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Abstract/Summary 

A small-scale parabolic trough concentrator (PTC) to pasteurize drinking water was designed, 
constructed and tested to assess its application as a device water treatment in developing countries. 
The PTC is a linear concentrator of 1 meter in length and 2 meters in width, made up of parabolic 
aluminum mirrors that reflects, onto a receiver black iron pipe, sunlight incident on the reflective area. 
The iron pipe is fixed along focus line of the parabola where untreated water can heat up. 
Temperature can be used to pasteurize water in order to inactivate pathogens. Temperature tests 
were performed with PTC to observe heating rate of water under real weather conditions. 
Microbiological tests for thermal inactivation were conducted with both a laboratory thermostatic 
water bath and PTC. Tests were carried out at different temperatures using artificially contaminated 
water samples. The results showed that PTC is able to heat rapidly and to pasteurize water. 

Introduction 

An estimated 1.6 million people die every year from diseases directly associated with a lack of safe 
drinking water and basic sanitation and hygiene (WHO, 2007). Water disinfection is one of the 
several interventions that can improve public health (Burch and Thomas, 1998).  

Disinfection treatments generally include use of chemical reagents (chlorine, ozone, etc.), physical 
agents (heat, sunlight radiation, etc.) or mechanical processes (filtration, etc.) (Solsona and Mendez, 
2003). The most common water treatment techniques are not always available and appropriate for 
the local population in developing countries. For example, there are communities whose inhabitants 
do not accept the taste of chlorine in water or have a wrong idea about its effects on their health 
(Wegelin et al., 1994).  

An interesting technology is solar pasteurization of water which does not need to boil drinking water 
before its use (Saitoh et al., 2001). Solar pasteurization devices can have several configurations, 
mostly depending on application scale (household or small communities), operation mode (batch 
system or flow-through). Temperature below boiling can be used to effectively treat contaminated 
water depending on the time water is held at the pasteurization temperature. Boiling is relatively 
expensive, consumes substantial amounts of fossil fuel or wood gathering that contributes to 
depletion of forests (Duff and Hodgson, 2005). Pasteurization time decreases exponentially with the 
increase of temperature (Burch and Thomas, 1998).  

A recent research shows that 70°C for 1 minute or 65°C for 5 minutes are sufficient thermal exposure 
to reach inactivation of the most common and resistant pathogen bacteria species (Konersmann, 
2010). The main advantage of this treatment is that inactivation of pathogens is independent of 
turbidity and pH, filtering is not required and it is indicated in regions with a hot and sunny climate 
(Burch and Thomas, 1998), particularly in countries within 20° of the equator and without reliable 
water purification systems (Ciochetti and Metcalf, 1984).  

The downside of solar water treatment is the strong dependency on solar radiation. This implies that 
e.g. in areas with rain season, production of drinking water using a solar device, might be drastically 
reduced over a certain period of year. This work reports the results regarding a small-scale parabolic 
trough concentrator (PTC) studied to pasteurize drinking water under real solar radiation. Thermal 
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and microbiological measurements are carried out to estimate thermal exposure to reach inactivation 
of pathogen bacteria and to understand the potential of this kind of treatment in rural areas in 
developing countries. 

Description of the Case Study – Approach or technology 

Solar Pasteurization Device 

Solar water pasteurization device used in this study is a PTC-prototype working in batch conditions, 
made of three principal components: a metal frame with a parabolic sheet, an aluminium mirror, 
placed upon the parabolic sheet to reflect sunlight incident and the receiver, a black iron pipe that 
receives the sun heat. The frame dimensions are 190 cm in length and 100 cm in width; the parabola 
has a spread of 168.3 cm and a depth of 43.9 cm (Figure 1). The focus line is placed 40 cm above 
the parabola vertex, along symmetry axis, where the black iron pipe is fixed. The parabola equation 
used for building the frame is: Y = 0.0006199*X2 and the parabolic shape was obtained bending iron 
sheet with a three-roller calender machine.  

 

Figure 1. Dimensions of  the PTC-prototype studied 

 

 

The reflector materials used during tests are an aluminium foil used for house furnishing and a highly 
reflective (89% of the solar spectrum) anodized aluminium sheet of 0.5 thickness (Vega Energy, 
Almeco Tinox, Milan, IT). This foil is protected by a transparent weather resistant hydrophobic top 
coat which guarantees long life in outdoor applications. Both foils have dimensions 1 × 2 m each 
one. The receiver has the following dimensions: 1 m length, 3.8 cm internal diameter, 2 mm wall 
thickness and 1.1 L internal volume. One end of the tube is completely closed and the other one has 
a gate valve to allow the collection of water samples. Two metal sticks keep and hold up the tube 
along the focal line (Figure 2). The PTC was tilted according to the sun seasonal variation and the 
latitude of the city of Brescia. All experiments were performed under natural solar radiation in 
Brescia, Italy, located at 45° 32’ N and 10° 13’ E during June and July 2010. 
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Figure 2. PTC tested for water pasteurization 

 

Water Temperature Analysis 

Different experiments were conducted to test the heating rate of water samples inside the PTC under 
real weather conditions. In this study two configurations of PTC collector were used depending on 
the type of the reflective foil: common aluminium or highly reflective anodized aluminium. The tube 
was filled with 1.1 L of tap water, then PTC was pointed and tilted towards the sun. The water 
temperature was recorded during test, simultaneously with solar radiation and ambient temperature. 
Water temperature was monitored with a Roline 305 thermometer (Rotronic Instrument Corp., 
Huntington, NY) with thermocouple probe placed in the middle of the tube. A pyranometer was tilted 
to the same angle as PTC frame to measure the solar radiation falling on the tilted surface during 
measurements. 

 

Microbiological Analysis 

Thermostatic water bath tests. The water sample to be tested was artificially contaminated adding 10 
g of lyophilized standard product (RM 11 BioSenate, Bury, UK) in 800 mL of Ringer solution. From 
this contaminated sample, three flasks (200 mL volume each one) were filled and kept in a 
thermostatic water bath under three fixed temperatures and different exposure times. The tests were 
conducted at 65 and 75°C taking samples of 10 mL after 5, 10, 15, 30 and 40 minutes and at 85°C 
after 1, 2, 5 and 10 minutes. Before and after each thermostatic bath tests a measure of total count 
of bacteria, Total Coliform and Streptococcus faecalis of samples was made. Total count of bacteria 
was carried out using standard Plate Count Agar procedure and plates were incubated at 37°C for 24 
h before counting. The quantity of Total Coliforms and Streptococcus faecalis were measured as the 
Most Probable Number (MPN) and test-tubes were incubated at 37°C for 24 h. 

 

PTC tests. Microbiological tests were also conducted by heating samples of contaminated water 
using directly the PTC-prototype. The contaminated water solution was prepared adding 50 g of 
lyophilized standard product (RM 11 BioSenate, Bury, UK) in 100 mL of Ringer solution. From this 
solution, a samples of 1.1 L (the volume necessary to fill the pipe) was prepared diluting the 
contaminated solution with demineralised water. In this configuration, tests were conducted taking 
samples of 200 mL at 65, 75 and 85°C directly from the PTC using the gate valve. Before and after 
PTC tests the measure of total count of bacteria, Total Coliform and Streptococcus faecalis of 
sample was made. In this case, total count of bacteria, Total Coliforms and Streptococcus faecalis 
were detected and enumerated by membrane filtration using TRAWAS (Sandberg & Schneidewind, 
Hamburg, D) portable laboratory. Plates were incubated at 37°C for 24 h. After PTC treatment, water 
samples were placed in sterile bottles and microbiological analysis started almost immediately (less 
than 1 hour) after the collection in order to minimize changes in bacteria population. 
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Main results and lessons learnt 

In this section, water temperature tests and microbiological analysis results are presented. 
 

Water Temperature Analysis 

Water temperature analysis were performed to study the heating rate of water in the two PTC 
configurations to assess the better configuration. The water temperature reached in the PTC with 
anodized aluminium was higher than the one with common aluminium foil in similar solar radiation 
conditions. The changes in solar radiation, water and ambient temperature, as a function of time 
during each tests, are shown in Figure 3 and in Figure 4. The PTC with anodized aluminium reached 
100°C within 10 minutes, while the other configuration reached 100°C in 12 minutes, due to the fact 
that the tested anodized aluminium is a material designed specifically for concentrating solar thermal 
power plants while the other foil is a common material with lower reflective properties. 

 
Figure 3. Experimental measurements of solar radiation, ambient and water temperature 

inside the PTC collector with anodized aluminium foil 

 

 
Figure 4. Experimental measurements of solar radiation, ambient and water temperature inside the 
PTC collector with common aluminium foil 

 

 
Microbiological Analysis 

To determine the temperatures at which microorganisms are inactivated, water samples were heated 
both using thermostatic water bath and PTC collector in batch condition. The following tables show 
the results obtained from the tests. 
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Thermostatic water bath tests. As shown in Figure 5 the total count of bacteria at 37°C of water 
sample, before thermal treatment, provided values between 2.68 × 102 and 3 × 104 CFU/mL. These 
concentrations, after water bath treatment, were always reduced with a tendency to a larger 
reduction at a higher temperature. The number of Total Coliforms and Streptococcus faecalis, 
measured from the same specimen, was greatly reduced after the thermal treatment. This result was 
more evident especially after a short exposure time in tests at 75 and 85°C. These results are 
presented in Table 1, 2 and 3. 
 
Figure 5. Thermal inactivation with thermostatic water bath of the total count of bacteria at 37°C after 
treatment at 65, 75 and 85°C in function of exposure time 

 

 
 
Table 1. Thermal inactivation of Total Coliforms and Streptococcus faecalis in thermostatic water 
bath test at 65°C in function of exposure time 
 

Exposure Time 
(minutes) 

Total Coliforms 
MPN/mL 

Streptococcus faecalis 
MPN/mL 

Raw water 46  > 110  

5 min 2.3  110  

15 min 0.4  24   

30 min < 0.3  4.3  

40 min 0.3  < 0.3  

 
Table 2. Thermal inactivation of Total Coliforms and Streptococcus faecalis in thermostatic water 
bath test at 75°C in function of exposure time 
 

Exposure Time 
(minutes) 

Total Coliforms 
MPN/mL 

Streptococcus faecalis 
MPN/mL 

Raw water > 110  > 110  

5 min < 0.3  2.3  

15 min < 0.3  < 0.3  

30 min < 0.3  < 0.3  
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40 min < 0.3  < 0.3  

Table 3. Thermal inactivation of Total Coliforms and Streptococcus faecalis in thermostatic water 
bath test at 85°C in function of exposure time 
 

Exposure Time 
(minutes) 

Total Coliforms 
MPN/mL 

Streptococcus faecalis 
MPN/mL 

Raw water 9.3  > 110  

1 min < 0.3  < 0.3  

2 min < 0.3  < 0.3  

5 min < 0.3  < 0.3  

10 min < 0.3  < 0.3  

 
PTC tests. Regarding the microbiological PTC test the total count of bacteria of the samples provided 
value of 8.8 × 105 CFU/mL, Total Coliforms of 2.3 × 104 CFU/mL and Streptococchi feacalis of 6.4 × 
103 CFU/mL. These concentrations during PTC treatment were always reduced with a total reduction 
at 85°C. These results are presented in Table 4, 5 and 6.  
The experiments were conducted under real solar radiation with the trend of the water heating rate 
represented in Figure 3. In this experiment it has not been possible to expose the sample to fixed 
temperature for different exposure times because the water temperature trend was always 
increasing. 
 
Table 4. Thermal inactivation of the total count of bacteria at 37°C, Total Coliforms and 
Streptococcus faecalis in PTC test at 65°C, heating time 290 seconds 
 

 Total count of bacteria 
CFU/mL 

Total Coliforms 
CFU/mL 

Streptococcus faecalis 
CFU/mL 

Raw water 8.8 × 105  2.3 × 104  6.4 × 103  
Treated water 4.2 × 102  6.1 × 10  1.2 × 10  
Reduction 3.3-log  2.6-log  2.7-log  

 
Table 5. Thermal inactivation of the total count of bacteria at 37°C, Total Coliforms and 
Streptococcus faecalis in PTC test at 75°C, heating time 390 seconds 
 

 Total count of bacteria 
CFU/mL 

Total Coliforms 
CFU/mL 

Streptococcus faecalis 
CFU/mL 

Raw water 8.8 × 105  2.3 × 104  6.4 × 103  
Treated water 3.1  0  0  
Reduction 5.4-log  100 %  100 %  

 
Table 6. Thermal inactivation of the total count of bacteria at 37°C, Total Coliforms and 
Streptococcus faecalis in PTC test at 85°C, heating time 480 seconds 
 

 Total count of bacteria 
CFU/mL 

Total Coliforms 
CFU/mL 

Streptococcus faecalis 
CFU/mL 

Raw water 8.8 × 105  2.3 × 104  6.4 × 103  
Treated water 0  0  0  
Reduction 100 %  100 %  100 %  

 

 

Conclusions and Recommendations 

The main object of this study was to explore the possibility of using a parabolic trough concentrator 
and solar energy to pasteurize drinking water. In this work a small-scale PTC was designed and 
constructed to be tested as a disinfection device. This investigation demonstrated that, regarding to 
the bacterial species tested, water pasteurization is possible using the PTC studied. Temperature 
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measured inside the tube leads to the conclusion that water temperature of 100°C is reached within 
10 minutes of exposure using the PTC with anodized aluminium.  
 
The difference in the water heating rates with two different reflective materials is explained by the 
quality of the aluminium. Anodized aluminium is treated for industrial applications and its cost is 
about 50% more than common aluminium.  
 
The microbiological study confirmed that water does not need to be heated up to 100°C for 
disinfection from pathogens bacteria. Significant reductions for all tested bacteria were observed at 
65, 75 and 85°C, in particular when water temperature reached 85°C, the sample tested meets 
recognized bacteriological standards proposed by WHO. If the PTC studied is used for treating 
contaminated water, it can easily treat 1.1 litre in 8 minutes on sunny day and about 8 litres in 1 hour. 
Pasteurization of water with solar energy is already applied in remote areas in developing or in 
emergency situations, e.g. Solar Cookers International developed the Cookit, a solar cooker that 
takes about 2 hours to pasteurize 2 litres of water. From this first experiences the PTC tested gives 
confidence that this approach can be successfully applied in developing countries, it can become an 
interesting option among other disinfection technologies with a comparative cost. In fact, PTC is 
designed and constructed with low-tech materials easily to recover and an initial cost of less than 100 
$ and no life-cycle-costs. At the current stage a new prototype of 5 meters in length and 2 meters in 
width has been constructed connecting five PTCs. This new system will be studied to increase the 
amount of treated water and to develop a new flow-through solar pasteurizers for the small-
community sector. 
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