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Current research issues on the optimization of 
district heating distribution technology

Dr. Ingo Weidlich
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The “Fernwärme-Forschungsinstitut”
- History and Organisation -

History:
1980 founded in Hannover as branch

institute
1983 Moving into its own building with

Test Facility in Hemmingen
2012 Outsourcing of FFI GmbH

Board of Directors:
Dipl.-Ing. Bernd Heimhuber (Chairman)
Prof. Dr.-Ing. Martin Achmus (Vice Chairman)
Dipl.-Ing. Jürg Arnold
Dr.-Ing. Ulrik Dietzler
Dr. Heiko Huther
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The “Fernwärme-Forschungsinstitut”
- Member of FFI -

The Membership (Total: 63)
22 DH-Companies - 41 Component Manufacturers and Installation Companies
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The “Fernwärme-Forschungsinstitut”
- Members of FFI -

Selection of some members of FFI
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- Quality Control – at FFI

Examples:

-Determining material properties of insulation
(e.g. PUR- und Polyolefin-Foam) - A

- Determining thermal conductivity of pipe insulations - B

- Type testing of district heating components
(e.g. Pipes, Fittings, Couplings, Valves - C, Expansion pads - D)

-Investigating the lifetime of district heating pipeline
(artificial Ageing, CCOT) - E
•

- Joint-Tests in sand box

A B CE

D
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Furthermore within the framework of the working
group BI-Net (Baltic-Innovation-Network für District
heating) a EU-Proposal (Flexheat) has been
applied.
The partners are:

“Fernwärme-Forschungsinstitut”
- International orientation -
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With 25% members which come outside Germany, FFI is
international oriented. There is an intense cooperation wi thin
these FFI members.

“Fernwärme-Forschungsinstitut”
- International Orientation -
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Upcoming research topics at FFI 

Research activity Example Priority 2015 
[%]

Understanding 
of net ageing.

Technical duration of
serviceability

20

Development of laying
technologies

Trenchless technology
Cushions + reinstated material

25

Product development / 
patents

Twin pipes
Special applications

20

Storages Heat storage improvement 5

Net condition detection Thermografic detection,
inside detection by pipe pig

10

Simulations Heat network simulation 15

Others Post installation
of leakage survey

5
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Scope: Economic design

Making heat distribution more economic keeping the current security level.

Source: AGFW FW401

Source: AGFW FW401



10.12.2014     R+D Workshop TallinnSlide  10 www.fernwaerme.de

Input parameter

The values for the pipe soil interaction has to be chosen
according to the laying conditions (compaction of the soil,  
internal friction of the soil, etc.)

2
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Ko Coefficient of earth pressure at rest, K0 = 1-sinj
G effective weight of the pipe including water
� v effective soil stress at pipe axis

for sands:
sv=gB *Hw+gBW*(Z-Hw) for Hw < Z
sv=gB*Z for Hw �  Z

Hw Distance of the ground water level to the surface
gB Density of the soil
gBw Density of the soil under buoyance

[DIN EN 13941:2003]
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Bandwidth of bedding material

The coefficient of friction depends on the relative density of
the soil. Caution: using fine grained soil requires a different 
design approach.

Source: Weidlich 2008
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Earth pressure for compaction

Earthpresure
coefficient K

Reference Soil Conditions in 
the trench

K=1 ALA, ASCE USA, 
2001

Compacted backfill

K� 1 TRFL 2003 Medium dense to 
dense sand

K=0.3 – 3.0 Mackey 1967 Compacted backfill
K=0.88 Netzer 1998 Compacted crushed 

gravel
K=0.9 Achmus 1995 Dense to very dense 

sand
K=0.7-0.85 Gramm 1983 Dense Sand How is the compation in the haunch area?

Source: DIN4085

Source: Weidlich & Wijewickreme 2012

Source: Weidlich 2012
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Strain coupling

Assumption:

Perfect strain coupling is guaranteed for
t ax<0,04MPa.

Source: AGFW FW401
Source: AGFW FW401
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Axial shear strength EN253

Different failure
mechanisms were
observed.  

However, the required
relativ displacement
between the medium pipe
and the coating to activate
the full axial shear strength
is a reserve.

Better understanding of the
mechanisms may lead to a 
more economic design of
district heating pipes.
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Repeated loading
• … was rarely examined for the whole District Heating

system in the last 30 years.

• Recent research project delivered only first insight. 
The general undertanding is incomplete.

• Problem: There are often lack of statistically secured
test series.

• Problem: Which load curve should be driven?

• Problem: Not all of the load spectrums in district
heating were investigated. They differ in the range of
main pipeline, supply pipeline, and house connection
pipeline.

Technical Lifetime Analysis
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Load spectrum in the district heating:

• Temperature

• Pressure

• Time

The view is often directed only for certain individual phe nomena. 
This is right in the first approach, but afterwards the l oad
spectrum must be integrally considered too.

Technical Lifetime Analysis
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In situ Load Test Model and Calculation

� � � � �

Source: Stein 1993

Technical Lifetime Analysis
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In-situ Load Test Model and Calculation

Load spectrum for: Steel – Foam – Expansion pad – Soil

Straight Pipe – Joints – Bows 
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Technical Lifetime Analysis
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Full load exchange for DH Pipeline according to the studies of IEA District Heating and
Cooling 1996 for 30 years :

Pipeline type Full load exchange for
DH Pipeline according to
EN13941 and FW401

Main transport
pipeline

100

Distribution 
pipeline

250

House connection
pipeline

1000

Source: EN13941, FW401

Full load exchange is locally different. -> Separate investigations could be performed

Source: IEA District Heat & Cooling 1999

Technical Lifetime Analysis
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Source: IEA District Heat & Cooling 1999
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Load spectrum

Fatigue curve

According to Palgrem (1924) - Miner (1945) law, Fatigue break will be reached
when the sum of permitted load cycle for the emerged load level is reached.

The increase of damage will be recorded linear to the number of cycles.

Technical Lifetime Analysis
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Displacement is dependent on bedding resistance
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Bedding resistance of cyclic loaded district
heating pipeline
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qu KHp ××g=

Soil resistance coefficients according to DIN EN 13941

u

u

u
v
v

v
v

p
p

85,015,0 +
=

Displacement dependency:
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There are no new approaches taken into account since 1985.

Bedding resistance of cyclic loaded district
heating pipeline
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Bedding resistance of cyclic loaded district
heating pipeline
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Bedding resistance of cyclic loaded district
heating pipeline
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H=0,8m H=1,6m
Source: M. Narten

Bedding resistance of cyclic loaded district
heating pipeline
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Surface development

Source: Achmus and Narten

Bedding resistance of cyclic loaded district
heating pipeline
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Source: Grage & Herbst 2013

Technical Lifetime Analysis

FFI applied for a workpackage AP5 in a AGFW research project on lifetime analysis
of joints.



10.12.2014     R+D Workshop TallinnSlide  28

Thank you
for your attention !

Contact:

Dr.-Ing. Ingo Weidlich

Scientific head
FERNWÄRME-FORSCHUNGSINSTITUT IN HANNOVER E.V.
Max-von-Laue-Str. 23
30966 HEMMINGEN
GERMANY
Phone:  +49 511 94370-25
E-Mail: weidlich@fernwaerme.de
http://www.fernwaerme.de


