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Bilag 2 Testmetoder og -udstyr - eksempler

TEKNOLOGISK
INSTITUT

Plastror til fremtidens forsyningsledninger

Fastlaeggelse af krav og dokumentation som sikrer funktion og grenne vaerdier

Testmetoder for plastrgr

TEKNOLOGISK
INSTITUT

Denne praesentation har sigte pa at belyse formal, baggrund
og gennemfarelse af de test, som i dag indgar ved
dokumentation af plastrer og deres samlinger

Gennemgangen tager afseet i den gennemgang af test, der
fremgdr af DANVA Vejledning 54’ side 15 - 30, oger
illustreret med eksempler fra de testmuligheder, som findes
pa Teknologisk Institut.

Beskriveise/egenskaber

Produktcertiticering:
Typeprovning trecjepart

Intarn kontrol

Ekstern kontrol tredjeparn
Materialer:

Densitet, PEPP/PVC-U
Smelteindeks, PE/PP

Termisk stabilitet, PP/PE

K-vaerdi, PVC-U

Langtidstrykstyrke 1

Produkt:
Dimensioner

Udseende

Mesrkning

Overfladebeskatfenhed

Dmensionsstabilitet

Termisk stabilitet
agprovning

[

I
Methylenkiona. PVC-U

[ Samiingers tathed

Vejrbestandighed

Modstand mod kombineret
jordbeiastning og hoj

1) fror
Cykdustest ved forhojet temperatur

(ror | bygning)
Oksiske krav




Testmetoder for plastrgr

TEKNOLOGISK
INSTITUT

Testens formal, baggrund
SIagteSt og gennemforelse:

Slagtest er test af materialets evne til
at modsta slag/sted og anvendes til
at forudsige dets opfersel under
faktiske forhold. Mange materialer
fejler pludselig under slag/sted, ved
fejl, revner eller hak.

Slagtest for plastrgr gennemfgres
med ophaengte vaegte af given veegt
afhaengig af rerdimension, og falder

fra en given hgjde ligeledes afhaengig
af rerdimensionen.

Anvendte standarder for slagtest af
plastrgr er EN /ISO 3127 og
EN/ISO 11173, der deekker test ned
til -20 °C, hvor plasten er meget
spred.

Testmetoder for plastrgr

TEKNOLOGISK
INSTITUT

: Galder for:
Tem peratu rcykll’ISteSt ] SR Tryklgse rer af PE/PP og PVC

Formal:
En stresstest hvor rgrene efter 1500
cyklusser skal besta krav til taethed

1500 cyklusser a’ S
og nedbgjning af det vandrette ror.

- 1 min. med 93°C,

- 1 min. pause

- 1 min. med 15 °C, og
- 1 min. pause




Testmetoder for plastrgr

TEKNOLOGISK
INSTITUT

. Galder for:
Samlingers teethed Trykigse ror af PE/PP og PVC

Formal:
At simulere de belastninger og
pavirkninger som rgret bliver udsat
for, nar de er lagt i jorden.

Gennemforelse:

A

Samlingen afvikles 2°. Spidsende
deformeres 15% og muffen 10%

T A
_? -y I'
B = % taadlIE
[ oy | I I

15 minutter med:
0,05 bar
0,5 bar
-0,3 bar (vakuum)

Testmetoder for plastrgr

TEKNOLOGISK
INSTITUT

Gelder for:
For tryklgse og trykbzerende
ror af PE/PP og PVC

Formal:
At pavise levetiden af rgrene.

1000h 1000h 1000h
ved 80°C ved 95°C ved 60°C

165h ved 140h ved

| . 80°C 80°C
10° Log tid (timer)
50 100 & Belasiningstia Samtidigt med indvendig
trykbelastning

Figur 1.1: Eksempe! pé brudspeending i rorvaggen over tid, gig af og




TEKNOLOGISK
INSTITUT

Inspektion

Ekstern kontrol tredje part

S 4
l’

i,
-




Danske marked

Source: Business expert input

Bilag 3: Standarder med genanvendelsespotentiale for plastrer

EN Standard Own External non- |External non- Danish volume Recycling potential, |Blocking stones
reprocessed |virgin material |virgin material (estimate) external material
material with agreed from pipes and with agreed
(same EN) specification  |fittings (covered specification
by an EN) with
agreed
specification
PVC-U material
EN 1452-1:2010 PVC Water pressure %
100% 0% 0% 500 0 |Blybekendtggrelsen
prEN 1401-1:2019 PVC-U Sewer pipes 100% 20%
7000 1400 |Blybekendtggrelsen
EN 1329-1:2014 PVC Soil & Waste 100% 20% 100% 0,5 1] [T T —
PVC Structured wall
EN 13476-2 sewer pipes (A) 100% 100% 100% 2500 2500 |Blybekendtggrelsen
Structured wall sewer
EN 13476-3 pipes (B) 100% 0% 100% 0 0 |Blybekendtggrelsen
Manhole and
PrEN 13598-2 chambers 100% 100% 2500 2500/ Blybekendtggrelsen
prEN 17152 Storm Water boxes 100% 100% 0 0|Blybekendtggrelsen
Total 12500,5 6400 |Blybekendtggrelsen
PP material
PP Solid Wall
EN 1852 i I Welsewes 100% 0% 100% 4000 Olsesri
EN 1451 PP Soil & Waste 100% 0% 100% 1000
0 |Standard
EN 14758 PP-MD Sewer pipes 100% 0% 0% 2500
0|standard
PP Structured wall
EN 13476-2 e ) 0% 0 0|standard
PP Structured wall 100% 10
EN 13476-3 e ) 0% 6000 0 [standard
Manhole and o
prEN 13598-2 chambers 100% 100% 4000 4000 |inke. Shaft pipes
preN 17152 Storm Water boxes 100% 100%
3500 3500(N/A
Total 21000 7500
PE material
) Technical and Hygenic
EN ISO 15875 PEX pipes 3000 0|requirements
EN 1SO 21003 Multilayer H&C pipes 1500 0 :::2:::::;":: Hygenic
) Technical and Hygenic
EN 1555 PE Gas pipes 1000 0|requirements
Technical and Hygenic
EN 12201 PE Water pressure 0% 0% 12000 0/requirements
lid Wall
EN 12666 ;fpz: oo 100% 0% 100% i olstandard
prEN 1519 PE Soil & Waste 100% 0% 100% 200 0/|standard
PE Structured wall o B
EN13476 F——— 100% 0% 100% 2000 Olstnase
PE Structured wall o o
EN13476 ccwesoisiE] 100% 0% 100% 500 0|standard
Manhole and a
prEN 13598-2 chambers 100% 100% 500 500|n/a
Total 20700 500




DiN, BS, factory .

standard Storm Water pipes 100% 3000 3000{w/a
DIN, BS, factory .

standard Cable duct pipes 100% 2000 2000|n/A
Factory and customer |Optoduct {typicall

standard @40mm) 3000 0|n/A
Factory and customer [Micro ducts, fiber to

standard the homes 1500 On/a
Total 9500 5000
|Grand Total 63700,5] 19400,1]

30%




Bilag 4A: INSTA-CERT SBC EN 12201

INSTA-CERT SBC EN 12201 Februar

y 2021

Table 4 — Characteristics that require type testing (TT) of the pipe, including coextruded pipes and
pipes with peel-able layer per compound designation by the pipe manufacturer

Change of production method is not regarded relevant for pipes in accordance with this standard.

Tensile test f)
i)

Charac- Reference to 3" part type testing frequency Number of Number of
teristic 9 part and test pieces | measure-
clause of a) ments per
EN 12201 test piece
New designation / first Change of Extension (New size
compound / first SDR compound with groups and/or SDR
same designation | series)
Effect on water | 2-5.3./8.2 National regulations National National regulations
quality regulations
Appearance 2-51 Pipes from the samples for the testing specified below are checked. 1 1
Colour 2-5.2 1 1
Geometrical 2-6 1 1
character-istics | (for coex
pipes see
also annex
B.2)
Hydrostatic 2-72 1 diameter / size group, 1 diameter from 1 diameter of the 3 1
strength but at least two size group 1 0or2 | new size group or of for size
20°C; > diameters shall be the largest size group 1 and
100 h b) tested group with the new 2 and 1 for
SDR size group 3
and 4
Hydrostatic 2-72 1 diameter / size group, 1 diameter from 1 diameter of the 3 1
strength but at least two size group 1 or 2 new size group or of for size
80 °C; > 1000 diameters shall be the largest size group 1 and
h b) tested group with the new 2 and 1 for
SDR size group 3
and 4
Elongation at 2-72 1 diameter / size group, 1 diameter from 1 diameter of the Shall 1
break c) but at least two size group 1 or 2 new size group or conform to
diameters shall be SDR ENISO
tested 6259-1
Oxidation 2-82 Once / 1 diameter from 1 diameter of the 3 1
induction time (for coex size group size group 1 or2 new size group or of
d) pipes see the largest size
also annex group with the new
B.4) SDR
Change of melt | 2-8.2 Once/ 1 diameter from 1 1
mass flow rate | (for coex size group size group 1 or 2
(MFR) pipes see
also annex
B.4)
Marking e) 2-1
Fitness for 5-.222 Once per size group 1 or Once per size 1 1
purpose for 2 group 1 or2
butt fusion
jointing carried
out at -5°
Pressure test
Hydrostatic
strength
80°C/1000 h i)
Fitness for 5-4222 = DN 90 = DN 90 1 As ISO 13953
purpose for
butt fusion
jointing carried
out at -5°:

11
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INSTA-CERT SBC EN 12201 February 2021

Table 4 —continue

Charac- Reference to 3" part type testing frequency Number of Number of
teristic 9 part and test pieces | measure-
clause of a) ments per test
EN 12201 piece
New designation / first Change of Extension (New size
compound / first SDR compound with groups and/for SDR
same designation | series)
Longitudinal 2-82 1 diameter / size group, 1 diameter of the 3 1
reversion but at least two new size group or
Walt thickness diameters shall be SDR
<16 mm tested
Additional tests for coextruded pipes
Delamination 2-B6 No delamination shall occur during all tests.of the co-exiruded pipe
Integrity of the | 2-B.7 1 diameter/size group 1 diameter/size 1 diameter/size 3 1
structure after group group
deflection
Additional test for non-black pipes with peel-able layer g)
Resistance to 2-C.3 1 diameter/peel-able layer | one diameter 1 1
weathering h) compound /peel-able layer
compound

a The number of test piece(s) given in the Table are the minimum. All test pieces shall pass the relevant tests.

b Successful testing on the lowest SDR pipe will validate pipes in the same size group having the same or a higher SDR i.e.
the same or thinner wall thickness.

¢ The number of test pieces and the test piece shape shall conform to EN ISO 6259-1 and iSO 6259-3 respectively.

The test pieces are taken from the circumference of one pipe sample.

d Samples to be taken from the inner wall surface.

e Products for fype testing do not need to be marked as requested in the referred standard. The manufacturer shall mark
such products according to his quality plan in a clear way so traceability to all necessary data for the material used,
processing parameters etc. is secured. This marking shall be reflected in the report.

f For a manufacturer only applying for size group 1 the tensile test is not applied.

g All characteristics except marking are applicable for the base pipe of peel-able layer pipe without layer. Appearance,

colour, resistance to weathering and marking are applicable to peel-able layer pipes including the layer.

h Weathering of the base pipe is assessed in accordance with EN 12201-1:2011. The weathering of peel-able layer pipe with
the layer is assessed by testing three test pieces for elongation at break/three test pieces for hydrostatic strength/one
sample for decohesion of an electrofusion joint.

i The butt fusion shall be carried out without misalignment.

e e ————]
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Bilag 4B: INSTA-CERT SBC EN 13476
INSTA-CERT SBC EN 13476 February 2022

Table 5: Characteristics of pipes that require type testing

Reference to clauses and " §
tables of EN 13476 Third part type testing frequency
Change of Number
desI;gn (only . Number . :f
Characteristic _ changes Change of Extensn.on of test | Measure
Part 2 Part 3 New infuancing material NeWRIzS | gy | MNIE
the jointing a)e) group or per test
and/or new SN) piece
performance
of the pipe)
PVC,PEand PP |4.2.1 4.2.1 One - -
content 431 431 calculation /
4.4.1 4.4.1 recipe /
= compound
K-value, PVC - -
EN ISO 13229
Min. 64.0
Intermediate layer
foamed pipes
Type A1 min. 566.0
Resistance to 422 -Table1 |4.2.2-Table 1 3 i 3 1
internal pressure  4.3.2 - Table 2 [4.3.2-Table 2 |Once/recipe Once / recipe /
4.4.2-Table 3 |4.4.2-Table3 |/compound compound
as applicable as applicable
Melt mass flow 4.3.2-Table2 [4.3.2-Table 2 1 1
rate PP and PE 442 -Table3 {4.4.2-Table 3
Thermal stability |3s applicable |as applicable 1 1
PP and PE
Compound density {4.4.2 - Table 3 |4.4.2 - Table 3 1 1
PE
Appearance 6 6 1 1
Colour 6 6
Dimensions 7.2-Tables 5, |7.2-Tables 5, 6
Pipe diameter and |6 and 7 and 7
wall thickness;
socket depth, wall
thickness and Pipes from which samples for testing as specified below and
diameters in Table 7 is taken
For foamed pipes
Type A1 see also
Table 0 in this
SBC
Creep Ratio 9.1-Table 14 [9.1-Table 14 |One size from One size from 3 for 1
smallest size smallest size size
group / recipe group / recipe group 1.
/ compound d) / compound d) 1 for
size
group 2
and 3.
Vicat softening 8.1.1-Table 8 |8.1.1 -Table8 |Once/ recipe Once / recipe 2 1
temperature (VST)
PVC only

—

o
—
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INSTA-CERT SBC EN 13476 February 2022

Table 5: Characteristics of pipes that require type testing (continued)

Reference to clauses and

Third part type testing frequency

tables of EN 13476
Change of Number
design (only Number of
Characteristic incﬂh;enngct?:g Change of %;;?Z:g: of test m::i?;e
i
Part 2 Part3 New the jointing m:;zr)lal group or pieces per test
andjor new SN) piece
performance
of the pipe)
Impact resistance |Annex H Annex H Once / size 20 1
at-10°C. group
Staircase method.
Size group 1,2
and 3.
Impact resistance jAnnex K Annex K
at-10°C.
Staircase method.
Size group 4.
Ring stiffness 9.1-Table 14 }9.1-Table 14 3 1
Ring Flexibility 9.1-Table 14 {9.1-Table 14 3 1
1 diameter/
size group, 1 diameter/ 1 diameter/
Tensile strength of |9.1 - Table 14 |9.1-Table 14 |butatleast [Once/size/ |Size group, butnewsize |3 1
seam, spirally two diameters | compound/ atleasttwo  |group and/or
wound pipes shall be recipe diameters sfiffness
tested shall be tested | class
Longitudinal 8.1.1-Table8 [n.a. Once / size 3 1
reversion, type A {8.2.1 - Table 10 group
only 8.3.1-Table 12
as applicable
Resistance to 8.1.1-Table8 |8.1.1-Table8 3 1
dichloromethane
at a specified
temperature; PVC
only
Resistance to n.a. 8.1.1-Table 8 Once / size 3 1
heating —~ Oven 8.2.1-Table 10 group
test. 8.3.1 - Table 12
Type B pipes-only as applicable
Sealing ring 4.5 4.5 One One evaluation |One
evaluation/ |/ ring material |evaluation /
ring material ring material
Marking 11-Table 18 |11-Table 18 |c) c)
according to
clause 5 in this
SBC

3)
b)
)

parameters efc. is secured. This marking shall be reflected in the report.

d)
e)

Not applicable for size group 4.
Test results are only valid for the tested material grade combination in the inner and outer layer.

For definition of change of material, see 8.1.1, 8.1.2 or 8.1.3 as applicable for PVC-U, PP or PE respectively.
To be tested in pipe form with an optional diameter. Accredited reports from raw material manufacturer can be used.
Products for type testing do not need to be marked as requested in the referring standard. The manufacturer shall mark such
products according fo his quality plan in a clear way so traceability to all necessary data for the material used, processing

H
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Bilag 4C: Pressure pipe application-PE100 long term performance

2021-11-17

Borealis, Lars Hojer

Pressure pipe application — PE100 long term performance
Within the application are standardised procedures applied to evaluate (and classify) the
long-term performance.

For PE100 this include a pipe testing program running up to one year, which involve a
significant number of pipe specimens, tested at different temperatures and stress levels.
Why? Because in real life service, pressure pipes are exposed to three mechanical/chemical
phenomena with potential negative impact on pipe service life:

- mechanical load

- crack propagation

- oxidation

So the full picture has to be documented, hence the complexity. The SEM evaluation is
addressing all three phenomena described above. And the SEM evaluation is the base for
the classification (example: PE100).

So how to do a performance prediction after mixing in recycled content?

- Short term mechanical load (=short term pressure testing) and OIT will in itself alone not
answer the performance question (in pressure pipe application)

- Crack resistance and oxidation resistance will influence too

- OIT is primarily a tool to understand the resistance to high heat exposure (i.e. during
processing and welding, i.e. not the long term resistance to oxidation in service life
application.)

- On speculation basis | expect that the recycled content may cause negative impact on the
crack resistance, as microscopic contaminants and inhomogeneity may serve as stress
concentration points, fostering accelerated slow crack growth (SCG), which ultimately may
cause premature brittle failure in real life pipe application.

A service life prediction can’t be done from the limited data given in the report.

The topic is important and knowledge building around recycled content is both needed and
welcome, why | welcome the efforts spent.

Best regards
Lars Hojer
Borealis,

Application Technology Manager
Pipe



Bilag 5A: Plastix: TDS_OceanIX_rHDPE 111-001 Black

OCEANIX | rHDPE 111-001 Black PLASTIX

Polyethylene

ORIGIN OF END-OF-USE POLYMERS OceanlX is our range of high-quality post-consumer recycled (PCR) raw materials originating from end-of-life
maritime gear that would otherwise end up in our oceans or on landfill, sourced for preventive action to
eradicate plastic pollution, and suitable to be used at 100% or in a blend.

RECYCLING STEPS Rough Sorting; Fine Fractioning/Homogenisation; Metal Detection; ~ Shredding; Washing; Separation;
Compounding; Extrusion

SELECTED PROCESSING SUITABILITY ~ Most suitable: ~ Extrusion [e.g.: sheets; fibres; films; pipes; tubes); Thermoforming; Blow Moulding (e.g.: bottles];
Roto Moulding

Possible: Injection Moulding; 3D Free Form Injection Moulding; 3D Print
COMPLIANCE REACH ; RoHS ; Recycling Norms (European Norm: EN15344:2007 and Spanish Norm: PNE53978)
TECHNICAL DATA!
PHYSICAL PROPERTIES METHOD / INFO CONDITIONS VALUE UNITS/COMMENTS
Melt Flow Index, MFI IS0 1133-1 2300C, 2,16 kg 0,60t0 0,95 g/10 mins
Density IS0 1183-1-Method A Immersion 0,94t0 0,96 g/cm3
Shape Visual inspection g?agnu:?ersshaped
Color Visual inspection Black
Color variation CIELab D65/10° oS Range of measured AE
Odour Sensory Evaluation Minor
Recycled Plastics Content (PCR) 97 %
Filtration Level Mesh Size 300 g
Contamination No. of defects on extruded film n/a defects/dm2
Other Polymers DSC and FT-IR Analysis - %
MECHANICAL PROPERTIES (AT 23°C)
Tensile strength 2 IS0 527-1/2 19t0 23 N/mmz2 (MPa)
E-modulus 2 IS0 527-1/2 > 600 N/mm2 (MPa)
Flexural Modulus IS0 178 n/a N/mm2 (MPa)
Charpy Impact Strength IS0 178-1 Notched 16-20 kd/m2
THERMAL PROPERTIES
Melting Point IS0 11357-1/3 132 to 140 &6
ASH CONTENT IS0 3451-1 <2,0 %

* Testing Frequency: 1 composite sample per 12-hour shift. A composite sample is comprised of an increment from each Big Bag of 1000kg.
2 Performed on injection moulded samples type 18.

Material handling: rHDPE granules need normally not to ECO FOOTPRINT

be dried Howgever cogndensation of atmoépheric B?/ sing OceanlX rHOPE and with reference to Plastix’ Life Cycle Assessment (LCA] you are saving our

moisture inside the packing mav occur due to planet for 1650 kg equivalent emissions in comparison with similar virgin plastic material, every time

fluctuati t t P g hi % humidit n you use 1000 kg OceanlX rHDPE, improvm% C0, emission savings b?/ a factor 1 : 5,5. Depending on your
vctuaung temperaiiies and ngh HUumidity - upo application, the percentage of OceanlX rHDPE used and the end of (ife option for your own product, you

storage. Plastix recommends that the material is pre- could even further increase the C0, and resource savings.

dried to remove possible condense moisture, which By using OceanlX rHDPE as YOU( prevailing Green Plastics raw material choice you directly contribute to

could be done normally with 2 hours drying at 80°C or further closing the material loops, reducing landfilling, marine pollution and loss of valuable resources.

according to our customers’ normal pre-drying
procedure for HDPE.

Laboratory Capabilities:
Our Laboratory is equipped with state-of-the-art instruments for polymer analysis.

FOR FURTHER TECHNICAL INFORMATION PLEASE Mechanical properties: Tensile & Impact Testing
CONTACT Physical properties: MFI 8 Density, CIELab Colour Analysis
; " s Thermal Properties: DSC, Oxidative Decomposition Analysis
Henrik Adam, Quality & Environmental Manager Chemical Properties: ~ FTIR, Ash Content, Heavy Metal Detection by XRF Analysis
M: +45 2459 0868
E: henrik@plastixglobal.com PLASTIX' Quality and Environmental Management System is certified by FORCE Certification A/S
W: plastixglobal.com according to 10 9001 and IS0 14001,
DISCLAIMER

Although all statements and information in this publication are believed to be accurate and reliable, they are presented gratis and for guidance only, and risks and liability for
results obtained by use of the products or application of the suggestions described are assumed by the user. No warranties of any kind, either express or implied, including
warranties of merchantability or fitness for a particular purpose, are made regarding products described or designs, data or information set forth. Statements or suggestions
concerning possible use of the products are made without representation or warranty that any such use is free of patent infringement and are not recommendations to infringe any
patent. The user should not assume that toxicity data and safety measures are indicated or that other measures may not be required. Plastic recyclates can only be used for direct
food contact applications in accordance with stipulations of EU Directive 2008/ 282 / EC and with approval of the European Food Safety Agency (EFSA).
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Bilag 5B: Plastix: TDS_OceanIX_rHDPE 110-001 Green

OCEANIX

ORIGIN OF END-OF-USE POLYMERS

RECYCLING STEPS

SELECTED PROCESSING SUITABILITY

rHDPE 110-001 Green

Polyethylene

PLASTIX

OceanlX is our range of high-quality post-consumer recycled (PCR) raw materials originating from end-of-life
maritime gear that would otherwise end up in our oceans or on landfill, sourced for preventive action to
eradicate plastic pollution, and suitable to be used at 100% or in a blend.
Rough Sorting; Fine Fractioning/Homogenisation; Metal Detection; ~ Shredding; Washing; Separation;
Compounding; Extrusion

Most suitable: ~ Extrusion (e.g.: sheets; fibres; films; pipes; tubes); Thermoforming; Blow Moulding (e.g.: bottles);
Roto Moulding

Possible: Injection Moulding; 3D Free Form Injection Moulding; 3D Print
COMPLIANCE REACH ; RoHS ; Recycling Norms [European Norm: EN15344:2007 and Spanish Norm: PNE539378)
TECHNICAL DATA!
PHYSICAL PROPERTIES METHOD / INFO CONDITIONS VALUE / RANGE UNITS/COMMENTS
Melt Flow Index, MFI IS0 1133-1 190°C, 2,16 kg 0,6t00,9 g/10 mins
Density IS0 1183-1-Method A Immersion 0,84100,86 g/cm3
Shape Visualinspection gf{?ﬂu&?éshapw
Color Visualinspection Green
Color variation CIELab [Reference ‘Pure White’) D65/10° 221033 AE to L*,a*,b*=100,0,0
Odour Sensory Evaluation Minor
Recycled Plastics Content (PCR) 98 %
Filtration Level Opening/Aperture 300 5}
Contamination No. of defects on extruded film n/a defects/dm2
Other Polymers DSC and FT-IR Analysis = %
MECHANICAL PROPERTIES (AT 23°C)
Tensile strength ? IS0 527-1/2 20to 25 N/mmz2 (MPa)
E-modulus?2 1S0527-1/2 >600 N/mmz2 [MPa)
Flexural Modulus 1S0178 n/a N/mm2 [MPa]
Charpy Impact Strength IS0179-1/1eUb Unnotched 110to 130 kJ/m2
THERMAL PROPERTIES
Melting Point IS011357-1/3 132to 140 L0
ASH CONTENT IS0 3451-1 <15 %

1 Testing Frequency: 1 composite sample per 12-hour shift. A composite sample is comprised of an increment from each Big Bag of 1000kg.
2 Performed on injection moulded samples type 18.

Material handling: rHDPE granules need normally not to

ECO FOOTPRINT

be dried. However, condensation of atmospheric BF sing OceanlX rHDPE and with reference to Plastix’ Life Cﬁcla Assessment (LCA) you are saving our
pla

moisture inside the packing may occur due to
fluctuating temperatures and high humidity upon
storage. Plastix recommends that the material is pre-
dried to remove possible condense moisture, which
could be done normally with 2 hours drying at B0°C or
according to our customers’ normal

procedure for HOPE.

net for 1650 kg equivalent emissions in comparison with similar virgin plastic material, every time
you use 1000 kg OceanlX rHOPE, impraving CO, emission savmgs bi/ afactor 1 : 5,5. Depending on your
application, the percentage of OceanlX rtHDPE used and the end of life option for your own product, you
could even further increase the C0, and resource savings. ‘
By using OceanlX rHOPE as your prevailing Green Plastics raw material choice you directly contribute to
further closing the material loops, reducing landfilling, marine pollution and loss of valuable resources.
pre-drying

Laboratory Capabilities:
Our Laboratory is equipped with state-of-the-art instruments for polymer analysis.

FOR FURTHER TECHNICAL INFORMATION PLEASE

CONTACT

Henrik Adam, Quality § Environmental Manager

M: +45 2459 0868
E: henrik@nplastixglobal.com
W: plastixglobal.com

Mechanical properties: Tensile 8 Impact Testing

Physical properties: ~ MFI § Density, CIELab Colour Analysis

Thermal Properties: ~ DSC, Oxidative Decomposition Analysis

Chemical Properties:  FTIR, Ash Content, Heavy Metal Detection by XRF Analysis

PLASTIX' Quality and Environmental Management System is certified by FORCE Certification A/S
according to /SO 8001 and IS0 14001.

DISCLAIMER

Although all statements and information in this publication are believed to be accurate and reliable, they are presented gratis and for guidance only, and risks and liability for
results obtained by use of the products or application of the suggestions described are assumed by the user. No warranties of any kind, either express or implied, including
warranties of merchantability or fitness for a particular purpose, are made regarding oroducts described or designs, data or information set forth. Statements or suggestions
concerning possible use of the praducts are made without representation or warranty that any such use is free of patent infringement and are not recommendations to infringe any
patent. The user should not assume that toxicity data and safety measures are indicated or that other measures may not be required. Plastic recyclates can only be used for direct

food contact applications in accordance with stipulations of EU Directive 2008/ 282 / EC and with approval of the European Food Safety Agency (EFSA).
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Bilag 5C: Plastix: TDS_OceanIX_rPPC 211-001 Black

OCEANIX | rPPC 211-001 Black PLASTIX

Polypropylene

ORIGIN OF END-OF-USE POLYMERS OceanlX is our range of high-quality post-consumer recycled (PCR) raw materials originating from end-of-life
maritime gear that would otherwise end up in our oceans or on landfill, sourced for preventive action to
eradicate plastic pollution, and suitable to be used at 100% or in a blend.

RECYCLING STEPS Rough Sorting; Fine Fractioning/Homogenisation; Metal Detection;  Shredding; Washing; Separation;
Compounding; Extrusion

SELECTED PROCESSING SUITABILITY ~ Most suitable:  Injection Moulding; 3D Print; Extrusion (e.g.: sheets; fibres; films; pipes; tubes); Thermoforming;
3D Free Form Injection Moulding

Possible: Blow Moulding (e.g.: bottles); Roto Moulding
COMPLIANCE REACH ; RoHS ; Recycling Norms [European Norm: EN15345 and Spanish Norm: PNES3372)
TECHNICAL DATA !
PHYSICAL PROPERTIES METHOD / INFO CONDITIONS VALUE UNITS/COMMENTS
Melt Flow Index, MFI IS01133-1 230°C, 2,16 kg 2,5to4,5 g/10mins
Density IS0 1183-1-Method A Immersion 0,92 t0 0,94 g/cm3
Shape Visual inspection gfagnudfé:hapw
Color Visualinspection Black
Color variation CIELab [Reference 'Pure White') ~ DB5/10° 86089 AEtol*,a*,b*=100,0,0
Odour Sensory Evaluation Minor
Recycled Plastix Content [PCR) 96 %
Filtration Level Opening/Aperture 200 p
Contamination No of defects on extruded film n/a defects/dm2
Other Polymers DSC and FT-IR Analysis HDPE =30 %
MECHANICAL PROPERTIES (AT 23°C)
Tensile strength 2 IS0 527-1/2 26t0 36 N/mm2 [MPa)
E-modulus 2 IS0 527-1/2 > 800 N/mm2 (MPa)
Flexural Modulus IS0 178 n/a N/mm2 (MPa)
Charpy Impact Strength IS0179-1 Notched 31406,1 kd/m2
THERMAL PROPERTIES
Melting Point IS0 11357-1/3 161to 167 5C
ASH CONTENT IS0 3451-1 <25 %

! Testing Frequency: 1 composite sample per 12-hour shift. A composite sample is comprised of an increment from each Big Bag of a 1000kg.
2 Performed on injection moulded samples Type 18.

Material handling: rPPC granules need normally not to ECO FOOTPRINT

be dried. However, condensation of atmospheric By using OceanlX rPPC and with reference to Plastix’ Life Cycle Assessment (LCA] you are saving our plangt
moisture inside the packing may occur due to for 1675 kg equivalent emissions in comparison with similar virgin plastic material, every time you use
fluctuating temperatures and high humidity upon 1000 kg OceanlX rPPC, improving CO, emission savings by a factor 1 : 5,7. Depending on your application,
storage. Plastix recommends that the material is pre- the percentage of OceanlX 'PPC used and the end of life option for your own product, you could even
dried to remove possible condense moisture, which further increase the CO, and resource savings.

could be done narmally with 2 hours drying at 80°C or By using OceanlX rPPC as your prevailing Green Plastics raw material choice you directly contribute to
according to our customers’ normal pre-drying further closing the material loops, reducing landfilling, marine pollution and loss of valuable resources.

procedure for PP.

Laboratory Capabilities:
QOur Laboratory is equipped with state-of-the-art instruments for polymer analysis.

Mechanical properties: Tensile & Impact Testing

FOR FURTHER TECHNICAL INFORMATION PLEASE Physical properties: ~ MFI & Density, CIELab Colour Analysis
CONTACT ) Thermal Properties:  DSC, Oxidative Decomposition Analysis
Henrik Adam, Quality & Environmental Manager Chemical Properties: ~ FTIR, Ash Content, Heavy Metal Detection by XRF Analysis

M: +45 2459 0868
E: henrik@plastixglobal.com
W: plastixglobal.com

PLASTIX" Quality and Environmental Management System is certified by FORCE Certification A/S
according to IS0 8001 and IS0 14001.

DISCLAIMER

Although all statements and information in this publication are believed to be accurate and reliable, they are presented gratis and for guidance only, and risks and liability for results
obtained by use of the products or application of the suggestions described are assumed by the user. No warranties of any kind, either express or mplied, including warranties of
merchantability or fitness for a particular purpose, are made regarding products described or designs, data or information set forth. Statements or suggestions cancerning possible
use of the praducts are made without representation or warranty that any such use is “ree of patent infringement and are not recommendations to infringe any patent. The user should
not assume that toxicity data and safety measures are indicated or that other measures may not be required. Plastic recyclates can only be used for direct food cantact applications in
accordance with stipulations of EU Directive 2008/ 282 / EC and with approval of the European Food Safety Agency (EFSA).
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Bilag 5D: Plastix: TDS_OceanIX_rPPC 210-001 Green

OCEANIX | rPPC 210-001 Green PLASTIX

Polypropylene

ORIGIN OF END-OF-USE POLYMERS OceanlX is our range of high-quality post-consumer recycled (PCR) raw materials originating from end-of-life
maritime gear that would otherwise end up in our oceans or on landfill, sourced for preventive action to
eradicate plastic pollution, and suitable to be used at 100% or in a blend.

RECYCLING STEPS Rough Sorting; Fine Fractioning/Homogenisation; Metal Detection;  Shredding; Washing; Separation;
Compounding; Extrusion

SELECTED PROCESSING SUITABILITY ~ Most suitable:  Injection Moulding; 3D Print; Extrusion (e.g.: sheets; fibres; films; pipes; tubes]; Thermoforming;
3D Free Form Injection Moulding

Possible: Blow Moulding (e.g.: bottles); Roto Moulding
COMPLIANCE REACH ; RoHS ; Recycling Norms (European Norm: EN15345 and Spanish Norm: PNES3972)
TECHNICAL DATA
PHYSICAL PROPERTIES ! METHOD / INFO CONDITIONS VALUE / RANGE UNITS/COMMENTS
Melt Flow Index, MFI IS0 1133-1 230°C, 2,16 kg 2,6t04,5 g/10 mins
Density IS0 1183-1-Method A Immersion 0,91 t0 0,93 g/cm?
Shape Visual inspection g?fnudfé;haped
Color Visual inspection Green
Color variation CIELab (Reference 'Pure White') D65/10° 721082 AEtoL*,a*b*=100,0,0
Odor Sensory Evaluation Minor
Recycled Plastics Content (PCR) 98 %
Filtration Level Mesh Size 200 g
Contamination No of defects on extruded film n/a defects/dm2
Other Polymers DSCand FT-IR Analysis HDPE =30 %
MECHANICAL PROPERTIES (AT 23°C) !
Tensile strength 2 IS0 527-1/2 27 to 36 N/mm? (MPa)
E-modulus ? 1IS0527-1/2 > 900 N/mm? [MPa)
Flexural Modulus IS0 178 n/a N/mm? [MPa)
Charpy Impact Strength IS0 178-1 Notched 4,0t06,5 kJ/m2
THERMAL PROPERTIES !
Melting Point IS0 11357-1/3 160to 166 i{C
ASH CONTENT * IS0 3451-1 1L %

! Testing Frequency: 1 composite sample per 12-hour shift. A composite sample is comprised of an increment from each Big Bag of a 1000kg.
Zperformed on injection moulded samples Type 18.

Material handling: rPPC granules need normally not to ECO FOOTPRINT

be dried. However, condensation of atmospheric By using OceanlX rPPC and with reference to Plastix’ Life Cycle Assessment (LCA] you are saving our planet
moisture inside the packing may occur due to for 1675 kg equivalent emissions in comparison with similar virgin plastic material, every time you use
fluctuating temperatures and high humidity upon 1000 kg OceanlX rPPC, improving CO, emission savings by a factor 1: 5,7. Depending on your application,
storage. Plastix recommends that the material is pre- the percentage of OceanlX rPPC used and the end of life option for your own product, you could even
dried to remove possible condense moisture, which further increase the CO, and resource savings.

could be done normally with 2 hours drying at 80°C or By using OceanlX rPPC as your prevailing Green Plastics raw material choice you directly contribute to
according to our customers’ normal pre-drying further closing the material loops, reducing landfilling, marine pollution and loss of valuable resources.

procedure for PP.

Laboratory Capabilities:
Our Laboratory is equipped with state-of-the-art instruments for polymer analysis.

Mechanical properties: Tensile § Impact Testing

FOR FURTHER TECHNICAL INFORMATION PLEASE Physical properties: ~ MFI & Density, CIELab Colour Analysis
CONTACT ) Thermal Properties:  DSC, Oxidative Decomposition Analysis
Henrik Adam, Quality § Environmental Manager Chemical Properties: ~ FTIR, Ash Content, Heavy Metal Detection by XRF Analysis

M: +45 2459 0868
E: henrik@plastixglobal.com
W: plastixglobal.com

PLASTIX' Quality and Environmental Management System is certified by FORCE Certification A/S
according to IS0 8001 and IS0 14001.

DISCLAIMER

Although all statements and information in this publication are believed to be accurate and reliable, they are presented gratis and for guidance only, and risks and liability for results
obtained by use of the products or application of the suggestions described are assumed by the user. No warranties of any kind, either express or implied, including warranties of
merchantability or fitness for a particular purpose, are made regarding products described or designs, data or information set forth. Statements or suggestions concerning possible
use of the products are made without representation or warranty that any such use is free of patent infringement and are not recommendations to infringe any patent. The user should
not assume that toxicity data and safety measures are indicated or that other measures may not be required. Plastic recyclates can only be used for direct food contact applications in
accordance with stipulations of EU Directive 2008/ 282 / EC and with approval of the European Food Safety Agency (EFSA.
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Bilag 5E: Plastix - Carbon footprint OceaniX

PROVICE

Betonvej 10

4000 Roskilde
Telefon +45 2288189
www.provice.dk

To: Plastix A/S

From: Tomas Sander Poulsen, Provice

Date: 16. march 2022

Subject: Carbon Footprint for OceanlIX® - Executive summary
Background

This memo summarizes the carbon footprint for Plastix’ Green Plastics branded under
the Trademark OceanlIX®.

The carbon footprint is extracted from an LCA-screening conducted during Q1-2022
and developed according to the ISO 14040-14044 standard for Life Cycle Assessment.
The SimaPro LCA-software is the applied tool for the LCA-calculations. Background in-
formation and data is described in a separate document.

The LCA-screening is based on Plastix’ actual production data and the results are pre-
sented as average figures for OceanlX®.

Unit and system
The LCA-screening comprise the following life cycle phases (cradle to gate):

Transport of plastic waste/input supply
Plastix production (energy, waste, additives)
Electricity and district heat production
Waste disposal

& Wi B

The carbon footprint represents 1 ton OceaniX® (rPPC or rHDPE) ready for sale. While
there are no differences in the production of OceanlIX® rHDPE or OceanlIX® rPPC the
carbon footprint is representative for both polymer types.

The carbon footprint is calculated for these two product types:

e Basic OceanlIX® with no compounded polymer additives
e Standard OceanIX® with 2% compounded polymer additives




Results
The carbon footprint for Basic OceanIX® rPPC and rHDPE is 126 kg CO: equivalents/ton.

The carbon footprint for Standard OceanIX® rPPC and rHDPE is 168 kg CO: equiva-
lents/ton.

The reference carbon footprint for Virgin PP is 1,980 kg CO, equivalents/ton.
The reference carbon footprint for Virgin HDPE is 1,992 kg CO; equivalents/ton.

On that background, it can be concluded that:

e The Carbon Footprint for Basic OceanIX® is 93,64% less than Virgin PP

e The Carbon Footprint for Basic OceanlIX® is 93,68% less than Virgin HDPE

e The Carbon Footprint for Standard OceanlX® is 91,52% less than Virgin PP

e The Carbon Footprint for Standard OceanlX® is 91,57% less than Virgin HDPE

LCA Carbon Footprint, LCA Carbon Footprint,
OceanlX vs. Virgin PP OceanlX vs. Virgin HDPE
2500 2500
2000 2000
1500 1500
1000 1000
500 500
0 ] 0 [
Virgin Oceanix ® HDPE Oceanix ®

Figure 1: Basic OceanIX® rPPC/rHDPE carbon footprint vs. Virgin PP and HDPE (kg
CO,/ton)

In relation to both Basic OceanIX® and Standard OceanlX® the three largest CO; contri-
butions come from transporting input supply to gate, waste incineration of production
waste and diesel consumption from exterior moving equipment.

The COz-emissions from Plastix’ energy consumption (electricity and district heating) is
absolutely marginal. Plastix uses 100% certified green electricity (CO, compensated)
and district heating is produced on biogas which is a COz.neutral energy source.




Bilag 5F: AVL - COPO RE 001 Mixed Colour

TECHNICAL DATA SHEET

The data should be regarded as indicative and should not be used for specification work.
Aage Vestergaard Larsen A/S assumes no legal responsibility for the precision or
correctness of the test results.

Ref: 853

PP COPO RE 001 MIXED COLOUR

ID: 47118

quantity:

Material: Polypropylene copolymer
Colour: mix colour

Application: - Extrusion

Regenerated raw material

Physical properties.

Mechanical properties

Charpy notched impact strength (+23 degrees) 62P Kj/m~2 1SO 179 1eA
Partial break

E-mod (1 mm/min; +23 degrees) 1250 Mpa ISO 527-2

Elongation at Break (50 mm/min; +23 degrees) >100 % ISO 527-2

Tensile stress at break (50 mm/min; +23 degrees) 21 Mpa ISO 527-2

Tensile stress at Yield (50 mm/min; +23 degrees) 29 Mpa ISO 527-2

Other properties

Density (+23 degrees) 0,913 g/lcm~3 1SO 1183

Rheological properties

Melt Flow Rate (230 degrees; 2,16 kg) 0,7 9/10 min ISO 1133

Thermal properties

oIT (210 degrees) 14 min EN 728:1997

Aage Vestergaard Larsen A/S www.avl.dk

T

Klostermarken 3
DK-9550 Mariager
TIf. +45 98 54 16 55
info@avl.dk




Bilag 6A: Emtelle - Test PE-trykror
' @ EMTELLE

Laboratorierapport EN12201 PE100 rgr med Plastix rHDPE 111-001 Black

Rgr er produceret i Insta-Cert godkendt PE100 révare blandet i forskellige forhold med Plastix rHDPE

111-001 Black.
Lot Blanding
66113 75% regenerat - 25% PE100
66112 50% regenerat - 50% PE100
66111 25% regenerat - 75% PE100

Efterspurgte tests af rgr udfgrt i henhold til EN 12201 og under normale procedurer godkendt under
Emtelle's Insta-Cert certifikat 2042. P43 Lot 66111 er der andret procedure i forhold til antal timer,

efter forespgrgsel fra projektleder.

Resultater:
Lot Dimensionskontrol OD [mm)] Dimensionskontrol gods [mm] | Dimensionsstabilitet
66113 | 110,7 6,63-6,90 1,36 %
66112 | 110,7 6,63-6,90 1,50 %
66111 | 110,7 6,63-6,87 1,63 %
Lot Tryktest 80° Yield styrke [Mpa] Brud-forlaengelse | OIT
(%] [min]
66113 | 15 timer 11 min 24,7 409 — intet brud 24,1 (202,0°)
66112 | 95 timer 28 min 24,1 409 —intet brud 26,9 (202,2°)
66111 | 165 +135 timer (intet brud) | 25,5 409 — intet brud 47,4 (202,3°)
25-10-2021
- Kim Aakermann — Chemical Engineer
Sdr. feld.
a Emtelle Head Office +44 (0) 1450364000 info@emtelle.com www.emtelle.com
Haughhead, Hawick, TD9 8LF

UK

GLOBAL MANUFACTURER OF PRE-CONNECTORISED, BLOWN FIBRE CABLE & OUCTED NETWORK SOLUTIONS




Test-Id

Order number
Customer

2021110033/000

Rene regenerat rar

Bilag 6B: Teknologisk Institut 1000h-test PE-trykror

C

Test report

Set pressure
6,28 bar

Set pressure 6,28 bar Hoop stress (o) 0,00 N/mm?
min. Pressure 6,22 bar Wall thickness (min) 0,00 mm
max. Pressure 6,41 bar Outer diameter 0,00 mm
Conditioning time 0:0:0 h:m:s Testing Respons
Set temperature 80,0 °C
Start date 18-11-2021 13:34
Timecounter start 0:0:0 h:m:s
End date 30-12-2021 05:55
Time counter 1.000:0:26 h:m:s
Pressurize time 60,00 sec
Status End
Customer

[

»

Current pressure (bar)

18-11-20222-11-20

imin: Fréssure

Connection (numl

“tror

100

40

(Do) ainiesadway Juaun)

26-11-20201-12-20205-12-20219-12-20213-12-202117-12-20221-12-20206-12-20230-12-202013-01-2022

13:34:50 17:34:50 21:34:50 01:34:50 05:34:50 09:34:50 13:34:50 17:34:50 21:34:50 01:34:50 05:34:50 09:34:50

M Current pressure (bar)

MV

Date time

activity (shoots) M Current temperature (°C)

Events:  Start date

End date

Descripti

page 1




Test-Id

Order number
Customer

Test report

2022010001/000

Rene regenerat rar

Set pressure
6,26 bar

Set pressuré 6,26 bar Hoop stress (o) 0,00 N/mm?
min. Pressure 6,20 bar Wall thickness (min) 0,00 mm
max. Pressure 6,39 bar Outer diameter 0,00 mm
Conditioning time 0:0:0 h:m:s Testing Respons
Set temperature 80,0 °C
Start date 03-01-2022 09:34
Timecounter start 0:0:0 h:m:s
End date 06-01-2022 16:32
Time counter 78:44:29 h.m:s
Pressurize time 84,00 sec
Status Broken
Customer

0

03-01-2022
09:34:47

03-01-2022
19:34:47

05:34:47

M Current pressure (bar)

15:34:47

B MV activity (shoots)

01:34:47 11:34:47 21:34:47 07:34:47

Date time

M Current temperature (°C)

“ar

Connection (numt

100

80

60

40

20

04-01-2022 04-01-2022 05-01-2022 05-01-2022 05-01-2022 06-01-2022 06-01-2022
17:34:47

Events:  Start date

End date

Descripti

page 2




Bilag 6C: Teknologisk Institut - Fejlanalyse PE-trykror

DANISH
TECHNOLOGICAL

INSTITUTE
Danish Technological

Institute
Gregersensvej

: . . DK-2630 Taastru
Danish Technological Institute g

Installatlfm and Calibration Phone +45 72 20 20 00
Teknologiparken info@teknologisk.dk
DK-8000 Aarhus C www.teknologisk.dk

15. November 2021
ANCA/FHGS

Project 2008614-02, Failure analysis of two pipe samples

Two PE pipe segments produced with 50% and 25% recyclate from PE fishnets was sent to analysis
due to failure after pressure loading at the Danish Technological Institute, Installation and
Calibration.

From both pipe segments thin sections were made and analyzed using microscope.
It was found that the material is highly inhomogeneous, as seen on the photos below.
The circular pattern is most likely due to insufficient compounding prior to extrusion.
In addition, the thin section photos reveal the presence of voids and foreign objects.

Page 1 of 2 TECHNOLOGICAL INSTITUTE




DANISH
TECHNOLOGICAL
INSTITUTE

FTIR analysis was performed on both the black areas and the opaque material.

It was found that both materials are identified as PE. However, the opaque material
relatively has a higher concentration of CHs groups, which could indicate higher level of
branching.

['Ror 2 - Sort materiale

“Ror 2 - Sort materiale

4 Number of sample scans: 25

Number of background scans: 25

Resolution: 4.000

Sample gain: 2.0

- Optical velocity: 0.6329

Aperture: 100.00

L\LAB4G410_Labspace\FTIR\is50 2021\nov\01111.SPA

v

r'S

Absorbance

3.5TRor 2 - Klart materiale

“Ror 2 - Kiart materiale

Number of sample scans: 25
Number of background scans: 25
Resolution: 4.000

2.5 sample gain: 1.0

Optical velocity: 0.6329
Aperture: 100.00 |
2.0 L:\LAB4G410_Labspace\FTIR\is50 2021\nov\01112.8PA |

3.0

Absorbance
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In conclusion, the pipe wall shows clear signs of being a blend of two different PE

materials, which leads to significantly reduced quality of the pipe.
As we are not familiar with the production process, it is difficult to recommend how to
alleviate this, but achieving a homogeneous blend before extrusion considered imperative

for the quality of the pipe.

Kind regards

Anders Ask Carton

Consultant, Plastics and Packaging
+4572201365
anca@teknologisk.dk
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Bilag 6D: Uponor - Test PE-trykror

Lemvig Vand

Havnen 8

7620 Lemvig

Att. Isa Schipperheijn

UpoNOr

Inspection Certificate type 3.1 according to DS/EN 10204 Certificate no. 1144

Product 110 x 6,6mm PN10 SDR 17 PE-aflgbsrer med 8 brune striber - 21 x 12 m.
Production batch no. 1030638
Your order no : VUDP 1,0 Batch no.: 1511191;

Raw material

: 70% PE100 + 30 % Plastix RHDPE 111-001 Black

. Produceret efter principperne i EN 12201

Product Standard
Pipe marking : UPONOR PE -VUDP 1,0- 110 x 6,6 SDR 17 -99- 1030638. (2) 25-02-22
Projekt VUDP, Lemvig Vand.
c ts . *Hvis test var blevet udfert ved 200 °C vil test veerdierne vaere omkring 15 min hgjere end angivet.
SDNEICH * ** Materialet er svejsbart. Brud sker i rar.
*** Bade 165t og 1000t test bestaet. Trykpravningen fortsat til brud. Brudtype spradbrud.
Property Reference Method Unit Requirement Result
:V'B';RT)' Raw material | £\ 150 1133 | 190/5 g/10 min. [0,2-0,4 0,59
OIT - Raw material 3 :
(BRT) 1ISO 11357-6 210°C min. >20 211
Changing of MFR by
MFR - Pipe (PVT) EN ISO 1133 190/5 g/10 min. processing less than + 0,60
20%
OIT - Pipe (BRT) ISO 11357-6 210°C min. >20 18.8-16.9-19.4 = 18 4*
Od. : 110,0-110,7 | Od. : 110,5-110,6
EN 12201 | Meag_“'te? mm e . 6,6-74 e . 67-72
Dimension control |mm:ﬁ$ y Ova. : <22 Ovalitet. <0,7
Internal production .
specification m Length : >6,0 Length 6,04 — 6,05
Hydrostatic Strength 80°C/54 -
(PVT) EN ISO 1167 MPa Hour >165 499
Hydrostatic Strength 80°C/5,0 —
(PVT) EN ISO 1167 MPa Hour >1000 1141
Tensile test (PVT) ISO 6259 1+3 | 50 mm/min % > 350 552-633-414-626-207 = 486,4
Longitudinal 5 N
. ENISO 2505 |110°C/1h |[% <3 <141
Tensile strength for 5 mm/min ; .
butt fusion joint DS/ISO 13953 Type A Brudtype: Normal / Spred | Normal brud
Tensile strength for 5 mm/min
butt fusion joint DS/ISO 13953 Type A N/mm = 228-24,4
Middelfart, Date 11-03-2022 / Opdatering 19-05-2022.
We hereby certify, that the product delivered complies with the terms of order confirmation. « 5 STEM ¢,
4 %
Uponor Infra A/S g S

This Test Report has been created electronically and is valid without signatures.

E\\DNV-Gly/"

ISO 9001=1SO 14001
1SO 50001

CVR-nr. 35383107
Bank: Danske Bank A/S

T +4564 412202
F +4546 40 53 51
W www.uponor.dk

Uponor Infra A/S Pipefactory
Lollandsvej 35

DK-5500 Middelfart



Bilag 6E: Uponor — Spredt brud PE-trykrer




Bilag 7A: Wavin - Test af gravitationsrer (trin 1)

Testrapport — Kvalitetssikringsafdelingen (QA)

orbia @

Emne: @200 mm PP aflgbsrgr SN8 med 10% genanvendt materiale
Dato: 2021-11-10
Udarbejdet af: MIWA
Rekvirent: LJB
Table 1

7.2, tables 5 in DS EN13476-2 and INSTA SBC 13476 - Dimensions

Item id. 1
Sample No. 1 Al A2 A3 Requirement B1 B2 B3 Requirement
) . min. 200.0
Outside diameter dem 200.5 max. 200.5
Gomimioner | 0.92 min. 1.0
Wall thickness )
pipes and fittings @min. outer-ayer | 0.80 min. 0.6
e 7.46 min. 6.9
¢ 7.81 max. 7.8
Requirements Yes
met No X

Test conditions
[Test method: EN ISO 3126:2005
[Test temperature: 22°C

[Test equipment: DINOCAM - 1603 - 1133

Rapport nr.:
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Table 2

Annex H - Impact resistance, staircase method

Impact resistance. Staircase method EN 1SO 11173:2017

Pipe ID 1D 1 (22 PP 200X6,9 SN8 UD)

Referring standard ~ 13476-2

Falling weight 10,00 kg

Striker type D3SO

Test temperature -10 ;

Conditioning 1 h

Number of impacts, preliminary test 10

Number of impacts, main test 20

Sum of fall heights, main test S3700 mm
Result

H50 mm 2685 mm

Number of failures below 500 mm 0

Manufacturer: Wavin SE

Date of test: 08-11-2021

Operator: MIWA

Number of passes, main test 18
Number of failures, main test 2
Requierements Requirement met?
min. 1000 YES

max. 1 YES

Are both requirements met? YES

Impact test results

4+ o+

+ 4+ + + 4+ +

0 5 10
Impact number

15 20

+ Falling height pass
Falling Height fail ‘
—H50

Special failure criteria observed:
None

Any factors or incidents observed, that may have affected the results:

None

ID1. Sample number 1-4 was cut into 30pieces of 200mm.
Test conditions

ITest method: EN ISO 11173:2017

Number of test samples for preliminary test: 10
[Test equipment: 100061 - 4471003 - 1912,4

IOBS. Der er valgt et lod pa 10,0 kg, for at opna brud under test, hvor der efter standarden, skal bruges et lod pa 8,0 kg.

Rapport nr.
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Table 3

8.1.1, table 8 - Longitudinal reversion

Item Sample Test Test Reversion Appearance after test
temperature duration
Id. No. °C min. mm % OK Not OK
1 4 150 60 0.31 0.31 X
1 4 150 60 037 0.31 X
1 4 150 60 0.39 031 X

Reversion

< 5%

Test conditions
ITest method: EN ISO 2505:2006, method B
Conditioning time: 2 h
Conditioning temperature: 22°C
Conditioning medium: Air
Test equipment: 1599 - 100066 - 1922

ID1. Sample number 4 were cut into 3pieces of 200mm.
Requirements

[The pipes shall show no delamination, cracks, or bubbles.

Table 4

9.1, table 14 - Ring stiffness

Item [Sample |Position |Deflection |[Deflection | Load |Result Ring [Requirement|Requirement
stiffness met
Id. No. ° mm % N kN/m2 | kN/m2 Yes No
1 1 0 5.553 3 806.7 | 9.370
1 1 120 5.553 3 811.7 | 9.428 9.359 =8 X
1 1 240 5.553 3 801.7 | 9.281

ID1. Sample number 1 was cut into 3pieces of 300mm.
Test conditions
[Test method: EN ISO 9969:2016
[Test temperature: 22°C
Test equipment: H50KTW-0032 - 2961,7 - 1603 - 4620 - 2933,1

LD,
oM EDg

& %

& %
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Table 5

4.1 - Material

Rodding tee
Characteristics Unit Raw material From sample Requirement Requirement met
Yes No
Thermal stability min 23 >8 X

Test conditions, thermal stability

Test method: EN ISO 11357-6:2018
Test equipment: METTLER TOLEDO - 47.125.02 - 110057

Konklusion:

Godstykkelsen pa inderlaget af rgret, er under minimumskravet pa 1.0 mm (0.92 mm), og
godstykkelsen overstiger maksimumkravet med 0.01 mm.

Yderligere skal det naevnes, at overfladen pa indersiden af rgret er ujsevn i forhold til den normale
kvalitet hos Wavin.
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(wavin)

Determination of Ring Stiffness - DS/EN/ISO 9969

Varetekst: @200 mm PP SN8 UD med 10 % genanvendt mat&gdle 427
Vare Nr.: - Maleveerktaj: 2961,7 - 1603 - 4620 - 29331
Farve: Red Rarets alder: 23
Dato: 10-11-2021 08:01 Contact Load: 139N
Operator: MIWA Contact Speed: 5,00 mm/min
Temperature [C]: 22,3 Test Speed: 5,00 mm/min
Materiale: PP Deflection Limit: 5,55 mm
SN Klasse: 8
Direction Inside Length Force at Pipe Deflection Pipe Ring Stiffness Ultimate Force
mm mm 3% Strain at 3% at 3% N
N mm kN/m? -
0 - Degrees 185,1 300,0 806,7 5,553 9,370 825
120 - Degrees 1851 300,0 8117 5,553 9,428 835
240 - Degrees 1851 301,0 801,7 5,553 9,281 822
Average 806,7 5,553 9,359
850 / 850 / N
765 Vi 765 A
680 680
595 595
510 / 510 /
. y/ . //
Z 45 / < 425
g / g /
g 340 - S 340 A
L L /
255 255
170 / 170 /
4 4
85,0 // 85,0 //
0 0 “ 0,75 1,50 225 3,00 3,75 450 525 600 675 750 0 0 2 075 150 225 300 375 450 525 600 675 750~
Deflection (mm) Deflection (mm)
g e -Page 10f 1- Al 3ok iy W



Testrapport — Kvalitetssikringsafdelingen (QA)
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Bilag 7B: Wavin - Test af gravitationsrer (trin 2) @

Emne: @200 mm PP aflebsrer SN8 med genanvendt materiale i kernelaget
Dato: 2022-04-13

Udarbejdet af: ANPE

Rekvirent: LJB

Test methods and requirements Test site Table No. Requirements met
in accordance with:
Yes No
EN 1852-1:2018
INSTA-CERT SBC EN 1852-1 May 2018
Description and identification of the tested samples Nordisk Wavin Table 1
5.4, table 1 Resistance to internal pressure Nordisk Wavin Table 2 X
5.5 Thermal stability Nordisk Wavin Table 3 X
7.3&7.4 . - o . .
tables 2, 3, 5, Dimensions, fittings Nordisk Wavin Table 4 X
6 &7
8.1.1, table 8 Ring stiffness Nordisk Wavin Table 5 X
9.1, table 11 Longitudinal reversion Nordisk Wavin Table 7 X
12.2 Marking of pipes Nordisk Wavin Table 8 X
table 15
Rapport nr.: Side 1/5
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Table 1

Description and identification of the tested samples

Photo Type of fitting | Type of connection Nominal
diameter
Pipe Ring seal joint 200
Rapport nr. Page 2/5
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Table 1

Annex H - Impact resistance, staircase method

Impact resistance. Staircase method EN 1SO 11173:2017

Fipe D 200 PP genanvendt materizle Manufacturer:  Wavin Sweden
Referringstandard 13476-2 Date of test: 12-04-2022
Falling weight 8,00 kg Operator: ANPE
Striker type D90
Testtemperature -10 <
Conditioning 1h
Number of impacts, preliminary test 10
Number of impacts, main test 20 Number of passes, main test 20
Sum of fall heights, main test 55000 mm  Number of failures, main test 0
Result Requierements Requirement met?
H50 mm 2750 mm  min. 1000 YES
Number of failures below 500 mm 0 max 1 YES
Are both requirements met? YES
4 ™\
Impact test results
2800
2800 +++++++ +
- 2700 +
E 2600 +
E2s00 | +
« 2400 |+
2300 + Faling height pass
e -
w 210 Faling Height fail
& 2000 ——
3 1800 ——H50
1800
1700
1600 -
0 5 10 20
Impact number
. E

Special failure criteria observed:
None

Any factors or incidents observed, that may have affected the results:

None

Test conditions

Test method: EN ISO 11173:2017

Number of test samples for preliminary test: 10
Test equipment: 100061 - 4471003 - 1911,4

Rapport nr.
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Table 2

8.1.1, table 8 — Longitudinal reversion

Test temperature Test duration Reversion Appearance after test

°C min. mm % OK Not OK
150 60 0.54 0.54 X
150 60 0.55 0.55 X
150 60 0.40 0.40 X

Requirements

Reversion < 5%

The pipes shall show no delamination, cracks, or bubbles.

Test conditions

Test method: EN ISO 2505:2006, method B

Conditioning time: 2 h

Conditioning temperature: 22°C

Conditioning medium: Air

ITest equipment: 1599 - 100066 - 1922

Table 3

9.1, table 14 - Ring stiffness

Position |Deflection |Deflection Load Result Ring Requirement Requirement met
stiffness
o mm % N kN/m?2 kN/m?2 Yes No
0 5,532 3 658,3 7,659
120 5,532 3 696,7 8,132 A2 >8 X
240 5,532 3 646,7 7,523
Test conditions
ITest method: EN ISO 9969:2016
ITest temperature: 22°C
Test equipment: HS0KTW-0032 - 1603 - 1413
3 BaveL 5
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Table 2

5.5 - Thermal stability

Material Sample Mass of Test OIT Requirements met
sample temperature measured
No. mg °C minutes Yes No

1 15.17 200 X
PP fra Aage

Vestergdrd Larsen 2 16.72 200 X
(kernelaget)

3 16.71 200 X

Test conditions

Test method: EN ISO 11357-6:2018
Sampling carried out from:
Requirement: OIT =8 minutes

Test equipment: Mettler Toledo DSC 820 - 110057

Konklusion:

Indre skindlag overholder ikke godstykkelsen pa min. 1,0mm. Ydre diameter er 0,1mm for stor.

Den manglende godstykkelse pa det indre skindlag kan have indvirkning pa stivheden, som er i
gennemsnit 7,8 kN/m2, hvilket ikke overholder kravet pa 8 kN/m2.

Rapport nr.

Page 5/5




Bilag 8: Revnetest for Uponor-trykrer (PE)

For at undersege en mulig langsom revneudvikling for Uponor-trykroer @ 110 mm
gennemfores maj 2022 - maj 2023 den efterfolgende beskrevne test pa Teknologisk
Institut.

Hermed oplaeg til tryk test af DN110 mm tryk rgr.

Rgr 1: Referencergr, PE100 materiale, dimension 110x6,6 mm SDR17
Rgr 2: 30% fiskegarn + 70% PE100 materiale, dimension 110x6,6 mm SDR17

Standard: EN ISO 15494:2018 Plastrgrssystemer til industriel anvendelse, polyethylen
(PE- Metrisk serie til specifikation af rgrledningsdele og rgrledningssystemet)

Formal: At teste styrken og evt. revnedannelse for rgr 1 og 2 med PE100 styrkekravene
(hoop stress) i EN ISO 15494

De 2 rgrtyper tryk testesi 1 ar, med 80°C vand, Hoop stress (MPa) tages fra PE100
referencekurve i EN ISO 15494

Test parametre: 4,8 MPa, 80°C, 8760 h (Der benyttes en trykstation til hver rgr type)





