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Mechanical energy balance in surface cleaning by 
pressurised water spray: a simplified model
Cleaning of open surfaces in the food industry, either manual or automatic, is usually performed 
by spraying pressurised water fans or jets onto surfaces. A simplified model for the analysis of 
mechanical energy input in this type of cleaning is presented. This model should determine the 
optimal cleaning parameters in each case. The proposed model can also be used for selecting the 
most appropriate detergent in each case and for assessing the cleanability of various materials 
and finishes.
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Cleaning procedures in the food industry always deal 
with removing undesired matter (soil) from surfaces. An 
extensive body of research exists on the topic of fouling 
mechanisms, either focused on building soil model systems 
or experimental techniques to characterise the physical 
factors involved in fouling and cleaning.1-3 However, due to 
the high number of variables involved, it is difficult to find 
a comprehensive explanation of the process that also is 
practical for industry applications. 

At a fundamental level, there is a consensus on which 
general factors influence cleaning processes, having as a 
starting conceptual point the four factors of Sinner’s Circle 
or extensions of the circle as a six-variables dependent 
system.4,5 Sinner’s Circle was proposed in 1959 by Herbert 
Sinner as a conceptual approach to the factors involved 
in cleaning processes, particularly in automatic laundry 
systems. It is represented as a circle divided into four 
sectors that represent the factors involved in cleaning: 
detergent, temperature, mechanical action and time (Figure 
1A). This graph is intended to show that reduction of one 
factor requires compensation by increase of other factors. It 
is an intuitive and practical concept. However, because it is 
a schematic simplification of a very complex process, there 
are limitations and cases where the exchange of factors is 
not applicable.6

The most serious objection to Sinner’s Circle is the lack 
of definition of the factors in quantifiable terms of physical 
magnitudes and the simultaneous use of intensive and 
extensive properties. The only factor that is clearly defined 
is time, although this factor in and of itself has no role in 
cleaning. The concept of interchangeability of Sinner 
factors can be reviewed considering cleaning as an energy 
balance.

In a cleaning process, a substance or mixture of substances 
is separated from the substrate to which it is adhered. It is 
therefore necessary to provide a certain amount of energy 
equal to or greater than the binding energy that holds the 
soil onto the substrate. This energy represents the sum 
of a complex set of energies associated with different 
soil-substrate interactions: chemical bonds, electrostatic 
forces, adsorption and other mechanisms that occur in the 
boundary layer.2 In most cases, additional energy is required 
to overcome the forces of internal cohesion of soil and to 
disperse soil particles in order to prevent redeposition. In 
this study, the total amount of energy required to separate 
a certain soil from the unit area of a   particular substrate is 

called the energy of surface descaling, expressed in units 
of energy per unit area (ESD). ESD is the sum of the different 
energies of adhesion and cohesion.
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𝐸𝐸"# = 	 𝐸𝐸&'
& 	         [Equation 1] 

 
For effective cleaning to occur, the energy for cleaning 
surfaces (ECS) applied should be equal to or greater than 
ESD. ECS is compounded by three of Sinner's Circle 
factors: detergent, heat and mechanical action, which can 
be described analytically by Equation 2: 

𝐸𝐸(" = 	𝐸𝐸)	 + 	𝐸𝐸+	 + 	𝐸𝐸,		        [Equation 2] 
 

where EH, EM and EQ are thermal energy (heat), mechanical 
energy and chemical energy, respectively. EH, EM and EQ 
are supplied to the surface during the cleaning process, 
and their interrelation and comparison to Sinner’s Circle 
factors are represented in Figure 1B. Equation 2 excludes 
time, because it is implicit in the other factors since energy 
is the result of the product of the power and the time during 
which it acts. The analytical development of the terms of 
heat energy (EH) and chemical energy (EQ) in Eq. 2 is 
complex. The heat energy supplied is a function of many 
variables, among which are the coefficients of heat transfer 
between water and soil, water and substrate, and substrate 
and soil. Meanwhile, the chemical energy provided by the 
detergent is a function of a high number of variables, 
among which are the enthalpies of dissolution, reaction, 
adsorption, etc. In contrast, the theoretical approach to the 
mechanical energy (EM) supplied can be relatively simple, 
which will be useful for optimising cleaning and for 
assessing the cleanability of different substrates. 
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Figure 1. Sinner’s Circle represented in the traditional way (A) and 
as an energy balance (B). 
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Mechanical energy in cleaning  
by spraying pressurised water
Most cleaning processes in the food industry involve 
projection of pressurised water as mechanical energy 
input, after or in combination with, application of detergent 
solutions.  According to water pressure, water jets can be 
regarded as high pressure (> 50 bar), medium pressure (20 
to 50 bar) or low pressure (< 20 bar).This operation is either 
performed manually by operators using nozzles to spray jets 
or fans of pressurised water, or in automated processes, 
where the nozzles for spraying water are stationary while 
the elements to be cleaned move (e.g., automatic cleaning 
of conveyor belts). Additionally, in the case of cleaning in 
circuits or enclosed systems, the mechanical energy is 
applied through water movement inside the circuit. 

Usually cleaning is done in three successive stages: a) 
pressurised water spray (supply of EM and, if hot water is 
used, EH) to remove a portion of soil; b) application of a 
detergent solution in liquid form, foam or gel (EQ); and c) 
final phase of pressurised water spray to remove the more 
strongly embedded soil (contribution of EM and EH if hot 
water is used). In every case, the mechanical energy input is 
achieved when fan or a jet of pressurised water hits on the 
soil adhering to the surface that must be cleaned. The supply 
of this type of energy input is analysed below.

Mechanical energy of a  
pressurised water fan
In the food industry, the mechanical energy required for 
cleaning is usually applied by projecting pressurised water 
as a flat fan (Figure 2). The water fan consists of small 
droplets and each of these micro-droplets transports a 
quantity of mechanical energy that partially contributes to 
the cleaning process. Although the system formed by the 
pressurised water impacting in the soil embedded in the 
substrate is extraordinarily complex, for practical purposes 
some simplifications can be made that lead to a simple 
model to use in the food industry.7,8

The mechanical energy of water projected from the nozzle 
is the sum of its potential energy (Ep) and kinetic energy 
(Ek):
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𝐸𝐸+ = 	𝐸𝐸1	 + 	𝐸𝐸2	 = 	𝑚𝑚𝑚𝑚ℎ +	6
7
	𝑚𝑚𝑣𝑣7          [Equation 3] 

where m	 is the mass of water considered, g the 
gravitational acceleration, h the height of the nozzle and v 
the velocity of the water stream. For a specific time interval, 
Eq. 3 becomes: 

𝐸𝐸+ = 𝑄𝑄𝑄𝑄𝑄𝑄𝑚𝑚ℎ +	6
7
	𝑄𝑄𝑄𝑄𝑄𝑄𝑣𝑣7          [Equation 4] 

where Q	is the volume flow, ρ is density and t	is time. Water 
velocity at the nozzle exit is a function of flow rate and 
nozzle section (S). Thus, substituting Q/S for v	leads to: 

𝐸𝐸+ = 𝑄𝑄𝑄𝑄𝑄𝑄𝑚𝑚ℎ +	6
7
	𝑄𝑄𝑄𝑄𝑄𝑄D		𝑆𝑆F7          [Equation 5] 

Dividing all components of Eq. 5 by time, the general 
expression of the mechanical power of the water coming 
out of the nozzle is obtained: 

           𝑃𝑃+ = 𝑄𝑄𝑄𝑄𝑚𝑚ℎ +	6
7
	𝑄𝑄𝑄𝑄D		𝑆𝑆F7         [Equation 6] 

PM is an important parameter because it is a measure of 
the mechanical energy input for a given system. The 
mechanical power available at the output of a nozzle 
through which water is projected is itself a function of the 
pressure at the inlet of the nozzle and the dimensions of 
the orifice. At higher input pressures, the flow will be 
greater. For a given input pressure, larger sections allow 
higher flow rates and therefore higher power. For practical 
purposes, it should be considered that the inlet pressure at 
the nozzle is lower—sometimes much lower—than the 
pressure provided by the pump as a result of significant 
pressure losses produced in pipes, valves and hoses. 

 
Figure 2. Spraying of a water flat fan onto a surface. 

The value of PM can be easily measured in an industry by 
means of measuring the flow and knowing the equivalent 
orifice diameter of the nozzle, which is a parameter that the 
manufacturers of nozzles provide. For a given nozzle, the 
kinetic energy of water exiting the nozzle is proportional to 
the cube of the flow (Q). In Figure 3, PM values	for a nozzle 
of 2.8 mm equivalent diameter are represented as a 
function of Q, considering the kinetic energy term only. 
Flow rate itself is determined by pump pressure, and higher 
pressures at the nozzle inlet are required for higher flow 
rates. For example, in order to reach a PM value of 1,200 
W, a flow rate of 27 L/min will be needed and the water 
pressure at the nozzle inlet must be approximately 35 bar. 
In contrast, a pressure value of 20 bar produces a flow rate 
of about 20 L/min, and the resultant power PM is 
approximately 490 W. PM values are independent of the 
shape of the nozzle orifice, which determines the spray 
angle α. 

Kommentiert [JT1]: Hallo Martina: die figure 1 muss größer 
dargestellt werden. Danke! 

Kommentiert [JH2]: Figure 1 needs to be larger 
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through which water is projected is itself a function of the 
pressure at the inlet of the nozzle and the dimensions of 
the orifice. At higher input pressures, the flow will be 
greater. For a given input pressure, larger sections allow 
higher flow rates and therefore higher power. For practical 
purposes, it should be considered that the inlet pressure at 
the nozzle is lower—sometimes much lower—than the 
pressure provided by the pump as a result of significant 
pressure losses produced in pipes, valves and hoses. 
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the cube of the flow (Q). In Figure 3, PM values	for a nozzle 
of 2.8 mm equivalent diameter are represented as a 
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Flow rate itself is determined by pump pressure, and higher 
pressures at the nozzle inlet are required for higher flow 
rates. For example, in order to reach a PM value of 1,200 
W, a flow rate of 27 L/min will be needed and the water 
pressure at the nozzle inlet must be approximately 35 bar. 
In contrast, a pressure value of 20 bar produces a flow rate 
of about 20 L/min, and the resultant power PM is 
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Figure 3. Mechanical power of the water fan PM (W) versus flow 
rate Q (l/min). 

Useful mechanical power
Only part of the mechanical power that the water fan or jet 
carries when leaving the nozzle (Eq. 6) is actually utilised 
in the cleaning process. Once the water fan has exited 
the nozzle, it must cover a distance (d) until impacting on 
the surface to be cleaned (Figure 4). During their journey 
through the air, water droplets are slowed by friction with 
air, losing some of their kinetic energy. The greater the 
distance (d) between the nozzle and the surface, the greater 
the mechanical power lost by friction. In the food industry 
cleaning processes, these distances are generally short, 
typically under 1 m. With regard to the potential energy of 
the water fan, variations on the term of the potential power 
are negligible if water is horizontally projected.

Once the droplets impact on the layer of soil adhered to 
the surface, some of their power is used to overcome 
soil adhesion forces to the substrate and cohesion forces 
between soil layers. Remaining power is mostly lost when 
micro-droplets bounce from the surface, with variable 
rebound kinetic energy in a very complex phenomenon.9

 

 
Figure 4. Water flat fan impacting on the soil embedded on the 
surface. 

Estimation of power lost due to friction, rebounding, etc. 
and therefore not available for cleaning is very complex. 
However, for the sake of simplicity, an efficiency ratio (γ) 
can be defined as the ratio of the useful mechanical power 
available for the cleaning process (PU) and the mechanical 
power at the output of the nozzle (PM):
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Estimation of power lost due to friction, rebounding, etc. 
and therefore not available for cleaning is very complex. 
However, for the sake of simplicity, an efficiency ratio (γ) 
can be defined as the ratio of the useful mechanical power 
available for the cleaning process (PU)	and the mechanical 
power at the output of the nozzle (PM): 

𝛾𝛾 = 	 JK
JL

           [Equation 7] 

  

The efficiency ratio has values between 0 and 1, depending 
on how efficiently the mechanical power from the water fan 
at the exit of the nozzle is used in the cleaning. This 
depends on several factors, such as the aperture angle of 
the flat fan (α) and the angle of incidence of the fan on the 
surface to be cleaned.10 

Evaluation of cleaning surface energy of a 
soil 
The cleaning surface energy of a soil adhered to a 
substrate (ECS) is defined as the total energy required to 
separate the soil from a particular given substrate surface 
and is expressed in units of energy per unit area (J m-2). As 
described above (Eq. 2), ECS consists of three sources of 
energy: chemical, thermal and mechanical. In the simplest 
case, cleaning is performed without any type of detergent, 
the soil is non-water soluble, and water, surface and soil 
are at the same temperature. With these considerations, 
there is no contribution from chemical energy or thermal 
energy, so ECS is equal to the useful mechanical energy 
required for removing the soil from the surface. If the 
mechanical energy input is realised by the impact of a 
water jet or fan on the soil, the cleaning surface energy can 
be expressed by Eq. 8: 

𝐸𝐸(" = 	𝛾𝛾	 JL
M
	𝑡𝑡          [Equation 8] 

where t is the duration of impact of the water fan required 
for cleaning the soil, and A is the area over which the 
impact of droplets occurs. 

When a water fan is projected perpendicularly on a surface 
at a distance (d) and moving with a velocity v, Eq. 8 is 
transformed to: 

𝐸𝐸(" = 	𝛾𝛾	 JL
N	O

          [Equation 9] 

Where B is the width of the water fan on impact and is a 
function of the distance (d) and spray angle (α) (Figure 4).  

Therefore: 

𝐸𝐸(" = 	𝛾𝛾	 JL
7	N	P	 QRST 7	

          [Equation 10] 

Equation 10 is useful for assessing the mechanical energy 
required to clean the unit surface of a substrate where a 
specific soil is embedded. Given the difficulty of knowing 
the value of γ efficiency ratio, in practice it is the ratio ECS/γ 
that is evaluated. The ECS/γ values quantified 
experimentally provide valuable information about the order 
of magnitude of mechanical energy to be applied to clean a 
certain soil on a particular substrate. 

In our laboratory, ECS/γ values have been quantified 
experimentally for different soils on AISI 304 stainless steel 
surfaces. This is part of an ongoing project aimed at 
establishing reference cleaning energy values for different 
soils and surfaces and optimising the mechanical energy 
balance in cleaning processes. The results obtained 
experimentally provide estimated ECS/γ values between 
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The efficiency ratio has values   between 0 and 1, depending 
on how efficiently the mechanical power from the water fan 
at the exit of the nozzle is used in the cleaning. This depends 
on several factors, such as the aperture angle of the flat fan 
(α) and the angle of incidence of the fan on the surface to 
be cleaned.10

Evaluation of cleaning surface energy  
of a soil
The cleaning surface energy of a soil adhered to a 
substrate (ECS) is defined as the total energy required to 
separate the soil from a particular given substrate surface 
and is expressed in units of energy per unit area (J m-2). As 
described above (Eq. 2), ECS consists of three sources of 
energy: chemical, thermal and mechanical. In the simplest 
case, cleaning is performed without any type of detergent, 
the soil is non-water soluble, and water, surface and soil are 
at the same temperature. With these considerations, there 
is no contribution from chemical energy or thermal energy, 
so ECS is equal to the useful mechanical energy required 
for removing the soil from the surface. If the mechanical 
energy input is realised by the impact of a water jet or fan 
on the soil, the cleaning surface energy can be expressed 
by Eq. 8:
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be expressed by Eq. 8: 
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for cleaning the soil, and A is the area over which the 
impact of droplets occurs. 
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function of the distance (d) and spray angle (α) (Figure 4).  
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Equation 10 is useful for assessing the mechanical energy 
required to clean the unit surface of a substrate where a 
specific soil is embedded. Given the difficulty of knowing 
the value of γ efficiency ratio, in practice it is the ratio ECS/γ 
that is evaluated. The ECS/γ values quantified 
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of magnitude of mechanical energy to be applied to clean a 
certain soil on a particular substrate. 

In our laboratory, ECS/γ values have been quantified 
experimentally for different soils on AISI 304 stainless steel 
surfaces. This is part of an ongoing project aimed at 
establishing reference cleaning energy values for different 
soils and surfaces and optimising the mechanical energy 
balance in cleaning processes. The results obtained 
experimentally provide estimated ECS/γ values between 
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where t is the duration of impact of the water fan required for 
cleaning the soil, and A is the area over which the impact of 
droplets occurs.

When a water fan is projected perpendicularly on a surface 
at a distance (d) and moving with a velocity v, Eq. 8 is 
transformed to:
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on how efficiently the mechanical power from the water fan 
at the exit of the nozzle is used in the cleaning. This 
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there is no contribution from chemical energy or thermal 
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required for removing the soil from the surface. If the 
mechanical energy input is realised by the impact of a 
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be expressed by Eq. 8: 
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Equation 10 is useful for assessing the mechanical energy 
required to clean the unit surface of a substrate where a 
specific soil is embedded. Given the difficulty of knowing 
the value of γ efficiency ratio, in practice it is the ratio ECS/γ 
that is evaluated. The ECS/γ values quantified 
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surfaces. This is part of an ongoing project aimed at 
establishing reference cleaning energy values for different 
soils and surfaces and optimising the mechanical energy 
balance in cleaning processes. The results obtained 
experimentally provide estimated ECS/γ values between 

Kommentiert [JT3]: Hallo Martina, und die figure 3 muss 
auch grösser dargestellt werden. Danke, Johanna 

Kommentiert [JH4]: Figure 3 should be larger so that the 
axies are readable 

 
Where B is the width of the water fan on impact and is a 
function of the distance (d) and spray angle (α) (Figure 4). 

Therefore:
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soil 
The cleaning surface energy of a soil adhered to a 
substrate (ECS) is defined as the total energy required to 
separate the soil from a particular given substrate surface 
and is expressed in units of energy per unit area (J m-2). As 
described above (Eq. 2), ECS consists of three sources of 
energy: chemical, thermal and mechanical. In the simplest 
case, cleaning is performed without any type of detergent, 
the soil is non-water soluble, and water, surface and soil 
are at the same temperature. With these considerations, 
there is no contribution from chemical energy or thermal 
energy, so ECS is equal to the useful mechanical energy 
required for removing the soil from the surface. If the 
mechanical energy input is realised by the impact of a 
water jet or fan on the soil, the cleaning surface energy can 
be expressed by Eq. 8: 

𝐸𝐸(" = 	𝛾𝛾	 JL
M
	𝑡𝑡          [Equation 8] 

where t is the duration of impact of the water fan required 
for cleaning the soil, and A is the area over which the 
impact of droplets occurs. 

When a water fan is projected perpendicularly on a surface 
at a distance (d) and moving with a velocity v, Eq. 8 is 
transformed to: 

𝐸𝐸(" = 	𝛾𝛾	 JL
N	O

          [Equation 9] 

Where B is the width of the water fan on impact and is a 
function of the distance (d) and spray angle (α) (Figure 4).  

Therefore: 

𝐸𝐸(" = 	𝛾𝛾	 JL
7	N	P	 QRST 7	

          [Equation 10] 

Equation 10 is useful for assessing the mechanical energy 
required to clean the unit surface of a substrate where a 
specific soil is embedded. Given the difficulty of knowing 
the value of γ efficiency ratio, in practice it is the ratio ECS/γ 
that is evaluated. The ECS/γ values quantified 
experimentally provide valuable information about the order 
of magnitude of mechanical energy to be applied to clean a 
certain soil on a particular substrate. 

In our laboratory, ECS/γ values have been quantified 
experimentally for different soils on AISI 304 stainless steel 
surfaces. This is part of an ongoing project aimed at 
establishing reference cleaning energy values for different 
soils and surfaces and optimising the mechanical energy 
balance in cleaning processes. The results obtained 
experimentally provide estimated ECS/γ values between 
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provide valuable information about the order of magnitude of 
mechanical energy to be applied to clean a certain soil on a 
particular substrate.
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experimentally for different soils on AISI 304 stainless 
steel surfaces. This is part of an ongoing project aimed at 
establishing reference cleaning energy values for different 
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soils and surfaces and optimising the mechanical energy 
balance in cleaning processes. The results obtained 
experimentally provide estimated ECS /γ values between 
3,000 and 8,000 J m-2 for soils such as ketchup, pork fat or 
buttermilk on stainless steel surfaces (data not published). 

In comparison, other studies provide surface adhesion 
energy values between 1 and 20 J m-2 for tomato paste on 
stainless steel.11,12 The discrepancy in order of magnitude 
can be explained by the different approach for calculating 
adhesion energy values. While Liu et al. measured apparent 
adhesive strength when removing soil from a surface by 
dragging a mechanical device over the soiled surface, our 
study focuses on the energy at the exit of the nozzle required 
to achieve a similar result.11,12

In the food industry, both in automatic cleaning (e.g., 
cleaning or conveyor belts or crate washing) and manual 
cleaning in which the operator moves the water fan of 
pressurised water over the surface to be cleaned, it is very 
useful to know the values   of ECS /γ of most common soils, 
even if these values are an approximation. By estimating 
ECS /γ values, the optimal parameters of cleaning operations 
can be determined and thus appropriate parameters such 
as nozzle type, pressure and flow of water, surface-nozzle 
relative velocity and distance between nozzle and surface 
can be chosen. Optimisation of cleaning processes in the 
food industry can lead to significant savings in consumption 
of energy, water and time.

Evaluation of detergent action and 
cleanability
The experimental quantification of the cleaning surface 
energy of soils in the food industry is also useful for the 
evaluation of different detergents and for determining the 
optimal conditions of application (dose, time, temperature). 
In cleaning processes, detergents are applied to reduce the 
amount of energy required for removing soil from a surface.

For similar cleaning conditions (velocity of displacement of 
water fan (v), distance between nozzle and surface (d), angle 
between water fan and surface (α), and water temperature) 
experimental ECS /γ values can be obtained in two cases: 
application of pressurised water on non-modified soil (ECS1), 
and application of pressurised water after a detergent 
solution (in liquid, foam or gel form) has been applied to the 
soil at a certain dose (ECS2). The difference between both 
values represents the chemical energy provided by the 
detergent per unit area (Eq. 11).
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of cleaning processes in the food industry can lead to 
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The experimental quantification of the cleaning surface 
energy of soils in the food industry is also useful for the 
evaluation of different detergents and for determining the 
optimal conditions of application (dose, time, temperature). 
In cleaning processes, detergents are applied to reduce the 
amount of energy required for removing soil from a surface. 

For similar cleaning conditions (velocity of displacement of 
water fan (v), distance between nozzle and surface (d), 
angle between water fan and surface (α), and water 
temperature) experimental ECS/γ values can be obtained in 
two cases: application of pressurised water on non-
modified soil (ECS1), and application of pressurised water 
after a detergent solution (in liquid, foam or gel form) has 
been applied to the soil at a certain dose (ECS2). The 
difference between both values represents the chemical 
energy provided by the detergent per unit area (Eq. 11). 

𝐸𝐸, = 𝐸𝐸("6 − 	𝐸𝐸("7          [Equation 11] 

The subscript 1 represents the mechanical energy required 
when only water is applied directly, while the subscript 2 
represents the mechanical energy required when detergent 
has been previously applied. Under these conditions, 
experimental tests can be performed to quantitatively 
compare the cleaning performance of different detergents, 
as well as the efficacy of different application conditions 
(dose, time of contact, etc.). 

The heat energy factor also can be analysed in cleaning 
operations using a similar procedure. In this case, the 
energy requirement for cleaning can be evaluated in 
different tests in which the water temperature is changed 
while keeping the remaining factors unchanged. However, 
the situation is more complex in this case, since water 

simultaneously acts as a vehicle of mechanical energy and 
heat energy. Thus, mechanical energy and heat energy are 
interconnected. For example, if the mechanical power of 
the water fan is lowered by decreasing the flow using a 
smaller nozzle section, the amount of heat transported also 
will be reduced, even if the water temperature remains 
constant. 

Finally, this conceptual approach is also useful for 
assessing the cleanability of different materials and/or 
different surface finishes. If there are differences in 
cleanability between two surfaces with the same embedded 
soil under similar cleaning conditions, this difference can be 
quantified by evaluating experimentally the corresponding 
values of ECS/γ. 

Conclusions 
In this paper, a simplified model for evaluation of the 
energy requirements in cleaning processes has been 
presented. Several hydrodynamic factors are of importance 
for effective cleaning of hard surfaces related to the 
equipment used for application of pressurised water and 
the specific operating conditions. Only a fraction of the 
energy consumed during the cleaning process is available 
as useful energy that produces effective cleaning. The 
excess of energy results in increased cleaning costs due to 
inefficiency, as well as an increased negative impact on the 
sustainability of cleaning operations. 

By estimating the energy requirements for cleaning 
common soils on food industry surfaces, the cleaning 
process can be optimised from the energy point of view, 
and the appropriate working conditions can be selected: 
pressure and flow of water, distance to surface and speed 
of displacement, water temperature, type of detergent, its 
dose and contact time, etc. Optimal setting of parameters 
also may provide indirect benefits that improve hygiene 
efficiency. For example, water pressure can be lowered in 
order to avoid formation of aerosols, which pose a 
significant hazard due to cross-contamination. Adherence 
to EHEDG hygienic design criteria can help to overcome 
this problem since requirements for high pressure cleaning 
are minimised.  

The study of the energy balance in cleaning operations is 
thus essential to optimise these processes in a systematic 
and quantitative way, which will potentially lead to 
substantial savings in water and detergent consumption, 
time dedicated to cleaning, and overall costs of cleaning. 
Savings achieved in water use or energy consumption lead 
to more sustainable cleaning operations, contributing to 
enhanced sustainability of the food industry. 
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