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Abstract - The potential use of solar energy in the food industry has been recognized in 

several studies, because the processes in this sector require heat moderate temperatures 

in comparison to others such as chemical, textile and paper industries, and also due to its 

economic and social relevance. In the dairy industry many studies have been focused on 

the separated production of heat or cold using solar technologies; even in the processes 

that requires heat and refrigeration simultaneously, as it occurs in the pasteurization 

process. This work proposes and analyzes a specific energy system with solar 

technologies to supply the heat and cold required in pasteurization process in a typical 

small plant of pasteurized milk, by using the dynamic simulation software TRNSYS. The 

system is evaluated with a basic set of energy, environmental and economic indicators. 

The savings are calculated taking into account a reference system which uses 

conventional energy resources. 
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1. INTRODUCTION 

The dairy sector, as well as other food sectors, has been identified for its high 

potential of using the solar technologies, because its processes require more moderate 

heat temperatures than other industrial sectors for instance the chemical, textile and 

paper sectors [1]. 

For processing of milk products, the refrigeration requirements start in the farm 

production, where the milk must be refrigerated around 44 °C  or higher temperatures 

depending on the specific legislation of each country. Later the industrial dairy plants 

apply different heat treatments such as pasteurization, sterilization and ultra-

pasteurization according to the type of product. 

Currently the fluid milk consumption represents around 21% of the global 

production in the dairy sector [2]. The most common heat treatments for the fluid milk 

are pasteurization and ultra pasteurization. The preservation time of the milk for a 

typical pasteurization is five days, but this time increases to three months with the ultra-

pasteurization treatment. 

In developing geographical areas the pasteurization is the heat treatment commonly 

used, while in developed geographical areas the ultra-pasteurization is the treatment 

most frequently applied. However, in developed areas the pasteurization is still used to 

produce a small quantity of not long life fluid milk and others important products such 

as cheese and yogurt. 
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The milk pasteurization consists of holding the milk between 65 and 79°C during a 

specific time, and immediately the milk has to be refrigerated until a temperature of 4°C 

[3]. Therefore this operation requires heating and refrigeration simultaneously; however 

until nowadays the solar technology systems have been analyzed or implemented in the 

dairy sector for producing heat or cold separately. 

In relation to heating production with solar technologies in industrial sectors, there 

are important contributions in several research projects such as SHC Task 33 of IEA, 

SHC Task 49 of IEA, and the Insun project of the FP7 of UE [4]. In this last mentioned 

project, three demonstration plants with solar technologies at low and medium 

temperature were implemented in the food industries. 

Regarding the refrigeration with solar technologies, two innovative demonstration 

plants in the food sector were implemented during Medisco project[5]. More recently 

the SHC Task 49 of IEA has pointed out the refrigeration requirements for some food 

sectors [6]. 

Several options of systems with solar technologies should be considered to analyze 

the possibilities of the solar energy technologies to supply refrigeration and heating in 

the pasteurization operation, so this paper first defines the general options and second 

analyzes one of these options. 

The specific analyzed energy system is the simplest option, with solar thermal 

collectors to produce heating by using as backup the existing hot-water Boiler, ‘B-HW’, 

and photovoltaic modules to produce electricity for the existing vapor compression 

chiller, ‘VCC’. This system is applied in a typical small pasteurization plant of fluid 

milk. 

A sensibility analysis of the size of main components of the system was carried out, 

and a basic set of energy, environmental and economic indicators is calculated for two 

locations in Mediterranean region; taking as a ‘reference system’ an existing heating 

and refrigeration production systems which use conventional energies. 

2 PROCESS DESCRIPTION OF CASE STUDY: A TYPICAL  

SMALL PASTEURIZATION OF FLUID MILK PLANT 

Considering the relevance of the pasteurizat on process, this work analyzes a typical 

small pasteurization plant of fluid milk with a daily production of 5000 l/day of 

pasteurized milk with a heat treatment at 79 °C applied during 16 seconds. Comparing 

with the typical pasteurization at 72 °C, the heat treatment at 79 °C increases the 

preservation time of the fluid milk from 5 to 7 days. 

Figure 1 shows the simplified process of this plant. The raw milk arrives in the 

morning with a temperature between 4 and 6 °C. After the sanitation operations 

(filtration, clarification, etc.), the milk is refrigerated at 4 °C by using a flat plate heat 

exchanger [3]. The incoming refrigerated milk is sent to the receiving tank where all 

daily capacity of the plant (5000 l) can be stored. 

Subsequently, the milk enters to the pasteurizer 1 which consists of a heat exchanger 

of four sections. The temperature is increased first in recovery sections (S1 and S2), and 

second in section 3 by the heat supplied by the boiler. Similarly the refrigeration is first 

carried out in recovery sections (S2 and S1), and second in section 4 by the refrigeration 

supplied by the chiller. The final supply/return temperatures are 90 °C/82.9 °C for the 

boiler, and -1/7.4 °C for the chiller. 

The skimming of the milk is carried out after section S1, when the temperature is 60 

°C, and the following operations are the normalization and the homogenization. Once 
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the milk is skimmed, the cream is obtained as a secondary product in the plant. This 

cream is treated in the pasteurizer 2 at 80 °C and refrigerated at 8 °C by using also the 

heat recovery. The final supply/return temperatures in this pasteurizer are 90 °C/88.7 °C 

for the boiler, and -1/38.1 °C for the chiller. 

After the pasteurization operations, the milk and the cream continue to the 

intermediate tank and the ripening tank respectively. Finally the final products 

(pasteurized milk and cream) are packed. 

Moreover, there are two additional operations, the “star regimen” and the “cleaning 

in place” (CIP) in which pasteurizers work with water and other products before and 

after production. 

 
Fig. 1: Simplified process for analyzed pasteurization milk plant 

3. SYSTEM DESCRIPTION AND SIMULATION 

The typical small plant of pasteurized milk has a system for refrigeration and 

heating integrated by a vapor compression chiller, ‘VCC’ and a hot-water Boiler, ‘B-

HW’. The chiller is usually condensed by air and is driven by electricity, and the boiler 

uses GL-P gas. 

In order to define the solar technologies to be integrated in the existing thermal 

systems, four general factors must be considered, first the required temperatures of the 

load subsystem, second the suitable solar technology for these temperatures, third the 

type of energy storage [7] and fourth the point of integration of the solar technology [6]. 

In relation to solar thermal technologies for heating production, there are several 

types of solar thermal collectors to consider [7-9]. The required production temperature 

is 90 °C with a return temperature above of 80 °C, so the options are low temperature 

collectors such as FPC and ETC, and some medium temperature collectors as EFPC. 

There are also PV-T collectors; however currently its maxim produced temperature is 

around 75oC, so this type of collector is not suitable for this case. 

Regarding the refrigeration, the required production temperature is -1 °C, and the 

solar technologies to consider are mainly two. First the PV modules to generate 

electricity for the chiller, and second the absorption chiller driven by solar collectors. 

The absorption chiller can be of the ammonia-water type (commercially available) and 

also of the ammonia lithium nitrate type (there are some demonstration models 
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finished). If the absorption chiller options are selected, the solar thermal collector can be 

used in both, the refrigeration system and heating production system. 

This work analyzes the simplest system, in which the solar technologies are PV 

modules for refrigeration system, and solar thermal collectors for heating production 

system. The auxiliary production is carried out by the existing chiller and boiler. The 

storage options applied are electrical batteries for the solar photovoltaic subsystem and a 

hot water tank for the solar thermal subsystem. The integration point of these 

subsystems is at supply level, because it permits supplying the required energy for more 

than one operation of the plant. 

The solar PV subsystem is composed by polycrystalline modules, a regulator –

inverter with following of the maximum power point (MPP), and an electrical storage 

(batteries). This regulator can operate in three different modes, mode 1 sending all the 

production directly lo load, mode 2 storing the production in the batteries if there is not 

load, and mode 3 sending the over production to the dump circuit when there is not load 

or the batteries are full.  

The solar thermal subsystem is made up by the solar collectors (FPC, ETC, or 

EFPC), a heat exchanger for separating the primary circuit from the secondary circuit, 

two pumps for these circuits, a stratified hot storage, a differential control in solar 

circuits and a diverter valve. This valve permits integrating this subsystem at supply 

level of heating production system. 

 
Fig. 2: Complete system for refrigeration and 

heating using solar technologies simulated in TRNSYS 

The simulation tool was the dynamic simulation program TRNSYS 16. All 

subsystems were modeled by using components available in TRNSYS and the 

manufacture specifications for the main components. The complete system is illustrated 

in the figure 2. 

The simulation was conducted for two Mediterranean locations, one location is the 

northern area (Girona, Spain) and the other is the southern area (Sidi-Bouzid, Tunisia). 

The northern location presents ambient temperatures below zero during the winter, so 

only in this location the solar thermal subsystem includes a heat exchanger. 
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Finally, a reference system that consists of the existent refrigeration and heating 

production systems, was also simulated in order to quantify the energy savings for the 

proposed system. 

4. RESULTS AND DISCUSSION 

The proposed system was first evaluated by a sensibility analysis of the size of the 

main components of the solar subsystems (thermal and photovoltaic), and second by a 

selected basic energy, environmental and economic indicators. 

For solar thermal subsystem the sensibility analysis considered the mass flow 

rate )m( ST  the area of solar thermal collectors and the size of the hot water storage. The 

indicators calculated were the seasonal efficiency of solar thermal collectors, 

)SEFI( COLST , and the seasonal contribution factor of solar thermal subsystem, 

)SCF( ST  for the heating production. (See equations 1 and 2). 

)AG(QSEFI COLSTSTCOLSTCOLST     (1) 

)QQ(QSCF BOILERSOLSTSOLSTST    (2) 

Similarity, the sensibility analysis of the solar photovoltaic subsystem included the 

area of photovoltaic modules and the size of the electrical storage (batteries). The 

indicators calculated were the seasonal efficiency of photovoltaic modules 

)SEFI( MODPV , the seasonal contribution factor of solar photovoltaic subsystem 

)SCF( PV  for the electrical production for the chiller, and the seasonal fraction of 

energy produced by photovoltaic subsystem to dump or to divert to an alternative 

electrical circuit )SFD( PV . (See equations 3, 4 and 5). 

)AG(ESEFI MODPVPVMODPVMODPV    (3) 

CHILLERSOLPVPV EESCF     (4) 

SOLARPVDUMPPVPV EESFD     (5) 

The sensibility analysis of the solar thermal subsystem was tested for the northern 

location. The variation of mass flow rate )m( ST  has a little influence in )SEFI( COLST . 

On the contrary )m( ST  has a strong influence on )SCF( ST , the lower )m( ST  is set, the 

higher )SCF( ST  is obtained. Table 1 summarizes the results for absorption collector 

areas of 20 and 30 m2, and a volume storage tank of 50 l/m2. 

Table 1: Sensibility to the variation of mass flow rate in solar thermal subsystem 
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Figure 3 shows the sensibility of )SEFI( COLST  and )SCF( ST  to the variation of 

solar collector area and volume of water storage tank for a mass flow rate of 50 kg/h. 

The results are very stable for )SEFI( COLST , with values around of 30 %, 40 % and 

50% for FPC, ETC and EFPC respectively. The )SCF( ST  behaves better when the 

volume of storage tank in lower and the solar collector area is higher. 

 

(a) Variation of )SEFI( COLST  (b) Variation of )SCF( ST  

Fig. 3: Sensibility to the variation of solar collector area 

and volume storage tank in solar thermal subsystem 

The sensibility analysis of the solar photovoltaic subsystem was tested also for the 

northern location, and the results are summarized in Table 2. In this case the variation 

of photovoltaic module area )A( MODPV  has a positive relation with the )SCF( PV , and 

is not related with the )SEFI( MODPV , whose value is stable (17%). 

Table 2: Sensibility analysis for solar photovoltaic subsystem 

 

However because there is not coincidence between production and load, when the 

value of )A( MODPV  increases, the )SFD( PV  also increases. That implies that more 

produced electricity must be used in an alternative electrical circuit instead of in the 

chiller. In order to improve this behavior an increment of the battery capacity can 

minimize the value of the )SFD( PV , and maximize the value of the )SCF( PV  as the 

Table 2 shows. 

Finally a basic set of indicators was calculated for the system proposed in two 

Mediterranean locations (Table 3), including the primary energy saving ( PES ) 

expressed as percentage of primary energy of the reference system, the reduction of CO2 
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emissions as percentage of the CO2 emissions of the reference system, and the indicative 

price of the produced energy expressed in Euro per kWh. 

The distribution of primary energy ( PE ) in the reference system is 37 and 63 % for 

heating and refrigeration respectively in the northern location, and 36 and 64 % for the 

southern location. 

The total PE  savings varies from 60 % to 68 % in northern location and from 78 to 

87 % in the southern location depending of the type of solar collector applied. These 

savings are mainly due to the solar photovoltaic subsystem, because it is bigger than the 

solar thermal subsystem i  terms of area and solar contribution factor. The reduction of 

CO2 emissions behaves in a similar way. 

Finally the price of produced energy is low for the photovoltaic subsystem in both 

locations and is high for the solar thermal subsystem, especially in the northern location. 

However the results of solar thermal subsystem could be optimized applying an option 

with absorption chiller with medium temperature solar thermal collectors, for 

refrigeration and heating. 

Table 3: Basic indicator for two locations at the Mediterranean locations 

 

5. CONCLUSION 

The required primary energy by the typical small pasteurization milk plant is due 

mainly to refrigeration loads; therefore, in order to minimize it, the actions should be 

focused in the refrigeration consumptions. According to the dynamic simulations 

carried out in this paper the photovoltaic technology is a good option to reduce de 

primary energy and CO2 emissions in the Mediterranean locations. In addition the solar 

thermal technologies dedicated only to heating production have a lower impact in the 

energy savings and reductions of CO2 emissions; however these results could be 

improved if this technology is integrated to heating and refrigeration production 

simultaneously, especially in the southern Mediterranean locations. 
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