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ABSTRACT 
Tampere University of Applied Sciences Degree Programme in Building Services Engineering HVAC Systems  TUIKKA, LIJUN: Title of Thesis  Bachelor's thesis 49 pages, appendices 9 pages November 2024 
The objective of this thesis was to present available leak detection methods in the context of Finland's district heating networks, emphasizing their impact on operational reliability, cost efficiency, and customer satisfaction.   The first part of this thesis provides an overview of district heating systems in Finland, emphasizing the critical importance of addressing pipeline leaks. The theoretical framework then explores various leak detection methods and their underlying technologies, including two types of alarm cabling systems one based on resistance measurement and the other on time-domain reflectometry (TDR) pulse technology along with thermal imaging and external notification 
methods. Each method’s technical principles, benefits, and limitations are discussed in detail.  The research methodology centers on qualitative interviews with industry experts to assess the operational effectiveness and user experiences with these technologies. Additionally, the thesis includes a case study on the implementation of the Vexve iSense system in a district heating facility, offering practical insights into its utility and environmental impact.  The findings demonstrate that advanced leak detection systems significantly enhance the efficiency and reliability of district heating operations. These technologies not only reduce operational disruptions and maintenance costs but also improve customer satisfaction through increased service reliability.  In conclusion, this thesis underscores the critical role of advanced leak detection technologies in supporting sustainable and efficient district heating. The research offers valuable guidance for district heating providers in making informed decisions about technology selection and infrastructure investment, ultimately contributing to greater resilience and customer satisfaction within Finland’s evolving energy market

Key words: district heating, leak detection systems, TDR Pulse 
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TIIVISTELMÄ 
Tampereen ammattikorkeakoulu Talotekniikan tutkinto LVI-talotekniikka  TUIKKA, LIJUN: Vuotohavaintojärjestelmä Suomen Kaukolämpöverkostossa   Opinnäytetyö 49 sivua, joista liitteitä 9 sivua Marraskuu 2024 
Tämän opinnäytetyön tavoitteena oli esittää Suomessa käytettävissä olevia 
vuodonhavaintojärjestelmiä kaukolämpöverkostossa, painottaen niiden vaiku-
tusta toiminnan luotettavuuteen, kustannustehokkuuteen ja asiakastyytyväisyy-
teen. 
 
Tämän opinnäytetyön ensimmäinen osa antaa yleiskatsauksen Suomen kauko-
lämpöjärjestelmistä ja korostaa putkistojen vuotojen ratkaisemisen tärkeyttä. 
Teoreettinen viitekehys tutkii sitten erilaisia vuotohavaintojärjestelmä ja niiden 
taustalla olevia tekniikoita, mukaan lukien kahden tyyppiset hälytyskaapelointi-
järjestelmät, joista toinen perustuu resistanssimittaukseen ja toinen aika-alueen 
reflektometrian (TDR) pulssiteknologiaan sekä lämpökuvaukseen ja ulkoisiin 
ilmoitusmenetelmiin. Jokaisen menetelmän tekniset periaatteet, edut ja rajoituk-
set käsitellään yksityiskohtaisesti. 
 
Tutkimusmetodologia keskittyy kvalitatiivisiin haastatteluihin alan asiantuntijoi-
den kanssa arvioidakseen näiden teknologioiden toiminnallista tehokkuutta ja 
käyttäjien kokemuksia. Lisäksi opinnäytetyö sisältää tapaustutkimuksen Vexve 
iSense -järjestelmän käyttöönotosta kaukolämpölaitoksessa, joka tarjoaa käy-
tännön näkemyksiä sen hyödyllisyydestä ja ympäristövaikutuksista. 
 
Tutkimus tarjoaa arvokasta ohjeistusta kaukolämpötoimijoille teknologian valin-
nassa ja infrastruktuuri-investoinneissa, mikä lisää resilienssiä ja asiakastyyty-
väisyyttä Suomen kehittyvillä energiamarkkinoilla. 

Key words: district heating, leak detection systems, TDR Pulse 
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GLOSSARY or ABBREVIATIONS AND TERMS (choose one or other) 
 
 
TDR Time Domain Reflectometer   
DN Diamètre Nominal 
Mpul Two freely moving flow pipes with polyethylene protec-

tive sheath and polyurethane foam 
2Mpul Freely moving flow pipes with polyethylene protective 

sheath and polyurethane foam  
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1 INTRODUCTION 
 
In Finland, as of the end of 2021, district heating pipelines extend approximately 
16,000 kilometers beneath the ground, experiencing hundreds of leaks on an 
annual basis (Energiateollisuus ry.). The cost of repairing these leaks is 
considerable, aside from the disruption they cause to district heating customers. 
In an increasingly competitive market that offers a variety of heating sources, 
maintaining system reliability is crucial for district heating providers.  
 
This thesis addresses the question: How do the leak detection systems used in 
Finland impact the reliability, cost-effectiveness, and customer satisfaction of 
district heating networks? The study will begin with an overview of district 
heating in Finland, highlighting key challenges in the distribution network that 
affect efficiency, particularly pipeline leakage. This will be followed by a 
theoretical section that reviews the current leak detection systems in use. After 
the theoretical part, a survey-based analysis will compare the listed systems to 
assess which is most suitable for different pipeline conditions. 
 
This thesis, commissioned by Vexve Oy, a provider of valves and leak detection 
systems for district energy pipelines. The outcome of this research is expected 
to benefit district heating companies by equipping them with the knowledge to 
choose the most appropriate leak detection system for their specific needs, 
ultimately leading to improved service reliability and customer satisfaction in the 
face of the evolving energy market. 
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2 DISTRICT HEATING IN FINLAND 
 
2.1 What is distract heating  
 
 
District heating is the most widely used heating system in Finland. It works by 
centrally producing heat for buildings and supplying hot water to properties. This 
heat is then distributed through a network to customers. Water or steam is 
typically used for as the medium. District heating can service wide range of 
customer, for example residential buildings, factories, shops, and public 
facilities. Heating is used for warming spaces and heating water for everyday 
needs (Koskelainen 2006, 25).  
 
 
2.2 Finnish district heating history and current state 
 
 
The first district heating systems in Finland were started as early as the 1950s. 
After the war, Finland faced an energy shortage, and it was realized that there 
was excess waste heat generated during industrial electricity production, which 
could be utilized, for instance, for heating residential buildings. (Koskelainen 
2006, 34) 
 
The importance of district heating began to increase during the 1970s energy 
crisis and prompting restrictions on energy consumption. This period brought 
district heating's energy-efficient advantages to the forefront. Available fuels at 
the time included oil, peat, wood chips, and natural gas. While price remains a 
primary factor in fuel selection, people also consider efficiency and emissions. 
For instance, oil usage has gradually declined, while natural gas has become 
increasingly popular and competitive. This shift is not only due to price 
reductions but also because of its ease of use and environmentally friendly 
combustion products. In the 1980s, it was the main time of district heating 
expansion, with the model being combined heat and power (CHP). 
(Koskelainen 2006, 35) 
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In Finland, in 2022, the total supply of district heating amounted to 36,900 GWh, 
which is shown in table 1 with networks spanning approximately 16,200 km 
across the country. This represented a 0.9% increase compared to the previous 
year. (Energiateollisuus ry, District heating in Finland 2022) 
 
TABLE 1. General information on district heating year 2022 (Energiateollisuus ry, District heating in Finland 2022) 

 
 
 
2.3 Key Components of a District Heating System 
 
A modern district heating system consists of three main components: Heat 
production facilities, district heating distribution network, and district heating 
customer equipment. 
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2.3.1 Heat production 
 
District heating is generated at a production facility, which can be either a 
combined heat and power (CHP) or a heating center. Additionally, district 
heating can be produced using the back - pressure steam from industrial power 
plants, showcasing the utilization of waste heat. Typically, district heating is 
generated through combined heat and power (CHP) production, to maximizing 
the efficiency of energy utilization and minimizing environmental impacts. The 
fuels utilized in these production facilities can vary and may include coal, natural 
gas, oil, wood, and peat, while there is also a growing trend towards utilizing 
renewable energy sources such as biomass, solar, geothermal energy and 
electricity in district heating systems, reflecting a commitment to sustainability 
and reducing carbon emissions.( LVI 10-10398, Kaukolämmitys, 2006) 
 
2.3.2 District heating distribution network 
 
The district heating distribution network comprises a system of pipelines 
designed to transport heat from heat production facilities to customers' heating 
systems. It serves as a crucial link between district heating companies and their 
customers.  
 
The medium transported through this distribution network is typically hot water 
or steam. This network is a sophisticated infrastructure composed of pipes of 
different diameters from DN20 – DN1000 and types, valves for regulation flow 
and pump stations for maintaining pressure. The strategic placement of district 
heating pipes, often buried 0.5–1 m underground, beneath urban infrastructure 
such as streets and sidewalks, or integrated into larger tunnels alongside other 
utility pipelines, to protect these pipes and ensure higher thermal efficiency. To 
optimize energy efficiency, these pipes are carefully insulated to reduce heat 
loss along the transmission route. (Energiamaailma.) 
 
Due to their unique location, constructing the distribution pipelines is very 
expensive, and detecting any damage or leakage in the pipeline is also very 
difficult.  
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2.3.3 Different Types of District Heating Pipes 
 
Freely moving plastic-cased district heating pipes, referred to as Mpul pipes, 
were extensively implemented in Finland's district heating networks from the 
1960s until the early 1980s. Mpul pipes typically comprise an insulation ele-
ment, which may either consist of a casing for two flow pipes or two separate 
casings, each intended for one flow pipe. The casing is made of plastic and in-
cludes polyurethane insulation, with the flow pipes installed freely within the in-
sulated casing as shown in Picture 1. This design allows for improved flexibility 
and adaptation in varying operational conditions. (Kaukolämpöverkon 
suunnitelmanllinen  perusparantaminen L7/2016) 
 

 
Picture 1. Freely moving plastic-cased district heating pipes 
 
Concrete prefabricated channel systems are commonly used for large-scale, 
high-priority transmission pipelines within district heating networks. In these sys-
tems, steel pipes acting as flow pipes are encased within a concrete shell and 
supported on brackets. The steel pipes are secured to the concrete walls and 
base through embedded steel supports to accommodate movement and ther-
mal expansion as shown in Picture 2. The walls of the concrete shell are thick 
enough to allow for adequate insulation between the flow pipes and the outer 
casing. (Koskelainen 2006, 144) 
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PICTURE 2. Concrete duct district heating line (Jari Randell) 
 
 
In Picture 3 the insulation used in these ducts is typically made of mineral wool 
or polyurethane foam channels. 
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PICTURE 3. Concrete duct district heating line (Henrikki Nuutinen, Helen Oy) 
 
 
 
Bonded district heating pipes consist of a flow pipe encased in a layer of polyu-
rethane insulation, protected by an outer shell made of polyethylene. Introduced 
in Finland in the mid-1970s, this bonded piping system rapidly replaced other 
pipe types in use at the time. Since the mid-1980s, nearly all district heating 
systems in Finland have relied on this type of pipe. (Koskelainen 2006, 138) 
 
Bonded pipes generally come in two configurations: a single casing that houses 
two flow pipes or separate casings, each designed for an individual flow pipe. 
These pre-insulated pipe elements feature a durable plastic casing, polyure-
thane insulation, and flow pipes that are securely bonded to the casing with pol-
yurethane foam, ensuring structural integrity and effective thermal insulation. 
(Kaukolämpöverkon suunnitelmallinen perusparantaminen L7/2016) 
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PICTURE 4. Bonded pipes (Jari Randell) 
 
 
Pre-insulated district heating pipes can be equipped with built-in moisture alarm 
cables, allowing continuous monitoring of the pipe’s condition and detecting any 

moisture ingress into the insulation as shown in Picture 5. (Koskelainen 2006, 
142) 
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PICTURE 5. Parts of pre-insulated district heating pipe (Logstor 
Kaukolämpökäsikirja-2015) 
 
 
2.4 Damage occurring in the distribution network and their repair costs 
 
2.4.1 Pipeline damage 
 
The causes of pipeline damage can vary, but the most frequent cause is an 
"improperly sealed protective sheath joint," as shown in Picture 6, regardless of 
the type of pipelines (Energiateollisuus ry. Stastics on district heating 2019). An 
improperly sealed protective sheath joint allows outside water to penetrate the 
protective sheath and polyurethane insulation, gradually over time leading to 
corrosion of the steel pipe and resulting in perforations.  
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Picture 6. Distribution of damage causes for year 2019 (District heating network damage statistics 2019) 
 
 
2.4.2 Repairing costs 
 
 
According to a survey conducted by Energiateollisuus ry in 2019, there were 
105 damages, and the average repair cost per damage in 2019 was 
approximately €9,000. The estimated total repair cost for the year 2019 would 

be €13.2 million for the whole of Finland, calculated using the average repair 
cost of €14,000 from the year 2005 and assuming a 100% response rate to the 
damage survey. The same survey was also conducted by Energiateollisuus ry 
from 2018 to 2014, showing repair costs per damage for the whole of Finland as 
follows: €11.2 million, €12.6 million, €15.4 million, €12.3 million, and €12.5 

million respectively. (Energiateollisuus ry. Stastics on district heating 2014 to 
2019)  
 
The repair costs usually consist of the loss of district heating water, material 
expenses such as replacement pipes, valves insulation. Labor costs for repairs, 
which are excavating the surrounding area, cutting the leaking pipes, welding 
and insulation of the new pipes and reburying the pipeline. Additionally, there is 
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the impact of lost billing in certain cases. Should there be a need to start a 
backup district heating plant, the operational and fuel costs are also included.  
 
If leaks are detected at an early stage, specifically when only the sealed joints 
of the protective sheath are broken and outside water begins to penetrate the 
protective sheath and polyurethane insulation, the repair costs are significantly 
lower. This is because there is no loss of district heating water, and the material 
costs involve only the insulation, while labor costs are also reduced. 
Furthermore, repair work can be scheduled in advance. 
 
The repair cost in the context of district heating maintenance is a significant 
aspect of the overall operational and maintenance budget, which can be 
estimated to represent a substantial portion, such as roughly 40% of total 
expenditures (Energiateollisuus ry. Statistics on district heating 2019 - 
Economic indicators of district heating usage). This significant allocation 
highlights the impact that repair activities have not only on the financial aspects 
of district heating operations but also on the service quality experienced by 
customers. When repair works are necessary, they can lead to inconveniences 
such as heat outages, which directly affect the comfort and satisfaction of the 
customers. Such disruptions have the potential to lead to customer attrition, as 
consistent service quality is a critical factor for customer retention in the utility 
sector.  
 
Moreover, the high proportion of repair costs in the maintenance budget 
underlines the importance of efficient and proactive maintenance strategies. By 
investing in regular maintenance and adopting advanced monitoring 
technologies, companies can potentially reduce the frequency and severity of 
repairs, thereby minimizing downtime and enhancing customer satisfaction. In 
addition, such strategies could lead to long-term cost savings by extending the 
lifespan of the infrastructure and avoiding the need for more significant and 
costly repairs in the future. 
 
Given these considerations, it's clear that while repair costs constitute a large 
portion of maintenance expenses for district heating systems, strategic 
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investments in maintenance and technology could mitigate these costs and 
improve overall service reliability and customer satisfaction. 
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3 LEAKAGE DETECTION METHOD 
 
 
The significance of addressing pipeline leaks cannot be understated, given their 
environmental impacts and the substantial costs associated with pipeline repair. 
An in-depth understanding of the common causes of leaks necessitates the 
exploration of innovative technologies aimed at early detection and prevention.  
 
 
3.1 Alarm cabling 
 
The alarm cabling system is designed with a set of alarm wires, which are 
embedded into the polyurethane insulation. Typically, there are two pieces of 
wire, either both made of copper or one copper and the other tinned. These 
alarm wires are placed into the insulation during the pre-insulation process of 
the flow pipe at the factory. 
 
The operation of the alarm cabling system relies on two technologies: 
resistance measurement and Time Domain Reflectometry (TDR) pulse 
technology, which involves analyzing the reflections of signals transmitted along 
the wires. 
 
3.1.1 Resistance Measurement 
 
Resistance measurement is crucial for evaluating two key aspects of a system: 
the continuity of the alarm loop and the condition of the foam insulation. These 
parameters are assessed using wire resistance for the alarm loop and insulation 
resistance for the foam insulation, respectively. There are parts of pre-insulated 
district heating pipe.  
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The continuity of the alarm loop is essential for ensuring that the system 
operates without disruptions. This loop is configured to allow resistance 
measurements that include checking the resistance of the entire circuit. 
Typically, copper wire with a cross-sectional area of 1.5 mm² is used, with an 
approximate resistance of 1.2 ohms per 100 meters. By measuring this, the 
total resistance of the loop can be determined. (Logstor, Surveillance Manual) 
 
After calculating the expected resistance, it should be measured by using a  
multimeter, and a comparison chart should be constructed using these values. If 
a discrepancy exists between the calculated and the measured resistance, the 
nature of this discrepancy could indicate one of three potential issues. For    
instance, if the measured resistance is significantly lower than expected, this 
may suggest a short circuit. Conversely, if the resistance is higher than 
anticipated, it could point to a poor wire connection. Moreover, if the measured 
resistance is infinitely large, it likely indicates a broken wire, signifying an 
absence of conductive material to carry the current. In Picture 7, the resistance 
is measured using a multimeter. 
 
 

 
PICTURE 7. Resistance measurement of alarm wire loop (Jari Randell) 
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After confirming the continuity of the alarm loop, the next step is to measure the 
resistance between the wire and the flow pipe. This measurement determines 
the dryness of the polyurethane insulation and whether the alarm wire is in con-
tact with the flow pipe. In Picture 8, a worker is shown using a multimeter to 
measure the resistance between the alarm wire and the flow pipe. In insulation 
resistance measurement, a test voltage of 1000 V is used, and the resistance 
value must exceed 0.5 mega ohms. 
 

 
PICTURE 8. Resistance measurement between alarm wire and flow pipe (Jari 
Randell) 
 
When the insulation is dry, no current flows between the alarm wire and the flow 
pipe, as dry polyurethane insulation does not conduct electricity. According to 
Ohm's Law, when the current approaches zero, the resistance becomes 
infinitely large. 
                                                              

 
                                                     (1) 

 
In the equation 1, where R = resistance, U= voltage and I= current. However, if 
the insulation is moist, measurable resistance will be observed, as the moisture 
facilitates electrical conductivity.  
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Resistance measurement was one of the first systems that was used to find 
possible problem areas in district heating pipelines. The problem was that the 
accuracy of the resistance measurement was poor. This is due to the small 
resistance of the copper wires, in which case the positioning accuracy is not 
sufficient. Another weakness was that the reading had to be done in the field. 
Because of this, many energy companies abandoned the installation of copper 
wires. 
 
 
3.1.2  Time Domain Reflectometer – Pulse 
 
Time Domain Reflectometry (TDR) is a technology employed to identify faults 
within metal cables. In district heating systems, these metal cables are typically 
two pieces of copper wire, each with a cross-sectional area of 1.5 mm² and 
length of 1-3 kilometer, functioning as alarm cables. The process initiates with 
the generation of a traveling wave, produced by a low voltage pulse generator. 
As this wave propagates through the conductor, it encounters varying types of 
wave impedances—a metric that quantifies the resistance faced by the wave 
within the cable. (Megger n.d.) The pulse of intact cable is shown in the Picture 
9. 
  

 
PICTURE 9. TDR – Pulse measuring (Megger) 
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At any point where there is a change in wave impedance, due to variations in 
the cable’s physical or electrical properties, part of the wave’s energy is 

reflected back towards the source while the rest continues to propagate along 
the cable. These points of change can be natural terminations, like the end of a 
cable, or irregular such as joints, breaks, bifurcations, or areas where additional 
resistance is introduced, for instance by moisture. 
 
By analyzing these reflections, TDR devices can accurately identify and locate 
faults. The time it takes for the reflections to return is measured, and this data 
helps determine the exact location of the impedance changes, thus pinpointing 
fault locations within the cable system.  
 
Before beginning measurements, this system must undergo an inspection to 
evaluate two key aspects: the continuity of the alarm loop and the condition of 
the foam insulation. The methods employed are the same as those used in 
resistance measurement. After confirming the continuity of the alarm loop and 
the dryness of the insulation layer, initiate the first pulse test to obtain a 
reference measurement. If there is a problem in the cable, the measurement will 
differ. By comparing these measurements, we can accurately determine the 
location of the problem. In Picture 10, there are pulses of reference pulse of 
alarm loop and pulse of the same alarm loop but with a problem. In the lower of 
the picture, is the combination of these two pulses and location of the problem 
can be found easily. 
 

 
PICTURE 10. Comparison of measurements and location of the problem 
(Megger) 
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During the installation phase, a wiring diagram shall be drawn of each pipeline 
section, allowing for precise pipe length determination. This enables expedited 
fault localization and improved accuracy of the location process. With the exact 
pipe length obtained, the following formula can be utilized to calculate its 
distance from the starting point. In the Picture 11, in the left is the wiring 
diagram of district heating pipeline and valves, in the right side is location in 
Cartesian coordinates, numbering of co-responding pipes. 
 

 
PICTURE 11. Wiring diagram of pipeline sections (Jari Randell) 
 
Pulses travels at nearly the speed of light and has different correction factors 
when traveling in different surroundings. Once the precise length of the pipeline 
is determined, a pulse is transmitted, and the time it takes for the pulse to travel 
is measured. Using the exact pipeline length, we can then calculate the precise 
correction factor for the speed when traveling through the polyester insulation. 
After getting the corrected speed, we can accurately calculate the fault location 
when it occurs.  
 
The calculation method relies on the corrected speed of the transmitted pulse 
and the time it takes to return. By measuring these parameters, we can 
determine the distance to the fault location from the starting point of the wire. In 
Picture 12, the scenario is illustrated, showing the initial outgoing pulse (lähtevä 
pulssi) and the resulting reflected pulse (heijastuva pulssi), along with their      
respective distances and the time taken for the pulse to travel divided by 
2.( Megger n.d.) 
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PICTURE 12. Calculating the distance of initial pulse and reflected pulse 
(Megger) 
 
                                                         

 
                                                       (2) 

 
L is the distance and is the time for the pulse to travel back and forth, v is the 
correct speed of the pulse. A reflected pulse is an electrical signal that bounces 
back along the wire when it encounters a change in impedance. In an intact 
cable, this reflection generally happens only at the end of the cable, where the 
signal reaches the cable’s termination. However, if there are branching points, 
changes in wire geometry, or a break in the wire, the pulse will instead reflect 
back from these locations. The specific cause of the reflected pulse can be 
determined by comparing it to the pipeline wiring diagram. 
 
With TDR measurement, the measurement accuracy became so good that the 
new systems are based on this. The accuracy is about 0.5% of the measured 
distance. If satellite positioning has been used in the construction of the 
pipeline, it is usually possible to locate the moisture in the insulation with an 
accuracy of one meter. 
 
In addition to this, the new systems are remotely readable and send data 
continuously. For instense, iSENSE system from VEXVE company sends data 
directly from the ground using the LoRaWan or NB IoT system. Unfortunately, 
due to bad experiences with resistance measurement, many pipelines were 
made without copper conductors before. Now, in practice, new pipes are always 
equipped with copper wires. 
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3.2 External Notification 
 
District heating water is treated and often dyed green to facilitate leak detection. 
In the supply pipe, the temperature of the district heating water varies between 
65 and 115° C, depending on the weather and heating demand, while in the 
return pipe, it usually ranges from 40 to 60 °C. Over 20 % of pipeline leaks are 
detected through external notification (Energiateollisuus ry. Statistics on district 
heating 2019). This method is particularly effective because when a leak occurs, 
the escaping green water and the resulting steam are highly visible, especially 
during winter. This distinct visual cue helps in quickly identifying and 
differentiating district heating system leaks from those in domestic water pipes.  
 
 
3.3 Inspections of District Heating Chamber 
 
District heating pipelines feature various types of chambers, equipped with 
valves, drains, and air vents (Koskelainen 2006, 146). These valves are 
operated by actuators, such as manual, electrical, or hydraulic actuators. 
Typically, there are multiple welding seams and seals at the protective sheath 
joints as these components are welded onto the pipelines and insulated on-site 
during construction.  
 
A potential leak in the district heating pipe may be revealed by water 
accumulating in the chambers. In some cases, these inspections may require 
pumping the well dry if necessary. This is usually the case in chambers where 
groundwater or rainwater causes problems. 
 
 
3.4 Thermal Cameras 
 
A thermal camera works by detecting the infrared radiation emitted by objects, 
which is invisible to the human eye. All objects emit some level of infrared 
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energy, and thermal cameras use this energy to create an image. The camera 
captures the infrared radiation and translates it into electronic images that 
indicate the temperature of the object's surface, displayed in various 
colors.(Fluke n.d.) 
 
For district heating pipelines, a leak involving hot water can raise the 
temperature of the surrounding soil, making this area warmer than its 
surroundings. This temperature difference causes the soil to appear in different 
colors when viewed through a thermal camera. Thermal camera is used to 
detect leaks via aerial surveys, often conducted using helicopters or nowadays 
drones. These inspections are typically carried out once or twice a year to 
ensure the integrity of the heating system. In Picture 13, the right side shows no 
indication of leaking pipes. However, on the left side, a thermal camera image 
reveals an unusually high temperature in a specific area of the ground. 
 

 
PICTURE 13. Thermal camera for leak detection (Jari Randell) 
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4 ANALISIS OF SURVEY RESULTS 
 
 
This chapter aims to analyze the responses collected from a survey distributed 
to experts in district heating companies across Finland. Although the survey 
was sent to eight individuals, only three responses were received. Despite this 
small sample size, these responses offer a unique and diverse perspective on 
the practices and challenges related to leakage detection in district heating 
networks. The survey encompassed a wide array of topics, ranging from 
background information to detailed questions about various leakage detection 
methods and maintenance practices.  
 
4.1 Background Information 
 
In the background information section, the first question addressed the 
frequency of leaks per year, while the second asked about the proportion of 
leaks caused by corrosion in the flow pipe. Although the total number of leaks 
varies based on the length of each district heating network, converting the 
responses into percentages reveals a consistent trend across networks: a 
significant portion of leaks result from corrosion in the flow pipes. This suggests 
that corrosion is a major factor driving maintenance costs. Preventing corrosion 
could reduce these costs and extend the lifespan of the piping system. 
 
The third question focused on repair costs, and the fourth inquired about what is 
included in these costs. Two respondents provided specific monetary figures for 
repairs, while one noted that this information is a company secret. Of the two 
responses, one included both the total annual repair cost and the average cost 
per leak, estimated at around €10,000. This figure is closely aligned with the 

data from the survey conducted by Energiateollisuus ry in 2019, considering 
that this survey was conducted five years later, in 2024. The responses to 
question four on repair costs reflect different perspectives on the cost 
components related to district heating network leak repairs. Two respondents 
provided      detailed breakdowns, listing factors such as material and repair 
labor costs, the cost of replacement water, and additional operational costs. 
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They note that while the cost of lost sales due to leaks is minimal, repair costs 
are treated separately from operational expenses. One respondent mentioned 
that they do not track these costs extensively. This suggests that leakages lead 
to complex and costly repair processes within district heating networks. 
 
In the fifth question, four available leak detection methods were presented and 
in the end is an open response field. The four methods included alarm cable 
systems, external notification mechanisms, inspection of district heating 
chambers, and thermal imaging using cameras. Respondents were asked to 
specify which of these methods are currently in use and write down additional 
methods if is not listed. This inquiry aimed to understand the common practices 
in leak detection and maintenance among district heating companies in Finland. 
 
Company 1 uses alarm cabling external notifications, district heating chamber 
inspections, thermal imaging and helicopter imaging for leak detection. 
Company 2 uses alarm cabling, external notifications, and thermal imaging, 
along with network monitoring. Company 3 uses alarm cables, external 
notifications, district heating chamber inspections, thermal imaging and thermal 
imaging by drones.  
 
The responses indicate a diversified approach to leak detection. All three 
companies rely on multiple methods. The use of alarm cables highlights a 
proactive approach to early leak detection, while regular inspections and 
thermal imaging technology demonstrate a commitment to maintaining system 
efficiency. All companies rely on external notifications, which indirectly suggests 
that leaks can sometimes grow severe enough for customers to detect them 
before the company does. 
 
After the background questions, there are questions specifically targeting each 
detection method. 
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4.2 Questions About Alarm Cabling 
 
There are four targeted questions from different perspectives for companies that 
use alarm cabling. The four angles are the technical basis, accuracy, 
measurement frequency, and user experiences. 
 
The first question addresses the working principle of the alarm cabling. All three 
companies use alarm cabling; however, the operating principles differ. The 
alarm cabling for Companies 1 and 2 is based on resistive measurement, 
whereas Company 3 uses Time-Domain Reflectometry (TDR) pulse technology.  
 
The second question investigates whether each company's leak detection 
system can identify pipeline exposure to corrosion and accurately locate 
damage points. Company 1 does not utilize continuous monitoring, and they did 
not specify the accuracy of their system, suggesting a less detailed approach to 
corrosion detection and damage localization. Company 2 does not specifically 
monitor for corrosion as part of their regular process. However, they do have 
the capability to perform targeted assessments when needed, using techniques 
like ultrasound to gather precise information on specific sections of the pipeline. 
Company 3 reports that their system can detect external moisture, which can 
indicate potential pipeline exposure to corrosion over time. They achieve this 
with automated readings that allow them to pinpoint moisture locations with an 
accuracy of a few meters, which helps to identify problem areas before 
significant corrosion occurs.  
 
The third question is regarding frequency of each company utilizes their 
measurement system for leak detection. Company 1 employs their 
measurement system randomly or when there is suspicion of a leak. Company 
2 operates their measurement system only once or twice in their district heating 
pipelines. Company 3 uses their system everyday reflecting a routine and 
systematic approach to monitoring.  
 
The forth question is regarding the experience of using alarm cabling. In 
response to question nine about their experiences with the leak detection 
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methods used, Company 1 provided no specific experiences. Company 2 noted 
that all methods are different, expressing that there is no single correct solution 
and that each method addresses issues in its own way. Company 3 indicated 
that the method works well, particularly after pipeline installation, as it allows 
immediate correction of any potential installation errors.  
 
The last questions is about the reason not using alarm cabling if is not in sue. 
Companies provided several reasons for not using alarm cabling in their 
systems. Company 1 noted that alarm cabling had been trialed in the past but 
did not yield significant benefits at the time, leading to its discontinuation. 
Company 2 indicated that this decision aligns with the overall policy of the 
organization and company 3 mentioned that older pipelines do not have alarm 
cabling, though new installations, particularly larger ones, now include it 
according to current regulations.  
 
 
4.3 Questions External Notification 
 
The question addresses the percentage of leak detections that comes from 
external reports. 
 
The companies reported varying percentages of leak detections that originate 
from external reports. Company 1 estimated that around 60% of their detections 
still come from external reports. Company 2 estimated that between 40-50% of 
their leak detections are identified through external notifications. Company 3 
noted that the percentage of external reports has decreased over time, largely 
due to the adoption of aerial thermal imaging. They reported that before 
implementing this technology, external reports accounted for over 50% of 
detections, but now this figure has dropped to approximately 10-15%. This 
suggests that the cable alarming has greatly improved the company detection 
capabilities, allowing the company to identify leaks earlier and more 
independently.  
 
 



31 
 
4.4 Questions Inspections of District Heating Chamber 
 
These three companies provided varying responses to question, which 
addresses the regularity of district heating well inspections and their frequency. 
Company 1 noted an ongoing effort to implement a consistent inspection 
schedule, with the goal of inspecting all wells within one to two years. Company 
2 indicated that inspections are conducted once a year as part of their 
maintenance plan, depending on the condition of the well. Company 3 reported 
that the type of well frequency of inspections ranges from twice a year to once 
every five years. 
 
In response to question 12, which inquires about potential environmental or 
other constraints affecting the inspection process, the companies identified 
different limitations. Company 1 mentioned that winter conditions pose 
challenges for inspections. Company 2 indicated no known restrictions, while 
company 3 specified that inspections are not performed during the heating 
season due to high temperatures in the pipeline water, highlighting this as a 
safety issue.  
 
For question 13, which explores the challenges encountered in district heating 
well inspections, the companies described various issues. Company 1 
highlighted several issues, including the location of the wells, restricted space, 
traffic and parked cars, and extreme heat, water, or dirt within the wells, which 
often necessitate cleaning before inspections can proceed. Company 2 listed 
resource constraints and competing network tasks, such as leak detection, as 
primary challenges. Company 3 indicated challenges include difficulties in 
locating the chambers or gaining access to them. However, once the chamber 
is found and opened, the inspection process and the digital recording of the 
chamber's condition are relatively easy to carry out. 
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4.5 Questions Thermal Cameras 
 
The companies provided insights into the use of thermal imaging for leak 
detection, including frequency, usage scenarios, and limitations. Regarding the 
frequency of thermal imaging, company replied once per year. Company 2 
reported conducting imaging twice a year using a helicopter, while company 3 
indicated twice a year. These responses indicate that thermal cameras are used 
quite rarely. 
 
In question 15, question about the situations in which thermal imaging is 
applied. Company 1 replied that thermal cameras are used in autumn but 
before the snowfall begins. Company 2 and company 3 both specified its use 
for general leak monitoring.  
 
The question 16, concerning environmental conditions or other constraints on 
thermal imaging, emphasized weather-related limitations. Company 1 replied 
clear visibility up to 200 meters is necessary, and heavy snow cover can block 
the imaging process. Company 2 noted that imaging requires optimal weather 
for safe helicopter flights, and company 3 as well weather-related restrictions on 
flying a helicopter, and then rain and wet conditions impact visibility process. 
 
Finally, in question 17 regarding the accuracy of thermal imaging for locating 
leaks. Company 1 Another company estimated an accuracy range of one to two 
meters, depending on the terrain, and noted that continuous imaging allows 
them to monitor changes over time. Company 2 simply responded that thermal 
imaging works well for this purpose. Company 3 indicated a high level of 
precision, stating that helicopter-assisted thermal imaging can effectively 
confirm the leak location.  
 
For thermal camera imaging, there are weather-related restrictions to ensure it 
is safe to fly and suitable for capturing images. Imaging the network with a 
thermal camera from a helicopter or car requires the right conditions, as well as 
considerable time and planning. This method is expensive. In terms of 
accuracy, it is not suitable for assessing the overall condition of the district 
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heating network. However, in cases of leaks or damage, it is highly effective for 
pinpointing the exact location of the problem. Assessing the condition refers to a 
method where, for example, the degradation of the insulation material's 
insulating ability could be verified through measurements. 
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5 CASE EXAMPLE - USAGE OF TDR PULSE MEASUREMENT  
 
 
A Finnish district heating company, Fortum, constructed a 5.5 km district heat-
ing line in the city of Espoo. The new heat transmission line, which starting from 
the Kivenlahti biomass plant. Pipelines are equipped with three iSENSE Pulse 
divice and alarm cabling supplied by Vexve's iSENSE Pulse leakage detection 
system. This system is based on TDR (Time-Domain Reflectometry) Pulse 
technology and data transmission uses LoRaWAN data transmission network. 
Real-time monitoring of iSense solutions is conducted through the iSense 
Online cloud service. The system transmits data to the cloud once per day, en-
abling regular updates while maintaining energy efficiency. This platform is ac-
cessible from any device, at any time, and from any location. Secure login using 
SSL encryption guarantees the safety of the system and the data it processes. 
 
Toward the end of the construction phase, the pipelines were installed under-
ground, and after installation, the contractor used a multimeter to verify that the 
copper wires in the cabling were properly connected and intact. Vexve then 
conducted a calibration of the system, establishing a baseline reference meas-
urement by zeroing out all initial disturbances. From this point onward, daily 
measurements were taken and compared against this reference to monitor any 
deviations. 
 
On the following day, three different points showed deviations from the refer-
ence line. All of these deviations were measured at over 50 mV, indicating the 
presence of water within the insulation layer, not just moisture. Given that it had 
rained during the pipeline installation, the insulation was likely moist in certain 
areas. In Picture 14 on the left part of the figure, the computer interface displays 
the measurement, with the y-axis showing millivolts and the x-axis indicating the 
distance from the device. On the right side, there is an image of the handheld 
device used for on-site measurements. 
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PICTURE 14. View of pulse in iSENSE interfaand handheld device (Jari 
Randell) 
 
 
Upon observing these deviations, Vexve notified the Fortum workers and dis-
patched personnel to inspect the first identified leak site. Vexve personnel ac-
counted for the fact that the distance displayed on the handheld device corre-
sponds to the length of the copper wire, not the pipeline itself, as the copper 
wire is not tightly positioned within the insulation or at connection points. After 
identifying these additional meters, Vexve personnel successfully located the 
leak at a nearby pipe seam. The first leak site was located beneath a riverbed. 
Due to the soft, muddy soil, the pipeline had settled, leading to a rupture in the 
protective sheath at a joint. In the Picture 15 and 16, one shows the damaged 
protective sheath joint, while the other reveals the corroded flow pipe after the 
insulation was removed. 
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PICTURE 15. Broken protective sheath joint (Jari Randell) 
 
 

 
 
PICTURE 16. Corroded flow pipe (Jari Randell) 
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Worker from Fortum noted that the pipeline's is located near to a road, where 
salt is used during winter, which accelerate corrosion through the damaged in-
sulation, finally causing perforation to the flow pipe within three years. Seven 
workers were involved in this repair, with labor costs estimated at around 
20,000€. Additionally, a material cost of treated water about 5,000€. This        
DN 500 line, with a length of 1.9 km, costs approximately 13€ per cubic meter. 
 
The second leak was detected approximately 1,200 meters from the initial 
iSENSE Pulse device, at a seam where a sharp metal rod in the soil had punc-
tured the protective insulation during the pipeline installation. Vexve's techni-
cians accounted for discrepancies between the actual length of the copper ca-
ble and the pipeline’s physical length, due to the expansion and contraction of 

the flow pipe with temperature changes, to pinpoint the precise location of the 
leak. 
 
The third leak was identified under a traffic artery, where the district heating 
pipes were encased in a metal conduit to protect them from traffic. This location 
could not be repaired immediately; instead, the repair was deferred to a more 
suitable time. 
 
All three leak locations were identified within 2 meters of the actual leak points 
in the pipeline. As these issues arose during the warranty period, the contractor 
covered the full repair costs. Although the third leak was not repaired immedi-
ately, its identification within the warranty period obligated the contractor to fund 
its eventual repair. 
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6 DISCUSSION AND CONCLUSION 
 
 
The primary significance of this study lies in its examination of the leak detec-
tion systems currently available on the market, highlighting their technical prin-
ciples, conditions of use, and operational limitations. By providing feedback 
from real users, this thesis connected theoretical knowledge and practical appli-
cations, allowing district heating companies to make more informed decisions. 
Although the sample size was small, each response contributed unique per-
spectives and insights, enriching the understanding of these systems from a 
real-world context. 
 
The responses indicate specific restrictions in the use of TDR pulse technology, 
as it can only operate effectively in certain conditions, such as within insulated 
pipelines equipped with alarm cables. For networks lacking pre-installed alarm 
cabling in the insulation, it raises the question of whether installing cable retro-
actively is worthwhile or if it would be more cost-effective to wait for full pipeline 
replacement. Future research could focus on evaluating these options to deter-
mine the most economical and effective approach. 
 
Additionally, this study was limited to leak detection technologies currently in 
use in Finland. Future studies could expand to examine emerging technologies 
from around the world, evaluating their potential to be adapted for Finnish dis-
trict heating networks. 
 
In my opinion, this research provides a valuable technical overview of various 
leak detection systems, supplemented with user feedback and practical exam-
ples. The integration of both theoretical aspects and practical insights offers a 
solid understanding, presenting district heating companies with information that 
supports more effective decision-making in selecting appropriate leak detecting 
systems. 
 
This qualitative analysis provides insight into the diverse perspectives of district 
heating professionals; however, the small sample size limits the broader ap-
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plicability of the findings. A larger sample would help to validate observed 
trends and improve the reliability of the conclusions. With more time or re-
sources, it would be beneficial to gather additional responses to ensure a more 
comprehensive analysis. 
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APPENDICES 

Appendix 1. Questionnaire from company 1 
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Appendix 2. Questionnaire from company 2 
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Appendix 3. Questionnaire from company 3 
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