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Abstract

The “Quest regular” system has been developed to reduce power consumption of reefer
containers. The Quest Regular concept and corresponding CCPC software was tested in a real-
life shipment of bananas from Ecuador to the Netherlands in December 2006. The goal of the
trial shipment was to test the software and compare the power usage, temperature distribution
and product quality of 7 test containers to 3 reference containers. The reference containers were
shipped simultaneously at original settings. Three different sets of settings were used for the test
containers, Questl, Quest2 and Quest3. One of the test containers was equipped with a scroll
compressor: Questl-scroll. Shipment from Ecuador was chosen to be able to test on a relatively
long voyage.

Including the pull down phase, mean savings over the whole trip are 40% for Questl, 54% for
Questl-scroll, 45% for Quest2 and 48% for Quest3. Power savings during cycling are
approximately 50% to 70%, depending on ambient temperature.

The supply and return air fluctuations in the Quest containers are dampened in the carton
temperature data. The largest recorded carton temperature fluctuation has an amplitude of
0.25°C.

As in the previous banana trial, a few units give alarm code 64 (discharge temperature over limit).
We advise Carrier to double check if this is a CCPC software effect.

During Quest Regular Mode, the minimum supply temperature mostly does not reach supply
setting for the scroll unit and the Quest3 settings. The Questl and Quest2 test containers did
reach the minimum supply temperature. The adaptation of the field software, after comparable
issues in the previous shipments, apparently improved performance, but did not fully prevent the

issue to come up again.

The carton temperatures in the Quest containers are warmer then those of the reference
containers, with a larger bandwidth. The Quest3 and Questl-scroll containers are further from
setpoint then the Quest] and Quest2 containers. This is already the case after pull down, so
probably caused by produce specifics or stowage. The Questl and Quest2 containers are 0.5°C
turther from the setpoint, while the bandwidth was 0.9°C and 0.3°C larger.

The Quest regime seems not to have change quality output compared to normal regime, except
possible slightly faster ripening of the bananas in the warmest cartons.
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1 Introduction

The “Quest regular” system has been developed to reduce power consumption of reefer
containers. As a follow-up of the real-life Quest trial with mangoes, apples, mandarins, bananas,
melons and pineapples it has been tested for long shipments of bananas, pineapples and mangoes
in December 2006. In order to exactly determine the amount of power reduction, a comparison
was made with three standard controlled reefer containers. All ten 40ft. containers were loaded
with bananas from the same origin and transported on the same vessels (Maersk Rosario and
Jeppesen Maersk). The shipment was from Ecuador (Guayaquil) to the Netherlands (Rotterdam).
The transport time was 20 days to Rotterdam.

Seven test containers were equipped with and controlled by the “Quest Regular” software, also
referred to as CCPC (Compressor-Cycle Perishable Cooling). The containers MAEU5830158
(test11) and MWCU6801403 (test12) were controlled according to CCPC settings set 1; the
containers MWCU6532963 (test21) and MWCUG6781441 (test22) according to CCPC settings set
2, which was relatively warm compared to settings set 1; and the containers GESU9059750
(test31) and MWCUG755653 (test32) according to CCPC settings set 3, which was relatively cold
compated to settings set 1. The containers CRLU5184302 (ref 1) and MWCUG6711932 (ref2)
served as reference containers. Also, two reefer container equipped with scroll compressors were
used in this test. MWCUG6881883 was installed with the “Quest Regular” software (test14) with
settings set 1 and MWCUG6883253 (ref4) served as reference. During the shipment power
consumption of all containers was measured using externally added kWh-meters. The
temperature distribution was measured using 18 sensors per container and logging the actual
temperature every 30 minutes. Eighteen atmosphere samplers were placed in eight of the ten
containers. Fruit samples for quality evaluation (12 cartons per container) were taken from 6
pallets in all containers (see scheme and location of the temperature sensors). All test cartons
contained a temperature sensor (Tiny Tag) to be able to compare the temperature distributions of
the containers. With these readings it would be possible to determine correlations between local
temperatures and quality development of the fruits. After arrival at the warehouse of Belfruco in
Antwerp, the bananas were transported in a climate controlled van to A&F in Wageningen. At
A&EF a first inspection of the quality was performed. Subsequently the bananas were ripened
during 6-7 days and evaluated again. The quality evaluation was extended by a 3 days’ shelf life
simulation of the test samples using the experimental facilities of A&F.

A precise quality evaluation was necessary as the Quest Regular mode operation allows the
supply air to have a low value during specific interval times. This value is lower than the value
that is commonly considered a chilling temperature. The idea behind this is that chilling will be
avoided by cycling, as the supplied air is only on this low level for short periods. Product
temperature and internal metabolic processes do not follow these quick changes of the

temperature settings i.e. chilling will not occur. This hypothesis was tested successfully for several
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commodities before. The energy saving method is only of value when product i.e. banana quality

is not harmed by it.
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2  Material and methods

2.1  Product
The banana variety was Cavendish. The bananas originated from different Fair Trade growers
from the El Oro province in Ecuador. The fruit was exported by Fruta Del Pacifico. The initial

temperature of the bananas was around 25°C.

Figure 1 Cavendish banana Figure 2 Cavendish banana open

2.2 Packaging and stowage

The bananas were packed in cardboard boxes, inside plastic bags. The bags were mostly banavac,
vacuum sucked plastic bags containing all bananas in a carton. Some cartons were filled with
clusters in polybags, packed separately in small bags. The carton size was 400x500 mm, stacked 9
cartons high (6 on a layer). In total 10 containers with 1080 cartons were packed, placed on 20
pallets. The pallets used, were wooden industrial pallets size 1200x1000 mm. 20 pallets were
fitted in the container cross stacked (see also Figure 5).

Note that in refl one of the pallets (left hand side at the door end) was only 5 layers high.

2.3 Unit settings

Eight of the containers used were fitted with Carrier Thinline refrigeraton units, two with
Eliteline units (i.e. with scroll compressor). The CCPC software (version 9590 for recip and
version 9555 for scroll), was installed on all units using a Microlink 3 card or a Microlink 2/3
adapter. The reference containers were running in normal mode with settings as usual for
Cavendish Banana. For these, the CCPC software was only used to enable additional data
logging. The Thinline reference units were fitted with the previous version of the CCPC
software, to enable extra data logging while not automatically starting CCPC mode. The Quest

containers were running in CCPC mode.

The reference container settings were:

O Supply setpoint 13.3°C=559F
¢ Fan setting High
0 Vent setting 30 m3/hr

©Agrotechnology and Food Sciences Group, member of Wageningen UR 9



The CCPC settings are shown in the following table:

Table 2 CCPC settings fro test containers

Settings set Quest]

Settings set Quest2*

Supply setpoint

Return Air Pulldown Low Limit

Return Air LLow Limit
Return Air High Limit

Fan setting
Vent setting

11.8°C=532F
143°C=577F
143°C=577F
148 ‘C=58.6F

Alternating
30 m?/hr

128 *C=55.0F
148 *C=58.6 F
148 °C=58.6F
153°C=595F
Alternating

30 m3/hr

108 °C=514F
143°C=577F
143°C=577F
148 °C=58.6F
Alternating

30 m*/hr

Defrost interval was set to automatic and Humidity, Dehumidification and Bulb Mode were all
set to OFF for all containers. The in Range Limit (Code 30) was set to 0.5°C.

2.4 Voyage schedule

On December 6" and 7" the containers were loaded with bananas. Subsequently, the containers

were taken to the harbour of Guayaquil. The setup is shown in Table 3.

Table 3  Container setup

Container nr Setup mode Stuffing date Commodity Grower

MAEU 5830158 CCPC 1 (testll) 7/12/2006 Banana Grupo Agricola Prieto
CRLU 518 4302 NORMAL (refl) 6/12/2006 Banana Grupo Agricola Prieto
MWCU 6532963  CCPC 2 (test21) 6/12/2006 Banana Grupo Agticola Prieto
GESU 9059750 CCPC 3 (test31) 7/12/2006 Banana HDA I.a Playa
MWCU 680 140 3 CCPC 1 (test12) 7/12/2006 Banana Grupo Agricola Prieto
MWCU 6711932  NORMAL (ref2) 7/12/2006 Banana Grupo Agricola Prieto
MWCU 678 1441 CCPC 2 (test22) 7/12/2006 Banana Grupo Agticola Prieto
MWCU 6755653 CCPC 3 (test32) 7/12/2006 Banana Grupo Agricola Prieto
MWCU 688 1883  CCPC 1 (test14) 6/12/2006 Banana HDA La Playa
MWCU 688 325 3 NORMAL (ref4) 6/12/2006 Banana HDA La Plava

All containers were loaded to the vessel (Maersk Rosario) on December 11°*.

@ The return air limits for unit test22 were mistakably set to 14.3, 14.7 and 15.2°C instead of 14.8, 14.8 and 15.3°C.

10 ©Agrotechnology and Food Sciences Group, member of Wageningen UR
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Etcuador

Loading Bananas
(El Oro Province, 6-7/12/2006)

Loading Maersk Rosario
(Guayaquil, 11/12/2006)

Figure 3 Map of loading and departure locations [1]

Figure 4 Map of the vessels route (left Maersk Rosario”, right Jeppesen Maersk) [2]

The containers arrived in Rotterdam (The Netherlands) on December 30" and were transported
to Antwerp (by truck) on January 2™, Figure 22 and Figure 23 in the appendix depict the mean

temperature and relative humidity in December for such a trip.

2.5 Unit and climate measurements

External kWh meters were attached to all units. The CCPC software installed on the containers
included addidonal data logging, storing elaborate unit information every hour. Temperatures
were measured by 4 USDA probes (if available) and 18 Tiny tags inside the containers.

b Guayaquil to Balboa
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