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Summary:
The objective of this action is to compile the main conclusions and
recommendations obtained during the Life Fresh Box project. For this, this
deliverable is divided into 2 parts:




Part 1: in this part, the technical evaluation report summarizes the goals
and targets developed in the preparatory actions with the results of the tests
developed in the implementation action. Transported commodities have
been compared before and after transportation in order to evaluate the
benefits of the Fresh Box. In this part, the first set of conclusions is shown.
Part 2: in the second part, the main conclusions obtained during
consultancy among the partners and external interviews are summarized.
Also, different questions related to success of the project are answered:
o Is it economically and environmentally preferable to use Fresh
Box vs. a conventional container?
o What is the extra cost of using the Fresh Box vs. conventional
container?
o What is the extended shelf life time using the Fresh Box vs.
conventional container?. Does it restrain food waste?.
o Which are the possibilities of introducing the Fresh Box to
other fresh produce distributors?

Part 1. Conclusions concerning the technical development of Fresh Box and
its validation both in laboratory test and in real transports.
Below is a summary of the different stages developed both during the first
preliminary actions and during the last stage of validation in real transports. The
real transports were performed between Spain and Germany. The different stage
includes the main conclusions and recommendations obtained:
A. How was the project carried out?. Technical conclusions
This project is divided in two main parts. The first part consists of designing the
transportation process taking into account the specific fresh produce. The second
part deals with the transportation itself and the subsequent quality checks to
evaluate how the fresh produce responds to transportation. At the end of the whole
process general conclusions will be drawn in order to select more types of fresh
produce and to conduct further transport between Spain and Germany.


Selection of fresh produce & requirements for Fresh Box design:

In order to design the Fresh Box, a series of previous measures were necessary.
Firstly, 6 fresh produce types were selected according to seasonality, physiological
characteristics and commercial appeal- the final commodities chosen were
strawberries, grapes, tangerines, stone fruits, spinach and broccoli. They were then
categorized according to their tolerances to different atmospheric conditions and
their sensitivity to different disorders or other factors. This was the first
conclusion:
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Exogenous ethylene
sensitivity products
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Fungal growth
sensitivity products

Chilling injury
sensitivity products

Fresh Box solutions:

Ethylene absorbers are
included in Fresh Box

Antimicrobial compounds
are included in Fresh Box

Specific permeability are
selected in Fresh Box

This categorization allowed to determine a range of respiratory rates and ethylene
production. These results were then aggregated to the selection of the optimal
atmospheric conditions in order to determine oxygen and carbon dioxide tolerances
per type of fresh produce. Following these tests, the typical sensitivities and
physiological damages per commodity were studied. Using these variables, a
mathematical model was designed to determine the ideal permeability of the Fresh
Box per type of fruit or vegetable. The conclusions are summarized in the table
below. These results were crucial for designing a Fresh Box prototype with
three different lids, each with a different permeability level (low, medium,
high).
PRODUCT

Respiratory
activity

MAP

Permeability

abs
C2H4

STONE FRUIT

MEDIUM

10%O2 + 10% CO2

MEDIUM (P2)

x

YES

GRAPE

LOW

15%O2 + 5% CO2

LOW (P1)

x

YES

BROCOLI

HIGH

15%O2 + 5% CO2

HIGH (P3)

YES

x

SPINACH

HIGH

2%O2 + 10% CO2

LOW (P1)

x

x

MANDARIN

MEDIUM

10%O2 + 10% CO2

HIGH (P3)

x

YES

STRAWBERRY

MEDIUM

2%O2 + 10% CO2

MEDIUM (P2)

x

YES

Antimicrobial
compounds
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Designing the Fresh Box and the Integrated Sensors Kit

Once the necessary characteristics for the controlled atmosphere inside the Fresh
Box were determined, the first prototypes were developed and then refined
throughout the project. Many different manufacturing materials were tested, until
the optimal tensile and mechanical properties were obtained through a blend of
polyethylene (PE- 40%) and polylactic acid (PLA- 60% a completely biodegradable
material) lowering dependence on fossil fuel-based resources.

Injection moulding with super critical fluids and MuCell® technology are used to
reduce the final container’s weight up to 30% without losing its rigidity and
consistency. The dimensions of the Fresh Box are made to fit standard commodity
transport methods, e.g. European palletization units. The containers are also
stackable, making efficient use of the space available during transport, while
guaranteeing sufficient air circulation to all units.The main innovative elements
included and the conclusion of the Fresh Box’s design, were:

COMPONENT
OF
SYSTEM FRESH BOX

INNOVATIVE

CHARACTERIST

PERMEABILITY LEVELS

An innovative lid design system controls the inner atmosphere
of the container to adapt to each commodity’s particular
respiration rate (3 lids: low, medium and high permeability).
The rest of the container is hermetically sealed, so these
perforations help control the amount of air that enters the
container.

ACTIVE SUBSTANTCES

The interior of the container’s lid has a specially-designed
compartment for easy placement of different active elements,
according to each commodity’s requirements (ethylene
absorbers and/or antimicrobial transmitters).

INTEGRATED SENSOR KIT

A total of six different prototypes were developed and
optimized into a sensor kit to measure temperature, relative
humidity, carbon dioxide (5-20%) and oxygen (1-20%) is
integrated into the Fresh Box lid. This means that the lid can be
used on conventional commercial containers and still collect
this relevant data. Data is transmitted through Bluetooth® to a
mobile App where the information is stored and analysed.
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Simulating transport tests in the laboratory

Once the first prototypes of the Fresh Box and the Integrated Sensors Kit were
obtained, validation of the products began; first at laboratory scale and afterwards
transport trials between Spain and Germany. In the laboratory, the Fresh Box
prototypes were filled with the selected fresh produce and kept in cooling chambers
at 5-7º C (the usual temperature in refrigerated trucks). The three different lids
with ranging permeability levels were tested on the appropriate fruit and vegetable
types and kept in the cooling chambers from 7-9 days. The results of these tests
were easily monitored by the design of Quick Quality Evaluation Charts, in
which the physiological status of the “transported” produce could be compared and
measured against control containers (also kept under the same conditions in the
cooling chambers).
At this stage, the Fresh Box showed higher benefits for spinach, grape and
strawberries (longer shelf life and therefore higher commercial advantage). The
main conclusions of the laboratory tests carried out is summarized in the
following table:



Real transport tests from Spain to Germany and vice versa

Once the laboratory tests were complete, partners began real transport tests
between Spain and Germany throughout the last year of the project in order to
validate the results under real conditions. After the shelf life studies and
commercial benefits were determined from the laboratory tests, some changes
were made to the types of commodities to be transported (lower value products,
e.g. broccoli and tangerine were replaced with mushrooms and raspberries that are
higher in added value and have a shorter shelf life). Thus, 18 trips were made
between Spain and Germany transporting strawberries, spinach, cherries,
raspberries, mushrooms and grapes (3 transports per commodity to obtain more
reliable results).
During the transport tests, the Fresh Box gave higher advantages for strawberries
and mushrooms. Due to logistical problems, the results of the spinach transport
tests were disregarded as unrepresentative. The main conclusions of the
laboratory tests carried out is summarized in the following table:
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B. Main conclusions and results in Part 1:












The Fresh Box container serves as a valuable instrument to conserve fresh
produce quality, by prolonging shelf life and therefore reducing food loss
along the supply chain.
However, the results of the Fresh Box testing are not equally beneficial for
all types of fresh produce- the controlled atmosphere and permeability
levels work better for some commodities than others. It is most
beneficial for fruits and vegetables with higher added value and/or higher
vulnerability to post-harvest or storage during transport and distribution
(especially for long distances).
More specifically, the Fresh Box testing in the laboratory showed that more
commercial advantages are obtained when transporting more delicate
produce such as spinach, grapes and strawberries. In these cases, using
the Fresh Box under the correct atmospheric conditions can prolong
commercial shelf life from 4-8 days.
The transport tests under real conditions validated these results in the case
of strawberries (50% less mold in the Fresh Box) and grapes
(significant improvements during sensory tests), although the spinach test
results were discarded as unreliable due to problems in 2 of the trips.
Furthermore these tests also included mushrooms and raspberries
transport, in which the Fresh Box outperformed the control pallets in both
cases (improved commercial quality and sensory results as well as
absence of mold, weight and texture loss).
Specific utilities and designs of the Fresh Box have been considered
extremely innovative for the sector and Aitiip, the developers of the material
are currently pursuing the possibility of patenting the designs.
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Part II. Conclusions concerning the consultancy among the project
partners and external interviews about future opportunities and further
useful or necessary developments of Fresh Box technology.
As part of the deliverables of the last year of the project, partners compiled an
environmental and socioeconomic impact report. This report included a study on
the direct environmental impact of the decrease in food waste, the changes in
transport weight conditions using the Fresh Box and the material used to produce
the container.
Another part of the assessment included interviews with the partners of the
consortium as well as sending a survey to 40 companies involved in the
value chain of the fruits and vegetables distribution sector (wholesale, retail,
storage, processing and/or preservation and food services for final consumers). The
main conclusions are summarized as follows:










Further adaptation of the Fresh Box to real transport conditions: currently
the Fresh Box’s fixed measurements do not maximize the amount of
fruit/vegetables that can be transported in a truck. Partners believe that the
technology can be further adapted to efficiently use space, e.g. foldable
containers that can be stacked when empty to take up less space. Partners
believe that the flexibility and interchangeability of the container’s lid will be
essential for take-up.
High manufacturing costs overshadow the savings in food loss and
environmental footprint: The price difference between using conventional PE
plastics compared to PLA is quite high extremely high: in many cases, a
difference of almost 2000€/ton. This is a severe limitation to commercial
actors more interested in the economic savings rather than the positive
environmental results.
Increasing consumer awareness and policy drivers: More than 50% of the
interviewed parties believe that consumers are willing to spend more on
products with better quality and believe that the Fresh Box can contribute to
this. Furthermore, the shift of EU policy towards guaranteeing food safety
and reducing the food chain’s environmental footprint provide further
contextual back up for the wider use of the Fresh Box.
Application in other sectors: Interviewed parties do not discard the
possibility of using the Fresh Box for other commodities that are vulnerable
to cold chain disruption or require delicate care, e.g. flowers, dairy
products, etc.
More than 70% of the companies interviewed consider that the
Fresh Box could help boost their competitiveness in the market.
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The characteristics of the companies included in the questionnaire were:

Activity sector of company
Activity sector
Retailer
Wholesaler
Food industry
Catering

%
22,2
27,8
27,8
22,2

Size of enterprise
Size
Small (<50 workers)
Medium (between 50 y 250 workers)
Big (>250 workers)

%
64,7
29,4
5,9

The main conclusions obtained when asking about the impact of useful the Fresh
Box technology were:



Fresh Box impact on the competitiveness of the company:



Fresh Box impact on the sector competition:

The companies interviewed believe that in its sector the Fresh Box will imply a
greater competition between the companies and a greater entrance of companies in
new markets.

Type of influence in the sector competition
Higher competition between companies
Increased entry of competitors to the market
Differentiation of companies
Higher varietity
Fresh Box will not affect the competition

%
33,3
44,4
44,4
5,6
11,1
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Benefits and cost for final consumer
Willing to pay more price
Greater recurrence in the purchase
Less recurrence in the purchase
More selectivity in the type of product
Greater availability of quantity and quality of the product
Greater diversity of product
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%
55,6
11,1
0
38,9
61,1
27,8

Possibilities of introducing the Fresh Box to other fresh produce
distributors

40% of the companies consider that the Fresh Box could be developed and be
applicable to other type of products. Some examples could be: medicines,
injectables, meats, fish, dairy products, vacuum products, etc.



Economic sector where the impact of Fresh Box is most beneficial.
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Besides, in this second part different questions related to success of the
project are answered:

Is it environmentally preferable to use Fresh Box vs. a
conventional container?
As part of the socioeconomic impact report the estimation of total savings CO2
emissions and additional costs were calculated:
CO2 footprint related to reduction of food waste (% rejected at destination) due to Fresh Box

CO2 footprint related to reduction of fuel consumption and use of biobased and biodegradable
material
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Total kg CO2 saving/Tonne of product transported

Total kg CO2 saving/Tonne of product transported: SUMMARY

The aggregated results estimate that the total savings of:
Each ton of transported cherries = 14.90 Kg-CO2 savings
Each ton of transported grapes = 420.74 Kg-CO2 savings
Each ton of transported strawberries = 40.03 Kg-CO2 savings
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What is the economic benefit of using the Fresh Box vs.
conventional container?

Forecasted to a larger European context, if the Fresh Box container were applied at
an international scale, the potential annual savings in CO 2 kg for these fruits
according to the export data from Spain to Germany during 2015 reported by Fepex
would be:

Tons exported from Spain to Germany
Total Kg-CO2 savings
Monetary value
*according to cost of CO2/ton
calculated by the SENDECO2

Cherries
4,256
63,414
337,998 €

Grapes
31,334
13,183,467
70,267,879 €

Strawberries
94,513
3,783,355
20,165,284 €

emission
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What is the extended shelf life time using the Fresh Box vs.
conventional container?. Does it restrain food waste?.

Once the first prototypes of the Fresh Box and the Integrated Sensors Kit were
obtained, validation of the products began; first at laboratory scale and
afterwards transport trials between Spain and Germany. In the laboratory, the
Fresh Box prototypes were filled with the selected fresh produce and kept in cooling
chambers at 5-7º C (the usual temperature in refrigerated cargo trucks). The three
different lids with ranging permeability levels were tested on the appropriate fruit
and vegetable types and kept in the cooling chambers from 7-9 days.
At this stage, the Fresh Box showed higher benefits for spinach, grape and
strawberries (longer shelf life and therefore higher commercial advantage). The
main results of the laboratory tests carried out are summarized in the following
table:

Once the laboratory tests were complete, partners began real transport tests
between Spain and Germany throughout the last year of the project in order to
validate the results under real condtions. 18 trips were made between Spain and
Germany transporting strawberries, spinach, cherries, raspberries, mushrooms and
grapes (3 transports per commodity to obtain more reliable results).
In all cases, the tracking of the conditions inside the container were recorded
through the Integrated Sensors Kit and stored on the mobile application. This
allowed the partners involved to detect possible issues, breaks or problems in the
cold chain, or opening of the container during the traponsport tests. This is an
extremely helpful feature for future commercialization since it provides a
specific date and time for any problems and determines liabilities in the
supply chain.
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During the transport tests, the Fresh Box gave higher advantages for
strawberries, raspberries and mushrooms. Due to logistical problems, the
results of the spinach transport tests were disregarded as unrepresentative.
Due to the benefit related to transport in Fresh Box, a high food waste (and CO2
emission saves associated) was avoided:

Which are the possibilities of introducing the Fresh Box to
other fresh produce distributors?
At the end of the project, several interviews with the partners of the consortium as
well as sending a survey to 40 companies involved in the value chain of the fresh
produce distribution sector, were performed. The main findings are summarized as
follows:
 Further adaptation of the Fresh Box to real transport conditions: The Fresh
Box’s fixed measurements do not maximize the amount of fruit/vegetables
that can be transported in a truck. Partners believe that the technology can
be further adapted to efficiently use space, e.g. foldable containers that can
be stacked when empty to take up less space. Partners believe that the
flexibility and interchangeability of the container’s lid will be essential for
take-up and its adaptation to other fresh produce.
 Application in other sectors: Interviewed parties do not discard the
possibility of using the Fresh Box for other commodities that are vulnerable
to cold chain disruption or require delicate care, e.g. flowers, dairy
products, etc.
More than 70% of the companies interviewed consider that the Freshbox
could help boost their competitiveness in the market.
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At last, a SWOT analysis of Fresh Box technology has been performed:
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