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ABSTRACT 
 

Due to increase in population and industries, water scarcity is a major concern 
in cities and in rural areas also. This paper aims at recycling of household waste 
water by using solar energy which is in abundance in India. So ultimately it deals 
with water scarcity and energy scarcity together.  Zero Effluent Discharge concept is 
mainly used for industries but here it is applied for household level. The broad 
objective of this paper is to evolve an energy efficient method for treatment of waste 
water, to explore the possibility of using solar detoxification for recycling of waste 
water and to develop the experimental set-up of the solar photo chemical reaction 
and investigate the effects of various operational parameters of the effluent 
treatment system, such as retention time, optimum catalyst concentration, intensity 
of light and its seasonal variation  etc. In this paper we present an outline of these 
technologies with special reference to the recent work being carried out at Sinhgad 
Institute of Technology, Pune. Experimental results show that the water from 
kitchen and bathroom can be treated by solar detoxification and its Chemical 
oxygen Demand reduces up to considerable limit that it can be recycled for 
gardening or for toilet flushing purpose .Experimentation done in summer and 
winter season show that this method can be used in winter season also. 
Key Words : Zero Effluent Discharge, Solar Detoxification, Photo catalyst TiO2, 

Water recycling, Retention time, Reactor design. 
 

INTRODUCTION 
In recent years, it has been found that 

solar detoxification is one of the promising 
method for the disinfection of the water.  
Solar detoxification process uses sunlight as 
the primary energy input required in 
reactions that break down contaminant 
molecules in water.  This is due not only to 
the fact that detoxification is an outstanding 

demonstration that sun is a suitable 
alternative for solving environmental 

problems but also that it is a nonselective 
process which works with complex mixture 
of contaminants. Light, by itself, is not a very 
effective initiator of photo-oxidation 
processes but the combination of light and 
catalysts has proven very effective for water 
purification.  The solar photo catalytic 
detoxification process uses the near 
ultraviolet band of the solar spectrum 
(wavelength under 390 nm) to promote 
oxidative / reductive reactions. 

Titanium dioxide in the anatase form has 
band gap energy of 3.2 eV and thus needs 
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light below 388 nm to be capable of 
producing e- - h+ pairs for oxidation / 
reduction reaction.  Because light below 400 
nm is only 4% of the solar energy reaching 
the surface of the earth modified photo 
catalysts have, therefore, to be developed for 
solar applications.  The, modeling of reaction 
kinetics of the photochemical reaction would 
give a better insight of the reaction 
mechanisms and hence would enable for an 
improved understanding of the system. 

Photo catalyzed detoxification using 
TiO2 as the catalyst requires photons of 
ultraviolet (UV) radiation of wavelength less 
than 388nm. The solar radiation reaching the 
earth contains only about 4 to 6 percent of 
UV radiation in this wavelength range. 
Typically  ,the maximum value of UV 
radiation is about 50 W/m2 for a south facing 
surface tilted at an angle equal to the latitude 
of the location1. Use of solar photo oxidation 
to inactivate faecal bacterial contaminants in 
drinking water was evaluated by R.H.Reed, 
S.K.Mani and V.Meyer2 

Solar photo catalytic detoxification will 
be investigated through laboratory 
experiments as an alternative to conventional 
secondary treatment.  Research studies on the 
photo catalytic oxidation process have been 
conducted over at least the last three decades 
(Blake, 1994). 

Blake(1994) published a bibliography 
listing 660 publications and compiled a list 

of organic and inorganic compounds with 
references which shows over 300 compounds 
that can be treated by the Photo catalytic 
process. Blake (1994) also lists 42 review 
articles that cover various aspects of photo 
Catalytic chemistry and technology3. 

Some of the recent review articles 
include Blake et al. (1992), Kamat (1993), 
Legrini et al. (1993), Ollis, Pekkizetti and 
Serpone (1990), and Venkatadri and Peters 
(1993). These and many other review articles 
describe in great detail the processes of 
photocatalytic oxidation and reduction. In an 
article entitled “Solar Photocatalytic 
Detoxification” published in the Advances in 
Solar Energy, Vol. 7 (1992), Blake, Link and 
Eber reviewed in detail the fundamental 
chemistry of solar photocatalytic 
detoxification and the preliminaries of 
engineering system development. Blake et al. 
(1992) also reviewed the U.S. Department of 
Energy’s program in this area and potential 
future applications. It is clear from the 
literature that photocatalytic treatment can be 
applied to a number of known environmental 
problems. In some cases, such as, removal of 
color and reduction of chemical oxygen 
demand (COD) in industrial wastewater, 
photo catalytic oxidation may be the only 
environmentally benign, effective treatment 
available4. 

The following equations describe the oxidation and reduction process as5 : 
TiO2    

hv   TiO2 [e–cb + hole+vb]  (1) 

TiO2 [ec-b + hole +Vb]   
recomb.   TiO2 + heat   (2) 

H2O    
hv   OH-  + H+   (3) 

Hole +vb + OH- (ads)       OH    (4) 
O2 + e-cb       O2

-
    (5) 

2O-
2 + 2H+ (ag)        H2O2 + O2   (6) 

Oxidation of organics: 
OH + Organics + O2      Products (CO2, H2O, etc.) (7) 
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Reduction of Metals: 
Ne-cb + M n+

       M0    (8) 
[Where cb = conduction band:  vb = valence band] 

Detlef Bahnemann (1991) studied the 
influence of light intensity, temperature and 
PH on the overall yield of the destruction of 
halogenated hydrocarbons in aqua’s 
suspensions containing titanium dioxide 
powder5. 
Objectives 

Zero Effluent Discharge : To cater to 
increased water demand due to Urbanization 
and Industrialization, Reduced rain 
fall, Increase in standard of living, Depletion 
in natural water resources water recycling is 
necessary which is known as zero effluent 
discharge. Zero effluent discharge reduces 
the water pollution also by following ways. 
a) Disposal of inadequately cleaned waste 
water contaminates other fresh water 
resources. b) The waste water generating 
company will recycle water properly only if 
they are forced to generate their fresh water 
resource from the waste water generated by 
them. c) It is economical to use recycled 
water than to pay for consuming fresh water 
and wasting waste water. This concept can 
be applied to household also. WHO 
Standards for water per capita is 135 lit / 
capita / day. Out of that, Drinking - 03 liters., 
Cooking - 04 liters., Bathing - 20 liters., 
Washing Clothes - 25 liters., Washing 
Utensils - 20 liters., Toilet Flushing - 40 
liters., Gardening - 23 liters.  Quite a large 
portion of the water (63 liters.) is used for 
last two purposes and the quality of water for 
that can be type B (Inferior to type A i.e., for 
drinking and cooking).   

Waste Water from Bathrooms, Kitchen 
and Rain Water can be collected in settling 
tank where primary treatment of water will 
be done and then it is taken to second tank in 

which TiO2 powder (catalyst) is mixed into it 
and pumped to solar flat plate collector.  
After solar detoxification, the water is stored 
in the storage tank and recycled for toilet 
flushing and gardening. So the waste water 
from kitchen, bathroom can be recycled for 
toilet flushing and gardening after passing 
from solar detoxification set-up shown in 
Fig. 1. 

The aim of the paper is to develop a 
method which takes care of energy saving 
and water saving together. The pollution of 
environmental resources namely surface and 
ground water is a serious problem.  
Therefore, it is very important to develop 
processes for the clean-up of polluted water. 
Moreover, to the best of our knowledge the 
application of solar detoxification for the 
zero effluent discharge has not yet been 
investigated. The heart of this research 
problem is to investigate an energy efficient 
method by using solar energy and water 
recycling for household application. In 
conventional treatment methods, lot of 
energy is wasted and also they generate 
harmful byproducts.  In stead of these 
methods solar detoxification / photo catalytic 
oxidation method is used because : 

a. It carries eco-friendly operation 
b. It does not create any harmful by 

products 
c. It is energy efficient method as it 

uses solar energy which is in 
abundance in India 

d. Operating and maintenance cost will 
be almost nil. 

e. Use of Titanium Dioxide as a 
powerful catalyst which is 
commercially cheap. 
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f. An important advantage of the 
photo-oxidation method is 
degradation of pollutants in-situ, 
eliminating the generation of 
secondary wastes.  

g. This is an important environmental 
and economic consideration because 
there are fewer opportunities for 
spills, no added treatment or 
dumping costs, and an owner’s 
liability is limited to on-site 
operations.   

h. Since the photo-oxidation process is 
driven by light, outdoor facilities can 
be constructed that make use of a 
free source of energy supplied by the 
sun. 

Kinetic Models 
Factors affecting degradation are: dosage 

of catalyst, flow rates, UV radiation 
intensity, tilted angle of the reactor. Among 
all other kinetic models, Langmuir- 
Hinshelwood (L-H) kinetics seem to describe 
many of the reactions well6,7,8. 

The rate of destruction is given by 

C= C0 e -kt              
Where C - solute concentration at time t 

      C0 - initial solute concentration , 
     K - the reaction rate constant,  
      t - time 

MATERIAL AND METHODS 
The titanium dioxide powder used for 

measurements was Degussa TiO2 (P25) 
powder specified as having 80/20 
anatase/rutile composition , primary particle 
size~ 30 nm and BET surface area 50 m2g-1. 

The Flat plate collector designed and 
used for this investigation is shown 
schematically in Fig 2. The photocatalytic 
oxidation process with a flat plate reactor 
(FPR) was found to be effective in 
decoloring dyes. This study confirms that 
first-order kinetics are adequate for a 
simplified characterization of this process in 
engineering applications9. 

The reactor size was   750 mm x 410 
mm.  The waste water from kitchen to be 
treated was stored in a tank in which a 
catalyst TiO2 powder (P25 Degussa) is mixed 
in desired proportion of 0.1%. Readings were 

 
Fig. 1 : Effluent Treatment Plant at household level. 
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taken at different retention time from 1 hour 
to 12 hours. In addition, as the angle between 
the horizontal and the reactor plate can affect 
the amount of solar radiation received, the 
angle was taken as constant 25 degrees.  The 
outlet of the tank fed the suction inlet of a 
pump (24 volt DC). A flow meter (Rotameter 
-Eureka Company to measure discharge from 
0 to 100 Lph) was used to record the system 
flow rate.  The fluid was pumped into the 
reactor where it formed a thin layer of water 
so that the fluid comes in contact with the 
solar radiation and it is continuously 
recycled.  After every 1 hour some sample 
was taken out for taking COD readings. 
Chemical Oxygen Demand was measured by 
reflux method titrating against FAS solution. 

To determine the optimum proportion of 
catalyst concentration, initially a sample 
having initial COD of 327 mg/l was taken for 
study at catalyst concentration percentage of 
0.05 % to 1% giving solar exposure time of 2 
hrs. 

Effect of solar detoxification was studied 
on domestic water in winter and summer 
season. Domestic waste water of initial COD 
872 mg/l was taken for the experimental 
study and it was exposed under solar 
radiation on experimental set up at reactor 
angle of 25 degrees and constant discharge of 
60 l/h so as to get thin layer of water. 

RESULTS AND DISCUSSION 
Experiments have been carried out to 

decide the optimum dosage of catalyst. 
Domestic sample having initial COD of 327 
mg/l was taken for experiment and was 
tested with varying catalyst concentration 
percentage of 0.05 to 1%. 

The graph in Fig. 3 shows that there is 
considerable decrease in COD from 0.05% to 
0.1% compared to decrease from 0.1% to 
1%. Therefore it is seen that 0.1% (i.e. 1 
mg/l) is the optimum concentration 
percentage. Further experiments were taken 
at 0.1% TiO2 concentration and reactor angle 
of 250 so as to get maximum solar 
irradiation2. The experiment was done for 12 
hours.   

 
Fig. 2 : Experimental set up for solar detoxification. 
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Domestic waste water was collected 
from kitchen and was tested on solar 
detoxification experimental set up. The effect 
of solar energy on COD reduction in 
presence of TiO2 catalyst (P25 degussa - 
1gm/l concentration) was examined and the 
results are represented in the graph in Fig. 4. 
It was observed that after every hour COD 
got reduced and in 12 hours retention time it 
got reduced up to 224 mg/l. As observed in 
Fig. 4, there is a substantial decrease of the 
COD of the solution, which continuously 

decreases with time. COD is decreased to 
50% in 4 hrs, while at the end of the 
experiment (15 hr) more than 85% of the 
COD is removed. 

The graph in Fig. 4 shows that in 
summer season the major portion of 
degradation is possible in first 6 to 7 hours. 
After that it shows slower rate of degradation 
where as the graph in Fig. 5 gives the results 
in winter season which shows that 
considerable decrease is seen in first 10 
hours. 

 
Fig. 3 : Effect of catalyst concentration on degradation of waste water. 

 

 
Fig. 4 : Effect on degradation due to summer season. 
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Also it is seen from the graphs that the 
destruction is shown to be slower in the 
morning in first 2 hours, late afternoon and 
during periods of low UV intensity. 
Destruction is faster during mid day, when 
UV intensity peaks 

CONCLUSION 
The Solar Detoxification process with a 

Flat Plate Reactor was found to be effective 
in reducing waste contents and the water can 
be recycled for toilet flushing and gardening 
purposes. The value of COD reduces 
considerably with the time of solar exposure. 
Alternatively in place of FRP, UV sterilizer 
can be used for rainy season when there is 
not enough solar radiation available. The 
effect of solar detoxification on degradation 
of domestic waste water according to 
seasonal change in summer and winter was 
studied and it was found that even in winter 
season the degradation is comparable with 
summer season. However the solar exposure 
time required is more in winter. 

By this at house hold level water scarcity 
can be handled by energy efficient method 
‘Solar Detoxification’ using solar energy 

which is abundant in India. Thus Zero 
effluent discharge concept also can be 
applied on house hold level. 
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