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Abstract:- The objective of this study was to evaluate the performance of a solar assisted dehumidification 
system. This system as incorporation of two columns of desiccant beds into a solar drying system. The main 
components of the a solar assisted dehumidification system  consist of a solar collector, an energy storage tank, 
an auxiliary heater, two blowers, two columns of desiccant beds (adsorber columns), two water-air heat 
exchanger, two water circulating pumps, a drying chamber and other ancillary equipment. Silica gel was 
selected as the desiccant material due to low temperature regeneration. The performance of this system has 
been investigated under the meteorological condition of Malaysia. A computer program was developed in 
MATLAB software to calculate the performance of the drying system. The performance indices considered to 
calculate the performance of the drying system are: Pick up efficiency ( Pη ), Solar Fraction (SF) and 
Coefficient of Performance (COP).  The results indicated that the maximum values of the pick up efficiency 
( Pη ), solar fraction (SF) and coefficient of performance (COP) was found 70%, 97% and 0.3,  respectively 
with initial and final wet basis moisture content of Centella Asiatica L 88% and 15%, respectively at an air 
velocity is 3.25 m/s.  
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1   Introduction 
The last few decades, considerable importance has 
been placed on the rational use of energy resources. 
The increase energy demand in the world and 
depletion of conventional energy resources, and its 
adverse on environment has created renewed 
interest for the use of renewable energy resources. 
Solar energy provides an alternative to use of 
conventional energy resources due to its 
abundance, environmentally friendly, has no 
moving parts to break down, and does not require 
much maintenance [1].  

Malaysia as tropical country receives abundant 
solar radiation and having characterized by an 
average daily solar radiation of about 500-
700W/m2 [2]. This could be used as energy sources 
for drying foods or other heat sensitive, 
biologically active products by using solar collector 
devices.  

Centella Asiatica L (CA) belong to the family of 
umbrelliferae is commonly found in parts of India, 
Asia and The Middle East. It is known as ‘Daun 
Pegaga’ in Malaysia, ‘Luei Gong Gen’ or ‘Tung 
Chain’ in China, ‘Vallarai’ in Tamil Nadu (India) 
and ‘Daun Kaki Kuda’ in Indonesia [3]. Centella 
Asiatica L is a traditional herbal medicine has been 
used in Asia for hundreds of years [4]. It contains 
pentacyclic triterpenes, mainly asiatic acid, 
asiaticoside, madecassic acid and madecassoside 
[5]. It is has been used for improving memory, 
treating mental fatigue, anxiety, and eczema [6], 
curing leukorrhea and toxic fever [7], antitumor [8], 
antiproliferative [9], antigenotoxic [10], anti-
inflammatory, anticancer, antioxidation and 
anxiolytic [11,12].  

After harvesting Centella Asiatica L contain 
high moisture content (85%-89%, wet basis) and 
it’s highly perishable. Therefore, after harvesting 
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its must be dried as soon as possible to reduce the 
moisture content to such a level where spoilage due 
to the various reactions is minimized and to prevent 
the expected contamination by rodents, birds, 
insects, dust and  dirt [13,14]. 

In the drying process, beside removal of water 
the drying time, operation cost, the quality of dried 
product and performance of drying system must be 
taken into consideration [15].  

In Malaysia, conventional hot air drying method 
is commonly used for drying foods or other heat 
sensitive (medicinal herbs), biologically active 
products. Although the method is very cheap and 
practice, however the conventional hot air dryers 
which are clearly not suitable to dry them because 
this method it quality of the products degrades 
significantly because of heating for long period. To 
decrease the drying time, air temperature should be 
increased.    

The high drying air temperature may remove 
important ingredients, cause color reactions and 
degrade the product resulting in low product quality 
[16-18]. The low product quality may have adverse 
economic effects on domestic and international 
markets value of the product [19].  Therefore, low 
temperature drying technologies must be applied to 
minimize quality degradation of the products and 
short drying time. Solar assisted dehumidification 
system is an alternative method for drying of foods 
or other heat sensitive, biologically active products. 
Because of this system operated with less relative 
humidity and lower temperature. The solar assisted 
dehumidification system as incorporation of two 
columns of desiccant beds into a solar drying 
system and in this system to decrease the drying 
time or to increase drying potential, the water vapor 
in air removed using desiccant materials in column 
of desiccant bed before used for drying process. 

The objective of this study was to evaluate the 
performance of a solar assisted dehumidification 
system for drying Centella Asiatica L. A computer 
program developed in MATLAB software to 
calculate the performance of drying system. The 
performance of this drying system is indicated by 
Pick up efficiency ( Pη ), Solar Fraction (SF) and 
Coefficient of Performance (COP).  
 
 
2 Description of Solar Assisted 
Dehumidification System 
The system consists of a solar collector, an energy 
storage tank, an auxiliary heater, two blowers, two 
columns of desiccant beds (adsorber columns), two 
water-air heat exchanger, two water circulating 

pumps, a drying chamber and other ancillary 
equipment. The schematic diagram of the solar 
assisted dehumidification system is shown in Fig 1. 
The solar collectors used were 60-evacuated heat 
pipes tube arranged in parallel with total area of 6 
m2. The area of absorber in tube each individual 
was 0.1 m2, and distance between the tubes was 7.1 
cm. The pump electrical capacity was 0.1 kW and 
was used to circulate water from the water tank to 
the solar collectors. The water tank with diameter 
of 45 cm and height of 85 cm was made from 
stainless steel and insulated using glass wool and 
foam rubber. Two units of cross flow type heat 
exchanger have been used. This system has two 
adsorber columns with dimension of 25 cm (width) 
x 25 cm (length) x 100 cm (height). The columns 
were filled up with silica gel to a height of 85 cm. 
The drying chamber was of the cabinet type with 
the size of 1.0 m (width) x 1.0 m (length) x 2.5 m 
(height). The chamber contains the drying trays 
with adjustable racks to place the medicinal herbs. 
The dry air from the adsorber column entered the 
drying chamber at the bottom and exit through an 
air vent at the top. The dry air was circulated by 
using blower with electrical capacity of 0.75 kW. 
Water in the heat storage tank is recirculated in the 
solar collector by the heat collection pump and this 
recirculation eventually raises the water 
temperature in the tank. Since the water in the 
storage tank is utilized for both the regeneration of 
the absorbent at a higher temperature and the 
drying process at a lower temperature, a 
temperature level of about 70°C-80°C is required. 
If the solar collector could not raise the water 
temperature up to this level, then the auxiliary 
heater is used to supplement the heat energy 
required to do so. The hot water is first used to 
produce hot air in the hot water-air heat exchanger 
for regeneration of adsorbents in one adsober 
column, and to warm dehumidified air from the 
other adsorber column in  the warm water–air heat 
exchanger for drying in the drying chamber by 
manipulation of the two three-way valves. Fresh air 
for both regeneration and adsoprtion/drying is 
drawn in by the two blowers. 

The adsorbents are packed in two adsorber 
columns so that air dehumidification could run 
continuously by simultaneous bed regeneration and 
adsorption in alternate bed as follows. Regeneration 
of adsorbents in the adsorber column (B) is carried 
out by heating the air drawn in by the air blower 
(B) in the hot water-air heat exchanger (B) and 
passing the hot air into the adsorber column (B) so 
that moisture is desorbed and removed from the 
adsorbents into the atmosphere. At the same time, 
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drying is carried out in the drying chamber by 
heating the air drawn in by the blower (A) that is 
dehumidified by adsorber column (A) in the warm 
water-air heat exchanger (A) and passing the warm 
dehumidified air into the drying chamber.  When 
the adsorbents in the adsorber column (A) are 
saturated with moisture and the regenerated 
adsorbents in the other adsorber column (B) are 
fully regenerated, then the regeneration process is 
switched to the saturated adsorber column (A) and 
the adsorption process is switched to the another 
adsorber column (B) by manipulation of the two 
three-way valves. 
 
 
3  Instrumentation 
In order to evaluate the performance of the drying 
system, measurements of temperatures, humidities, 
moisture contents, air velocities, static pressures, 
solar radiation on collector surface and on 
horizontal,  mass and density of Centella Asiatica L 

sample were made during tests conducted. Dry bulb 
temperatures were measured with type-K 
thermocouples. Solid-state hygrometers were used 
to measure humidities at different locations. A 
hygrometer with type-K thermocouples was also 
used to measure dry-bulb and wet-bulb 
temperatures at selected locations in the dryer. 
These temperatures were used to obtain air 
humidities from psychometric charts. A turbine 
flow meter is used to measure the flow rate and 
velocity of the air. The flow rate of water is 
measured with the help of a water flow meter. The 
instantaneous solar radiation has been measured by 
using the Eppley Pyranometer and mounted near 
the collector on the plane of the collector. Static 
pressures were measured periodically by a U-tube 
micrometer. The moisture measurement in the 
product has been done with the help of a weighing 
machine. The power consumption of the system is 
measured by a wattmeter.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
4  Procedures 
Fresh Centella Asiatica L was bought from the 
local market in Kajang, Selangor, Malaysia and 
cleaned thoroughly before use. The initial moisture 
content of the Centella Asiatica L sample was 88% 
wet basis. This sample was placed on a tray in the 
drying chamber. Weight loss of the sample was 
recorded every 15 minutes by a weighing machine 
located inside the drying chamber.    
 
 

5  Result and Discussion 
The drying process of fresh Centella Asiatica L 
with initial weight and initial moisture content of 
about 3 kg and of 88% wet basis, respectively was 
conducted in two days and each day was started at 
10 am and continued till 4 pm. The Centella 
Asiatica L dried to final weight  and final moisture 
content of about 0.37 kg and 15%, respectively  at 
an air velocity is 3.25 m/s. The performances of 
solar assisted dehumidification system as shown in 
Figure (2-10).  

Figure1. Schematic diagram of the solar assisted dehumidification system  
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The variation of solar radiation and ambient 
relative humidity during experimentation is shown 
in Fig.2. At the first day a maximum solar intensity 
of 972 Wm-2 was observed and the ambient relative 
humidity varied between 52% and 78% with an 
average of about 63%.  For the second day a 
maximum solar intensity of 941 Wm-2 was 
observed and the ambient relative humidity varied 
between 53% and 78% with an average of about 
65%.  

Figs.3 and 4 show variations of drying chamber 
inlet and outlet air temperature and the 
corresponding relative humidity at inlet and outlet 
drying chamber respectively. As seen from figure 
the drying chamber inlet air temperature was 
maximum at noon and was about 50oC while the 
corresponding relative humidity was the minimum 
and it was about 20%. This stated that the drying 
air condition is suitable for drying heat sensitive 
product like Centella Asiatica L because of drying 
process conducted at low air temperature and low 
relative humidity. 

Fig.5. show variation of the moisture content of 
Centella Asiatica L with time. Its moisture content 
in drying chamber was reduced from an initial 
value of 88 % wet basis to the final value of 15 % 
within 2 days or over drying time of about 12 
hours.  

Fig.6. show variations pick up efficiency of 
drying system with time. The pick up efficiency 
depend on the evaporation of moisture from the 
products being dried inside the drying chamber. It 
can be seen from this figure that the pick up 
efficiency always declines during drying process, it 
because of the evaporation of moisture rate also 
declines. The pick up efficiency of drying system 
maximum values were observed at the first day and 
second day of about 97% and 29%, respectively. 

Figs.7 and 8 show variations of energy 
contribution for drying process and regeneration 
process respectively. As seen from figure that both 
these process, the energy contributed by auxiliary 
heater corresponding with energy contributed by 
solar collector.  The energy contributed by 
auxiliary heater decreased with increase in the 
energy contributed by solar collector, this stated 
that less electrical energy required for drying 
process and regeneration process, respectively. 

Fig.9. show variation of energy contributed by 
solar collector, auxiliary heater and blower and 
pump respectively to dehumidification system for 
drying Centella Asiatica L from initial weigh of 3 
kg to final weigh of 0.37 kg over drying time of 
about 12 hours at an air velocity is 3.25 m/s. It can 
be seen from this figure that total energy required 

of 47609 kJ, this energy contributed by solar 
collector, auxiliary heater and pump and blower of 
about 25315 kJ, 17829 kJ and 4464 kJ, respectively 

Fig.10. show variation of solar fraction (SF) 
with time. The solar fraction depends on the 
instantaneous solar radiation. With an increase of 
solar radiation, the collector absorbs more energy, 
which is transferred to the water flowing though the 
collector and, hence, increases the solar fraction.  
At the first day and second day a maximum solar 
fractions of about 70% and 68% was observed, 
respectively. 
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 Fig.2. Variations of solar radiation and ambient 
relative humidity with time. 
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Fig.3. Variations of drying chamber inlet and outlet 
air temperatures with time. 
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 Fig.4. Variations of drying chamber inlet and 
outlet air relative humidity with time. 
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Fig.6. Variations of pick up efficiency of the 
system with time 
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Fig.7. Variations of energy contribution for drying 
process L with time. 
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 Fig.8. Variations of energy contribution for 
regeneration process L with time. 
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 Fig.9. Variations of energy contribution for 
dehumidification system with time. 
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 Fig.10. Variations of solar fraction of the drying 
system (SF) with time. 
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2nd day 1st day 6  Conclusions 
An experimental investigation on the performance 
of a solar assisted dehumidification system was 
conducted for drying Centella Asiatica L. The 
Centella Asiatica L must be dried for storage 
before extraction of the active component. The 
performance of this drying system is indicated by 
Pick up efficiency ( Pη ), Solar Fraction (SF) and 
Coefficient of Performance (COP). The maximum 
values of the pick up efficiency ( Pη ), solar fraction 
(SF) and coefficient of performance (COP) was 
found 70%, 97% and 0.3,  respectively with initial 
and final wet basis moisture content of Centella 
Asiatica L 88% and 15%, respectively at an air 
velocity is 3.25 m/s.  Based on this results indicated 
that the solar drying system suitable for drying heat 
sensitive product like Centella Asiatica L  because 
of drying process conducted at low air temperature 
and low relative humidity. Also the solar drying 
system may be developed for pilot scale because of 
contribution of energy from solar is very high.  

1st day 2nd day 

 
References: 
[1] Nidal, H and Abu-Hamdeh. 2003. Simulation 

study of solar air heater. Solar Energy 74:  
309–317. 

[2] Sopian, K. and Othman, M. Y. 1991. Estimates 
of Monthly Average Daily Solar Radiation in 

Proceedings of the 3rd WSEAS Int. Conf. on  RENEWABLE ENERGY SOURCES

ISSN: 1790-5095 287 ISBN: 978-960-474-093-2



Malaysia, Renewable Energy, Vol. 2, No. 3, 
pp. 319-325.   

[3] Somchit, M. N., Sulaiman, M. R., Zuraini, A., 
Samsuddin, L, and Somchit, N. 2004. 
Antinociceptive and anti-inflammatory effects 
of Centella asiatica. Indian Journal of 
Pharmacology, Volume 36, pp. 377-380. 

[4] Guangtao Jia, & Xiuyang Lu. 2008. 
Enrichment and purification of madecassoside 
and asiaticoside from Centella asiatica extracts 
with macroporous resins. Journal of 
Chromatography A, 1193 (2008) 136-141.  

[5] Inamdar, P.K., Yeole, R.D., Ghogare,A.B, and 
de Souza, N.J. (1996). Determination of 
biologically active constituents in Centella 
asiatica, Journal of Chromatography A, 742, 
pp. 127-130. 

[6] Goh, S.H., Chuah, C.H., Mok, J.S.L. & 
Soepadmo. 1995. Malaysian medicinal plants 
for the treatment or cardiovascular diseases. 
Malaysia: Academe Art & Printing Services 
Sdn Bhd. 

[7] Kan, W. S. 1986. Pharmaceutical botany, P. 
416. Taiwan: National Research Institute of 
Chinese Medicine. 

[8] Babu, T. D., Kuttan, G & Padikkala. J. 1985. 
Cytotoxic and antitumor properties of certain 
taxa umbelliferae with special reference to 
Centell asiatica (L) Urban. Journal of. 
Ethnopharmacology 48: 53-57. 

[9] Yoshida, M., Fuchigami, M., Nago, T., Okabe, 
H., Matsunaga, k., Takata, J., Karube, J., 
Tsuchihashi, R., Kimjo, J., Mihashi, K, & 
Fujioka, T. 2005. Antiproliferative constituent 
from umbelliferae plants VII. Active triterpene 
and rosmarinic acid from Centella asiatica. 
Biology and Pharmacology Bulletin 28: 173-
175.  

[10] Siddique, Y. H., Ara, G., Beg, T., Faisal, M., 
Ahmad, M., & Afzal, M. 2007. Protective role 
of Centella asiatica L. Extract against methyl 
methanesulphonate and cyclophosphamide 
induced genotoxic damage in cultured human 
lymphocytes. Recent Progress in Medicinal 
Plants 19: 369-381.  

[11] Kumar, M. H. V. & Gupta, Y. K. 2002. J. 
Ethnopharmacol 79, 253. 

[12] Gnanapragasam, A., Yogeeta, S., Subhashini, 
R., Ebenezar, K.K., Sathish, V. & Devaki, T. 
2007. Mol. Cell Biochem 294, 55.  

[13] Garg, H. P, & Kumar, R. 2001. 
Developments in solar drying. In: Proceeding 
of the Second Asian-Oceania Drying 
Confrence (ADC 2001), Batu Feringhi, Pulau 
Pinang, Malaysia, PP. 297-319.  

[14] Janjai, S. & Tung, P. 2005. Performance of a 
solar dryer using hot air from roof-integrated 
solar collector solar collectors for drying herbs 
and spices. Renewable Energy 30: 2085-2095 

[15] Szentmarjay, T., Pallai, E. and Szekrenyessy. 
1996. Product quality and operational 
parameter of drying. IDS 96, Volume B, pp. 
839-846.  

[16] Overhults, D.G., White, G.M., Hamilton, H.E., 
Ross, I.J. & Fox, J.D. 1975. Effect of air 
drying on soybean oil quality. Trans. of the 
ASAE. 18(5): 942-945. 

[17] Attanasio, G., Cianquanta, L, & Matteo. 2004. 
Effect of drying temperature on physico-
chemical properties of dried and rehydrated 
chesnuts (Castanea sativa). Food Chemistry 88 
(4): 583-590. 

[18] Fennell, C. W., Light, M. E., Sparg, S. G., 
Stafford, G. I., & van Staden, J. 2004. 
Assessing African medicinal plants for 
efficacy and safety: Agricultural and storage 
practices. Journal of Ethnopharmacology, 
95(2–3), 113–121. 

[19] Beltagy, A.E., Gamea, G.R, & Amer Essa, 
A.H. 2007. Solar drying characteristics of 
Strawberry. Journal of Food Engineering 78: 
456-464.  

 

Proceedings of the 3rd WSEAS Int. Conf. on  RENEWABLE ENERGY SOURCES

ISSN: 1790-5095 288 ISBN: 978-960-474-093-2




