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The cold chain is easily controllable inside the production and the warehouse. One of its critical points is in the place and the moment of the loading of the vehicles and is constituted by:

1. opening of the refrigerated vehicles doors, with the consequent air change 

2. losses of air in the connection between vehicle and loading bay

3. difficulty to grant a thermal insulation of the built into the building loading bays, specially when there are bottom rooms for the insertion of the vehicles tail-lifts. 

The best solution should be that one of opening the vehicle doors inside a refrigerated bay, but there are too many dimensioning and cinematic problems to solve, besides many huge hygiene and dirtiness problems.

The research has been consequently pushed toward the direction of a loading bay to simply be added outside the building, as to allow for the certain calculation of the dispersion values and allow for its guarantee and certification. This solution also allows to reduce the costs of the building in comparison of the cost of internal bays that requires complicated executions in order to be efficiently insulated.

All temperatures and dispersion calculations had been performed. Classes 4 and 5 of the ISO ed EN 441 norms, and a much used intermediate Class, at 35°C and 50% humidity, called Class 4°, had been considered. The whole had been applied for comparison with current type insulated Dock Houses and to the result of this research, a INSULATED AND CERTIFICATED DOCK HOUSE. 

The INSULATED AND CERTIFICATED DOCK HOUSE is a complete loading bay, to simply add to the outside of the building, highly insulated, with bottom room for the tail-lift of the vehicle, in conformity with the EN 1756-1. 

For the three classes, starting ambiance temperatures of 30, 35, 40 °C, respectively with a relative humidity rate of 55, 50, 40%, had been considered:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

dock house inside volume
m3
29,4
29,4
29,4
31,3
31,3
31,3

ambiance temperature
°C
30
35
40
30
35
40

relative humidity
%
55
50
40
55
50
40

The starting internal of the Dock House and the INSULATED AND CERTIFICATED DOCK HOUSE climate conditions are equal or higher than -20 °C, with a relative humidity of the 70%. They are of course transitory regimes which temperatures change:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

internal temperature =>-20
°C
-20
-20
-20
-20
-20
-20

internal relative humidity
%
70
70
70
70
70
70

The internal climate conditions when the vehicle is already in place and the refrigerating group is in function vary as follows:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

inside temperature of the connected to the vehicle Dock House 
°C
-20
-20
-20
-10
-10
-10

The kcal/h dispersion of the walls of the DOCK HOUSE depend from the thickness of the panel, that is 40 mm, when the thickness of the walls of the INSULATED AND CERTIFICATED DOCK HOUSE is of 80 mm:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

sidewalls thickness
mm
80
80
80
40
40
40

fix front walls thickness 
mm
80
80
80
40
40
40

roof thickness
mm
80
80
80
40
40
40

pavement thickness
mm
80
80
80
40
40
40

and are the following absolute values, corresponding to modest percentage values:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
class. 5

Dock house sidewalls   panels
Kcal/h
625
687
750
781
878
976

Q walls %
%
6
6
7
3
3
3

The thermal bridges of the DOCK HOUSE have, opposite, a stronger incidence:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Dock house total thermal bridges
Kcal/mh °C
344
379
413
2612
2927
3242

with an important in absolute values total dispersion of walls and thermal bridges, also of few decimals in percentage values:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Total dispersion walls + thermal bridges
Kcal/mh °C
969
1066
1163
3392
3805
4218

Percentage dispersions. Dock house total %
%
10
10
10
13
13
14

The total of the dispersions during the loading of the refrigerated vehicle in absolute values are the following, and the percentage shows more consistent dispersions:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

QT refrig. truck total dispersions 
Kcal/h
2163
2371
2579
1747
1955
2163

The change of air cannot be avoided at every doors opening. Calculating 10' the time of docking and 30' the time of loading time, the kcal/h dispersion is the following:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
class . 5

air change per hour 
Kcal/h
4162
4809
5173
4246
4905
5277

It is time now to make the calculation of the surface of the goods, approximated by steps to a transitory: by insulating and closing all fissures, there is no air change.

The check of this procedure it is sufficient to considerate the comparative data given by the necessary time, with these conditions, to raise by 2 °C the temperature of the outer surface of the transported goods: the time from 0,78 hours, corresponding to 47’, to 0,65 hours, corresponding to 39’, is bigger than the unloading one. 

The walls lose only a couple of degrees:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

lowering of the outer goods surface
°C
-20
-20
-20
-20
-20
-20

2°C lowering of the surface of the goods temperature
°C
-18
-18
-18
-18
-18
-18

2°C lowering surface goods time (time 1)
h
0,78
0,71
0,65
0,78
0,71
0,65

goods loss within time 1
Kcal
5684
5684
5684
5684
5684
5684

outside goods, load 

2+1+14 europallet
m2
51,84
51,84
51,84
51,84
51,84
51,84

Ka outside goods (carton th.=5)
Kcal/m2h °C
1,91
1,91
1,91
1,91
1,91
1,91

Out coming loss: a standard Dock House looses calories, in an INSULATED AND CERTIFICATED DOCK HOUSE the loss is due only to transmission or irradiation tied to goods exchange; the losses due to air changes is nil because the INSULATED AND CERTIFICATED DOCK HOUSE is totally insulated and sealed against further losses. The only air change is that one due to the opening of the vehicle, that has already been calculated:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

surface heating inside the refrigerated group
Kcal/h
0
0
0
6904
7595
7595

The required ratio for the transportation of perishable goods is of - 20°C. 

For calculating the heat losses and the consequent increase of temperature of the refrigerated materials, it is necessary to calculate the heating produced by the fork lift truck and by the lighting lamp, corresponding to:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Q total electric hour load
Kcal/h
1702
1702
1702
1702
1702
1702

and the heating produced by the operator aboard, calculated one of his presence at 50%, that is of



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Q driver aboard 1/2 time
Kcal/h
86
86
86
86
86
86

The total of all voices of losses and heating are of:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Q TOTAL  100%
Kcal/h
9710
10662
11331
25697
28411
30147

Corresponding to a loss of the INSULATED AND CERTIFICATED DOCK HOUSE compared to the Dock House of:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

INSULATED AND CERTIFICATED DOCK HOUSE /Dock House losses
%
38
38
38
100
100
100

The energy saving coming from the use of the INSULATED AND CERTIFICATED DOCK HOUSE instead of the Dock House is in percentage the reciprocal:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

energy INSULATED AND CERTIFICATED DOCK HOUSE /Dock House saving
%
62
62
62
0
0
0

The temperature change of the outside surface of the goods is the most critical factor, and also the most difficult to control. This change reaches for the most outside surface, in some cases, the value of 14°C. With the use of INSULATED AND CERTIFICATED DOCK HOUSE this change remains within the allowed tolerance of the Cold Chain for the perishable goods:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Thermal excursion of the outside surface of the goods, without refrigerating group 
°C
1,8
2,0
2,1
5,1
5,7
6,0

Conclusion: a simple INSULATED AND CERTIFICATED DOCK HOUSE, without refrigerating group, allows for transhipment of the goods within the temperature limits imposed by the present norms. 

The future shall require the option constituted by an INSULATED AND CERTIFICATED DOCK HOUSE with a refrigerating group, that has been already calculated and that can grant for the transhipment of the goods without any loss of temperature, as per the following table. The Delta t of the INSULATED AND CERTIFICATED DOCK HOUSE with refrigerating group, compared to the present Dock House, is between 5,1 and 6 °C:



INSULATED AND CERTIFICATED DOCK HOUSE
STANDARD DOCK HOUSE



Class. 4
cl. 4A
Class. 5
Class. 4
cl. 4A
Class. 5

Thermal excursion of the outside surface of the goods, with a refrigerating group
°C
0
0
0




Delta t relating to an INSULATED AND CERTIFICATED DOCK HOUSE with refrigerating group, compared to a Dock House
°C
5,1
5,7
6,0




All the above demonstrates the dramatic energy saving obtainable by the use of the INSULATED AND CERTIFICATED DOCK HOUSE, but mainly the most valuable point that is to grant that also the surface of the transported foods remain within the temperature limits imposed by the norms, fact that is often disregarded.
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