
SOLAR ENERGY UTILIZATION FOR MILK 

PASTEURIZATION 

 

 

 

By 

MOHAMED FATHEY MOHAMED ATIA 

B. Sc. Agric. Sc. (Agric. Mechanization), Ain Shams University, 2004 

 

A thesis submitted in partial fulfillment 

of 

 

the requirements for the degree of 

 

MASTER OF SCIENCE 
 

in 

 

Agricultural Science 

(Agricultural Mechanization) 

 

 

Department of Agricultural Engineering 

Faculty of Agriculture 

Ain Shams University 

 

 

2010 
 

 



 

Approval Sheet 

 

SOLAR ENERGY UTILIZATION FOR MILK 

PASTEURIZATION 

 

 

By 
 

MOHAMED FATHEY MOHAMED ATIA 

B. Sc. Agric. Sc. (Agric. Mechanization), Ain Shams University, 2004 

 

 

This thesis for M. Sc. degree has been approved by: 

 
Dr. Hussain Mohamed Hussain Sorour …………………………………. 

 
Prof. of Agricultural Engineering, Faculty of Agriculture, Kafr El-

Shiekh University 

Dr. Youssef  Morsy Youssef El-Kenany …………………………………. 

 Prof. of Dairy Science, Faculty of Agriculture, Ain Shams University 

Dr. Mahmoud Ahmed El-Nono ………………………………….. 

 
Associate Prof. of Agricultural Engineering, Faculty of Agriculture, 

Ain Shams University 

Dr. Mubarak Mohammed Mostafa ………………………………….. 

 
Prof. Emeritus of Agricultural Engineering, Faculty of Agriculture, 

Ain Shams University 

 

Date of Examination:  17 / 4 / 2010 

 

 



 

SOLAR ENERGY UTILIZATION FOR MILK 

PASTEURIZATION 

 

 

 

By 

MOHAMED FATHEY MOHAMED ATIA 

B. Sc. Agric. Sc. (Agric. Mechanization), Ain Shams University, 2004 

 

 

 

Under the supervision of: 

 

Dr. Mubarak Mohammed Mostafa  

Prof. Emeritus of Agricultural Engineering, Department of Agricultural 

Engineering, Faculty of Agriculture, Ain Shams University  (Principal 

Supervisor) 

  

Dr. Mostafa Fahim Mohammed Abd El-Salam  

Associate Prof. of  Agricultural Engineering, Department of 

Agricultural Engineering, Faculty of Agriculture, Ain Shams 

University 

  

Dr. Mahmoud Ahmed El-Nono  

Associate Prof. of  Agricultural Engineering, Department of 

Agricultural Engineering, Faculty of Agriculture, Ain Shams 

University 

  

 

  



ABSTRACT 
 

Mohamed Fathey Mohamed Atia: Solar Energy Utilization for Milk 

Pasteurization. Unpublished M. Sc. Thesis, Department of 

Agricultural Engineering, Faculty of Agriculture, Ain Shams 

University, 2010. 

 

A construction and performance analysis of pasteurization system 

that is based on the solar energy as a thermal source for pasteurizing the 

milk has been done. It is adapted for using at remote areas and village 

communities which are deprived of the availability of electricity and gas 

where the small quantities of milk delivered by individual producers. A 

solar flat plate collector was used as milk pasteurizer. The pasteurization 

temperatures were 63 and 72 ˚C. The results showed that the quantity of 

the solar-pasteurized milk during September, October and November 

2009 ranged from 25 l to 88 l per day depending on the solar radiation, 

and the desired temperature for pasteurization.   

Analysis of the thermal and biological tests of the pasteurized 

milk showed good results. The heat was gained and the temperature was 

risen by the increase in solar intensity. The solar milk pasteurizer attained 

pasteurization temperatures in 3 to 19 minutes. The daily maximum 

amount of solar-pasteurized milk was 73.9 l at 63 °C, while the minimum 

was 37.3 l at 72 °C in. The change in intensity of solar radiation had a 

direct impact on solar milk pasteurizer.  

 

Keywords:  

Solar Energy Applications, Milk Pasteurization, Solar Milk 

Pasteurization. 
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I. INTRODUCTION 

The milk and its products are fundamental in human nutrition. It 

can be used as an important part of his diet throughout life. 

The milk is a perishable foodstuff because it is an excellent 

medium for the growth of microorganisms which cause spoilage. Heating 

milk to a specific temperature for a specific period of time, lead to killing 

harmful microorganisms. For example, milk heated to 65 ºC for 30 

minutes, for making safe milk. This process is called pasteurization, 

Robinson, (2002). Energy is needed for doing the previous process, even 

at a very modest scale of operations. However, energy from conventional 

sources is becoming increasingly expensive, Tuszynski et al., (1983). 

Capturing the sun’s energy may be a logical solution to solve the energy 

problem caused by scarce fuels. It is free and has negative impact on the 

environment.  

Egypt is located in areas where solar energy is abundant, 

Sorensen, (2003), based on NCEP-NCAR, (1998). The annual solar 

radiation on Egypt ranges from 5 to 8 kWh/m
2
 per day; with about 3000 

sunshine hours per year in northern region (about 300 days per year), and 

about 4000 sunshine hours per year in southern region (almost all the 

days of the year), El-Shahat (1999) cited from El-Sayed, (1993), and 

Sayigh, (1977). Thus, the abundance of solar energy paired with the 

concept of milk pasteurization promotes a new solution to purifying 

unsafe milk. This solution has the following advantages: environment 

conservation, ensure a better human health in remote areas, address the 

problem of energy and reduce costly, a new use of solar energy 

applications and the cost of such energy is low which is required only for 

the necessary apparatus to establishing it.  

Long distances between the production areas and the markets, bad 

road conditions and high ambient temperatures make the development of 

a dairy industry to be a particularly difficult task. Therefore, this research 
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aims to apply solar energy for pasteurizing the milk at remote areas and in 

village communities which are deprived of the availability of electricity 

and gas, where the small quantities of milk are delivered by individual 

producers. 

The specific aims of this research are: 

1- design a solar milk pasteurizer; 

2- analysis the thermal system of the solar milk pasteurizer; 

3- determine the average quantity of the solar-pasteurized milk per day; 

4- estimate the cost of product ( LE / l ) and evaluate the economical 

benefits. 



II. REVIEW OF LITERATURE 

 

The application of solar energy in milk pasteurization needs a 

well understanding of the solar energy as a non-conventional source of 

the required supplemental heat, milk pasteurization systems.  

 

2-1- Historical background: 

Metcalf and Safapour (1998) began research on germ-killing 

abilities by solar cookers. They mentioned that they documented the 

water pasteurization in solar box cookers in the Organization of African. 

 

2-2- Solar energy availability: 

2-2-1- Solar radiation: 

The intensity of solar radiation at the earth's surface varies due to 

atmospheric scattering by air molecules, water droplets and dust, and 

absorption O2, ozone (O3), H2O, and CO2. Because of atmospheric 

components scatter part of the solar radiation toward the earth, there is 

always some diffuse radiation. Even when the sky is clear, the diffuse 

component may be between 5 and 15 % of the total radiation. All 

radiation reaching the ground is diffuse when the sun is completely 

obscured by heavy clouds. The distribution of diffuse radiation is highly 

variable, depending upon the nature, extent, and location of cloud cover, 

SERI (1988). 

 

Borden et al. (1991) mentioned that latitude, cloud cover, and 

humidity determine solar radiation's level and patterns. Higher levels of 

solar radiation means lower energy demands for heating and artificial 

lighting, and higher energy demands for cooling. All kinds of climate can 

support some form of exploitation of solar radiation, although purpose 

and use will vary. 
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2-2-2- Advantages and disadvantages of solar energy: 

Vliet (1990) showed the advantages and disadvantages of solar 

energy. They were as the following: 

Solar energy advantages: 

1. After the initial investment has been recovered, the energy 

from the sun is practically free. 

2. It's not affected by the supply and demand of fuel and is, 

therefore, not subjected to the ever-increasing price of 

gasoline. 

3. The use of solar energy indirectly reduces health costs. 

4. By not using any fuel, Solar Energy does not contribute to the 

cost and problems of the recovery and transportation of fuel or 

the storage of radioactive waste. 

5. Solar Energy is clean, renewable (unlike gas, oil and coal) and 

sustainable, helping to protect our environment.  

6. It does not pollute our air by releasing carbon dioxide, 

nitrogen oxide, sulphur dioxide or mercury into the 

atmosphere like many traditional forms of electrical 

generation does.  

7. Solar Energy does not contribute to global warming, acid rain 

or smog.  

8. Solar Energy supports local job and wealth creation, fuelling 

local economies. 

9. Solar Energy systems are virtually maintenance free and will 

last for decades.  

10. Once installed, there are no recurring costs.  

11. They operate silently, have no moving parts, do not release 

offensive smells and do not require adding any fuel.  

Solar energy disadvantages: 

1. The initial cost is the main disadvantage of installing a solar 

energy system.  

http://www.facts-about-solar-energy.com/renewable-resources.html
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2. Solar collectors require quite a large area for installation to 

achieve a good level of efficiency.  

3. The efficiency of the solar system also relies on the location 

of the sun, although this problem can be overcome with the 

installation of certain components.  

4. The production of solar energy is influenced by the presence 

of clouds or pollution in the air.  

5. No solar energy will be produced during night. 

 

GTZ (1999) stated that a comparative field test have been 

conducting in the dry, northwestern part of South Africa. Seven different 

solar cooker models were selected for testing, the solar cookers were 

tested by 66 families for an entire year, thirty families cooking without 

solar cooker served as the control group. Analysis of the results showed 

that: the solar cookers were used at least once a day 38 % of the time, the 

families were satisfied with 93 % of all solar cooking processes. During 

the solar cooker test period, the average family with a solar cooker saved 

38 % on fuel (i.e., 33 % on kerosene, 57 % on gas and 36 % on wood). In 

absolute terms, the test users saved nearly 60 tons of wood, over 2 tons of 

gas and more than 2000 liters of kerosene in the course of the test year. 

 

2-3- Solar thermal energy systems: 

Meinel and Meinel (1976) mentioned that, hot - water heating is 

one of the most popular of the first - generation uses of solar energy. The 

utilization of hot water for domestic applications is reasonably 

independent of the season; solar availability varies widely with season. 

The collector gathers more heat than it is needed in summer and probably 

has a significant deficiency in winter. They also added that solar energy 

could be used for water distillation, swimming - pool heating, crop 

drying, the bioconversion, house heating, water pumping, and electric 

power generation. 
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Kreith and Kreider (1978) reported that, thermal conversion of 

solar energy is a technological scheme that utilizes a familiar 

phenomenon. When a dark surface is placed in sunshine, it absorbs solar 

energy and heats up. Solar energy collectors working in this principle 

consist of a surface facing the sun, which transfers a part of the energy, it 

absorbs to a working fluid in contact with it. To reduce heat losses to the 

atmosphere one or two sheets of glass are usually placed over the 

absorber surface. Improvements such as the use of selective surfaces, 

evacuation of the collector to reduce heat losses, and special kinds of 

glass are used to increase the efficiency of these devices. Also, they added 

the thermal utilization of solar energy for the purpose of generating low – 

temperature heat is at the present time technically feasible and 

economically viable for producing hot water and heating swimming 

pools, In some parts of the world, thermal low temperature utilization is 

also economically attractive for heating and cooling buildings. 

 

Hunt (1982) noted that using heat from the sun to warm buildings 

and produce hot water represents the simplest and most practical 

application of solar technology. The basic material that makes this solar 

heating possible is the ordinary window glass. Sunlight passes easily 

through glass and strikes a black or darkened surface. Part of the sunlight 

striking this surface changes from visible light to heat. Light can be 

reflected back out again through the glass, but heat is absorbed by the 

darkened surface or trapped by the glass. This phenomenon termed the 

greenhouse effect, something as simple as a south - facing window, for 

example, admits direct sunlight during most of the day, The window glass 

traps the solar heat, adding warmth to the room. If the window is double 

glazed, the warming effect is enhanced: The tighter window seal means 

that less warm air is lost to the outside; less cold air infiltrates the house, 

and less solar heat escapes through the double - glass panes. He also 

stated that the indirect solar - heating system, often called an active solar 

system, is simple, consisting of six main parts, each with an essential 
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function: 

1- A collector to capture the solar heat; 

2- A transport system, to move the heat from the collector to storage;  

3- A storage unit, to retain heat for use at night or on cloudy days;  

4- A distribution system, to move the heat from storage to rooms 

where it is needed;  

5- An auxiliary system, or conventional heating unit, for use in 

emergencies, or to provide any warmth that can not be supplied 

by the solar system alone; and  

6- A system of control, in which, regulates the operation of the whole 

system.  

 

ASHRAE (1995) reported the solar energy collectors are special 

kind of heat exchangers that transform solar radiation energy to internal 

energy of the transport medium. The flat-plate solar collector is one of the 

most important types of solar collectors because it is the simplest one and 

has a wide range of important potential applications. Considerable effort 

has been expended over the years to improve and increase thermal 

efficiency and the output temperature of flat-plate solar collectors. This 

effort has been made with several goals in mind. One is to store heat more 

efficient for use during nighttimes and cloudy days; when stored as latent 

heat a high temperature contains more calories per gram of matter. A 

second goal is to increase the temperature so that other tasks than simply 

providing hot water are possible  

 

Tripanagnostopoulos et al. (2000) and Wazwaz, et al. (2002) 

stated the absorptance of the solar collector surface for shortwave solar 

radiation depends strongly upon the natural color of the coating and on 

the solar incident angle. Usually black color is used, however various 

color coatings have been proposed mainly for aesthetic reasons. 
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Kalogirou (2004) reported the major component of any solar 

thermal system is the solar collector. This is a device which absorbs the 

incoming solar radiation, converts it into heat energy, and transfers this 

heat to an operating fluid (usually water, air or oil) flowing through the 

collector. The solar collected energy is carried from the circulating fluid 

either directly to the hot water or space conditioning equipment or to a 

thermal energy storage tank from which can be drawn for use at nighttime 

and/or cloudy days. 

 

Rauta and Singh (2009) showed that, the solar collector or 

concentrator, it may be of following types: 

a) Flat plate type without focusing. 

b) Parabolic trough type with line focusing. 

c) Paraboloid dish with central focusing. 

d) Fresnel lens with centre focusing. 

e) Heliostats with centre receiver focusing. 

Applications of flat plate collector: 

1. Solar water heating systems for residence, hotels, industry. 

2. Desalination plant for obtaining drinking water from sea water. 

3. Solar cookers for domestic cooking. 

4. Drying applications. 

5. Residence heating. 

Maintenance of flat plate collector: 

1. Daily cleaning 

2. Seasonal maintenance (cleaning, touch-up paint) 

3. Yearly overhaul (change of seals, cleaning after dismantling) 

 

Abdellatif et al, (2009) mentioned that the daily average overall 

thermal efficiencies of the solar collector and the storage system during 

the experimental period were 72.07% and 74.18%, respectively. They 

varied from day to another and during each month according to the solar 
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energy available, the water temperature in the storage tank at the 

beginning of each day, and the ambient air temperature. 

 

2-4- Milk Pasteurization: 

Alais (1981) reported that, Pasteurization is the process of heating 

food for the purpose of killing harmful organisms and reducing the banal 

flora. the pasteurization of milk requires a temperature of 63 C during 30 

min., temperatures must be controlled to avoid substantial changes in the 

properties of the milk, particularly its color and taste. Milk is deemed 

pasteurized if it tests negative for alkaline phosphatase. HTST (high 

temperature, short time) pasteurized milk typically has a refrigerated shelf 

life of two to three weeks, whereas ultra pasteurized milk can last much 

longer when refrigerated, sometimes two to three months. When UHT 

(ultra high temperature) pasteurization is combined with sterile handling 

and container technology, it can even be stored unrefrigerated for long 

periods of time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): The importance of pasteurization process in dairy processing. 

 

 

http://www.skweezer.net/ask/s.aspx/2/en.wikipedia.org/wiki/Refrigeration
http://www.skweezer.net/ask/s.aspx/2/en.wikipedia.org/wiki/Shelf_life
http://www.skweezer.net/ask/s.aspx/2/en.wikipedia.org/wiki/Shelf_life
http://www.skweezer.net/ask/s.aspx/2/en.wikipedia.org/wiki/Shelf_life
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Pandey and Gupta (1983) showed that the actual definition of 

pasteurization is; the heating of milk to a specific temperatures for a 

specific time to reduce undesirable enzymes and bacteria to negligible 

levels. It is important that pasteurization is function of time and 

temperature not just temperature. 

 

Andrews (1993) said that the determination of residual alkaline 

phosphate activity in milks subjected to temperature treatments could be 

performed by various optical methods. The microbes form endospores 

such as Bacillus and Paenibacillus spp. even could exist at high 

temperature short time pasteurization  

 

Metcalf and Safapour (1998) cleared that a silver coated card 

board reflector was used to focus sunshine on to black jar containing milk 

or water heated to pasteurizing temperatures in several hours. By using 

some indication methods pasteurization would have been conformed. 

 

Salwa and Galal (2002) stated that the pasteurization of milk 

used in the manufacture of Domiati pickled soft cheese reduced the mean 

total colony count (cfu/g) by 5 log during a storage period of 30 days, 

coliforms and staphylococci were completely eliminated from the first 

day by this treatment. 

 

Fenoll et al. (2002) and Sandeep et al. (2003) mentioned that 

most of the bacteria in fresh milk from a healthy animal are either 

harmless or beneficial but rapid changes in the health of an animal, or the 

milk handler, or contaminants from polluted water, dirt, manure, vermin, 

air cuts and wounds cab make raw milk potentially dangerous. Raw milk 

contains Alkaline phosphate (ALP) is an enzyme naturally present in raw 

milk which is responsible for intra-abdominal bacterial infection when 

milk use for drinking purposes). 

 


