heat source. Sometimes it is also
possible to provide condenser waste heat for the part of desiccant reactivation heat supply may increase
the overall performance of the system. It was also found that this cooling system with use of air to air
waste heat recovery wheel performed better than without it in terms of dehumidification as well as
cooling performance. The present study report important literature survey on the dehumidification
potentials of desiccant integrated hybrid cooling system operating in hot and humid climates.
Keywords: Hybrid air-conditioning; Rotary desiccant dehumidifier; Heat recovery wheel,
Regeneration heat; Renewable solar energy; Waste heat
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the conventional vapor compression based

Introduction

Solid desiccant based modern air conditioning
system (SDMAC) combines the dehumidifying
capability of a solid desiccant integrated
dehumidification system judiciously coupled
with the cooling capability of traditional
cooling system to provide thermal comfort to
the occupants of a conditioned space in the
residential and commercial buildings. The main
benefit of this hybrid system, if properly
designed, it requires less electrical power than

HVAC systems. A recent optimization study
has indicated that an electrical coefficient of
performance is found more than 6 [1] could be
attained which quite higher than the traditional
air conditioners. The reason behind the same is
that the total cooling load handled separately in
dehumidifier and sensible cooling coil.
Furthermore, it neglects the maintenance of low
dew point temperature (usually around 2-4°C)
in evaporator coil and well as post re-heating if
any. The latent heat load in terms of room
moisture is to be removed effectively by the use
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of rotary dehumidifier while the sensible
cooling coil can handled only the sensible
cooling load at comparatively much higher
temperature (usually around 14-17°C). So, it
reduces the much compression work at the
same time energy waste in thermal heating for
attaining the room supply conditions in case of
overcooling. Moreover, the use of air-to-air
heat recovery wheel increase the heating in the
regeneration side while cooling the process air
side resulted to much efficient and economical
operation of the system. Furthermore,
reactivation energy requirement if can be met
with freely available renewable solar energy,
electrical energy requirement lowers further to
meet the economical feasibility of the hybrid
cooling system. Recently, there have been
several research works on solid desiccant
assisted air conditioning which investigate
various related technical and economic
performances of the systems and different
components like as dehumidifier, heat wheel,
sensible cooling coil etc. [1-14]. Earlier,
Henning [15] conducted a review on various
possible system configurations based on
different operating conditions suitable for
variable ambient climate for the tropical regions
whilst Camargo and Ebinuma [16] developed
thermodynamic equations of the system with
focus on the hot and humid climatic conditions.
To make desiccant assisted hybrid cooling
viable the system must be properly designed to
achieve the following requirements: (1) to
reduce the parasitic energy consumption, (2) to
lower the use of regeneration heat, (3) to
provide thermal comfort in variable
environmental conditions especially during
humid ambient. To achieve the above goals,
several system configurations were proposed
by many investigators in the different part of the
world as per the outdoor requirements that are
expected to suit specific climatic conditions
[15]. Other configurations can be found in
[5,7,17]. The standard desiccant cooling cycle
mentioned in [15] was recently studied to
investigate the system performance for hot and
humid tropical climate [18] with mixed results;
i.e., a slightly better electrical COP compared
with the traditional vapor compression based

room air conditioning system but with the
indoor thermal comfort conditions of the indoor
building spaces were not fully satisfied.

The economical feasibility of desiccant based
hybrid cooling largely depends of its
dehumidification potential in terms of
reactivation energy requirement. The present
overview evaluates the dehumidification
capability of a desiccant assisted traditional
cooling system equipped with an air to air heat
recovery wheel. In the previous study [18], the
performance of the single stage desiccant
assisted cooling reported in the earlier studies
[5-8] was evaluated with variable cooling
requirement of the conditioned space in hot and
humid climate. The findings [15] echo the
conclusions presented in [5]. However, no
research work has been carried out on the
performance analysis of desiccant based hybrid
cooling system for typical applications in
tropical and subtropical climates where latent
cooling load is an important criteria when
RSHF reduces below 75%. To develop this
desiccant based hybrid cooling system as an
alternative to the energy intensive traditional
vapor compression system, it is important to
assess the dehumidification potential which
will help the design of systems for hot and
humid tropical regions of the world. Therefore,
the current study focuses on dehumidification
and cooling characteristics of desiccant
integrated modern air conditioning system for
an air conditioning the residential and industrial
buildings in the hot and humid climate
conditions.

Background of the present study

In places typically have hot and humid climates
such as near to the sea shore, tropical, green rain
forest etc. has air-conditioning systems which
are essential for human comfort in-connection
to effective humidity control. The challenge for
air-conditioning systems in especially extreme
weather is to control indoor air quality (1IAQ)
while meeting the building cooling in term of
sensible and latent cooling loads effectively.
Countries with hot and humid climates can
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experience extreme temperature and humidity
levels to handle the increased moisture load
which make the correct design of air-
conditioning systems vital. Improper design of
air-conditioning systems often leads to poor
indoor air quality issues due to lack of proper
ventilation air and severe health problems,
thermal comfort detriment and higher energy
consumption. CO; levels in the indoor air often
at places like as auditorium, theater, dormitories
etc. cannot be diluted enough may affect the
human health and productivity of workers in
industries. It is well proven that the poor indoor
air quality could reduce the performance of
office work by 6-9%. Furthermore, airborne
pollutants do not escape the occupied air
conditioning space and hence affect occupants’
health and productivity to major level which
cannot be neglected [54-55].

Conventional vapour compression based
traditional VCR refrigeration systems are
popular amongst designers, builders and
famous among the HVAC engineers. This is
because the system is simple, well known
among designers and commercially available
easily. In this traditional air-conditioning
system design, the sensible and latent loads of a
particular space are being treated by the same
air-handling unit in which the dry bulb
temperature (DBT) is the only parameter which
can get effectively controlled while humidity is
separately handled as a by-product of the
temperature control. There is no direct control
of the humidity despite very high outdoor
humidity levels in typical hot and humid
climates. Due to this inherent limitation in the
system design, the target dry bulb temperature
(DBT) is achieved, but the relative humidity is
out of the comfort range i.e. 50-55%.
Furthermore, this lack of control of humidity
can lead to bacteria population and failed to
achieve optimal indoor air quality and thermal
comfort via traditional VCR based cooling
systems results in greater energy use.
Therefore, in conventional vapor compression
air conditioning systems, comfort conditions
can only be provided when sensible heat ratio
(SHR) is greater than 0.76. This value can be

significantly less, especially for the hot and
humid climatic conditions, and thus optimum
comfort conditions cannot be fully achieved by
the traditional air conditioning. Due to this
condition when sensible heat ratio (SHR) is
more than 0.76, the thermal comfort cannot be
targeted either. Another drawback of the
traditional air conditioner is the evaporation of
condensate coming out from the unit into the
conditioned space due to overcooling which
may result in increased humidity levels in the
same cooling space. In desiccant cooling
technology, major components of the systems
are a rotary desiccant dehumidifier and an
evaporative cooler. Low-grade thermal energy
such as freely available renewable solar energy
and industrial waste heat can be used in these
systems to regenerate the desiccant
dehumidifier while renewable energy such as
solar panels can help drive the fans and water
pump. This system can operate on a wide range
of sensible humidity ratios because of
decoupling of sensible and latent cooling loads
by effectively handling them separately.
Therefore, desiccant assisted air
dehumidification and air conditioning system
become popular in coming days for the
reduction of air humidity and temperature
because of its application of renewable energy
sources such as freely available renewable solar
energy and industrial waste heat. Evaporative
cooling systems are highly efficient cooling
technologies for cooling in hot climates
conditions. However, in extremely high
humidity conditions such as those within the
range of 75-89%, many investigators propose
an integration of the desiccant dehumidifier and
evaporative cooler technologies (also known as
desiccant  assisted  evaporative  cooling
systems). Earlier investigations also reported
that the desiccant assisted evaporative cooling
systems in four seasonal countries had saved
energy of up to 68% in hot and humid summer
seasons. Despite its favourable results so far,
the desiccant-enhanced evaporative cooling
technology is still under the process of
development and more intensive research and
contribution need to be investigated for the
development of this technology. In this paper, a
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review of desiccant-based evaporative cooling
applications is presented focusing on hot and
humid climate regions. In industrial and large-
scale applications, solid desiccant
dehumidification is the most convenient
method for elimination of water vapor from the
conditioned space [56-57].

System description

A solid desiccant dehumidification integrated
cooling system consists of a desiccant
dehumidifier, air to air heat recovery wheel,
sensible cooling coil and a regeneration thermal
heat source, as shown in Figure. 1 [19]. In case
of the ventilation air circulation mode, the fresh
ambient air is used for dehumidification. The
desiccant wheel significantly dehumidifies the
supply process room air but increases its
temperature slightly (State point 1-2). The
initial cooling of this warm and dry process
supply air takes place in the air to air heat
recovery wheel (State point 2-3), the humidity
of the air remains constant during this process
of sensible cooling. Before being supplied to
the conditioned room indoor space, the
dehumidifier process air is further cooled by
passing over the sensible cooling coil (State
point 3-4) where the air humidity almost
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remains constant but kept well below the
comfort requirement. As the supply air enters
the conditioned room indoor space, its
temperature and humidity both maintained
according to the room supply design conditions.
The conditioned room air leaving the indoor
room space is directed to the exhaust where it
undergoes several psychrometric processes
starting with cooling in an evaporative cooler
(State point 5-6). This brings the air close to the
saturation line with or without humidification,
depending on the evaporative cooling process
(direct or indirect). The air leaving the sensible
cooler is then directed to the opposite in the
regeneration side, first in the heat recovery
wheel, so the air is preheated (State point 6-7)
before it passes through the heater (State point
7-8) where its temperature is further raised so
that it will be able to desorb the water from the
desiccant in the regeneration side of the
desiccant wheel (State point 8-9). The
regeneration thermal heat source can be either
an electric, solar thermal system or waste heat.
A typical wheel can be spited into different
process to regeneration air (R/G) ratio namely
50:50, 75:25 etc. split between
dehumidification and regeneration area [20-
25].
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Figure 1: Solid desiccant assisted hybrid air-conditioning system (ventilation mode).
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According to investigations conducted by
Henning [15], this configuration is suitable for
the temperate climate ambient conditions only.
For a high humid climate, the dehumidification
capacity of such a system is not adequate to
enable the evaporative cooling system to
control excess ambient air humidity. This
observation is supported by a recent
experimental investigations carried out for the
hot and humid subtropical climate [18] where
for a significantly high number of hours the
resulting humidity levels fall beyond the
ASHRAE upper thermal comfort boundary.
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Thus, although according to [6-8] such a
system has a relatively high electrical and
thermal coefficient of performance, the
ventilation operating mode of the system may
not be able to provide the required thermal
comfort in the conditioned spaces [26-28]. In
that case the conditioned room air is re-
circulated and mixed with some proportion (5-
10%) with the fresh outdoor air to maintain the
oxygen level in the conditioned room as shown
in Figure. 2 [29].

Heat recovery
wheel Thermal Exl_laust
heater air

7 8 \/ 9 10
Exhaust

fan

(%3]
§S]

Desiccant
dehumidifier

Fresh air >

* Exhaust air

Mixing air

1

A 4

Figure 2: Solid desiccant assisted hybrid air-conditioning system (recirculation mode).

The comparison among the ventilation (blue
lines) and recirculation (red lines) modes were
illustrated on psychrometric chart in Figure. 3.
It is seen from the graph that the recirculation
operating mode saves useful energy for
reactivation when ambient humidity is high. At
the same time, in process side more cooling is
achieved as room air re-circulated for the
dehumidification can be available
comparatively at lower temperature and
humidity as compared to the outdoor air
especially in hot and humid tropical climate
[30-35]. So, that the lesser energy is required

for the cooling and at the same time reactivation
energy saved due to better heat exchange
among both the air streams. It ultimately results
to higher system performance [36-40].

Thus, it is found that the ventilation operating
mode is more suitable for mile climate while the
recirculation operating mode is more effective
for hot and humid tropical climate. That is why
optimal configuration should be adopted while
using it for variable outside climatic conditions
for better operational economy [41-42].
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Figure 3: Comparison between ventilation and recirculation operating modes in desiccant cooling.

Desiccant assisted cooling system described above can effectively handle sensible heat load by passing
warm and dehumidified process air over direct or indirect evaporative coolers to meet the supply design
condition [43-48]. In case of hot and humid climates, these systems become inefficient due to poor
dehumidification as well as cooling owing to high moisture level in the outdoor ambient. To maintain
the necessary thermal comfort in the indoor space, this can be couple to the other air conditioning
technologies such as traditional vapor compression air conditioning to constitute hybrid cooling system
as shown in Figure. 4. This can be easily taken up the required air dehumidification and having the high
sensible cooling capacity. Furthermore, to increase the efficiency of the system, condenser regeneration
heat can be used for the auxiliary heating the air [49].
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Figure 4: Schematic layout of solid desiccant vapor compression hybrid cooling.

The major drawback of the desiccant assisted cooling is as described above is the demand for large
regeneration heat supply for desorption of the saturated desiccant during part of its rotation cycle. If
this heat can be supplied from the freely available from the renewable energy source like as solar heat
then the system has became economically viable. Moreover, the demand of cooling increases inline
with the availability of sun radiations during the same period. The desiccant is reactivated by the thermal
heat produced by renewable solar thermal energy with different types of solar collectors as shown in
Figure. 5. An auxiliary heater is used when the solar radiations are insufficient to produce the required
regeneration heat due to winter or cloudy seasonal conditions. Regenerating the desiccant wheel by use
of solar energy is an interesting option to converge the cooling demands of space cooling as the available
solar intensity is found highest during the same period [50].
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Figure 5: Supply of regeneration heat by use of renewable solar energy in desiccant based hybrid
cooling system.

The desiccant wheel used in the desiccant integrated hybrid cooling system can be regenerated with
help of either the exhaust of internal combustion engine of large diesel generator set or industrial waste
process heat as shown in Figure. 6. By this way dual advantage can be obtained first the amelioration
in the dehumidification capacity of the dehumidifier used in the desiccant cooling system at the same
time secondly it recovers the waste heat otherwise dissipated directly to the atmosphere as exhaust. This
also reduces the operating cost of the dehumidifier. With this combination the overall efficiency of both
the engine as well as cooling system both increases simultaneously. Furthermore, the efforts are still
needed to develop advanced desiccant materials which are possibly got reactivated near the ambient
temperature which is comparatively lower and so that it can be taken up the low temperature industrial
waste heat. This also offered benefit in system COP of the desiccant assisted hybrid cooling system as
compared to that of the vapor compression based traditional cooling system [51].
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Figure 6: Supply of industrial waste heat for regenerating the dehumidifier used in desiccant assisted
hybrid cooling system.

The desiccant used in rotary dehumidifier may also gets regenerated by use of heat recovery carried out
waste heat expelled by the VCR condenser as shown in Figure. 7. This result into amelioration of
cooling performance of solid desiccant based hybrid comfort space cooling system as well as efficient
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cooling of the condenser. Thus, reactivation heat requirement of dehumidifier used in solid desiccant
based vapor compression integrated hybrid cooling can also be provided by use of VCR condenser
exhaust heat otherwise it is expelled to open atmosphere [52-53]. This proves that the utilization of
waste heat for dehumidifier reactivation not only achieves better energy savings but also marginal
reduction in running cost of the system which results into economical feasibility of the system.
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Figure 7: Use of condenser waste heat in desiccant regeneration.

Comparison of desiccant cooling with
traditional cooling system

There are two conventional ways to condition
the air: sensibly and latently. To cool sensibly
means to reduce the dry bulb temperature
(DBT) of the process air. Latent cooling refers
to the removal of moisture from the conditioned
air. In order to promote a healthy indoor
environment, HVAC units must control the
sensible and latent cooling demand of the

building. Indoor air at elevated humidity levels
can promote to the accumulation of bacterial
growth inside the building which can be
hazardous to the occupants. Oppositely, the
indoor air at extremely low moisture level
quickly dries the moisture from the occupant’s
skin, leading to discomfort to the occupants.
The key to promoting a healthy indoor
environment is to supply air with enough
humidity to be comfortable but low enough to
avoid problems caused by excess moisture.
Therefore, it is important to have efficient

www.raftpubs.com

Page: 25


https://doi.org/10.36811/ojae2019.110002
http://www.raftpubs.com/

-

Voue An overview on use of desiccant dehumidifiers in modern air-
conditioning

DOI: https://doi.org/10.36811/0jae2019.110002

OJAE: December-2019: Page No: 16-31

control over the humidity level of indoor air;
especially inside buildings. The vapor
compression cycle used for running the
traditional HVAC units can only directly cool
the sensible demand of the process air. In order
to accommodate the latent cooling load, the
temperature of the process air is lowered well
below its dew point, allowing water vapor to be
removed through condensation of conditioned
air. The process of sensibly cooling below the
air’s dew point results in a reduction in
humidity as well as overcooling of room supply
air. After the temperature of the process air is
reduced, the air is then reheated to meet the
temperature desired inside the conditioned
space. This process is diagrammatically shown
by the black colour line from the state of high
temperature to low temperature in the
psychrometric chart of Figure. 2. It takes
substantial energy to cool humid air containing
excess moisture than it does to cool dry. A
desiccant assisted cooling system takes
advantage of this concept by first
dehumidifying the process air before it is
moved into the HVAC where it is cooled
sensibly. Effectively, a desiccant system lowers

air conditioning energy demand by minimizing
its latent cooling load. The ideal cooling of
process air by a desiccant powered
dehumidification and air conditioning unit is
depicted by the red colour line in the
psychrometric chart of Figure. 8. The
dehumidification process of the desiccant
cooling is represented by the nearly vertical
section of the red colour line. As the air is
dehumidified, it rises in temperature slightly
before being moved into the conditioning unit.
After dehumidification, the process air is
cooled sensibly by the traditional cooler to meet
the demand of desired temperature of the
conditioned space. It is necessary to control the
humidity of air as recirculated air at extremely
low relative humidity quickly dries the moisture
from the occupant’s skin, leading to discomfort.
The key to ameliorate a healthy indoor
environment is to supply air with enough
humidity to be comfortable but low enough to
avoid problems caused by moisture. Therefore,
it is important to have efficient control over the
humidity level of indoor air; especially inside a
home [58-61].
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Figure 8: Comparison between VCR cooling (black line) and desiccant cooling (red line) on

psychrometric chart.
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The comparison between conventional cooling and desiccant cooling can be elaborated in following

table 1.
Table 1: Comparison between vapor compression based traditional cooling and
desiccant cooling.
Parameters Conventional Desiccant cooling
cooling
Operating cost High Saves 41-48%
Indoor air quality Average High
Effect on environment Harmful Eco-friendly
Energy source Electricity Low grade heat like waste heat
or renewable solar energy
Moisture removal capacity Average High
Advantages of desiccant cooling as compared Conclusions

to the traditional air-conditioners can be

summarized as follows:

1. Desiccant cooling systems can be
operated by use of low-grade thermal
energy sources like solar energy.

2. Desiccant  cooling  system is
environmentally friendly as it does not
use CFC based refrigerants which are
responsible for global warming.

3. Over cooling and reheating of
conditioned air supply can be avoided
by use of desiccant desorption to
control the humidity in air.

4. Leakage is avoided as desiccant
cooling system operated nearly at
ambient pressure.

5. Less prone to corrosion and wetting the
supply duct.

A desiccant cooling system consists of passing
humid (and warm) air through a desiccant laden
dehumidifier rotary wheel for drying and
through a cooler for sensible cooling to provide
conditioned air. The desiccant material used in
the rotary dehumidifier becomes saturated with
water and needs to be regenerated with hot air
provided by an energy source (e.g., sun, natural
gas, waste heat, or electricity). The cost,
efficiency, and durability of a desiccant
cooling/dehumidification system depend on
those of the components used in the system.

The present study summarizes use of desiccant
dehumidification system in modern air
conditioning in energy saving and green
cooling approach in building comfort cooling.
Desiccant based hybrid cooling systems can
achieve substantial energy savings by use of
freely available solar energy or waste heat from
industrial processes for reactivation of
desiccant material used in rotary dehumidifiers
used in the system to make the hybrid cooling
system more cost effective. It can also help to
alleviate the peak supply of electrical power
demanded by the conventional vapor
compression air conditioning system required
during the hot sunny days by use of renewable
solar energy. Future innovations in the type of
desiccant materials which get regenerated at
lower reactivation temperature by making use
of available low temperature waste will
augmenting the contribution of desiccant
cooling which can bring to the amelioration of
comfort, energy and cost savings. Further
improvement in energy utilization rate,
reduction in cost and size, competitive design
and production are the key factors to be faced
by desiccant assisted modern air conditioning
techniques for obtaining more extensive
acceptability in the field of space cooling.
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Nomenclature

COP Coefficient of performance
RH Relative humidity (%)
R/P Regeneration air flow/process
air flow
T Dry bulb temperature (°C)
\Y; Flow rate of air stream (m*/hr)
VCR Vapor compression
refrigeration
Subscripts
0 Dead state
1,2, etc. State numbers
CcC Cooling coil
EC Evaporative cooler
DW Desiccant wheel
h heat source
HRW Heat recovery wheel
p Process air
r Regeneration air
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