
Currently the vast majority of acclimated, air-conditioned and/or refrigerated 
applications regulate temperature using local controllers and a single 
temperature probe, generally located in a characteristic place of the application. 
These approaches still have limitations:

The controllers are not communicable and/or the IT infrastructure to 
communicate them does not exist

The temperature value is only known at the local level, and if someone looks at 
the controller’s display, without a log or methods to check if the thermal state is 
correct at all times.

Ÿ Is the temperature probe representative of the entire control 
volume?

Heat transfer and convection movements of the air make temperature 
distribution generally important in control volumes. If this value is 
identical to that of the control probe, it may lead to infra-chilled or over-
heated spaces.

Ÿ Do the environments have adequate temperature and 
moisture?

While the temperature control is fully generalised, control of the relative 
humidity (RH%) is not common in the vast majority of applications. 
Excessively high or excessively low moisture affect the comfort of people, 
the quality and safety of a large number of refrigerated products, so it is 
necessary to know it and take action if these are not appropriate.

1.1.- Product quality (Temperature)

Chilled products, packaged or not, are very sensitive to temperature. Their shelf-life 
and health risk largely depend on the thermal conditions of their storage. For 
example, chicken meat, potatoes or apples can see their shelf-life almost halved in a 
range as narrow as 5 ºC.

Ÿ Are the set-points or set-point temperatures correct?

Traditional practices and/or the great spread of temperature control 
applications, where thousands of controllers regulate the temperature of 
thousands of spaces, can generate situations where a large percentage of 
these spaces has been configured at temperatures slightly or significantly 
different from the optimal ones, generating potential losses of product 
and/or energy efficiency.

This application note will help to understand these considerations in different 
fields of use: such as Food Retail, HVAC and transport and storage of critical 
temperature products.

AKODATA in FOOD RETAIL

FOOD RETAIL is one of the most important applications in commercial 
refrigeration due to the large amount of refrigerated products. The reality of the 
sector, with a clear tendency to increase its spread in shops with greater 
proximity, presents a huge amount of chilled items, a priori, in the correct thermal 
conditions.

However, knowing these conditions is the basis for optimising such applications, 
in particular in three large blocks:

The combination of the three approaches will enable the optimization of the 
quality and safety of the food product and energy use and reduction of food 
waste.

AKODATA
The importance of information on temperature and moisture

1.- Quality and Safety of the Food Product

Analysis index
Storage temperature (°C)

0 5 10 15 20

Lost fruit ratio 3.4% 8.5% 15% 13% 53%

Maximum storage time after harvest 
(days)

163 75 47 35 21

Table I: Relative product loss data during storage and maximum storage time depending 
on conservation temperature for apples.

Graphs: Storage time for (a) potatoes and (b) fresh poultry meat depending on conservation temperature.
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It is therefore particularly important to ensure that ambient temperature ranges 
are suitable, for as long as possible (time-temperature indicators, as described 
below), especially for fresh products with a very short shelf-life in their final 
marketing phase, such as meats, fish, fruit and vegetables.

1.2.- Quality of the product
(Temperature and Relative Humidity RH%)

For fresh and unpackaged products, relative humidity (RH%) is essential for the 

product to maintain adequate water activity on the surface and internal 

hydration. Their organoleptic qualities (flavour, smell, colour and texture), and 

therefore their ability to attract and the perception of quality by the consumer, 

will depend on their hydration.

Fruit and vegetables in general need relative humidity RH% values high enough 

to ensure this thermodynamic balance on their surface, preventing them from 

drying, although always lower than condensation values that would generate 

proliferation of microorganisms and even generate frost on products in freezing 

applications. That is why, under adequate relative humidity RH% conditions, on 

the one hand, product waste is minimised (kg sold/kg purchased) and, on the 

other hand, this ensures that the product maximises its organoleptic and 

commercial potential. By way of indication, we present the values of balance 

required for some of the typical products of FOOD RETAIL:

1.3.- Time-Temperature (TTI) and Time Relative 
Humidity (THI)

Still from the perspective of maximising product quality, approximation of time-

temperature and time-RH% is essential. In fact, thermal and relative humidity 

conditions are subject to variations caused by normal use of the refrigeration 

facilities (openings of doors, loadings of product, etc.). Obviously, in such 

situations, temperature and relative humidity conditions will be different to those 

marked by the set-point(s). It is therefore important to have the measurement of 

how much time the refrigerated facility needs to be in the required conditions. For 

this, time-temperature and time-RH% approximation are essential, and it may 

indicate that the transit conditions in the cold room or the use of refrigerated 

spaces must be changed to achieve certain conservation standards.

Product T min. (ºC) T max. (ºC) HR min. (%) HR max. (%)

Banana 13 18 85 95

Pumpkin 13 18 85 95

Cabbage 0 2 90 98

Cauliflower 0 2 90 98

Chicory 0 2 90 98

Strawberry 0 2 90 98

Kiwi 0 2 90 98

Lettuce 0 2 90 98

Mango 13 18 85 95

Apple 0 2 90 98

Peach 0 2 90 98

Sweet melon 13 18 85 95

Mint 0 2 90 98

Mustard greens 0 2 90 98

Papaya 13 18 85 95

Parsley 0 2 90 98

Wild mushrooms 0 2 90 98

Carrot 0 2 90 98

1.4.- Thermal heterogeneity

The effects related to the distribution of temperature in the control volumes, i.e., 
thermal heterogeneity, must be added to dependence on the quality of 
conservation to the values of temperature and relative humidity RH% that have 
just been dealt with. Indeed, despite the fact that the control temperature values 
are adequate and sufficiently constant for the refrigerated products, the 
temperature still might not be homogeneous in the entire control volume and 
that these conditions may not be generalisable to all stored products. To do this, a 
measure of additional monitoring can provide valuable information that allows 

redefining the temperature set-point and/or use of the refrigeration equipment. 
That is why AKODATA devices provide a second external temperature probe that 
allows placing it near (or inside) products and/or in areas further away from the 
control probe, up to 3 metres, therefore covering most units and refrigerated 
display cabinets, and small and medium-sized cold rooms typical in food retail.

1.5.- Food Safety

Beyond food quality aspects, the safety of food products is fundamental to build 
an image of quality in retail. To do this, generation of alarms based on limits of 
maximum (refrigerated and frozen products) and minimum (refrigerated 
products) temperature, as well as critical alarm values for high temperature and 
time, which HACCP processes can be related to, make it possible to alert about 
incidents and to preventively remove and/or correct food safety problems before 
they cause an incident.
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2.1.- Adequacy of set-point temperatures
Beyond the vision of quality and safety of conservation, monitoring of 

refrigeration temperatures may also provide information that will help identify 

and improve aspects of functioning of the refrigeration facility itself.

In applications with excessively low temperatures, analysis of the thermal 

information may indicate excessively low set-points, and therefore corrections of 

rising set-point can be achieved and, therefore, energy savings without reducing 

conservation quality. On the other hand, abnormal temperatures, % of time in 

zero or very low range, may indicate problems of refrigerated system failure or of 

excessive transit or infiltration, respectively.

2.2.- Effects of relative humidity RH% in 
refrigeration equipment

High or very high relative humidities RH%, especially in freezers, but also in 
refrigeration equipment, can cause problems with frost on the product. 
Generally, refrigeration equipment tends to have moderately low relative 
humidity values (when they are stabilised or with little transit), as evaporators 
work as dehumidifiers to locally capture the water molecules in vapour form 
dissolved in ambient air.

Very high relative humidity RH% values during long periods of time inside the 
refrigerated spaces mean a potential risk of generation of frost on the products 
and in the evaporator and, therefore, an operating problem for the refrigeration 
equipment and for the product presentation.

equipment makes it possible to know the comfort in the shop and, if necessary, 
adjust climate aspects, leading to potential energy savings.

As an example, the attached figure indicates overchilled areas where the climate 
may not work or works at lower power in the summer, which would increase 
comfort reducing the energy cost. Shown in turn are excessively warm areas 
where the air conditioning output should increase.

2.- Quality and Efficiency of Refrigerated Facility

3. - Comfort in shop

The last aspect relevant in food retail is thermal comfort in the shop. In effect, the 
existence of refrigerated units without a door, still common in the retail sale of 
food products, generates cold or very cold environments in transit areas, 
sometimes overchilled by climate systems controlled with temperature sensors 
located in other areas. Similarly, very low relative humidity values in the winter or 
very high values in the summer may generate discomfort in shops and 
supermarkets, reducing their commercial appeal. The use of monitoring 
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As discussed, the AKODATA device provides monitoring of temperature and relative humidity RH% in the food retail environment.

This monitoring provides valuable information for the business in several aspects:
l On the refrigerated product:

Ÿ Basis of analysis for the quality of the conservation based on temperature, relative humidity RH% and respective times in range; with the objectives of 
improving their organoleptic properties and their merchantability.

Ÿ Basis of analysis for adapting set-points, reducing possible effects of thermal heterogeneities in the volumes refrigerated

Ÿ Basis for decision-making on the basis of food safety alarms, with goals for preventing incidents related to insufficiently refrigerated products.
l On the refrigeration facilities

Ÿ Basis of analysis for adapting set-points, with potential energy savings

Ÿ Information needed for improving effects of excessive frost generation due to very high relative humidity RH% values

Ÿ Identification of refrigeration system faults (deactivation, etc.) in the event of times in zero range or identification of faults (lack of coolant, etc.)/problems of 
use (excessive traffic, etc.) in the event of very low times in range.

l Basis of analysis to evaluate and improve the thermal comfort of establishments, with potential energy savings.

4.- Conclusions

INTERNET
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What aspects are intended to be monitored and improved?
Logging

Usual 
transmission

Forced transmissions under event

(min) (h) Tmax Tmin HACCP Low batt.

Quality of product conservation 15

24

Yes Yes No

Yes

Product safety 30 No No Yes

Thermal heterogeneity in refrigerated spaces 30 No No No

Operational status of the refrigeration facilities 60 Yes Yes No

Comfort in the shop 30 Yes Yes No

What aspects are intended to be monitored 
and improved?

Severity of alarms

Tmax Tmin HR max HR min HACCP TTI THI Com. Error Low batt. Probe error

Quality of product conservation H H M M N M M

L H H

Product safety L N N N H N N

Thermal heterogeneity in refrigerated spaces H H N N N N N

Operational status of the refrigeration facilities H H N N N N N

Comfort in the shop H H M M N M M

Note:
N: Not severe; L: Low severity; M: Average severity; H: High severity

5. - Commissioning of AKODATA devices

To maximise the performance of AKODATA devices in food retail, the following guideline is proposed:

What aspects are intended to be 
monitored and improved?

Installation of units
External 
probe

Configuration of units

Temp. HR % Alarms

SP Hist. Sp Hist. Tmax Tmin HACCP TTI THI

Quality of product conservation
In units and cold rooms, near to the 
control probe. Optional external probe in 
product

Optional 1 2 1 2 Yes Yes No Yes Yes

Product safety
In units and cold rooms, near to the 
control probe. Optional external probe in 
product

Optional 3 4 N/A N/A No No Yes No No

Thermal heterogeneity in refrigerated 
spaces

In units and cold rooms, near to the 
control probe + external in product

Yes 3 4 3 4 Yes Yes No No No

Operational status of the refrigeration 
facilities

In units and cold rooms, near to the 
control probe

No 3 4 5 6 Yes Yes No No No

Comfort in the shop In transit areas, at the height of people No 3 4 3 4 Yes Yes No No No

Note:
1 - Temperature set-point (SP) and RH% according to food conservation handbook.
2 - Hysteresis (Hist.) of temperature and RH% according to food conservation handbook. Consider if hysteresis is centred (SP +- H) or only positive (SP + H).
3 - Temperature Set Point (SP) and RH% as implemented in the controller (RH% centred or according to handbook if there is no set point).
4 - Temperature hysteresis (Hist.) RH% as implemented in the controller (RD% wide range or according to handbook if there is no set-point). Consider if hysteresis is centred (SP 
+- H) or only positive (SP + H).
5 - Low set-point (SP) of RH% (<50%) for refrigeration and freezing conditions (frost reduction).
6 - Reduce hysteresis (Hist.) of RH% (<15%) for refrigeration and freezing conditions (frost reduction).
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We reserve the right to supply materials that might vary slightly to those described in our Technical Sheets. Updated information is available on our website.

AKO ELECTROMECÁNICA , S.A.L.

Avda. Roquetes, 30-38
08812  Sant Pere de Ribes.•
Barcelona  Spain.•

Tel.: +34 902 333 145
Fax: +34 938 934 054
www.ako.com
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