Available online at www.sciencedirect.com

ScienceDirect
ScienceDirect
Energy Procedia 00 (2017) 000–000

Availableonline
onlineatatwww.sciencedirect.com
www.sciencedirect.com
Available
Energy Procedia 00 (2017) 000–000

www.elsevier.com/locate/procedia

ScienceDirect
ScienceDirect

www.elsevier.com/locate/procedia

Energy
(2017) 000–000
374–380
EnergyProcedia
Procedia116
00 (2017)
www.elsevier.com/locate/procedia

The 15th International Symposium on District Heating and Cooling
The 15th International Symposium on District Heating and Cooling

Non-destructive methods for assessment of district heating pipes:
Non-destructive
methods
for
assessment
of district
heating pipes:
a
pre-study
for
selection
of
proper
methods
The 15th International Symposium on District Heating and Cooling
a pre-study for selection
of proper
methods
a
a
P.Lidén and B. Adl-Zarrabi *
a
Assessing the feasibility
of B.
using
the heat
P.Lidéna and
Adl-Zarrabi
* demand-outdoor
Chalmers University of Technology, Sven Hultins gata 8, Göteborg, SE- 412 96, Sweden
temperatureChalmers
function
a long-term
heat
forecast
Universityfor
of Technology,
Sven Hultins gatadistrict
8, Göteborg, SE412 96, demand
Sweden
a
a

Abstract
a

I. Andrića,b,c*, A. Pinaa, P. Ferrãoa, J. Fournierb., B. Lacarrièrec, O. Le Correc

IN+ Center for Innovation, Technology and Policy Research - Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal

b
Abstract
Veolia Recherche & Innovation, 291 Avenue Dreyfous Daniel, 78520 Limay, France
Many energyc companies are facing renewal of their district heating and cooling (DHC) network. However, there are no nonDépartement Systèmes Énergétiques et Environnement - IMT Atlantique, 4 rue Alfred Kastler, 44300 Nantes, France
destructive
methods
to determine
performance
existing
pre-insulated
pipes(DHC)
duringnetwork.
operation.
A pre-study
to a
Many energy
companies
are facingthe
renewal
of theirofdistrict
heating
and cooling
However,
there has
are led
no nonselection
of
a
couple
of
non-destructive
methods
that
will
be
further
evaluated
and
tested
in
field
and
in
laboratory.
Two
nondestructive methods to determine the performance of existing pre-insulated pipes during operation. A pre-study has led to a
destructiveof methods,
individually
or in methods
combination,
are considered
interestingand
fortested
further
studies.
method
selection
a couple of
non-destructive
that will
be further evaluated
in field
andAincooling
laboratory.
Twoand
non-a
method
for
evaluation
of
the
temperature
coefficient
of
resistance
(TCR),
which
aims
at
using
the
existing
copper
wire
in
pre-a
Abstract
destructive methods, individually or in combination, are considered interesting for further studies. A cooling method and
insulated
pipes.
method for
evaluation of the temperature coefficient of resistance (TCR), which aims at using the existing copper wire in preheating
networks
are commonly
in the literature as one of the most effective solutions for decreasing the
insulated
pipes.
©District
2017 The
Authors.
Published
by Elsevier addressed
Ltd.
greenhouseunder
gas emissions
from of
thethe
building
sector.
These systems
require
high investments
which
returned
through
Peer-review
responsibility
Scientific
Committee
of The 15th
International
Symposium
onare
District
Heating
andthe heat
©
2017
The
Published
by Elsevier
Ltd. and building
©sales.
2017Due
The Authors.
Published
to
the
changed
climate
conditions
renovation
policies,
heat
demand
in
the
future
could
decrease,
Cooling.
Peer-review
responsibility
ofperiod.
theScientific
ScientificCommittee
CommitteeofofThe
The15th
15thInternational
International
Symposium
District
Heating
Peer-review
responsibility
of
the
Symposium
onon
District
Heating
andand
Cooling.
prolonging under
the investment
return
Cooling.
The mainDistrict
scope heating
of this pipes;
paperlifetime
is to assess
feasibility ofmethods;
using the
heat demand
outdoormethods;
temperature
function for heat demand
Keywords:
status;the
non-destructive
degradation;
PUR,–Cooling
TCR-method
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665
Keywords: District heating pipes; lifetime status; non-destructive methods; degradation; PUR, Cooling methods; TCR-method
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district
scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were
1.renovation
Introduction
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
1.The
Introduction
results showed that when only weather change is considered, the margin of error could be acceptable for some applications
DHC-systems may consist of hundreds of kilometers of pipes which most likely are of different quality
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation
concerning
carrier pipe,
insulation,
single
and(depending
twin
pipe.onAthe
system
growslikely
gradually
anddifferent
thereby
the
age
DHC-systems
ofuphundreds
kilometers
of
pipesnormally
which
most
arecombination
of
quality
scenarios,
the errormay
valueconsist
increased
to 59.5% of
weather
and renovation
scenarios
considered).
and
type
of
pipes
consequently
vary
with
time.
DHC-networks
have
been
used
for
decades
and
they
expanded
a
lot
concerning
carrier
pipe,
insulation,
single
and
twin
pipe.
A
system
normally
grows
gradually
and
thereby
the
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds toage
the
in
the
the
US
and Europe,
pipeDHC-networks
types the
thatheating
have
been
withexpanded
forweather
example
and
type1960s
of
consequently
vary
with
time.
haveseason
beenused
used varies
for decades
and they
a lot
decrease
in pipes
theinnumber
of heating
hours
ofthe
22-139h
during
(depending
on[1].
the Pipes
combination
of
and
polyurethane
(PUR)
insulation
been
used
for types
decades,
especially
in Sweden.
inrenovation
the 1960s
in theconsidered).
US and have
Europe,
the
pipe
that
have increased
been
used
[1].per
Pipes
with
for example
scenarios
On the
other
hand,
function
intercept
for varies
7.8-12.7%
decade
(depending
on the
coupled scenarios).
values suggested
to modify
the function
parameters for the scenarios considered, and
polyurethane
(PUR)The
insulation
have beencould
usedbe
forused
decades,
especially
in Sweden.
improve the accuracy of heat demand estimations.

* B.Adl-Zarrabi.
Tel.: +46
31 772 1988.
©
2017 The Authors.
Published
by Elsevier Ltd.
E-mail address:
bijan.adl-zarrabi@chalmers.se
Peer-review
under
responsibility
of the Scientific Committee of The 15th International Symposium on District Heating and
* B.Adl-Zarrabi. Tel.: +46 31 772 1988.
Cooling.
E-mail address: bijan.adl-zarrabi@chalmers.se
1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Keywords: under
Heat demand;
Forecast;
Climate
change
Peer-review
responsibility
of the
Scientific
Committee of The 15th International Symposium on District Heating and Cooling.
1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and Cooling.

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and Cooling.

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and Cooling.
10.1016/j.egypro.2017.05.084

P.Lidén et al. / Energy Procedia 116 (2017) 374–380
P.Lidén and B.Adl-Zarrabi/ Energy Procedia 00 (2017) 000–000

2

375

Many energy companies need to renew their district heating (DH) networks. The Energy companies can measure
what they produce in heat energy and what they deliver, so the heat losses for the whole network can be calculated.
In Sweden, around 10% of the energy supplied to the district heating networks are lost through heat losses from the
distribution pipes [2]. There is though no method to assess the status of the different parts of the piping network, in
terms of local heat losses. Consequently, the desire to detect and monitor the location of potential hot spots (poor
insulation) in DH networks is a significantly favourable issue for energy companies. It is favourable for many
energy companies to estimate the remaining service life of pre insulated district heating pipes. The length of the pipe
stretch that might need to be changed has to be long enough in order to make the excavation and change beneficial.
Beneficial lengths for change depend on the thermal quality, but also on other factors like for example accessibility
of the existing pipes; reasonable lengths are predicted to be in the kilometre scale. Today the time domain
reflectometry method (TDR) is used for detection of moisture/water intrusion into the insulation part of the pipes.
This method is well functioning for the purpose of finding suspected water leaks but not for thermal status
identification of longer stretches. The European Standard EN 253:2009 states that pre insulated pipes should survive
for at least 30 years at a constant operating temperature of 120˚C and new pipes should have a thermal conductivity
coefficient at 50 °C (λ 50 ) ≤ 0,029 W/m·K) [3].
1.1. Single pipe with PUR insulation
A common type of pipe in Swedish DH-systems consists of an inner pipe of steel and an outer casing of
Polyethylene (PE). As it is illustrated in Figure 1, there is a PUR-insulation together with two thin 1.5 mm2 copper
wires between the inner pipe and outer casing, a typical pipe product that has been used during decades. The copper
wires are used for moisture detection by using TDR-method. Aging and degradation of the PUR insulation takes
place due to high temperatures in the inner steel pipe (carrier pipe) and intrusion of gasses through the PE-casing
pipe. Thermal properties of pre-insulated pipes, which normally are filled with PUR, deteriorate during the real
operation conditions. The degradation of PUR occurs due to diffusion of gas molecules between the foam and
surrounding air. In this process oxygen and nitrogen molecules penetrate from air to the foam bubbles and replace
the blowing agent gases, which are mainly cyclopentane and carbon dioxide [4].

Figure 1. An old and naturally aged district heating pipe with a carrier pipe of steel, PUR foam insulation, copper wires and
casing of PE.

Aging of the pipe insulation leads to higher heat losses. Temperature is the most significant factor that accelerates
the aging process of insulation [5]. Therefore, when the PUR-insulation is exposed to high temperatures, thermal
conductivity coefficient, 𝜆𝜆, of insulation increases and subsequently greater heat flow (losses) is expected, based on
Fourier’s law (Eq.1).
𝑞𝑞 = −𝜆𝜆. ∇𝑇𝑇 = −(𝜆𝜆.
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Where:
q
= Heat flow [W∙m-2]
𝜆𝜆
= Thermal conductivity [W∙𝑚𝑚-1 ∙K-1]
∇𝑇𝑇
= Temperature difference [K]

(1)
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2. Pre-study
As a consequence of the need of finding methods for assessing the status of DH networks a pre-study was
conducted [6]. Several reports and scientific articles were reviewed in order to pin-point possible methods for
remote detection of chemical, electrical and thermal properties of PUR after natural thermal degradation. The
studied methods were limited to only non-destructive ones. The methods that have been evaluated for this purpose
were ultrasonic methods, chemical analysis, electromagnetic methods, reflectometry methods, voltage response,
Tan-Delta, ground penetrating radar and infrared thermography test. The suitability for applying these methods on
the DH pipes was evaluated by ranking them against each other through weighting from a number of criteria, for
example portability, level of consistency, inspection time, level of non-destructiveness, etc.
A modified TDR-method has been highlighted as a potential method for evaluation. The development of this type
of method is on the other hand assessed to be hard and time consuming.
2.1. Non-destructive methods
As was concluded in the pre-study, an important criterion in order to find a well-functioning method is its nondestructiveness. The two methods that have been interesting to proceed with are the TCR-method, cooling method
and TDR-method. A modified TDR-method will be evaluated depending on the outcome from the two
aforementioned methods.
2.1.1. TCR-method
One of the tested methods, here called the TCR-method, is going to be conducted in laboratory environment with
new and artificially aged pipes. Aging will be done by circulating heated oil within the pipe according to SS-EN
253:2009. The temperatures will be around 190˚C compared to the stated 170˚C, but with a proportional decrease in
heating hours, approximately 200h compared to 1450h. The pipes will be placed for aging as shown in Figure 2.

Figure 2. Illustration of experimental set up for electrical resistance measurements before, during and after aging. Pipes are
artificially aged by heated oil inside the steel pipe.

The method is aiming to determine a relation between the electrical resistance of the copper wires inside the PUR
foam and the thermal conductivity for a specific pipe dimension. There is a difference in thermal conductivity for
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new and old pipes and the method is striving to see whether this change can be detected by measuring the electrical
resistance in the copper wires.
For many materials, the resistivity changes with temperature, so does for copper. If the temperature interval is not
too large, the resistivity is a linear function of the temperature, T, and can be expressed as in (Eq.2) [7].
𝑅𝑅(𝑇𝑇) = 𝑅𝑅(𝑇𝑇0 ). (1 + 𝛼𝛼(𝑇𝑇 − 𝑇𝑇0 ))

(2)

Where:
T0

=

reference temperature [K]

T

=

temperature of interest [K]

R(T 0 )

=

resistivity at reference temperature [ohm]

R(T)

=

resistivity at temperature of interest [ohm]

α

=

temperature coefficient of resistivity [1/K]

α copper

=

3.9∙10-3 [1/ K]

The thermal conductivity of virgin and aged pipes will be measured by using the guarded hot pipe method
according to the standard SS EN 253:2009. The standard is for homogenous pipes with polyurethane insulation and
the output is a mean thermal conductivity of the insulating material. The aim is to assess thermal degradation by
measuring and logging electrical resistance values during temperature drop. It is expected, that the electrical
resistance drop (curve) of the copper wire during a certain temperature drop in the service pipe, will differ between a
virgin pipe and an aged pipe. In specific, it will take longer for a virgin pipe to reach stationary conditions in
resistance and temperature compared to an aged pipe. Finally, the thermal conductivity and the electrical resistance
can be correlated by using the measured change of electrical resistance, ΔR, and the measured change in thermal
conductivity, Δ𝜆𝜆, for virgin and aged pipes (Eq.3). It is also possible to determine the temperature at the position of
copper wire by using (Eq.4).
Δ𝜆𝜆 ≈ Δ𝑅𝑅

𝑇𝑇 = 𝑇𝑇0 +

(3)
𝑅𝑅(𝜕𝜕)−𝑅𝑅(𝜕𝜕0 )
𝛼𝛼.𝑅𝑅(𝜕𝜕0 )

(4)

2.1.2. Cooling method

If an operating DH network is shut down for a couple of hours, there may be possibilities of analyzing the
cooling time and temperature change in order to assess the thermal conductivity of the pipes. A similar method has
been reported by [8] which can assess the thermal conductivity of flexible twin pipes. The flexible pipe is placed in
a pool with water. Warm water (80 ˚C) is circulated in the flexible pipe and the surrounding water is colder (for
example 9 ˚C), see Figure 3.
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Figure 3. Experimental set-up. The coil and pool temperatures are measured by thermocouples at three positions along the pipe
[8].

Figure 4. Measured coil water temperature and pool water temperature for a single pipe [8].

The circulated water is then stopped through valves and the cooling time and temperature are analyzed, see
Figure 4. Coil water temperatures and pool temperatures are measured. The temperature decline of hot stagnant
water in the pipe, immersed in cool water, depends on the thermal conductivity of the pipe. The thermal
conductivity can be calculated by transient inverse calculation of the partial differential equations of heat transfer.
After modification, this method may be applicable in the field, on an operating DH network with old pipes that may
need to be replaced. In the case that temperature sensors can be attached on the pipes without greater effort and in a
reliable way the method is worth proceeding with. Temperature sensing may also be conducted by the TCR method.
2.1.3. Time domain reflectometry (TDR)
Time domain reflectometry is an accurate non-destructive method for identifying and measuring dielectric
properties of transmission and distribution lines. Within the field of district heating and cooling, the method is used
to detect and locate water leakage in the insulation between steel pipe and casing. In this method a pulse generator
generates incident electrical direct current (DC) signal over a conductor such as the copper wire and the steel pipe in
district heating system. The measuring probe registers the reflected voltage if impedance mismatches are detected on
the conductor. Impedance mismatches will cause all or part of the transmitted signal to be sent back towards the
oscilloscope. The oscilloscope monitors the pulses that are generated from TDR. The distance of discontinuity can
also be determined by measuring the reflection time between reflected impulse and pulse generator [9].

6
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3. Results of initial experiments
3.1. TCR-method
Laboratory experiments of the TCR-method is ongoing and results are expected within short. In an orientating lab
test a measurement has been conducted for a copper wire [1.5mm2] in a heated bath, see Figure 5.

Figure 5. Measurement of electrical resistivity in a copper wire during heating of the surrounding water.

The results indicate that the method is worth proceeding with since relatively large change in resistance values
(Ω) compared to temperature can be observed, see Table 1. The experiment is made in a rough environment,
meaning no stable climate. With stable climate (as in district heating pipes) and with equipment with higher
resolution, every change in degree Celsius can be observed as a change in electrical resistance.
Table 1. Electrical resistance in a 6 meter long copper wire 1.5mm2 during heating of the surrounding water.
Temperature [˚C]

Ohm [Ω]

Time after start [min]

8.0

0.060

0

16.0

0.063

9

25.0

0.065

16

35.0

0.067

24

43.0

0.070

32

50.0

0.072

41

25.0

0.065

47

23.0

0.064

55

The results indicate that the resistance interval stretches from 60-72 mΩ during a temperature raise of 42˚C. This
enables the fact that for every degree Celsius the electrical resistance changes with 48 µΩ/m, for this interrogated 6
meter copper cable.
3.2. Cooling method
Field test of the cooling method for an operating DH-network is under investigation and preparation. Results are
expected to be presented as there are possibilities and limitations for further development of this method.
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4. Conclusion
A pre-study has been conducted from which it can be concluded that there are no existing methods that can fulfil
the need regarding a tool for assessing heat losses at different parts and stretches of a DH network. Thereby, the
lifetime and status of a DH network cannot be evaluated. The pre-study reveals that the most suitable existing
technique that could be employed if it is further developed is the TDR-method. Two other non-destructive methods
are of more interest since they appear to be easier to test; a cooling method and a TCR-method. The main
advantages of these methods are that they are non-destructive. Both methods are also relatively simple to perform.
The limitations differ for the two methods. All networks are built up in different ways and the accessibility for
temperature measurements and possibilities for temporary shutting down parts of the network differ, therein lies the
challenge for the cooling method. For the TCR-method the limitation that seems to be the most critical, is the
difference in copper wire distance in relation to the heated steel pipe. Small deviations result in large temperature
changes. This may be solved by evaluating longer stretches and finding a mean value for the copper wire distance. It
can be postulated that a statistical approach would be suitable. This method is on the other hand assessed to be the
most appropriate for brand-new pipes since all measurements will be relative to the start value. The latter is a
potential solution to the problem with the copper wire distance. The cooling method is assessed to be suitable for
both old and brand-new pipes. Another interesting alternative is to merge the two methods and use the TCR-method
for temperature measurement during a controlled cooling of a pipe stretch. In the case that these methods can be
further evaluated and developed, energy companies may have tools for making an efficient cost-benefit analysis for
renewing parts of their networks.
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