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TO SUPPORT MANUFACTURERS AND END-USERS
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INTRODUCTION

EPS has been successfully used in the packaging industry for many years, to the satisfaction of
end-users/customers.
Thanks to the properties of this material, the performances of any article can satisfy the most
diverse needs, so that they can be used in areas which are apparently very different, but actually
they are not.
It is not easy to use and exploit all the properties of a versatile material such as EPS.
Furthermore it is extremely complex to design a manufactured article which should globally
protect the packaged goods.
And also the systems, which connect performances to manufacturing, are extremely complex.
For these reasons, only the most qualified professionals can suitably manage the whole chain,
from raw material to end-products.
The Quality Standards Competence Center (QSCC) was created by the leading actors in the
market.
It is intended to be the European third party reference point to produce shared and relevant
documents, to identify all key technical issues in production and quality control of EPS when
used for packaging and EPS shape moulding.
This QSCC will not define the best packaging but how EPS can be used at its best considering the
state of the art of moulding technology and raw material chemical structure.
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PURPOSE

The analysis performed on different application areas of the EPS market indicated the need to
define guidelines, as an interface between EPS manufacturers and end-users.
The reasons should be mainly found in sharing EPS properties to be controlled, the performances
to be identified and the assessment methodologies to be adopted.
Therefore these “Guidelines” were drafted: they will be a reference point for all those working
in the EPS market.
In conclusion, the main goal of «Quality and Standardization CC» is to define the minimum EPS
characteristics to ensure all moulded EPS products can be defined acceptable :

• FOR ALL CONVERTERS
• IN ACCORDANCE WITH EUROPEAN STANDARDS (UNI, EN, ecc.)
• QUICKLY AND SIMPLY MEASURABLE WITHIN EACH FACTORY
(customer and supplier)
In order to ensure a real Quality control, physical properties must be measured in an automated
way, reducing essentially the influence of the operator, in order to be reproducible in every
industrial line.

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

This document, called «Guidelines and test methods for EPS quality standards to support
manufacturers (EPS converters) and “end-users” (customers)», is the first purpose of the
Competence Center and it is focused to set a unique European technical standard to harmonize
expectations between end users, RM, converters in order to increase the customers perception
of Airpop packaging value.
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SCOPE
The Guidelines apply only to EPS moulded products and do not cover EPS products manufacturing
by cut from block.
These Guidelines address several application areas and include EPS with PS foils or other films.
EPS is used not only for the manufacture of packaging products but also includes the following
applications intended to be used in four different areas:

1.

WHITE GOODS

2.

AGRICULTURE “seed trays”

3.

FOOD contact

4.

PHARMACEUTICAL

5.

HVAC (Heating, Ventilating and Air Conditioning)

Each application area has specific requirements, but also general use requirements.
The Guidelines will then consist in a general section including the five areas above, which could
also contain a deeper description for each area, to meet the specific requirements of end-users.
Last but not least, the Guidelines shall provide accurate information to define the main
properties to manage product quality during manufacturing, control and acceptance by endusers. They are intended to be the quality-regulatory benchmark for EPS products that each
manufacturer and end-user shall adopt and adjust to any context and specific needs.
The application areas account for the most interesting end-uses to define Guidelines which will
be extended to other products, at a later stage.
The scheme below reported the steps to design, to prototyping and to complete the final
production of EPS packaging/products. The phases involve both the producer of the packaging
(converter / EPS producer) and the manufacturer of the item to be packed (end-user / customer).
The table 1 – “SCHEME: STEP DESIGN FOR EPS PACKAGING” is valid only for applications 1
(WHITE GOOD) and 4 (PHARMACEUTICAL). For applications 2 (SEED TRAYS) and 3 (FOOD) only
individual phases of the steps listed in the scheme can be implemented.
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he average time from phase 1 to phase 4
is about 30-60 days

DESIGN FOR EPS PACKAGING

STEP

DEFINITION

CUSTOMER

CONVERTER

1

CONCEPT PACKAGING
PROTOTYPING

✗

-

2

CONCEPT PACKAGING
(shape)
Assembly line - Logistics - Deliveries

✗

✗

3

TEST PACKAGING (“IN USE”)
Test quality prototyping packaging
- CUT EPS -

✗

-

4

APPROVAL FINAL DESIGN
LAUNCH OF MOULDS

✗

-

5

FPA (First Part Approval)
SAMPLES TEST (“IN USE”)

-

✗

6

FINE TUNING
and MOULDS

✗

-

7

APPROVAL PACKAGING

✗

-

8

PRODUCTION
( TEST DAILY “AS IS” )

✗

-

9

TEST “IN USE”
( repeated when necessary )

✗

-

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

Table 1 - Scheme: STEP
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GENERAL PRODUCT REQUIREMENTS
Product requirements come from the fulfillment of the requirements products are made for.
Any product area implies a cross-cutting analysis of the necessary requirements, based on the
commonly used prescriptions. In the food Industry there are mandatory requirements resulting
from both European and national directives.
The other Industries are controlled by protocols that are designed and adopted by the operators
from time to time.
An obvious consideration is the pillar for Guidelines the approach to general requirements:
end-users use customized protocols to manage the EPS packaging/products quality, resulting in
significant discrepancies for the same manufacturer supplying two different users.
Each material can declare the use of good manufacturing practices, thus showing that they
are the best procedures that you can adopt today. A substantial part of good manufacturing
practices includes product traceability, which shows the flow, the chain, the procedures and, in
the event of a dispute, you can easily go backwards.
Other equally important general rules include the respect of the Reach, an environmentally
friendly attitude and the recycling of the end-of-life products.
According to the processing technology used, you can also perform a surface finishing obtaining
higher mechanical strength, lower water absorption, better hygiene and easy cleaning. For
example, as for the use of expanded polystyrene EPS, it is specified that you can create EPS
containers by using the “surface crystallization technique”.
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PRODUCT TECHNICAL REQUIREMENTS

➜
➜

Properties of the material (EPS);
Properties of the product, considering empty EPS packaging, both in each part
of it, (for example if it is made up of a container and a cover) and complete full
packaging.

Moreover the identified properties apply to the major applications for the EPS shape moulding
industry:

1.

WHITE GOODS

2.

AGRICULTURE

3.

FOOD

4.

PHARMACEUTICAL

5.

HVCA

These Guidelines mainly identify two stages in the supply chain of EPS packaging, including
two major operators: EPS manufacturers/converters and end-users.
The two stages are mainly the following:

1. CONTROL STAGE: performed by EPS packaging manufacturers. This stage includes
the test/analysis performed during standard production, to ensure the consistency of the
processes and therefore the performance verification by means of factory production control.

2. CHECKING STAGE: performed by end-users of EPS packaging to verify the technical
compliance and the conformity of the EPS packaging, through comparable and shared
methods.

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

The most interesting features for the moulded packaging industry include:

5

The parties may agree on measurement methods, which could be different from those
described in this document.
The Summary Table below, contains the main properties, which are the most suitable and
representative for each application to be investigated, in order to guarantee a suitable quality
of EPS packaging.
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SUMMARY
TABLE

EPS APPLICATION AREAS
WHITE GOODS

PHARMACEUTICAL

FOOD

EPS
EPS
EPS
EPS
EPS
as is
in use
as is
in use
as is
RAW MATERIAL (not expanded)

PROPRIETÀ/REQUISITI

EPS
in use

EPS
as is

EPS
in use

HVAC

EPS
as is

EPS
in use

Pentane and its isomers content [%]
Flame retardant
REACh compliance
RoHS compliance
Monomer content
Tolerance density {%]

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗

✗
✗

✗
✗

✗
✗

Dry weight [g]
Tolerances weight [%]
Dimensions [mm]
Tolerances dimensional [mm]
Thermal conductivity [W/mK]
Thermal resistance equivalent [m2K/W]
Thermal conductivity [W/mK]
Thermal resistance equivalent [m2K/W]
Keeping the optimal temperature
inside the EPS packaging

✗
✗
✗
✗
✗
✗
✗

Humidity content [%]
Water absorption [%]
Surface Hygiene
Bending behaviour [KPa]
Compression behaviour [KPa]
Thumb and knee pressure
Resistance to compression [KPa]

✗
✗
✗
✗
✗
✗
✗

✗
✗
✗
✗
✗
✗

✗
✗
✗
✗
✗
✗

✗

✗
✗
✗
✗
✗
✗

Top dead load test
Clamp test

✗
✗
✗
✗

Oscillation test
Incline test with or without bar test
Drop test
Sack barrow test

“
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AGRICULTURE

✗“ identifies the feature request and necessary to characterize the final performance
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1 . WHITE GOODS
PROPERTIES / REQUIREMENTS

EPS “AS IS”

EPS “IN USE”

4≤%≤7

Flame retardant

To declare

REACh compliance

Fulfilled

RoHS compliance

Fulfilled

Monomer content

≤ 0,1 %

Raw material total water content [%]
Density [Kg/m3] [g/l]
Tolerance density {%]
Dry weight [g]
Tolerances weight [%]
Dimensions [mm]

Tolerances dimensional [mm]

≤1%
to be agreed with the customers
from 16 to 22 kg/m3
from 23 to 30 kg/m3
>30 kg/m3

± 10%
± 8%
± 5%

to be agreed with the customers
≤ 25 g
from 26 to 50 g
≥ 50 g

± 20 %
± 8%
± 5%

as design required / as agreement
Dimension
(mm)
≤ 10 mm
from 10 to 50 mm
from 50 to 150 mm
≥ 150 mm

Tolerance
(mm)
± 15 %
± 6%
± 3%
± 1%

Thermal conductivity [W/mK]
Thermal resistance equivalent [m2K/W]
Keeping the optimal temperature
inside the EPS packaging
Humidity content [%]

Standard value: Max humidity with natural
drying – at delivery to the customer:

≤ 12%

(air relative humidity into EPS material)
Water absorption [%]

≤ 10%

Surface Hygiene

to be calculated

Bending behaviour [KPa]

to be calculated

Compression behaviour [KPa]

to be calculated

Thumb and knee pressure

to be calculated

Resistance to compression [KPa]

to be calculated

X

Top dead load test

X

Clamp test

X

Oscillation test

X

Incline test with or without bar test

X

Drop test

X

Sack barrow test

X

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

RAW MATERIAL (not expanded)
Pentane and its isomers content [%]

PRODUCTION TESTS CONTROL (non-standardized test methods)
Screw test
Microscopy
Fusion test
Humidity
Ageing
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2 . AGRICULTURE
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PROPERTIES / REQUIREMENTS

EPS “AS IS”

EPS “IN USE”

RAW MATERIAL (not expanded)
Pentane and its isomers content [%]

4≤%≤7

Flame retardant

To declare

REACh compliance

Fulfilled

RoHS compliance

Fulfilled

Monomer content

≤ 0,1 %

Raw material total water content [%]
Density [Kg/m3] [g/l]
Tolerance density {%]
Dry weight [g]
Tolerances weight [%]
Dimensions [mm]

≤1%
to be agreed with the customers

to be agreed with the customers
from 16 to 22 kg/m3
from 23 to 30 kg/m3
>30 kg/m3

± 10%
± 8%
± 5%

as design required / as agreement
Dimension
(mm)

Tolerances dimensional [mm]

± 10 %
± 8%

from 18 to 25 kg/m3
>25 kg/m3

Tolerance
(mm)

≤ 50
from 50 to 400
≥ 401

± 1
± 2
± 3

Thermal conductivity [W/mK]
Thermal resistance equivalent [m2K/W]
Keeping the optimal temperature
inside the EPS packaging
Humidity content [%]

Standard value: Max humidity with natural
drying – at delivery to the customer:

≤ 12%

(air relative humidity into EPS material)
Water absorption [%]

≤ 10%

Surface Hygiene

to be calculated

Bending behaviour [KPa]

to be calculated

Compression behaviour [KPa]

to be calculated

Thumb and knee pressure
Resistance to compression [KPa]
Top dead load test
Clamp test
Oscillation test
Incline test with or without bar test
Drop test
Sack barrow test
PRODUCTION TESTS CONTROL (non-standardized test methods)
Screw test
Microscopy
Fusion test
Humidity
Ageing
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3 . FOOD
PROPERTIES / REQUIREMENTS

EPS “AS IS”

EPS “IN USE”

4≤%≤7

Flame retardant

To declare

REACh compliance

Fulfilled

RoHS compliance

Fulfilled

Monomer content

≤ 0,1 %

Raw material total water content [%]
Density [Kg/m3] [g/l]

≤1%
to be agreed with the customers
from 16 to 22 kg/m3
from 23 to 30 kg/m3
>30 kg/m3

Tolerance density {%]
Dry weight [g]

± 10%
± 8%
± 5%

to be agreed with the customers
≤ 25 g
from 26 ato 50 kg/m3
>50 kg/m3

Tolerances weight [%]
Dimensions [mm]

± 20%
± 8%
± 5%

as design required / as agreement

Tolerances dimensional [mm]

Dimension
(mm)
up to 50
from 50 to 150
from 150 to 400
from 400 to 800
from 800 to 1200
from 1200 to 1600
from 1600 to 2000

Tolerance
(mm)
± 0.5
±1
±2
±3
±5
±7
± 10

Thermal conductivity [W/mK]

0,030 ≤ λ ≤ 0,040

Thermal resistance equivalent [m K/W]

to be calculated

2

Keeping the optimal temperature
inside the EPS packaging
Humidity content [%]

to be calculated
Standard value: Max humidity with natural
drying – at delivery to the customer:

≤ 12%

(air relative humidity into EPS material)
Water absorption [%]

≤ 10%

Surface Hygiene

to be calculated

Bending behaviour [KPa]

to be calculated

Compression behaviour [KPa]

to be calculated

Thumb and knee pressure
Resistance to compression [KPa]
Top dead load test
Clamp test
Oscillation test
Incline test with or without bar test
Drop test
Sack barrow test

X

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

RAW MATERIAL (not expanded)
Pentane and its isomers content [%]

PRODUCTION TESTS CONTROL (non-standardized test methods)
Screw test
Microscopy
Fusion test
Humidity
Ageing

13

GUIDELINES AND TEST METHODS FOR EPS QUALITY STD

4 . PHARMACEUTICAL

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

PROPERTIES / REQUIREMENTS

EPS “AS IS”

EPS “IN USE”

RAW MATERIAL (not expanded)
Pentane and its isomers content [%]

4≤%≤7

Flame retardant

To declare

REACh compliance

Fulfilled

RoHS compliance

Fulfilled

Monomer content

≤ 0,1 %

Raw material total water content [%]
Density [Kg/m3] [g/l]

≤1%
to be agreed with the customers
from 16 to 22 kg/m3
from 23 to 30 kg/m3
>30 kg/m3

Tolerance density {%]
Dry weight [g]

± 10%
± 8%
± 5%

to be agreed with the customers
≤ 25 g
from 26 to 50 kg/m3
>50 kg/m3

Tolerances weight [%]
Dimensions [mm]

± 20%
± 8%
± 5%

as design required / as agreement

Tolerances dimensional [mm]

Dimension
(mm)
up to 50
from 50 to 150
from 150 atoo 800
from 800 to 1200
from 1200 to 1600
from 1600 to 2000

Tolerance
(mm)
± 0.5
±1
±3
±5
±7
± 10

Thermal conductivity [W/mK]

0,030 ≤ λ ≤ 0,040

Thermal resistance equivalent [m K/W]

to be calculated

2

Keeping the optimal temperature
inside the EPS packaging
Humidity content [%]

to be calculated
Standard value: Max humidity with natural
drying – at delivery to the customer:

≤ 12%

(air relative humidity into EPS material)
Water absorption [%]

≤ 10%

Surface Hygiene

to be calculated

Bending behaviour [KPa]

to be calculated

Compression behaviour [KPa]

to be calculated

Thumb and knee pressure
Resistance to compression [KPa]
Top dead load test
Clamp test
Oscillation test
Incline test with or without bar test
Drop test
Sack barrow test
PRODUCTION TESTS CONTROL (non-standardized test methods)
Screw test
Microscopy
Fusion test
Humidity
Ageing
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5 . HVAC
PROPERTIES / REQUIREMENTS

EPS “AS IS”

EPS “IN USE”

4≤%≤7

Flame retardant

To declare

REACh compliance

Fulfilled

RoHS compliance

Fulfilled

Monomer content

≤ 0,1 %

Raw material total water content [%]
Density [Kg/m3] [g/l]

≤1%
to be agreed with the customers
from 16 to 22 kg/m3
from 23 to 30 kg/m3
>30 kg/m3

Tolerance density {%]
Dry weight [g]

± 10%
± 6%
± 4%

to be agreed with the customers
≤ 25 g
da 26 a 50 kg/m3
>50 kg/m3

Tolerances weight [%]
Dimensions [mm]

± 20%
± 8%
± 5%

as design required / as agreement

Tolerances dimensional [mm]

Dimension
(mm)
up to 50
from 50 to 150
from 150 to 400
from 400 to 800
from 800 to 1200
from 1200 to 1600
from 1600 to 2000

Tolerance
(mm)
± 0.5
± 0.8
± 1.2
±2
±3
±4
±5

Thermal conductivity [W/mK]

0,030 ≤ λ ≤ 0,040

Thermal resistance equivalent [m K/W]

to be calculated

2

Keeping the optimal temperature
inside the EPS packaging
Humidity content [%]

to be calculated
Standard value: Max humidity with natural
drying – at delivery to the customer:

≤ 3%

air relative humidity into EPS material)
Water absorption [%]

≤ 10%

Surface Hygiene

to be calculated

Bending behaviour [KPa]

to be calculated

Compression behaviour [KPa]

to be calculated

Thumb and knee pressure
Resistance to compression [KPa]
Top dead load test
Clamp test
Oscillation test
Incline test with or without bar test
Drop test
Sack barrow test

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

RAW MATERIAL (not expanded)
Pentane and its isomers content [%]

PRODUCTION TESTS CONTROL (non-standardized test methods)
Screw test
Microscopy
Fusion test
Humidity
Ageing
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CHARACTERISTICS AND TEST METHODS OF ANALYSIS
The first paragraph refers to the raw material.
The products must be tested in order to declare their properties.
Harmonised test methods are developed and referred to in this clause.
For factory production control purposes, alternative test methods can be used.
In accordance with the “summary table”, test methods are divided into two groups in order to
define the EPS packaging characteristics and the filled packaging characteristics:
“AS IS”

to identify the EPS packaging/product

“IN USE”

to identify the characteristics of the package/product under real
conditions of use (filled packages).

Some test methods for product characterization consider full packaging and in this case a “test
load” is used, which simulates the products that will be packaged.
The EPS packaging is filled with a “simulated test load” to simulate the full packaging. The test
load should be evenly distributed and account for more than 80% of the container’s capacity.
It is made up of bags containing a product, whose apparent density can entirely fill the storage
volume until the internal height, to reach a maximum total quantity in kilos.

1.
2.
3.

CHARACTERISTICS FOR “RAW MATERIAL”
TEST METHODS “AS IS”
TEST METHODS “IN USE”

6.1

CHARACTERISTICS FOR “RAW MATERIAL”

●

PENTANE AND ITS ISOMERS CONTENT

The raw material used to manufacture EPS articles is made up of expandable polystyrene,
containing pentane (or a mix of isomers) as blowing agent, whose initial amount is equal to
about 4 – 7 % in weight in function of the type of raw material used.
The EPS packaging manufacturers should require such information to their suppliers of raw
material (expandable polystyrene) and/or through the SDS safety data sheet (in line with the
hierarchy of information in the supply chain).
Additional information is included into Annex B.
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●

FLAME RETARDANTS

●

REACh AND CLP COMPLIANCE

EPS Raw material complies with European Regulation (EC) 1907/2006 commonly known
as REACh and with Regulation (EC) 1272/2008 which relates to classification, labelling and
packaging of dangerous substances (the CLP Regulation).

●

RoHS COMPLIANCE

EPS Raw material complies with EU Directive 2011/65/EU concerning the restriction of
hazardous substances (RoHS) Directive limits the maximum concentration of Lead, Cadmium,
Mercury, hexavalent Chromium, PBB and PBDE).

●

RESIDUAL MONOMER CONTENT

Styrene monomer in raw beads shall not exceed 0,1% by weight (1000 ppm).

●

RAW MATERIAL TOTAL WATER CONTENT (%)

The “total water content” concerning raw material (expandable polystyrene beads) should be
declared/provided by the supplier of raw material and it shouldn’t be greater than 1% (w/w).
The “total water content” is the sum of two contributions:

“INTERNAL WATER OF BEAD”, ed inside the expandable polystyrene beads (a certain
amount of it can migrate outside according to the weather conditions and transport)
“SURFACE WATER OF BEAD”, following drying the raw material (a certain amount of
it is required for reduce electrostatic charge).

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

The presence of flame retardant additives in raw material (expandable polystyrene beads) shall
be declared/provided by the supplier of raw material.

This feature can be expressed in different ways, “total water content” and “moisture content”
are often used as synonyms in raw material data sheets.
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6.2

TEST METHODS “AS IS”

●

DENSITY (and tolerance)

The apparent density is not a product performance but a very important parameter for quality
assessment and for indirect testing. Many of the properties of an EPS product relate to density
such as thermal conductivity, bending strength, compressive stress, tensile strength, dynamic
load resistance... The density is defined by the ratio between the mass of the packaging and the
volume of the same.
The volume of the packaging is determined experimentally by measuring the volume of water
displaced (by immersing the packaging in a special tank of water and determining the shifted volume).
The density of the material, expressed in g / l, is calculated by applying the following formula:

d=M/V
where: M = weight of material in grams (with preconditioning at 23°C; 50% RH; 16h)
V = volume of packaging in liters (by means of the immersion in a container of water method)
can be also expressed in [g/ dm3] or converted into SI in [kg/m3].
The density shall be that given on the drawing.
For WHITE GOODS, FOOD, PHARMACEUTICAL and HVAC sector, the tolerance depends
on density according to the following indications:
from 16 to 22 kg/m3

± 10 %

from 23 to 30 kg/m

±8%

>30 kg/m

3

3

±5%

For SEED TRAYS, the tolerance depends on density according to the following
indications:
from 18 to 25 kg/m3
± 10 %
>25 kg/m3

●

±8%

DRY WEIGHT

The packaging weight is measured immediately after its production and after a conditioning
of 2 hours at 60 ° C in order to verify the natural outflow of the blowing agent used during the
production process of the packaging itself (more information in the chapter 9 and in Annex B).
For all applications (WHITE GOODS, SEED TRAYS, FOOD, PHARMACEUTICAL AND HVAC
sector) tolerances are:
WEIGHT
TOLERANCE
≤ 25 g

± 20 %

from 26 to 50 g

±8%

≥ 50 g

±5%
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●

DIMENSIONS

●

DIMENSIONAL TOLERANCES

All the elements of a product are characterized by dimensions and geometric shapes. The
function of an element/product requires limited dimensional and geometrical deviations
(shape, orientations and position), which could otherwise impair product’s functionality.
For WHITE GOODS sector, tolerances are:
WEIGHT

TOLERANCE

≤ 10 mm

± 15 %

from 10 to 50 mm

±6%

from 50 to 150 mm

±3%

≥ 150 mm

±1%

For SEED TRAYS, tolerances are:
WEIGHT

TOLERANCE

up to 50 mm

±1%

from 50 to 400 mm

±2%

above 401 mm

±3%

If the tolerances are not expressly given on the drawing and agreed with the supplier they shall
fall within the values given in the table.

Table: Tolerances for dimensions referred to: length; width; height; diagonals:
WEIGHT

TOLERANCE

up to 50 mm

± 0.5

from 50 to 150 mm

±1

from 150 to 400 mm

±2

from 400 to 800 mm

±3

from 800 to 1200 mm

±5

from 1200 to 1600 mm

±7

from 1600 to 2000 mm

± 10

At national level, there may be standards for
certain applications of EPS packaging that
define both the size and the relative tolerances
(eg UNI 10612 for seed trays, UNI 9918 for
packaging for fruit and vegetables, UNI 6427
for fish boxes … ).
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The dimensions of an EPS packaging can fully define the packaging, its overall size and the
working internal dimensions.
They are measured according to the EN 1923.
It cannot be used on thicknesses less than 10 mm.
Measurement of the dimensions must be carried out after “ageing” of the component, i.e. at
least 72 hours after its manufacture.
The dimensions should be those given on the drawing.

In the absence of any indication to specific
tolerances, general tolerances for linear and
angular dimensions included in the EN 22768-1
(ISO 2768-1) and the geometric tolerances
according to the EN 22768-2 (ISO 2768-2) are
applied (see ANNEX C).
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●

HUMIDITY CONTENT (or water content)

This feature can be expressed in different ways, “water content”, “moisture content”, “humidity
content” are often used as synonyms.
Standard value Max humidity with natural drying - at delivery to the customer: ≤ 12% (air
relative humidity into EPS material)
Specific requests After oven drying (for a period of 24 hours in a thermostatically-controlled
ventilated oven set to a temperature of t = 60±3°C) ➜ the humidity content
will be defined.

The humidity content in the EPS parts is strictly dependent on the shape of the piece and
the technology. The water content can only be determined precisely by drying the packaging
completely, taking account of its complexity and the variations of the thickness.
The component is weighed using a 0.1 g precision balance; its initial weight (P0) is noted.
The component is then placed for a period of 24 hours in a thermostatically-controlled ventilated
oven set to a temperature of t = 60±3°C, after which its weight after drying (P1) is again noted.
The percentage humidity content of the packaging is determined by applying the following
formula:
% humidity content = [P0 - P1] / P1 . 100

●

THERMAL CONDUCTIVITY

EPS products have a thermal conductivity in the range 0,030 to 0,040 [W/mK] depending on the density.
The table 1 shows typical mean values of reference:
EPS

EPS traditional
(non-infrared absorbing EPS / mostly
colored white)

EPS infrared-absorbing
(“EPS grey”)

DENSITY ρ
[Kg/m3]

THERMAL
CONDUCTIVITY
λ= [W/m K]

12-14

0,038

15-18

0,036

18-20

0,035

20-22

0,034

22-25

0,033

25-30

0,032

10 - 30

0,030 – 0,031

Thermal conductivity shall be determined in accordance with test method ISO 8301 / ISO 8302.
The reference mean temperature shall be 10°C and the values shall be expressed with three
significant figures.
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THERMAL RESISTANCE

●

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

The thermal insulation of EPS packaging (the insulating power) is defined by the
THERMAL RESISTANCE EQUIVALENT Req,i [m2K/W]
If packaging walls have an equal thickness the “thermal resistance equivalent
packaging” - Req,i is calculated using the following simplified formula:

➜

s
Req,i = − [m2K/W]
λ
s = EPS packaging wall thickness [m]
λ = packaging material - EPS - thermal conductivity [W/(m·K)]
If the thermal boxes (EPS packaging) is manufactured with different thicknesses in different
parts of the packaging (bottom, top, side walls ...) the thermal resistance equivalent Req,i shall
be weighted on the specific surfaces and calculated with the following formula:

_s1 . A1 + ... + s_6 . A6
λ
λ
Req,i = −−−−−−−−−−−−−−−−−− [m2K/W]
A1 + ... + A6

s1… s6 thicknesses of the different parts of the packaging [m]
A1 ... A6 areas of specific parts of the packaging (bottom, side walls, cover ...) evaluated
considering the external dimensions of the packaging [m2]
λ = packaging material thermal conductivity [W/m K]

●

SURFACE HYGIENE

The EPS producer shall declare the surface hygiene taking into account the application areas on
the basis of tools and test procedures suitable to determine the surface bacteria.

●

WATER ABSORPTION

Measurement of voids between the beads into the Expanded Polystyrene (EPS) moulded components.
Procedure From a dried component (60 ± 3°C x 12 hours and additional 12 hours at room temperature)
a) cut a 10-30 g. sample.
b) measure and record the weight of the sample (W. initial).
c) immerse the sample into the water at 20-25°C. Use a sufficient counterweight to maintain
the EPS under the water for a minimum of 24 hrs.
d) take away the EPS sample from the water.
e) take away the superficial water on the EPS sample using paper. Be carefull to do this as
quickly as you can .
f) measure and record the weight (W. after). Do this immediately after the point e)
Calculation

Increase of the weight (%) =

100 x (W. after – W. initial)
(W. initial)

The 10% in
increasing of weight
has to be consider as
maximum value for
the acceptance.
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●

BENDING BEHAVIOR

UNI EN ISO 178 Plastics - Determination of flexural properties
ISO 1209-1
Rigid cellular plastics -- Determination of flexural properties -Part 1: Basic bending test
ISO 1209-2
Rigid cellular plastics -- Determination of flexural properties -Part 2: Determination of flexural strength and apparent flexural modulus of
elasticity
The table 1 shows typical mean values of reference:
DENSITY ρ
[Kg/m3]

BENDING
RESISTANCE
[N/mm2]*

BENDING
RESISTANCE
[N/mm2]* (by BASF)

15

0,16-0,21

0,21-0,26

20

0,25-0,30

0,26-0,31

25

0,32-0,40

0,31-0,36

30

0,42-0,50

0,36-0,41

35

0,50-0,60

0,41-0,46

* 1 N/mm2 = 1 MPa = ≈ 10 Kg/cm2 (0,07 N/mm2 = 0,07 MPa = 70 KPa)

●

COMPRESSION BEHAVIOR

Resistance to compression (stress) at 10% compression:
The compression behavior is evaluated by measuring the resistance to compression at 10%
deformation according to EN ISO 844 “Rigid cellular plastics - Determination of compression
properties”.
Tested samples should be without any skin and should be prepared by saw cutting. If EPS part
dimension does not allow to prepare samples according to ISO 844, the samples may have
other dimensions but not lower than 25x25x25 mm.
For each EPS part the samples should be taken from 3 different places.
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TEST METHODS “IN USE”
THERMAL PERFORMANCE “ IN USE”

KEEPING THE TEMPERATURE INSIDE THE EPS PACKAGING
(Decay of the temperature during the time (t) and/or maintenance)
Due to its outstanding insulating properties, EPS packaging is ideal to keep packaged products in
the best temperature conditions, thus preserving their characteristics, until use.
EPS thermal insulating containers can be mainly designed to keep packaged products in perfect
condition, ensuring a suitable internal temperature for a period of time established according
to the size of the packaging, the material it is made of, the packaged product and the external
transport conditions..
The maintenance time within the preset limit for the designed internal temperature of the
packaging can be checked by means of experimental tests or by using the example calculation
shown in ANNEX A.

●

MECHANICAL PERFORMANCE “IN USE”
1.
2.
3.
4.
5.
6.
7.
8.
9.

1.

TOP DEAD LOAD TEST
OSCILLATION TEST
INCLINE TEST
INCLINED PLANE WITH BAR TEST
DROP TEST
TOP DROP LOAD TEST
KNEE TEST
CLAMP TEST
SACK BARROW TEST

TOP DEAD LOAD TEST
(To verify the resistance to compressive loads from similar appliances)
Place two products of the same type, one on top of the other. Arrange the products such
that the centre of the top appliance is in line with the centre of the lower one, avoiding
undue impacts during the operation.
Place a proof load on top of the top appliance to check the load bearing capacity of the
packaging on the lower product.
The proof load must correspond to:

F=NxM

(1)

Where

F = proof load in kg
N = Stack height for which the product it is declared suitable
M = mass in kg of a single packed product
Alternatively, the test can be carried out using a single product. In this case the overload
to apply is increased of a product and:

F = (N + 1) x M

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

●

6.3

(2)
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The test duration is 48 hours, which should be sufficient time to distort or compress the
packaging enough to highlight any issues. Any deformation should be measured from
reference points such as; zones with increased density polystyrene, wooden batons or
the outside corners of the cardboard pack.

➜
➜
➜
➜

Results
After the 48 hours of testing, the reference points on each edge should be measured to
ensure that:
The maximum compression seen must not exceed 10mm.
The base of the product must show no signs of damage.
The packaging must not show signs of degradation as a result of the test.
There is no differential in the level of compression seen at each of the edges more than 5mm.
Important Note: In the case of new packaging or major modifications to the design of
the product, the practical tests outlined in section 9 should also be carried out.

2.

OSCILLATION TEST
(To evaluate the resistance of the packed product to vibration encountered during
transportation)
The product is subjected to an oscillating movement, by means of a “cam” of 26 mm
diameter.
The product is placed on the vibrating table, pushed back to the rear backboard and
restrained using a restraint strap.
The test is split into two 30 minute sections.
1.
Single appliance at 3.5 Hz. Duration: 30 minutes front to back and 30 minutes side
to side.
2.
Double stacked (or equivalent top load) at 3Hz. 30 min front to back and 30 min
side to side.
During the test, the top product must not move relative to the lower product.
Should the product contain electronic boards or sensors test 1 should be extended as
early as possible in the development to a total of 6 hours (3 hours per direction) to
ensure the integrity of the electronics during transportation.
If products can be transported horizontally in the top row, the product must be subjected
to a further 30minutes of test in that position (side indicated on the packing) without
any top load and at a frequency of approximately 3 Hz.
For refrigerators which might be transported horizontally, a further test is carried out
on at least 2 products, in order to test for blockages of the cooling circuit. The product
is placed horizontally, on the side indicated, and tested for a total duration of 48 hours
composed of 4 repeated cycles of 8 hours oscillated at 2 Hz and 4 hours of rest.
After the test, the product shall be allowed to recover for the time stated in the handbook
less 2 hours and then be run for at least 2 weeks in the lab.
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➜

3.

INCLINE TEST
(To evaluate the resistance of the packed product to horizontal impacts)
Inclined plane with a running carriage (inclination 10 degrees) as in regulation 7970 part 5.
Load the packed product onto the carriage so that the front of the product touches the raised
end-stop on the front edge of the carriage. (Note: the impact velocity should be 1.63m/s).
The test should be repeated on all four sides of the product.
The carriage should not rebound unduly.
For appliances which can be transported horizontally, the appliance should be tested in
the horizontal plane on all four sides.
Results
The product must function correctly and show no visible damage.

4.

INCLINED PLANE WITH BAR TEST
(To check the resistance of the packaged product to a localized impact (lorry panel,
goods wagon)
This test must be carried out in order to determine the level of damage seen.
As for previous test with the addition of a wooden crosspiece, the same width as the
impact plane, with section 100 x 100mm +/-1mm.
The crosspiece is positioned at height H given that:

H/2 < h < 3/4 H

H = Height of pack.

If protruding elements (handles, buttons) are in the zone 1/2H- ¾H, repeat the test with
the crosspiece correspondingly positioned to the component.
Load the packed product onto the carriage so that the front of the product stands
100mm behind the raised end-stop on the end of the carriage (60mm in from the edge
of the carriage. (Note: the impact velocity should be 1.63m/s)
The test must be repeated on all four sides of the product. The carriage should not
rebound unduly. For appliances which can be transported horizontally, the appliance
should be tested in the horizontal plane on all four sides.

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

➜
➜
➜
➜
➜

Results
The outcome of the test is positive if:
The product does not experience any internal or external damage.
The packaging should not become loose around the product.
The product should function to design intent
The tests should not cause obvious damage to the packaging.
For refrigeration - No damage is caused to the refrigeration circuit. (Including blockages
caused by horizontal loading): No gas leakage is detected with a suitable instrument.
For cookers - No gas leakage after testing.

Results
The product must function correctly and show no visible damage.
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5.

DROP TEST
(To test the resistance of the packaged product to impact by dropping)
The product is subjected to 5 impacts: one on the base and one on each of the four
bottom edges. The edge impacts are carried out by tilting the product at 10° from the
horizontal.
The 5 drops are carried out from a height of 30 cm for all the products heavier than 25 kg.
Products less than 25 kg are to be dropped from 80 cm.
The sequence of the edge drops is counter-clockwise from the front edge.
Results
The product must function correctly and show no visible damage.

6.

TOP DROP LOAD TEST
(To simulate an impact from a product being dropped on the uppermost surface of a
product)
A weight of 20 kg is used on dimensions 30x50x30 (h) cm in order to simulate a microwave
or similar.
The weight is dropped on the product from a height of 25 cm and tilted of 20° from the
horizontal.
The drop is repeated in the two directions, parallel to the front face and parallel to the
sides, and on the number of parts specified in the plan.
Results
The product must function correctly and show no visible damage.

7.

KNEE TEST
To simulate the force generated by moving the product with the knee. The test is carried
out on a boxed product when strap bands are used and is repeated on both surfaces at right
angles to the bands even when pack stipulates ‘no pushing with knees’.
The test is not carried out on shrink-wrap products.
Position the product on a rough surface. Move the product for a distance of 10 cm using a
hemisphere of 15 cm of diameter, positioned at a height of 50 cm from the floor and in the
centre of the pack in the horizontal plane.
Repeat the test on all 4 sides.
Results
The product must function correctly and show no visible damage.

8.

CLAMP TEST
(To evaluate resistance of the packed product to clamping)
The test is carried out with the product clamped in four different ways:
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1.
2.

With the product front facing away from the clamp truck and fully clamped (0:0)
With the product rear facing away from the clamp truck and fully clamped (0:0)

3.
3.

With the product front facing away from the clamp truck and the clamp blades
20cm from the front and base of the product (20:20 test) as diagram.
With the product rear facing away from the clamp truck and the clamp blades
20cm from the front and base of the product (20:20 test) as diagram.

CLAMP

The clamp pressures are: 9000 N in the first case (2000lbf and 850psi, assuming a ram dia
of 1.75”)
To stabilize the clamp pressure, the test is carried out in three steps: Tighten for 5 secs
and release for 3 secs, Tighten for 5 secs; release for 3 secs; Tighten for 10 secs.
Test 1 must be repeated with two products side by side, but 180° opposed as shown
below.
FRONT

OFFSET 5cm

CLAMP

FRONT

The samples must also be able to withstand clamping front to back in the 0/0 configuration
to a clamping force of 6500N (1450 lbf or 600psi, assuming a ram dia of 1.75”).

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

CLAMP

A further test with the product turned through 5° relative to the clamp blades for a
duration of 5 sec, with a load of 6500 N during which the appliance is lifted 20 cm
from the ground (as in the diagram below). Carried out as tests 1 & 2 above regarding
production orientation and clamping method.
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Aim: to simulate product clamped with the blades not parallel to the product.
PRODUCT TURNED THROUGHTI 5°

CLAMP

Results
The product must function correctly and show no visible damage.

9.

ACK BARROW TEST
Simulates an appliance being pushed over a pavement on a sack truck.
TEST 1
The test is carried out with a single product:
The sack truck to use must have 150mm diameter rigid wheels and a support of 250 mm
of depth and 400 mm width.

The loaded truck is push up and over a ramp 225mm high.

ONE PRODUCT

TWO PRODUCTS

One test from a 225mm step
on all 4 sides.

4 repetitions over the ramp, 2 followed by a 5metre
walk. The products are set down after each push.

TEST 2
The samples (2 high) are to be set down 25cm from the end of the incline at
the end of each 5m walk.
Results
The product must function correctly and show no visible damage.
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PRODUCTION TESTS CONTROL

6.4

TEST METHODS ARE
1.

SCREW TEST (mechanical properties)

2.

MICROSCOPY (particle expansion and void/pore analysis)

3.

FUSION TEST (bulk particle sinterisation)

4.

HUMIDITY ANALYSIS (bulk water percent)

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

This section describes the properties that have been developed to be measured quickly and
reliably during the production process of the goods.
The guidelines rely on internally - standardized test methods in order to meet the needs of all
the product lines.
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1.

30

SCREW TEST

Screw test is a tensile test for the evaluation of
the mechanical properties of the EPS parts .
It does not require cumbersome sample
preparation. It is based on a specifically
designed screw (patent pending) as mechanical
probe.
The screw is inserted into the specimen
possibly in a perpendicular way with respect
to the sample surface. It is fully inserted in
the specimen manually. Special screw must
be used for products with sizes smaller than
5x5x5 cm. The testing machine provides the
sample holding while an automated, software
controlled motor pulls the screw measuring the
tensile strength. A stress vs. time or stress vs.
deformation curve is recorded.
The tool measures the tensile strength of the
screw during the extraction from the EPS
sample.
It thus probes the “elastic modulus” in the linear
elastic region and then the “tensile strength” as
the maximum of the curve of the force toward
time during screw extraction from EPS sample.
The tenacity of the material is thus measured,
characterizing the mechanical properties of
foamed materials.
The maximum force before screw extraction is
used to calculate the reference value over an
internal reference sample and the conformity
range given by 2 times the error of standard
deviation over 5 measurements. The test is
destructive. This result is given by the toolkit
software directly.
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2.

MICROSCOPY

The parameters considered relevant for the quality assessment of the EPS are the number of
particles and the interstitial area between the particles. The two parameters must be within a
compliance limit (identified by an average value plus or minus 2 times the standard deviation
of the reference set itself) and they can be used in a complementary or alternative way. They
are identified by means of appropriate tests on a reference set. This result is given by the
toolkit software directly.
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This probe is an optical method to evaluate the particle expansion and void/pore analysis.
It does not require any sample preparation and it is a non destructive test. It is based on
microphotography collected under proper conditions. Images are processed using image
analysis algorithms to define numerical descriptors. The microscope is set to ensure a proper
focusing distance, lighting and magnification.
Using the software-guided procedure, 5 pictures are recorded and then stored and coded.
An optimised method for image analysis converts automatically the pictures into numerical
figures describing the particle profiles.
The output of the measurement are numerical values describing several physical features of the
surface, but the most relevant for EPS quality is the number of particles
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3.

FUSION (or needle) TEST

It is a physical test for the evaluation of the bulk particle synterisation or, as commonly said,
“fusion” in a unique artifact/item. It does not require any sample preparation. It is based on the
measurement of the pressure due to the air flow resistance of the EPS structure. The probe is
designed to minimize the material’s damage. It is minimally destructive since only a small hole
(diameter about 1 mm) is left on the sample after the test.
The flow and pressure are setup automatically, and then the software control procedure
requires to insert the needle into the specimen, possibly in a perpendicular way with respect to
the material surface. 10 measurements must be carried out collecting only the 5 higher values
to correct for unavoidable wrong needle insertion.
The software tracks the feedback pressures measured by a pressure transducer before and
during the insertion.
A response curve is recorded showing different features:
•
Δp due to the sample resistance to the air flow
•
Onset rate from free flow to hindered flow
•
Equilibration time after the insertion.
The parameter considered relevant for EPS quality assessment is the maximum pressure
measured during the flow of air through the sample. This result is given by the toolkit software
directly.
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4.

HUMIDITY TEST

The sample(s) are inserted inside the measuring chamber according to the positions and
number defined during the method setup. The software-guided procedure requires to identify
the testing method (referred to a specific product). Once started the measurements, the
equipment performs a repetition of measurements (from 10 to 25) and returns a value that,
after a proper calibration procedure, the result is converted to the water percentage in weight
within the samples
The humidity data are used to calculate a range of conformity for EPS samples depending on
EPS sector and product, bead size and other raw materials features and the density and other
production parameters. The parameter considered relevant for EPS quality assessment is the
water weight percentage inside the sample, obtained after that water % calibration has been
performed with a training set of known humidity and shape and size customized depending on
the examined product. The result is provided directly by the software.
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It is an electrodynamic test to evaluate the bulk water percent in EPS. It just requires to fit the
sample into the chamber. It is based on the dynamic polarisation of water by an electric field.
Data are collected and stored in the PC.
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6.5
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eQTB USAGE

The procedure for the quality assessment of EPS parts belonging to several production batches
of the same article require the following steps:
1.

Definition of the reference parameters of the product and of the production process

2.

Evaluation of the features of samples taken during the production of the item

1.

DEFINITION OF THE REFERENCE PARAMETERS FOR AN ARTICLE

IMPORTANT: the procedure must be performed on a production item using the same raw
material and process.
NUMBER OF SAMPLES PER BATCH AND SIZES: in order to investigate at best the process and
materials variability, the most relevant aspect is the representative number of samples taken
from the production.
For the definition of reference parameters, the number of samples consist of:
•

5 pieces for screw/microscopy with at least two dimensions minimum equal to
5 cm x 5 cm. For screw only: the thickness should be larger than 1 cm. The ideal
sample is 5x5x5 cm. Larger samples are feasible.

•

1 piece or more,large enough to allow the introduction of the needle independently
and at a distance of at least 5 cm for the fusion test.

•

5 group of pieces for humidity test suitable to fit the humidity sample
compartment. They will be either pieces of the item to be cut to enter into the
measurement chamber, or a group of pieces if multiples items are required to fill
the chamber.

•

Since microscopy and humidity are non-destructive test, the same sample can be
used for microscopy, humidity and the screw or fusion tests.
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SAMPLE DIMENSIONS - Examples

FUSION:
The typical sample is a single sample (about 100 cm² or larger) with minimum thickness
of 5-7 cm (depending on needle length). Multiple samples of about 5x5 cm* as in screw
test but with minimum_thickness of 5-7 cm (depending on needle length) can also be
used for this kind of measurement.
HUMIDITY:
The measurement chamber dimensions are 18*18 cm, with a maximum height of 2,5
cm. Thechamber must be filled as maximum as possible by the sample(s).
NOTE ON SAMPLES FOR HUMIDITY:
In order to measure accurately the amount of humidity of the samples, pieces must be
tightly closed in a double plastic bag and labelled if not measured immediately.

SAMPLE CODING - As an example for a correct coding, we report an example here below:
SCREW and MICRO samples:
SAMPLE NAME = <type_of_item> _<sampling #>_ <type_of_test>
<type_of_item> ➜ describes the item according to internal reference codes
<sampling #>
➜ 1,2,...5 identifies the number of sample
<type_of_test>
➜ addresses the single specimen to a specific test with the toolkit.
It should be noted that micro and screw can be done subsequently on the same sample,
while fusion and humidity require separate samples.
Therefore a reference set of samples from a production line for the whole set of
measurements consists of:
•
5 samples for screw and microscopy
•
<type_of_item>_1_scr_mic
•
<type_of_item>_2_scr_mic
•
<type_of_item>_3_scr_mic
•
<type_of_item>_4_scr_mic
•
<type_of_item>_5_scr_mic
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SCREW and MICRO samples:
a cube of 5x5 cm, important at least
one face must be left uncut as in the
picture.

35

•

1 or more samples for the fusion test
•
<type_of_item>_1_fusion
•
<type_of_item>_2_fusion
•
<type_of_item>_3_fusion
•
<type_of_item>_..._fusion
•
<type_of_item>_10_fusion

•

5 groups of pieces for humidity test
•
<type_of_item>_1_humi
•
<type_of_item>_2_humi
•
<type_of_item>_3_humi
•
<type_of_item>_4_humi
•
<type_of_item>_5_humi

REFERENCE PARAMETERS DEFINITION - procedure
The tests are performed on the samples listed above as for the single sample mode, but
using each sample for a single type of measurement test.
On samples for the microscopy and screw test. the non-destructive test on the product
(microscopy) must be performed before the destructive one (screw).
Once the tests have been performed, the data obtained from each individual test are
analyzed using univariate statistical methods (e.g. averages, calculations of deviations
with respect to tolerances, etc.).

Screw_
value 1

<item>_2_scr_mic

Micro
value 2

Screw_
value 2

<item>_3_scr_mic

Micro
value 3

Screw_
value 3

<item>_4_scr_mic

Micro
value 4

Screw_
value 4

<item>_5_scr_mic

Micro
value 5

Screw_
value 5

micro_st._dev

Micro
value 1

micro_st._dev

<item>_1_scr_mic

micro_st._dev

The reference values for the conformity of a given article is obtained by the mean
value of the whole measurements added or reduced of 2 times the error of standard
deviation. As an example, for the set of samples for microscopy and screw test, the
following results will be obtained:

micro_mean
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The conformity range values are therefore:
<type_of_item>_conformity range_micro = <micro_mean> +/- 2*<micro_st._dev>
<type_of_item>_conformity range_screw = <screw_mean> +/- 2*<screw_st._dev>
The other parameters for fusion test and humidity test can be obtained accordingly
using the same approach.
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CONFORMITY RANGE - examples

Conformity limits within 2 st.dev.
SCREW (N)

FUSION (bar)

MICRO
(Particle number)

WHITE GOOD

99-145

1.29-1.96

74-110

PHARMA

76-97

0.92-1.73

90-210

FOOD

132-160

1.70-1.84

62-91

HVAC

87-110

0.92-1.75

78-94

SEED TRAY

33-51

1.52-1.83

n.a. (*)

(*) In the special case of seed tray a good fusion hamper the identification of the particles
by the micro test and the conformity is given by interstitial area of 18-34 mm2

2.

EVALUATION OF THE FEATURES OF SAMPLES
A sample can be collected from the production and for the measurement should be
divided, if necessary, in order to allow:
•

5 measurements for screw/microscopy

•

10 fusion test measurements in independent positions

•

1 humidity test using the same amount and number of samples used for the
reference parameter definition, keeping also the same position inside the
sampling chamber

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

As example, the test carried out on five categories have been carried out and the
reference values obtained on specifc training set are reported. These values are not
generalizable to the whole category but every producer must calibrate the method
according to the features and the requirements of the specific product.

Measurements are taken with the same procedure as reported above, and results are
compared with the reference values obtained.
The compliance with EUMEPS standards can be assessed using proper report templates.
As example, two types of data report, produced with the reported procedure are shown
here below.
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METHOD FOR GLOBAL QUALITY INDEX (GQI)

Method for obtaining an Global Quality Index (GQI) for the conformity of the physical and
mechanical properties using eQTB.
The outcomes of eQTB analytical tools characterise EPS in a complementary and exhaustive
manner from the physical and mechanical viewpoint, providing information about different
parameters as the degree of sintering or of percolation of the structure, the size of the particles
and/or of the porosities/cavities, the mechanical cohesion of the particles of material, the
correct expansion of the material, the homogeneity of dimension, of contact, of interaction of
the particles, the distribution, homogeneity and regularity of the cavities and of the pores, the
quantity of humidity present inside the item under analysis.
An advanced use of these results that is covered by EUMEPS European patent application
N. 18174432.7 is the methodology to convert these results in a numerical Quality Index (Global
Quality Index – GQI).
The GQI is a unique and univocal descriptor based on the results deriving from different and
complementary physical and/or mechanical tests, unifying in a single parameter a high quantity
of experimental data, able to qualify the sample and quantify the performance that make it
suitable fora specific use.
GQI is a unique index of conformity formulated through a numerical index on a statistical basis
relating to the properties of the sample, measured in standard conditions of production and/or
utilisation or other specific conditions.
The GQI is obtained from the combined statistical analysis of the sets of measurement using
uni-varied statistical methods (as averages, calculations of scraps with respect to tolerances) and
classification methods (as cluster analysis) and multi-varied analysis (as the principal components
analysis). This produces one (or more) descriptor(s) based on the analysis and aggregation of the
whole data in with the scope of explaining the maximum variance of the sets of data and the
identification of the most relevant techniques in highlighting the significant differences.
The implementation of GQI provides the following additional advantages to the standard use
of eQTB:
•
Full track of the characterisation procedure considering with proper sensitivity all
the features measured by eQTB.
•
Definition of hierarchical procedure of testing, identifying the type, the number
and the sequence of measurements to be carried out to guarantee the maximum
sensitivity to quality-relevant parameters.
•
Fast quality check followed only if necessary by subsequent tests to further detail
the product performance.
•
Support in fast identification of production drifts and proactive non-conformity
control.
•
Definition of a conformity index with reproducibility and statistical reliability
comparable, when applicable, to the methods prescribed by the standards.
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The advanced statistical data treatment can directly use the data from the eQTB software, by ab
integrated approach named eQTB Statistics that analyses the collected data to define the GQI,
highlights the hierarchy of significance of the tests and integrates a proactive process control.
The procedure can also be performed by means of state-of-the-art statistical data treatment
according to the forthcoming scientific publications by the eQTB Development Team.
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SAMPLING
●

DEFINITION OF BATCH

A batch is a quantity of material of one sort or type, weight and height, which may be considered
homogeneous, as specified in the document accompanying goods.
This method sets out the procedure to sample a batch of EPS packaging, in order to obtain a
representative set of test samples.

●

SAMPLING METHOD

Sampling, as well as handling of samples taken, should be performed in compliance with the
existing rules, avoiding behaviour which could damage sampling reliability (e.g. ….improper
conditioning etc.).
Sampling is agreed between EPS packaging producer and end-user.
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TRACEABILITY

●

DEFINITIONS

Step identification: group of systems used by each operator to associate his products to the raw
materials used to manufacture them (for the definition see the standard UNI EN ISO 9001/2008).
There are two steps as follows:
Level 1: step identification inside the activities of each operator. This level concerns the
systems that each operator uses to associate his products to the raw materials
used to manufacture them.
Level 2: step identification among different operators. This level includes the transmission of
information across the chain. From any point downstream, and particularly starting
from the point of sale, you should be able to go up the chain and understand who
manufactured the material or the article. This means also that, in the opposite
direction, the material or the article can be followed from any point in the chain up
to retailing. To obtain a full traceability both levels should be active.
Traceability: “The ability to trace and follow the story of a material or article intended to come
into contact with food, from the point of sale to the manufacturing site, identifying all the
relevant information”.
There is no single definition of what a production batch is, and it varies from company
to company. On the basis of the production practices of member companies, we suggest a
definition which is most commonly used in the normal practice, though this is not the only one.
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A step identification system is needed to trace back all the materials across the production chain,
given their origin and production batches. This system is useful to protect end-users: in the event
of problems it is possible to go back across the whole production chain, isolating the investigated
batches and identifying the raw material which caused the problem. Packaging manufacturers
are included in the application area of this document to provide practical indications on how to
manage step identification within a company.
This document is intended to provide practical indications to trace all the raw materials used in
the production cycle, connecting them directly with the end product.
Unlikely manufacturing processes of other types of packaging, the production cycle of EPS
packaging is always well determined and with precise time limits. This ensures, for a certain batch,
a good step identification of raw materials with limited uncertainty margin. It is to be noted and
emphasized that these Guidelines are a reference document to be used on a voluntary basis.
The uncertainty margins suggested in some cases are a simple indication coming from working
experience.

8

Batch identification: in the production process of flexible packaging, a batch usually corresponds
to the identification code of a production performed with or without time discontinuity
according to the cycle (sequence of machine operations and aging) pre-set in the database.
There is a single identification code, written on the label of each unit.
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EPS MANUFACTURING PROCESS
The production of semi-finished products and articles includes three main stages, which are
briefly described here for goods characterization; obtaining a quality product implies a complex
know-how, which does not address to application documents.

1.

2.

3.

PRE-EXPANSION: the beads of expandable polystyrene are pre-expanded,
usually by means of steam, at temperatures over 90°C in the so-called preexpander, where the blowing agent they contain expands, causing an increase
in their initial volume by up to 20-25 times. During this process a closed-cell
structure is formed inside the beads, which gives the product its excellent
thermal insulation properties. The expansion degree, which essentially
depends on the duration of the thermal treatment in the pre-expander, creates
the apparent density of articles and therefore all their physical properties.
CONDITIONING: the pre-expanded beads are stored in ventilated silos for
some time. With cooling, the residues of the blowing agent and water vapour
condense in the single cells. The depression created is eliminated by air, which is
diffused inside the cells; this way the pre-expanded beads reach the necessary
stability for the following stages.
MOULDING: pre-expanded and stabilized beads can now be transformed into
articles or semi-finished product in different ways.

●
Block moulding and sheet cutting
This is the most widespread system. Block making machines, in the form of parallelepipeds
equipped with steam inlets on all sides, are filled with pre-expanded beads. Inside the machine
the beads are subject to saturated steam, at temperatures of 110-120°C, that causes a further
swelling. When the beads become sticky, they weld together (“sintering”) due to the effect of
their internal pressure, until they form an even block of expanded material. After a short cooling
period, blocks are moulded and stored for a period of time ranging from some days to two
months, which provides the stability required for different applications. The blocks are then cut
into sheets, by means of band-saws or hot wire cutting and any other mechanical operation, such
as edge contouring, obtained through milling.
●
Sheet moulding and other articles
The process is the same described for blocks, but sheets are singularly moulded in special
automatic machines. The advantage is to obtain immediately the desired shape, without additional
mechanical processing. This is particularly useful for non-plain shapes (e.g. under-tiles, sheets with
moulded contours, containers, sheets with surface having relief decorations, insulating casings).
●
Surface finishing
It is possible to manufacture specific containers in EPS using the technique of surface
crystallization, which results in a superior surface finish, both in terms of mechanical resistance,
hygiene and ease of cleaning.
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DECLARATIONS OF CONFORMITY

●

DECLARATION OF COMPLIANCE FOR FOOD CONTACT

Packaging manufactures should draw up a “Declaration of compliance” according to article 16 of
the directive 1935/2004, which is the framework regulation containing the general requirements
for all materials intended to come into contact with food (irrespective of their nature) and
compliant with the most recent Regulation (UE) 10/2011.
Since 1 May 2011, the new Regulation (EU) No 10/2011 on plastic materials and articles intended
to come into contact with food, commonly known with the acronym PIM (Plastics Implementation
Measure) entered into force. This new European Regulation, published on 15 January 2011,
harmonizes and collects in a single legislative provision all the “plastic implementing measures”
for food contact materials so far promulgated, and revokes the Directive 2002/72/CE (and the
relevant modifications, that are in the six subsequent amendments).
To be placed on the market, plastic materials and articles intended for food contact should comply
with the requirements found in articles 3, 15, 17 of the Regulation 1935/2004/EC (Framework
Directive) and should be manufactured according to the Regulation (EC) No 2023/2006 (GMP). They
should also be compliant with the requirements mentioned in chapter II and III (composition) as
well as IV (declaration of compliance and documentation) of the PIM Regulation (EU) No 10/2011).
In Italy the legislation regulating the FCM sector refers to the Ministerial Decree 21 March 1973,
and subsequent amendments and additions, among which the Ministerial Decree No. 174 of
24/09/2008 concerning the declaration of compliance and the relevant documentation.
The declaration of compliance for food contact materials is based on migration testing (specific
and global) as provided for in PIM Regulation (which identifies food simulants, conventional food
classification, methods for testing and contact conditions).
The user of the EPS packaging has to ensure that the smell and taste of the food will not be
changed by the packaging. This is to be guaranteed by the user of the packaging and is not in the
responsibility of the converter (EPS packaging producer) or raw material supplier. (e.g. BASF)
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The supplier guarantees through appropriate documentation that each delivery of material is in
conformity with the relevant legislation/specification and suitable to its intended use.
This documentation shall be timely updated wherever there is a major change in the relevant rules.
A (non-exhaustive) list of documents:
• Declaration of compliance for food contact in accordance with the specific legislation;
• Declaration of compliance of the packaging complying with the essential requirements,
according to the European Directive 94/62/EC
• Statement of compliance regarding heavy metals;
• Declaration of the recovery cycle, for recycled materials only;
• Declaration of compliance with the relevant legislation, if it is provided for in the contract;
• Declaration of compliance with the REACH Regulation, 1907/2006/EC
• Statement on the presence/absence of SVHC substances or substances listed in the
“candidate list” in accordance with the REACH Regulation, 1907/2006/EC
Whenever required, the supplier shall provide specific information on any presence of particularly
critical substances.
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EN 13193 (2001)

PACKAGING
PACKAGING AND THE ENVIRONMENT
TERMINOLOGY.

EN 13427 (2004)

PACKAGING
REQUIREMENTS FOR THE USE OF EUROPEAN STANDARDS IN THE FIELD OF PACKAGING AND
PACKAGING WASTE

PACKAGING
REQUIREMENTS SPECIFIC TO MANUFACTURING AND COMPOSITION
PREVENTION BY SOURCE REDUCTION
This European Standard specifies a procedure for assessment of packaging to ensure that the weight and/
or volume of its material content is at the minimum commensurate with the maintenance of :
- functionality throughout the supply and user chain ;
- safety and hygiene for both product and user/consumer ;
- acceptability of the packed product to the user/consumer.

EN 13428 (2004)

This European Standard also specifies the methodology and procedure for determining the presence of
the four heavy metals named in article 11 of the packaging and packaging waste Directive 94/62/EC and
for determining the presence and minimization of any dangerous substances or preparations if they are
present in packaging and are likely to be released into the environment as a result of waste management
operations. The procedures are referenced in CR 13695-1 and CR 13695-2.
NOTE: The substitution of one packaging material by another is not a basis for source reduction.
This standard cannot by itself provide presumption of conformity. The procedure for applying this standard is contained in EN 13427.

PACKAGING
REUSE

EN 13429 (2004)

This European Standard specifies the requirements for a packaging to be classified as reusable and sets
out procedures for assessment of conformity with those requirements including the associated systems.
This standard cannot by itself provide presumption of conformity. The procedure for applying this standard is contained in EN 13427.
PACKAGING
REQUIREMENTS FOR PACKAGING RECOVERABLE IN THE FORM OF ENERGY RECOVERY, INCLUDING
SPECIFICATION OF MINIMUM INFERIOR CALORIFIC VALUE

EN 13430 (2004)

This standard specifies the requirements for packaging to be classified as recoverable in the form of
material recycling whilst accommodating the continuing development of both packaging and recovery technologies and sets out procedures for assessment of conformity with those requirements. This standard
cannot by itself provide presumption of conformity. The procedure for applying this standard is contained
in EN 13427.

EN 13431 (2004)

PACKAGING
REQUIREMENTS FOR PACKAGING RECOVERABLE IN THE FORM OF ENERGY RECOVERY, INCLUDING
SPECIFICATION OF MINIMUM INFERIOR CALORIFIC VALUE

EN 13432 (2001)
(+ 3 Errata Corrige)

PACKAGING
REQUIREMENTS FOR PACKAGING RECOVERABLE THROUGH COMPOSTING AND BIODEGRADATION
TEST SCHEME AND EVALUATION CRITERIA FOR THE FINAL ACCEPTANCE OF PACKAGING

GUIDELINES AND TEST METHODS FOR EPS QUALITY STD

●

Companies are legally bound to place on the market recoverable packaging with minimum
environmental impact. For this purpose, essential requirements were set out for packaging, with
European and national measures (concerning design, manufacturing and composition) to be
adhered to by all companies within their quality systems.
To comply with the requirements, technical standards were specially developed at a European
level (EN) and transposed into national laws, specifically referring to essential requirements or
even to more general requirements, such as quality management and environmental issues.
HARMONIZED
STANDARDS

PUBLICATION ON
O.J. UE

UMBRELLA

EN 13427

12/07/01

PREVENTION
• By source reduction
• Minimization of any dangerous substances

EN 13428
EN 13428

C 44 – 19.02.2005
C 44 – 19.02.2005

REUSE
(se applicabile)

EN 13429

C 44 – 19.02.2005

EN 13430
EN 13431
EN 13432

C 44 – 19.02.2005
C 44 – 19.02.2005
12/07/01

ESSENTIAL REQUIREMENTS

RECUPERO
(correspond to at least one)
• Material recycling
• Energy recovery
• Composting

THE ESSENTIAL REQUIREMENTS ARE 3:
1. PREVENTION
2. REUSE (if applicable, it isn’t a mandatory requirement)
3. RECOVERY.

1. PREVENTION is divided into two aspects:
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DECLARATION OF COMPLIANCE OF THE PACKAGING COMPLYING
WITH THE ESSENTIAL REQUIREMENTS ACCORDING TO THE
EUROPEAN DIRECTIVE 94/62/EC

a) concentration levels of heavy metals in packaging:
the packaging manufacturer (EPS converter) should obtain a declaration from its raw
material supplier stating that the sum of concentration levels of lead, cadmium, mercury
and hexavalent chromium are absent or below statutory limits (100 ppm by weight).
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b) source reduction (by volume and/or weight of the packaging):
compliance stems from the application of EN 13428.
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Definition – Source Reduction:
“A process that leads to the achievement of the minimum weight and / or volume of packaging
keeping unchanged, or in any case adequate, function and acceptability of the user and at the same
time it reduces the impact on the environment.
The substitution of one material with another is not a “reduction”.

The designer is the one carrying out the technical specifications of the packaging, including
drawings, and (at least) the definitions of weight and / or volume of that packaging.
The user who sends a functional specification or a maximum design request is not considered the
designer.
In summary, the compliance with this requirement is to compile and make available as
documentation supporting the “CHECKLIST” (below), which identifies 10 criteria: source reduction
is demonstrated by the identification of one or more critical areas.
Identify a critical area it is to demonstrate that, if the weight and / or volume of the packaging
should be further reduced, it may fail one or more functional capabilities of the packaging.

CHECKLIST– EN 13428
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2. REUSE

it is not a mandatory requirement, depending on whether the packaging is
designed for this purpose and if it is actually used repeatedly.

least one of the following forms of recovery:
RECYCLING OR ENERGY RECOVERYOR COMPOSTING.

➜

In this case, EPS packaging is completely recyclable (100%) and for this reason the
declaration of conformity about this item contains the reference to EN 13430, standard
that specifies the requirement for recyclability.
To demonstrate the compatibility, the EPS packaging producer of the package must:
“make sure that the packaging is made from material or combination of materials which is
compatible with the recycling technologies known, significant and industrially available.”
It must be declared the percentage of product recycled.

Alternatively application of specific technical standards on essential requirements, EPS converter
can demonstrate compliance with the essential requirements through its own methodology in
place a quality management system (UNI EN ISO 9000) and environment (UNI EN ISO 14000).

Other standands involved in this topic:
CR 13695-1: 2000
PACKAGING - Requirements for measuring and verifying the four heavy metals and other
dangerous substances present in packaging and their release into the environment
Part 1: Requirements for measuring and verifying the four heavy metals present in
packaging.

CEN / TR 13695-2: 2004
PACKAGING - Requirements for measuring and verifying the four heavy metals and other
dangerous substances present in packaging, and their release into the environment
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3. RECOVERY compliance with this requirement stems from the fact that the package has at

Part 2: Requirements for measuring and verifying dangerous substances present in
packaging, and their release into the environment.
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ENVIRONMENTAL ISSUES - LIFE CYCLE
The manufacturers of thermal insulated containers can voluntarily declare the total consumption
of energy, known as Gross Energy Requirements (GER, measured in MJ/m3) and the greenhouse
potential, known as Global Warning Potential (GWP100, measured in kg of CO2 equivalent).
These parameters can be calculated and characterized by applying the Life Cycle Assessment
methodology (regulated by the international standards EN ISO 14040 and 14044), which helps
to quantify the environmental pressures related to goods and services taking into account
the full life-cycle of the product. The declaration should be specifically made for a packaging,
including GER and GWP which refer to the weight of the packaging.
The lifecycle analysis can draw from average reference values of the industrial cluster it belongs to.
The environmental characteristics of the product can be presented through an environmental
declaration of Type III, in compliance with the standard ISO 14025 or through an environmental
statement by the manufacturer according to the standard ISO 14021, verified by a conformity
assessment body, showing that criteria were met.
The studies conducted show clear benefits resulting from the use of recycled material, both in
the construction products and in packaging.
Preliminary analysis to evaluate the influence of using EPS scraps in the same production cycle
(closed-loop recycling).
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●

the GER associated to the EPS production decreases almost of 30%, if the company adds
to its production cycle a percentage of recycled material equal to 90% of the material
used for the same good.

●

Similarly, as regards GWP, the use of recycled EPS allows a lower contribution to
greenhouse effect even more substantial: the closed-loop recycling for goods in postconsumer EPS containing such waste up to 90% of the new product, thus avoiding 50%
of emissions.

E P S T E C H N I C A L S TA N D A R D S A N D M E A S U R E M E N T S

INDICATIVE TREND OF GER AND GWP100 WITH THE INCREASING PERCENTAGE OR USE
OF EPS SCRAPS
(Data referred to kilos of EPS)
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ANNEX
KEEPING THE OPTIMAL TEMPERATURE INSIDE THE EPS PACKAGING
(Decay of the temperature during the time (t) and/or maintenance)
Given transport and storage temperature, and the value of thermal conductivity, typical of the
material used, a dimensioning of the thermal insulating packaging can be determined.
A simplified detailed analysis of packaging thermal insulation, given initial conditions, thermal
characteristics of the packaging and the product contained, result in the following formula to
define the time of temperature variation (drop or rise) inside the packaging:

CASE A: WHITOUT cooling element
In cases where thermal gradient between the contents of the package and its surroundings
decreases (in other words where the product’s temperature moves towards that of its
surroundings if a cooling element is not placed inside the packaging with the product), the
duration of thermal insulation which separates the moment at which the temperature of the
product is T0 from the moment at which the temperature of the product is T1 can be calculated
with the following formula:

1_ + d_
Tr - T0
α λ
t = mp . cp . −−−−−−− . in −−−−−−−
Tr - T1
A . 3,6

SYMBOL

t

DEFINITION
Thermal insulation duration between Tim and Tfm

UNIT OF
MEASUREMENT

Ore (h)
Kg

mp

Packaged product weight

Cp

Packaged product specific heat capacity

KJ/(Kg K)

α

Heat transfer resistance

W/(m2 K)

d

EPS packaging wall thickness

λ

Packaging material thermal conductivity

m
W/(m K)

A

EPS packaging internal surface

m2

Tr

Room temperature

°C

T0

Product’s initial temperature

°C

T1

Product’s final temperature after t time

°C
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A cooling element is often added to EPS packaging in order to increase the period of thermal
insulation.
The fish products sector generally uses melting ice.
In this case, as long as the ice has not totally melted, the thermal gradient between the content
of the packaging and its surroundings stays constant (in other words, product temperature is
maintained until the ice has not totally melted).
If transport and storage conditions are known, the period of thermal insulation expected
from EPS packaging can be determined. This period corresponds to however long it takes for
the ice to melt totally.
This can be calculated with the following formula:

1
_ + d_
1
α λ
t = mK . s . −−−−−−− . in −−−−−−−
Tr - Ti
A . 3,6

SYMBOL

t

DEFINITION
Thermal insulation duration between Tim and Tfm

mk

Packaged product weight

Cg

Packaged product specific heat capacity

α

Heat transfer resistance

d
λ

EPS packaging wall thickness
Packaging material thermal conductivity

UNIT OF
MEASUREMENT

Ore (h)
Kg
KJ/Kg
W/(m2 K)
m
W/(m K)

A

EPS packaging internal surface

m2

Tr

Room temperature

°C

Ti

EPS packaging internal temperature when filled with
cooling element

°C
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ANNEX
PENTANE LOSS
(informative):
The results should be treated in relation to raw material and have to be considered just as a
guide line in relation with the variation of the raw material, thickness of molded parts, fusion of
the beads and the condition of machinery and converters.
STUDY ON PENTANE AND WATER LOSS FOR EVERY STEP OF TRANSFORMATION OF
EXPANDABLE POLYSTYRENE
•

S: main fraction 0,4 – 0,75 mm

•

This study has been performed at 2 different initial pentane content (4,63% and 5,38%) and
with a starting water content equal to zero.

•

The expanded beads have been molded in fish boxes (thickness 1,5 cm) at 2 different vapor
pressures to emphasize the difference between different conversions.

Table shows that the higher is the molding pressure the lower will be the residual pentane %
and moreover, after 24 hours of maturation, the boxes contain a percentage of pentane that is
≤ 1,2 % and a water content that is ≤ 0,1 %.

EPS REGULAR
expanded expanded
beads
beads
maturation

0,4-0,75 mm

boxes

boxes (maturation 24h)

pressione di
stampaggio

pressione di
stampaggio

pressione di
stampaggio

pressione di
stampaggio

(0,85 bar)

(0,5 bar)

(0,85 bar)

(0,5 bar)

% water

0

4

2,93

4,90

5,40

0,10

0,10

% pentane

4,63

3,27

2,18

0,69

1,13

0,73

1,04

25

23,4

density (g/l)

EPS REGULAR

box thickness 1,5 cm
expanded
beads

0,4-0,75 mm

expanded
beads
maturation

(24h)

boxes

boxes (maturation 24h)

pressione di
stampaggio

pressione di
stampaggio

pressione di
stampaggio

pressione di
stampaggio

(0,85 bar)

(0,5 bar)

(0,85 bar)

(0,5 bar)

% water

0

0,80

0

9,90

5,60

0

0

% pentane

5,38

4,11

2,60

0,95

1,65

0,48

1,18

21,4

22

density (g/l)
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Pentane is a volatile hydrocarbon which, at atmospheric pressure, “boils” at room temperature
and for this reason is used as blowing agent. Water vapour at T>90°C causes the vaporization of
pentane contained in the beads of raw material and therefore their swelling, thus obtaining, at
the end of the manufacturing process, the characteristic expanded structure of EPS.
All EPS products are obtained through a manufacturing process, which essentially includes three
steps: pre-expansion, ageing and moulding, during which pentane is almost entirely released.
For further information on the abovementioned process see paragraph 9 of these Guidelines.
The amount of pentane released during EPS production varies according to the final density of
the product obtained, the type of pre-expander used, ageing time and conditioning temperature,
storing environment conditions etc.
In particular, during the “ageing” step, the pre-expanded beads are stored in ventilated silos for
some time and when cooling, the residues of the blowing agent and water vapor are replaced
by air. At the end of the EPS conversion process, products are stored before being put on the
market, to provide end-products with higher stability. Based on the delivery time of EPS endproducts to customers/end-users, a minimum residual amount of pentane can be found...

PENTANE EMISSION PER CONVERSION STAGE
(sed on available European research))

STANDARD

LOW PENTANE

%
C5H12

(weight)

%

%
C5H12

100 %

6,0 %

100 %

4,0 %

5,5 %

1. Pre - expansion

25 %

1,5 %

25 %

1,0 %

1,4 %

2. Ageing/storage

17 %

1,0 %

17 %

0,7 %

0,9 %

3. moulding

17 %

1,0 %

17 %

0,7 %

0,9 %

(Subtotal)

58 %

3,5 %

58 %

2,3 %

3,2 %

Storage (after manufacturing)

8%

0,5 %

8%

0,3 %

0,5 %

Total

67 %

4,0 %

67 %

2,7 &

3,7 %

Residual in final products

33 %

2,0 %

33 %

1,3 %

1,8 %

Raw material pentane content
(at converter)

% (weight)
from
to
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PENTANE EMISSION (no collection and abatement)

SCHEME 2

PENTANE EMISSION (with Pentane Collection and Abatement)
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C

ANNEX
EPS RECYCLED CONTENT (%):
EPS is a completely recyclable material. EPS recycling is a widespread, commonly used practice
to recover industrial manufacturing scraps and post-consumer materials.
EPS can be recovered and completely recycled in different ways:
• Reuse in the manufacturing process to create new EPS articles (blocks, sheets…);
• Conversion into compact polystyrene granules (to make hangers…);
• Use as light inert material in concrete and mortars;
• Waste incineration (calorific power of EPS is about 10,000 kCal/kg).
EPS packaging is made of a material that can contain a percentage of recycled EPS of various
degree, according to manufacturing, and the technology used, without affecting the functional
characteristics for which the packaging was designed.
In the event of packaging containing recycled material, the accompanying label must include
the declaration of the percentage of recycled material contained in the product (% in weight),
in compliance with the standard UNI EN ISO 14021 “Self-declared environmental claims” (for
example the symbol of Möbius strip).
In the specific case of “FOOD” application area, for packaging intended for direct food contact,
the post-consumer recycled material and the recycling process should be authorized in
compliance with “COMMISSION REGULATION (EC) No 282/2008 of 27 March 2008 on recycled
plastic materials and articles intended to come into contact with foods and amending Regulation
(EC) No 2023/2006” (published in the Official Journal of European Union L86 of 28 March 2008).
The % maximum limit of EPS recycled is agreed between the EPS manufacturer and the user,
taking into account the production technology with which it is made EPS packaging.

DECLARATION OF EPS RECYCLABILITY AND (if any) DECLARATION OF EPS
RECYCLED CONTENT:
The EPS recyclability (and the EPS packaging recyclability) can be expressed by the “Möbius
loop” with a ‘’ self-declared environmental claim “in accordance with the UNI EN ISO 14021
(Type II environmental labelling), also bringing down the identification number 06, according to
EN ISO 1043-1 and the EC decision 1997/129/EC which establishes an identification system for
packaging materials.
In addition, to identify the possible presence of recycled EPS the content is expressed as a
percentage (%).
a.

To declare recycled EPS

06
EPS

06
b.

To declare recycled EPS content (if applicable)
XX %
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RAW MATERIAL VOLUNTARY AGREEMENT

D
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ANNEX

E

EN ISO 1043-1

Plastics - Symbols and abbreviated terms - Part 1: Basic polymers and their special characteristics

UNI 9918

Plastics disposable crates of expandable sintered polystyrene for fruits and vegetables
Types, requirements and test methods

UNI 10612

Plastic trays for the production of bedders of fruits, flowers and vegetables plants
Types, requirements and test methods

UNI 11579

Plastics - Boxes of expanded polystyrene (EPS) for the transport and storage of fresh fish products.
Dimension, requirements and test methods

Under development by UNI
(Italian standard)
NF S 99-700
ISO 2796
EN ISO 1923

Plastics. Thermal boxes of foam plastic for packaging, transport and distribution of perishable foodstuffs.
Dimensions, characteristics, requirements and test methods
Emballages isothermes et emballages refrigerants pour produits de santè
(French standard by AFNOR - Isothermal packaging and refrigerants packaging for health products)
Cellular plastics, rigid -- Test for dimensional stability
Cellular plastics and rubbers - Determination of linear dimensions

EN 22768-1 (ISO 2768-1)

General tolerances - Part 1:
Tolerances for linear and angular dimensions without individual tolerance indications

EN 22768-2 (ISO 2768-2)

General tolerances - Part 2:
Geometrical tolerances for features without individual tolerance indications

EN ISO 845

Cellular plastics and rubbers - Determination of apparent density

ISO 8301

Thermal insulation -- Determination of steady-state thermal resistance and related properties -- Heat
flow meter apparatus

ISO 8302

Thermal insulation -- Determination of steady-state thermal resistance and related
properties -- Guarded hot plate apparatus

UNI EN ISO 844

Rigid cellular plastics - Determination of compression properties

UNI EN ISO 178

Plastics - Determination of flexural properties

UNI EN 12571

Materials and articles in contact with foodstuffs. Transport units for catering containers containing
prepared foodstuffs. Thermal and hygienic requirements and testing

ISO 1926

Rigid cellular plastics -- Determination of tensile properties

ISO 2896

Rigid cellular plastics -- Determination of water absorption

ISO 1209-1

Rigid cellular plastics -- Determination of flexural properties -- Part 1: Basic bending test

ISO 1209-2

Rigid cellular plastics -- Determination of flexural properties -- Part 2: Determination of flexural strength and apparent flexural modulus of elasticity

EN 13193

Packaging – Packaging and the environment - Terminology

EN 13427

Packaging - Requirements for the use of European Standards in the field of packaging and packaging waste

EN 13428

Packaging - Requirements specific to manufacturing and composition - Prevention by source reduction

EN 13429

Packaging - Reuse

EN 13430

Packaging - Requirements for packaging recoverable by material recycling

EN 13431

Packaging - Requirements for packaging recoverable in the form of energy recovery, including specification of minimum inferior calorific value

EN 13432

Packaging - Requirements for packaging recoverable through composting and biodegradation - Test
scheme and evaluation criteria for the final acceptance of packaging

UNI EN ISO 14021

Environmental labels and declarations - Self-declared environmental claims
(Type II environmental labelling)

UNI EN ISO 14040

Environmental management - Life cycle assessment - Principles and framework

UNI EN ISO 14044

Environmental management - Life cycle assessment - Requirements and Guidelines
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ASTM D 1622

Standard Test Method for Apparent Density of Rigid Cellular Plastics

ASTM D 1621

Standard Test Method for Compressive Properties Of Rigid Cellular Plastics

ASTM D 1623

Standard Test Method for Tensile and Tensile Adhesion Properties of Rigid

ASTM D 2842

Standard Test Method for Water Absorption of Rigid Cellular Plastics

ASTM D 3332

Standard Test Methods for Mechanical-Shock Fragility of Products, Using Shock

ASTM D 4728

Standard Test Method for Random Vibration Testing of Shipping Containers

ASTM D 3580

Standard Test Methods for Vibration (Vertical Linear Motion) Test of Products

ASTM D 642

Standard Test Method for Determining Compressive Resistance of Shipping

ASTM D 5577

Standard Guide for Techniques to Separate and Identify Contaminants in Recycled

ASTM E 203

Standard Test Method for Water Using Volumetric Karl Fischer Titration

Some test methods for product characterization consider full packaging and in this case a “test load” is used, which
simulates the products that will be packaged. The EPS packaging is filled with a “simulated test load” to simulate the
full packaging. The test load should be evenly distributed and account for more than 80% of the container’s capacity. It
is made up of bags containing a product, whose apparent density can entirely fill the storage volume until the internal
height, to reach a maximum total quantity in kilos.

LEGISLATIVE REFERENCES
1.

2.

3.

4.

REGULATION (EC) No 1935/2004 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 October 2004 on materials and articles intended to come into contact with food
and repealing Directives 80/590/EEC and 89/109/EEC.
COMMISSION REGULATION (EU) No 10/2011 of 14 January 2011 on plastic materials
and articles intended to come into contact with food (PIM - Plastics Implementation
Measures).
COMMISSION REGULATION (EC) No 2023/2006 of 22 December 2006 on good
manufacturing practice for materials and articles intended to come into contact with
food (GMP).
COMMISSION REGULATION (EC) No 282/2008 of 27 March 2008 on recycled plastic
materials and articles.
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