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Executive Summary

District heating and local heating networks are undergoing a profound transforma-
tion. The integration of renewable energy sources, decreasing system temperatures,
dynamic load profiles, and decentralized feed-in concepts are fundamentally chan-
ging the technical requirements placed on network infrastructure.

Piping systems in particular are increasingly positioned at the intersection of pres-
sure and temperature resistance, energy efficiency, installation effort, and economic
viability.

This whitepaper analyzes the typical challenges of modern, dynamic heating net-
works, compares common piping systems in terms of their technical characteristics,
and outlines how reinforced, flexible composite pipe systems can be positioned as a
solution between conventional polymer-based and metallic systems. Finally, this ap-
proach is illustrated using the example of the ARMOPEX pipe system from BRUGG

Pipes.
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1. Transformation of Heating Networks - New Framework Conditions

The decarbonization of heat supply is leading to structural changes in district and local heating net-
works. While traditional networks were often designed for constant supply temperatures and stable
operating conditions, modern networks are increasingly characterized by:

» decreasing supply temperatures to improve efficiency

» decentralized feed-in (e.g., heat pumps, geothermal energy, solar thermal systems)

= bidirectional flow directions

= more fluctuating pressure and temperature profiles

= higher volume flows at lower temperature differences

These developments significantly increase the requirements placed on piping systems and make their

long-term mechanical and thermal durability a central design criterion.

2. Technical Challenges in Dynamic Heating Networks

2.1 Mechanical Loads

Dynamic networks are characterized by frequent load changes and varying pressure conditions. In ad-
dition, geodetic elevation differences create static pressure loads, particularly relevant for longer pipe-
line routes. Piping systems must be capable of safely absorbing these loads over decades without

losing structural integrity.

2.2 Thermal Stress
In addition to maximum temperatures, the lifetime temperature profile plays a decisive role. Recurring
temperature changes lead to material fatigue and place particularly high demands on the long-term

behavior of polymer-based systems.

2.3 Energy Efficiency and Network Losses
With decreasing system temperatures, the reduction of heat losses becomes even more important. The
insulation quality of piping systems directly influences network losses and therefore the economic and

ecological performance of the overall system.
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2.4 Installation and Operational Safety
Long construction times, numerous joints, and complex installation processes increase the risk of lea-
kages and operational disruptions. At the same time, requirements for fast, safe, and reproducible in-

stallation continue to rise.

3. Analysis of Existing Piping Systems
3.1 Standard PEX Pipe Systems

Characteristics

Flexible, pre-insulated pipe systems based on cross-linked polyethylene are frequently used in local
heating applications.

Advantages

= high flexibility

» simple and fast installation

= comparatively low investment costs

Limitations

= limited pressure and temperature reserves

= restricted suitability for highly dynamic load profiles

= limited applicability in larger network dimensions

CALPEX UNO

PEXa carrier pipe
PUR foam
PE foil

LLD-PE casing
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3.2 Flexible Metallic Pipe Systems

Characteristics

Pre-insulated steel or stainless-steel pipes offer high mechanical strength and temperature resistance.

Advantages

= high pressure and temperature resistance

» proven long-term performance

Limitations

= high installation effort

= limited flexibility and larger minimum bending radii

= higher investment and installation costs

CASAFLEX UNO

_

3.3 Comparative Classification

7

Structure

1 Stainless steel carrier pipe
2 PIR foam

3 Expanded metal mesh

4 Barrier film

5 PE-LD casing

6 Monitoring wires

Criterion Standard-PEX [ Flexible Metal |Aramid-Reinforced PEX
Flexibility High Low-Medium High

Pressure resistance Limited High Medium-High
Temperature resistance Limited High Medium-High

Installation effort Low High Low

Suitability for dynamic networks | Limited Good Good
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4. Aramid-Reinforced Composite Pipe Systems as a Solution Approach
Against the backdrop of these requirements, aramid-reinforced, flexible composite pipe systems have
established themselves as an independent system class. The goal of this approach is to combine the
flexibility of polymer-based pipes with increased mechanical load capacity.

Typical design features include:

= polymer inner pipe

= additional reinforcement layers to absorb pressure loads

= integrated oxygen diffusion barriers

= high-performance thermal insulation

These systems are particularly designed for applications where conventional PEX pipes reach their

limits, while metallic systems are economically or structurally less optimal.
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5. Technical Implementation Using ARMOPEX as an Example

A representative of this system class is ARMOPEX, a reinforced, flexible composite pipe system for
medium-pressure local and district heating applications.

5.1 System Structure

= PE-Xa inner pipe with aramid-based reinforcement

Integrated aluminum layer to prevent oxygen diffusion

= PUR thermal insulation

Protective outer jacket made of LLD-PE
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5.2 Technical Characteristics (Excerpt)

= maximum operating temperature: up to 115 °C

= maximum operating pressure: PN12

= design according to EN 15632-2

temperature profile: TR4 according to CEN/TS 17889

The combination of these properties enables use in networks with increased pressure requirements and

dynamic operating conditions while maintaining high flexibility.

6. Theoretical Case Study: Neighborhood Heating Network

Initial Situation

An urban neighborhood network with decentralized feed-in from heat pumps and solar thermal sys-
tems. Variable load profiles and changing flow directions characterize operation.

Challenges

» pressure fluctuations due to multiple feed-in points

= limited installation space and short construction times

= high requirements for operational safety

Solution Approach

Use of a reinforced composite pipe system in the main routes to provide pressure reserves while
enabling flexible installation.

Expected Impact

= reduction in the number of joints

= increased mechanical safety

= stable operating conditions under fluctuating load profiles
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7. Conclusion

The requirements placed on piping systems in district and local heating networks are increasing as net-
works become more dynamic. Conventional piping systems meet these requirements only partially or
at increased economic cost.

Aramid-reinforced, flexible composite pipe systems represent a technical solution that combines the
advantages of polymer and metallic systems. They are particularly suitable for applications with increa-
sed pressure requirements, dynamic operating conditions, and the need for simple installation.

The specific system selection should always be project-specific and take into account hydraulic, ther-

mal, and economic boundary conditions.

Comparison of Technical Characteristics (Typical Design Values)

Criterion

Standard PEX
(pre-insulated)

Flexible Metal Pipe
(pre-insulated)

Reinforced Composite
Pipe (e.g., ARMOPEX)

Service pipe material PE-X Steel / Stainless steel | PE-Xa with reinforcement

Reinforcement None Metallic (solid wall) Textile / fiber-based rein-
forcement

Max. operating tempe- 95°C >120°C 115°C

rature

Max. continuous tempe- |80 °C >120°C 85 °C

rature

Max. operating pressure | PN6-PN10 PN25 PN12

Oxygen diffusion

system-depen-
dent

diffusion-tight

diffusion-tight (aluminum
barrier)

tivity A

Flexibility Very high Medium High
Minimum bending radius | Small Large Medium
Installation effort Low High Low

Delivery form Coiled Coiled Coiled
Number of joints Low High Low
Insulation type PUR PIR PUR

Typical thermal conduc- | ~0.020 W/mK ~0.022-0.027 W/mK | ~0.020 W/mK

Leak monitoring

in development

Proven systems

in development

Suitability for dynamic
networks

Limited

Good

Good

Typical applications

House connec-
tions, local hea-
ting networks

High-load main lines

Dynamic district heating

For further information, please visit the official product page of the aramid-reinforced composite pipe

system ARMOPEX by BRUGG Pipes:
https://www.bruggpipes.com/armopex
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Sources and References

Standards and Technical Regulations

= EN 15632: District heating pipes - Pre-insulated flexible pipe systems

= EN 253: District heating pipes - Pre-insulated bonded pipe systems for directly buried hot water networks
= EN 448 / EN 488: Fittings and steel valves for district heating

» |SO 10508: Plastics piping systems for hot and cold water installations - Classification and design
= |1SO 9080: Plastics piping and ducting systems - Determination of long-term hydrostatic strength
» CEN/TS 17889: Temperature profiles (TR1-TR4) for district heating applications

Industry Guidelines and Associations

= AGFW - FW 401: Technical Rules for District Heating

» AGFW - FW 603 / FW 604: Planning and operation of modern district heating networks

= Euroheat & Power - Publications on 4th & 5th Generation District Heating

Studies and Technical Publications

= |EA - District Heating and Cooling Reports

= Fraunhofer ISE - Studies on low-temperature and hybrid heating networks
Manufacturer-Independent Technical Fundamentals

» Technical data sheets of pre-insulated standard PEX pipe systems (according to EN 15632)

» Technical data sheets of pre-insulated flexible metallic pipe systems (steel/stainless steel)
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