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Objectives/goalsObjectives/goals

The efficiency of polyethylene terephthalate (PET) foam 
has been studied

Economy

Mechanical properties 

Thermal (Insulating) performance

Environment

Presenter
Presentation Notes
Objectives / goals

New materials and constructions for district heating pipes must be very efficient from different points of view: 
In economical terms, 
The mechanical properties shall withstand all forces  due to laying technique
Excellent thermal performance
Environmental acceptable

In this project the efficiency of polyethylene terephthalate (PET) foam has been studied. 
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Background Background -- Use of PETUse of PET

PET used for bottles and 
film in Europe has 
increased almost 
threefold since 1995, 
while the use for textile 
fibres has remained 
more or less static

Presenter
Presentation Notes
Use of PET

Polyethylene terephthalate (PET) is a thermoplastic polymer of the polyester family. It is one of the most important raw materials used in man-made fibres.

There has been a worldwide increase in the consumption of PET during the last decade. Between 1995 and 2001 the total consumption of PET in the world increased from about 3 million to almost 8 million tons. PET used for bottles and film in Europe has increased almost threefold since 1995, while the use of the material for textile fibres has remained more or less static. Since production of food packages from recycled material is restricted for hygienic reasons, new fields of application for recycled PET such as foam production, can be developed. 
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Development of PET foamDevelopment of PET foam

Time Blowing agent Density
kg·m-3

HCFC 142b/HCFC 22 85

HFC 152a 95-114

Cyclopentane 55

Presenter
Presentation Notes
Development of PET foam
Before the start of this project many different blowing agents were used for the PET foam production. The lowest density of foam board produced at that time, about 85 kg·m-3, was achieved with a mixture of HCFC-142b and HCFC-22. However, these gases cannot be considered as a solution for the future due to their ozone depletion potentials (ODP). 
HFC-152a has about the same thermal conductivity as cyclopentane as well as a somewhat lower global warming potential than the other HFCs and has no ozone depletion potential (ODP). However the density was high.
An important breakthrough within this project happened when cyclopentane could be used as a blowing agent.
B.C. Foam succeeded in producing foam boards with densities down to 55 kg·m-3. 
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Thick PET foam 
boards and pipe 
jackets have been 
produced

Density:    55-60 kg/m3

Cell size:    0,9 mm

Blowing agent:  Cyclopentane

Development of PET Development of PET foamfoam

Presenter
Presentation Notes
Development of PET

This technical breakthrough also included producing thick foam boards. (about 60 mm thick) with densities down to 55 kg·m-3. It was also possible to manufacture limited quantities of a pipe foam jacket of small dimensions (outer diameter: 75 mm, inner diameter 18 mm).
However the cell size is larger then for PUR foam. By further process development it would be possible to reduce the cell size, but it was not possible during this project.
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EconomyEconomy

The price of PET and PUR foam have been about 
the same during the last years (2.0 EUR/kg ,Sept. 
2007)

The possibility of utilising recycled material in the 
production of PET foam will decrease the material 
costs

Presenter
Presentation Notes
Economy

We need a material with an acceptable price level.
The prices of PET and PUR foam have been about the same during the last years. 
The possibility of utilising recycled material in the production of PET foam will decrease material costs
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Mechanical propertiesMechanical properties

Adequate mechanical properties are needed (EN 253 
and EN13941)

Creep behaviour 

Water permeability and vapour resistance

Water absorption

Glass transition temperature

Tensile and compressive strength

Flexibility – bending properties

Presenter
Presentation Notes
Mechanical properties
Adequate mechanical properties are needed for a long lifetime. The mechanical properties for district heating pipes are stipulated in
the existing European standards EN 253 and EN13941. Tests have been performed at room temperature and at elevated temperatures. All mechanical tests were performed at the Swedish Research Institute.
The following properties were tested:
Creep, water permeability, water absorption, Glass transition temperature, Tensil and compressive strength amd flexibility.
The flexibility is not standardized. However the idea is that the PET foam is suitable to use in district heating pipes with small dimensions (less then 150mm outer casing). Flexible pipes is therefore of great interest. 
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Mechanical properties Mechanical properties –– Creep behaviourCreep behaviour

The creep properties of PET 
foam seem to be very good. 
Extrapolation of the creep 
curves to 30 years of technical 
service does not indicate any 
significant creep deformation, 
neither at room temperature 
nor at 80 ºC. 

Presenter
Presentation Notes
Mechanical performance 
The creep properties of PET foam seem to be very good. Extrapolation of the creep curves to 30 years of technical service does not indicate any significant creep deformation, neither at room temperature nor at 80 ºC. 
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Mechanical properties Mechanical properties -- CreepCreep

Presenter
Presentation Notes
Creep behaniour

Graph showing results from creep tests. The red curve represents an normal PUR foam used for district heating pipes. The black curves represents PET-foams with different densities. (114 and 69 kg/m3).  
Horizontal axis – time (hours)
Vertical axis – Compression (%)
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Glass transition temperatureGlass transition temperature

The results verify that the PET materials turns softer at 
approximately 80 ºC, as could also be seen from the 
short-term compressive strength measurements at 
different temperatures

Presenter
Presentation Notes
Glass transition temperature
The glass transition temperature is a thermodynamic phase change. Above the glass transition temperature the molecular bonds are weak and the material is soft and said to be in a rubbery state. Below the glass transition temperature  the material is in a glassy state and acts in a stiffer manner. The analyses were performed by differential scanning calorimetry
The results verify that the PET materials turns softer at approximately 80 ºC.

Compressive strength
The short-term compressive strength is influenced by the glass transition temperature and can be used for determination of this parameter. (Can be read in the report)
The compressive strength at high temperatures does not fulfil the requirements of 0.3 MPa according to EN 253. (It should be kept in mind, however, that this requirement is likely unnecessarily conservative for small pipes.)
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FlexibilityFlexibility

The material can easily be processed to withstand 
bending strains to a sufficient degree for flexible 
district heating pipes.

Presenter
Presentation Notes
Flexibility 
One of the most important benefits with flexible pipes is that they can be coiled and thereby manufactured in very long lengths. This allows for a joint-free construction and a rational laying. Consequently, an important property for a foam for flexible pipes is that it can withstand the bending strains induced by the coiling. 
The PET material can easily be processed to withstand bending strains to a sufficient degree  for flexible district heating pipes.
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Thermal performance (insulation)Thermal performance (insulation)

If a PET and a PUR foam can be produced with the 
same blowing agent and the same cell size and density, 
the thermal conductivity will be about the same. 

However, since the insulating foam will be used for a 
very long time, the foam exhibiting the slowest gas 
diffusion will have the best long term thermal 
performance (LTTP) 

Presenter
Presentation Notes
Thermal (Insulating) performance 
The thermal performance of the insulation material is a key factor when comparing different material alternatives.

If a PET and a PUR foam can be produced with the same blowing agent and have the same cell size and density, the thermal conductivity will be about the same. 
However, since the insulating foam will be used for a very long time, the foam exhibiting the slowest gas diffusion will have the best long term thermal performance (LTTP).
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Thermal conductivity Thermal conductivity 

In the future a new PET foam will probably exhibit 
the same thermal conductivity as a PUR foam.

A newly produced PUR 
foam has a little lower 
thermal conductivity than 
a new PET foam. The 
difference depends 
mainly upon smaller cells 
in the PUR foam. 

Presenter
Presentation Notes
Thermal conductivity
A newly produced PUR foam has a little lower thermal conductivity than a new PET foam. The difference depends mainly upon smaller cells in the PUR foam. 
In the future a new PET foam will probably exhibit the same thermal conductivity as a PUR foam. 

LTTP
In order to describe the thermal performance of an insulating foam, both the thermal conductivity of the new foam and the aging behaviour of the foam must be known. The aging behaviour is often called long term thermal performance (LTTP) and depends upon the fact the cell gases will diffuse out of the foam and air into the foam until equilibrium is reached. The cell gas composition will change over time, and consequently the total thermal conductivity will change over time (mostly increase). 
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LongLong--termterm--thermalthermal--performance (LTTP)performance (LTTP)

The effective diffusion coefficients of oxygen, 
nitrogen, carbon dioxide and cyclopentane in a PET 
foam are about 5-15 times lower than those in a 
PUR foam. 

The results from the 
determination of the diffusion 
properties give a clear cut 
indication that the long term 
thermal performance of a PET 
foam is better then that of a PUR 
foam.

Presenter
Presentation Notes
LTTP / Gas diffusion
The change of insulation performance of a foam depends both on the diffusion characteristics and on the solubility of the gas. The diffusion process can be described by the diffusion coefficient (Deff). If the effective diffusion coefficients of the different cell gases in the foam are known the long term thermal performance of the foam can be predicted. 

The results from the determination of the diffusion properties give a clear cut indication that the long term thermal performance of a PET foam is better then that of a PUR foam.
The effective diffusion coefficients of oxygen, nitrogen, carbon dioxide and cyclopentane are about 5-15 times lower than those in a PUR foam.
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Presentation Notes
Calculation of long term thermal performance (LTTP)
The long term thermal performance (LTTP) of a PET foam and a PUR foam insulated district heating pipe has been calculated. Both pipes were assumed to have the same dimensions (DN 40/125) and the same foam density (55 kg·m-3). The calculations were made for a service pipe temperature of 80˚C and a casing temperature of 15˚C during a period of 30 years. 
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Presenter
Presentation Notes
Continue…
The calculation illustrates the performance of an improved PET foam, e.g. with smaller cells (same as for PUR foam).

The lower initial thermal conductivity of the PET foam is a result of more cyclopentane in the cells. About 90% of the cell gas is cyclopentane. For PUR foam the cyclopentane content is around 30-40% in combination with carbon dioxide (60-70%).The high amount of cyclopentane in the PET foam is due to the extrusion process for production. 

Due to the low diffusion characteristics for PET foam the slope of the curve is very small and the change of thermal conductivity is very small during the time of operation. 
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Comparison PUR and PET insulated Comparison PUR and PET insulated 
DH pipesDH pipes

Type of pipe Equivalent over a 30 years 

Insulation Casing Thermal 
conductivity 
of the foam 
λeq (W·m-1·K-1)

Heat flow Qeq 
(W·m-1)

PUR HDPE 3 mm 0.0294 13.3

PET PET 3 mm 0.0256 11.6

PET PET 1 mm 0.0261 11.8

PET No casing 0.0288 13.1

Presenter
Presentation Notes
Comparison: PUR and PET insulated pipe (LTTP 30 years)
The table shows the equivalent thermal conductivity over 30 years. 
The comparison shows that:
a PET insulated pipe with 3 mm PET casing has about 13 % less heat losses
a PET insulated pipe with 1 mm PET casing has about 11 % less heat losses
a PET insulated pipe without a casing has about 2 % less heat losses
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Environmental performanceEnvironmental performance

Superior insulation capacity during a long time is 
important to minimize the heat losses and the 
environmental impact caused by the energy production

The use of recycled material will increase resource 
efficiency

There is a need to find alternatives to PUR foam, due 
to the toxicity of the isocyanates, one of the main 
components in PUR foam production.

Presenter
Presentation Notes
Environment
 Superior insulation capacity during a long time is important in order to minimize the heat losses and the environmental impact (e.g. carbon dioxide emissions) caused by the energy production to compensate for heat losses.
The use of recycled material in the production of PET foam will increase resource efficiency.
There is a need to find alternatives to PUR foam, due to the toxicity of the isocyanates, one of the main components in PUR foam production. 
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ConclusionsConclusions

Economy +/=

Mechanical -/=

Insulation ++

Environment +

Presenter
Presentation Notes
CONCLUSIONS
Economy: The prices today for PUR and PET are about the same. The increased use of PET for bottles in food packaging will probably lead to large quantities of scrap material to be used in other applications and the material cost will decrease.
Mechanical: The PET material can not withstand the same temperature range as PUR.  For all other mechanical aspects the PET material seems to be quite equal to PUR. 
Insulation: 	Short term – Same or better. 
		LTTP – Better
Environment: Better due to less heat losses and use of reused PET material
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ConclusionsConclusions

According to the present study PET foam seems to have 
the potential to compete successfully with cyclopentane 
blown PUR foam as insulating foam for district heating  
pipes of small dimensions at low temperatures (<100˚C).

Presenter
Presentation Notes
CONCLUSIONS
According to the present study PET foam seems to have the potential to compete successfully with cyclopentane blown PUR foam as insulating foam for district heating  pipes of small dimensions at low temperatures (<100˚C).
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