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ABSTRACT 
 
This paper introduces an alternative dehumidification solution for hot and humid climates, a 
bioclimatic system implemented within the building envelope. The system proposed is a ‘low 
tech’ representation of the design principles of the technology for mechanical liquid desiccant 
dehumidification. In this paper, the research focus is on a particular section of the proposed 
system, namely that of the desiccant fluid spaces. The objective of this work is to examine the 
geometry of the section in focus, and to identify the main weaknesses of such a simplistic design 
solution. This paper, firstly, introduces the design context under which the proposed solution 
falls. Then, it provides an explanation of the principles on which liquid desiccant technology 
works. In addition, it presents, and analyses, the design aspects of the system proposed. Next, 
the methodology of research -physical experimental research- is outlined, and the series of 
experiments are presented in terms of their objectives and results, discussed in terms of their 
conclusions, and evaluated in terms of their validity. Finally, the most important conclusions are 
summed up, and future research topics are suggested.   
 
Keywords: Hot and Humid climate dehumidification, building envelope system, liquid desiccant 
technology, bioclimatic dehumidification, ‘low-tech’ design.   
 
 
1.  INTRODUCTION 
 
Nowadays, dehumidification of interior spaces is, unfortunately, a matter for high-tech air 
conditioning solutions. The impermeable envelopes of the buildings display the lack of sensible 
bioclimatic design thinking. We control the indoor conditions by creating impermeable barriers 
between natural, and manmade environment, that is between exterior, and interior. We, then, 
look for technological advances of air conditioning in order to bridge the disconnection we 
already established between the two environments. We, therefore, create mechanical cooling, 
heating, and dehumidification, using systems that display high complexity, and which are made 
of thousands of partitions. This paper suggests an alternative dehumidification solution for 
interior spaces in hot and humid climates. This study is about a system implemented within the 
building’s envelope, and being exposed to both interior, and exterior environment (figure 1). It 
has a dual function:  a) to remove the moisture from the interior environment, and b) to use that 
moisture for sustaining a green façade at the exterior space. This project drives inspiration from 
liquid desiccant air conditioning systems, and the design proposed is a ‘low-tech’ representation 



of the foundation principles of such systems. This paper describes the results of the first 
experimental approach on this system’s efficiency; it outlines the drawbacks, as well as, the 
positive aspects of this simplistic dehumidification solution in regards to the section of it shown in 
figure 1. At the end, some future research topics are suggested aiming at the future development 
of this design proposal. 
 

	
Figure 1, Proposed System Implemented within the Building Fabric, created by the author.  

*The section outlined is the part of the system studied in this paper 

 
 
2.  LIQUID DESSICCANT TECHNOLOGY 
 
Desiccants are substances that have the ability to absorb moisture from the air. They come in 
different forms and phases, and they are used nowadays in air conditioning systems for 
dehumidification purposes [1]. The foundation design principles of a liquid desiccant technology 
system are depicted in figure 2 below. As mentioned in Munters’ dehumidification handbook, 
1990 [5], the system is composed of two main units: the Conditioner, and the Regenerator. The 
Conditioner is where the humid air enters (stage 1) to be dehumidified (stage 2) and is later 
exported dry to the interior space (stage 3). The dehumidification of the air is achievable due to 
the contact of the humid air with the desiccant solution, which is sprayed on a bed surface 
configuration, as it is shown in the diagram. Afterwards (stage 4), the already weak desiccant 
solution is collected, and sent to the regenerator unit for reactivation [1], [2]. This time, the dry 
exterior air is passing through the bed, where the weak desiccant solution is sprayed. The 
solution is now hot (stage 5) so that the extra moisture may evaporate, and be, then, carried away 
by the dry air towards exiting the system (stage 6). At the end (stage 7), the re-concentrated 
solution is collected and sent back to the Conditioner. In this way, a continuous reactivation cycle 
is achieved because of the desiccants’ long lifecycle, which makes this system a sustainable 
technology. In addition to the sustainable aspect of this technology, the desiccants can be 
reactivated in low regeneration temperatures [3]. This allows for the use of thermal energy from 
sustainable energy systems such as solar collectors, or waste heat [3].  



	
 

Figure 2, Typical open-cycle liquid desiccant system, 

Source: Barlow. S. R., Colorado, 1982 [4]. 

 
3.  DESIGN CONCEPT  
 
The design proposed in this body of work is a ‘low-tech’ representation of the technology 
principles explained above. In figure 3 below, the features of the proposal are illustrated. At first, 
humid air enters the envelope through a wall recess (stage A). The moisture from the air it is, 
then, collected, and processed, within the two fluid spaces -interconnected with a channel- at 
stage B. Both fluid spaces contain desiccant solution of equal concentration. Their difference lies 
on the fact that the fluid space on the right receives solar radiation (stage C). Because of the heat 
provided, some molecules of the solution evaporate, and travel to the top of the structure (stage 
D). There, the water vapour is absorbed by a series of hollow concrete forms, and it is, then, 
distributed to the green wall substrate layers.  
 
 

	
	

Figure 3, System’s design features, created by the author 

	



4. METHODOLOGY 
 
The methodology used for the experiments of this paper was physical experimental research. It 
was carried out using self-customised models that were simulating the specific section of the 
design proposal under study. A simplified model was used for the initial experiments of the 
research, as shown in figure 4. A more advanced model was created for the rest of the 
experiment series that was made from two climate chambers, which allowed for the control of the 
conditions in each chamber individually through the use of mechanical equipment (figure 5).   
 
 

	
	

Figure 4, Experiment set-up, experiment series A, photographed by the author 

 
 

	
	

Figure 5, Experiment set-up, Self-customized double chamber, photographed by the author. 

 
 
5.  RESULTS AND DISCUSSION 
 
For the first series of experiments, the aim was to gain a general understanding of the diffusion 
dynamics taking place within the proposed geometry of the design, and this was achieved using 
the model in figure 4. The variables tested were temperature, and density. The variables differed 
for each experiment, and this can be seen in the first column of table 1. The liquids were 
prepared prior to their placement into the experimental model (For Heat: solution was warmed 
up to 70C., for Salt: 100g of NaCl were diluted into the solution).The results extracted from the 
five experiments were the following: a) The original open channel solution allowed fast flow rate 
with the diffusion taking place between the first minutes of the experiment. In addition, the open 
channel solution allows the establishment of volume equilibrium, b) The osmotic diffusion 



overcomes thermal diffusion when both variables are present (E4 table 1), and C) After diffusion 
takes place, layers of colours can be clearly identified on the initially hypotonic side, while a new 
colour shade blend is taking place all over the initially hypertonic side. The colour blend mixture 
is a result of the diffusion of the hypotonic solution molecules into the hypertonic. The two-colour 
layers formation is a result of sedimentation equilibrium.  
 
 

Table 1, Visual Results, Experiment series A, created by the author. 

 
 

 
For the second series of experiments, the goal was to examine how different hygroscopic matter 
reacts within a moist environment, and to compare it with that of a mechanical system. The 
model used for this experiment was one of the self-customised climate chambers shown in figure 
5. The different matter (NaCl, CaCl2, NaCl+H2O, (C3H5NO)n) were placed into individual 
containers, and exposed to the same climatic chamber conditions. The conclusions of the 
experiment were the following: A) Different types of hygroscopic matter present different phase 
changes, when exposed to moist air. Some dissolve within the water they absorb forming 
aqueous solutions, e.g. CaCl2.  Some remain at solid phase, e.g. NaCl, and some increase in 
volume, while they absorb water, e.g. C3H5NO)n [6], [7]. B) The temperature has a great impact on 
the moisture uptake capacity of each matter. In graph 1, we can see that the rise of temperature 
increases the moisture uptake capacity for some matter, while it decreases it for other. This lies 
on three factors: matter’s deliquescence point, relative humidity, and vapour pressure [8] within 



the chamber. It turns out that examining all types of matter under the exposure of the exact same 
climatic conditions does not reveal objectively every matter’s maximum capacity in moisture 
uptake. The selection of desiccant matter should be based on the climatic conditions of the 
intended application [4]. C) The moisture absorption capacity of the mechanical system was 
proved to be almost four times bigger than that of the biggest matter’s moisture uptake (graph 
2). However, the comparison was judged as non-objective, since the technology of the system 
used for the comparison was the ‘cooling coils technology’, instead of the liquid desiccant one. 
The conclusion made was that the system itself, perhaps, is not as efficient when used as a 
passive system. Its efficiency will increase if it is a part of a greater bioclimatic design of an 
interior space, where a forced moist airflow will be created, and guided, into the system.  
 
 

	
Graph 1, Percentage of change on moisture uptakes at the increase of temperature, experiment series B, created by the 

author. 

	
Graph 2, Percentage of moisture uptake for mechanical system and matters at 40˚C, experiment series B, created by the 

author. 

 

Abbreviations for graphs 1 and 2: NM-No Matter, S-Salt (NaCl), SW-Saltwater (NaCl + H2O), WSC-Water Storing Crystals 
(C3H5NO), MA-Moisture Absorbent (CaCl2). 

 
For the third series of experiments, the aim was to examine how the heat diffuses across the two 
chambers of the model in figure 5, when different conditions are applied, and to compare the 
water volume reduction between the two fluid containers. The conclusions of the experiments 
were the following: A) Heat conduction does not take place into the water hose connection 
because the temperature progresses of the two fluids are irrelevant to each other (graph 5). This 
is considered as an advantage of the system, since it is, in a way, a guarantee that evaporation 
will only occur in one of the two fluid spaces. B) An accidental hose gradient seemed to be the 
reason for an unequal water volume distribution across the two containers, since volume 
equilibrium is established with some delay (graph 6). Based on the last conclusion, a developed 
design proposal is suggested, as it is shown in figure 6. An unequal volume distribution can be 
proved beneficial for the system in a sense that, if fluid space A has a smaller water volume than 
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FSB, then the concentration of desiccant in the FSA will always be higher than the concentration 
of FSB. For this scenario to be successful, the diffusion should also be controlled with the use of a 
semi-permeable membrane. As such, the two solutions will end up with different solution levels 
due to gravity forces being stronger that the osmotic force.  

	
Graph 2, Temperature Difference 2, part 1, experiment series C, created by the author. 

	
Graph 3, Water volume reduction, part 2, experiment series C, created by the author. 

 
Abbreviations for graphs 5 and 6: AW-Water temperature of CHA, BW-Water temperature of CHB, CHA-Chamber A, 
CHB-Chamber B. 

 
Figure 6, Suggested design development, part 2, experiment series C, created by the author. 

The aim for the forth series of experiments was to study how the liquid temperature, and the 
evaporation rate, are affected by the chambers’ climatic conditions. The results of the experiment 
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were the following: A) The liquid temperature is not affected by the chamber’s temperature, and 
it is only a matter of the radiated heat received by the heat source (this can be seen in graph 7 
where the temperature progresses of the two fluids are almost identical, even though the two 
fluids were exposed to entirely different relative humidity conditions). B) However, the 
temperature and the relative humidity of the chamber can affect the evaporation progress initially 
(graph 8). C) As soon as the two liquids reach the same temperature (62 ˚C), they have the same 
evaporation rate value namely that of 2.14%/hr (graph 8).  

	
Graph 4,	Temperature difference 4, part 1, experiment series D, created by the author.

 

Graph 5, Evaporation Rate, part 2, experiment series D, created by the author. 

Abbreviations for graphs 7 and 8: DW-Water temperature of the DCH experiment, SW-Water temperature of the SCH 
experiment, T-Temperature, DCH-Double Chamber, SCH-Single Chamber. 

 
The aim for the fifth series of experiments was to examine how the temperature reduction of 
liquid, and chamber, differs over time. The results of the experiment are the following: A) Water’s 
heat capacity property causes the liquid temperature reduction to be smoother, and slower, than 
that of the chamber (graph 9). This implies that the evaporation will last until some hours after 
sunset and will start some hours after sunrise. This fact is crucial for the development of the future 
design solution, since there should be a guarantee that evaporation will continue during off 
sunshine hours too. 

0

20

40

60

80

0 50 100 150 200 250 300 350 400 450

Te
m

p
er

at
ur

e 
(˚C

)

Time (min)

DW SW

0.00%

0.71% 0.71% 0.71%

1.43%

2.14%

0.71%

1.43%

0.71%

2.14%

0.00% 0.00%

0.71% 0.71%

2.14%

0.71%

1.43% 1.43%

0.71%

2.14%

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

0 1 2 3 4 5 6 7 8 9 10 11

Temperature (˚C)

E
va

p
o

ra
tio

n 
Ra

te
 (%

/h
r) 

Time (Hrs)

T DCH SCH



 
Graph 6, Temperature reduction, experiment series E, created by the author. 

Abbreviations for graph 9: DCH-Chamber temperature, DW-Water temperature 

	
6. CONCLUSIONS 
 
The objectives of this study were to identify the drawbacks of the proposed design, and to test 
whether developing the design of the proposal can eliminate these drawbacks. The system’s 
flaws, as identified in the thesis paper, are the following:  
 

I. The formation and establishment of the sedimentation equilibrium obstructs the diffusion 
process’s integration across the two fluid spaces. This can lead to the termination of the 
system’s performance because if no reactivation of the solution is achieved, no moisture 
absorption will be transacted. 

II. The area of interaction (channel) defines the degree of formation of the sedimentation 
equilibrium due to its positioning, and level, in the system’s design. The low-level 
channel proposal is a limitation for the system’s proposal, since it has been proved to 
guarantee the formation of the sedimentation equilibrium. 

III. The rise of temperature affects the moisture uptake capacity of the desiccant in use. This 
can be a limitation of the system because the environmental condition changes of the 
space for the intended application can, either diminish, or enhance, the desiccant’s 
moisture uptake capacity, depending on its properties.  

IV. The composition/density of the air in the enclosed fluid space affects the evaporation 
rates, and, therefore, failure in controlling this variable can diminish the effective 
performance of the system. The suggested enclosed structure of the fluid space B 
proved to guarantee the high percentages of relative humidity in the space.  

V. The design proposal is not clear on how the solar heat is radiated to the fluid. The 
simplistic ‘low-tech’ solution suggested allows for evaporation to occur only during the 
day, and gives no solution for heat conduction during night hours. 

 
The system’s positive aspects are given below:  
 

I. The control over volume equilibrium across the two fluid spaces can be easily achieved 
through the adjustment of the channel’s inclination angle, as well as, through the 
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addition of a semi-permeable membrane at the area of interaction of the two fluids. 
These suggestions can achieve an ongoing “desiccant reactivation” cycle. 

II. Heat conduction from fluid space B to fluid space A can be easily controlled by the 
adjustment of the channel’s length, and diameter.  

 
 
7.  FUTURE RESEARCH 
 

I. The study of semi-permeable membrane type,s and applications can shed light on how 
the solutions concentrations can be controlled across the two different fluid spaces, and 
on how the proposed design can be adjusted by the application of such technology. 

II. Research on steam-related applications can shed light on how the design proposal can 
be adjusted to achieve vapour flow direction to the very top of the enclosed space of 
fluid space B, thus managing condensation control. 

III. Research on desiccant based constructive materials can shed light into the forms that the 
desiccant can be incorporated into the system, and, specifically, if there is a possibility for 
it to be in solid form within the systems constructive materials or not. If there is such a 
possibility, the specification of the design proposal should be adjusted accordingly.  

IV. The study of solar heat collectors technology can shed light on the ways that heat will be 
conducted to the solution in a way different than the initially proposed suggestion, in 
order to ensure evaporation at all times, during day, and night.  
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