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PREFACE  

District heating companies have limited options when it comes to influencing customers ô 

temperature performance  to get the best dT  out of their HSS. Every dT degree , every 

cubic of volume pumped  unnecessarily , and every overconsumed MW  in the district  

heating network  have huge monetary implications for the DHC (district heating 

company)  and indirectly to the consumer  through price.  Thus,  it is p aramount to use 

the t echnologies best applicable for the particular DHN (district heating network), be it 

then parallel design  or 2 -stage  heating substation (2S -HSS)  and/or HSS with peak 

shaving.  

During the 90s, with the Word Bank money, thousands of heating substations were 

installed in Estonia to transfer from the Soviet eraôs direct connection to the indirect 

connection. Exact data does not exist, but hundreds of these were 2 S-HSS. Nowadays 

only some 2 S-HSS are in use in Tallinn, others are either changed o r built to parallel 

HSS. It is believed by market participants that the main reason is the high calcium 

concentration in Tallinnôs water that caused a build -up of lime -scale and with that 

leakage of heat exchangers.  

To address this problem a heating subst ation test site was set up in a five -storey 

apartment building in Tallinn. The building was chosen due to it being from the end of 

Soviet time and thus giv ing  a broad comparison base for similar size buildings with 

parallel design HSS . Moreover, a clear pi cture is given what is the parameter 

improvement of replacing an old HSS and what the effect would be if lower -performing 

HSS would be replaced on a larger scale.   

Hereafter then is the objective to give measurement -based  verification in what aspect 

is the  2-S HSS superior and what should be kept in mind when implementing this design . 

Thanks to Utilitas Tallinn AS for providing the opportunity for the test site project  and 

for the heat meter data to do the comparative  analysis.  Ouman Automation  is also in 

high regard  for providing the Ounet  infrastructure for data collection. The study was 

conducted rel ying on a full yearôs (2021) consumption data.  

The thesis addresses the research problems and at the same time acts as an easily 

understandable instruction on  what a heating substation is, what are the main 

components and how it works.  

Warm appreciation to  A.  Hlebnikov, V.  Maġatin, and A. Ġablinski fo r suggestions on how 

to approach the topic with being restricted to heat meter data and my  supervisor   

E. Lat»ġov for providing prompt feedback.  

Keywords: Low - temperature district heating, Heating substation  parameters , 2 -stage  

heating substation, Efficient heat media usage , Primary temperature difference, Fouling 

of heat exchangers, Master Thesis  
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List of abbreviations  

1S-HEX   1-step heat exchanger   

1S-HSS   1-stage heating substation, parallel design   

2S-HEX  2-step heat exchanger   

2S-HSS  2-stage heating substation   

DH    District heating   

DHC    District heating company   

DHN    District heating network   

DHW    Domestic hot water   

DHW-HEX   Domestic hot water HEX   

dTô    Temperature difference prim, i.e on the primary sid e T1 ï T2  

dTôô    Temperature difference sec, i.e on the secondary side T4 ï T3  

HEX   Heat exchanger, in this workôs context,  is mostly used as a brazed plate 

heat exchanger, unless otherwise stated; manufacturersô literature uses 

the term BHE, i.e braze d heat exchanger [1], but HEX is easier on the 

brain.  

H-HEX   Heating heat exchanger   

HSS    Heating substation   

LMTD    Logarithmic mean temperature difference (see section 1)   

T1   Inlet temperature hot side, primary side flow temperature to the HSS, i. e 

temp. from the DHN   

T2   Outlet temperature hot side, primary side return temperature from the 

HSS, i.e temp. returning to the DHN   

T3   Inlet temperature cold side, secondary side return temperature, i.e temp. 

entering the HSS from the customerôs system  

T4   Outlet temperature hot side, secondary -side supply temperature, i.e 

temperature entering customerôs system  
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INTRODUCTION  

As very well - formulated by Oevelen et al.: Network temperatures play a major role in 

the overall efficiency of district heating networks. Low network temperatures are 

desirable because they allow high heat production efficiency and low network heat 

losses. Furthermore, low network temperatures benefit the injection of low - temperature 

renewable and excess heat sources. At th e same time, a high  temperature difference 

between supply and return pipes is desired to limit the network flow rate. This reduces 

pumping power and increases the network capacity. Whereas the network supply 

temperature is governed by the heat supply, the network return temperature is 

determined by the connected customers [1] .  

Moreover, Averfalk H et al. bring out  what a low - temperature DHN enables: to extract 

more geothermal and solar energy, use less electricity for heat pump s, recover more 

from flue gas condensation, generate more electricity in CHP, higher heat storage 

capacity, lower heat distribution losses [2] .  

Lat»ġov et al. showed there are technical possibilities to decrease the network 

temperature in Tallinnôs DHN [3] . To keep the district heating temperatures low, the 

secondary side systems calculation parameters, primarily the supply temperature from 

HSS, should also be kept low. How lot it can be, must be ba lanced against cost and 

other considerations. For example, the Swedish building code stipulated back in 1982 

that the maximum supply temperate should be 55 to 60 °C [4] . This has an effect on 

HEX dimensioning.  

A heat exchanger is a heat transfer apparatus that usually involves two flowing fluids 

separated by a solid wall. Heat is first transferred from the heat -carrying (hot) media to 

the heat exchanger wall by convection, through the wall by conduction, and from the 

wall to heat - receiving media (cold) again by convection [5] .  

Ciegel suggested that NTU (number of heat transfer units) values higher than 3 cannot 

usually be economically justified [5] . Averfalk and Werner suggested that in a future 

district heating network, the temperature difference between the district heating and 

the consumer should be greatly lowered and that has to be reflected in the heat 

exchangers, with a logarithmic mean tempe rature difference reduction to around 5 -10 

°C and thermal length increase to 6 -8 NTU [6] . Th ese high levels of NTU would mean 

the primary and secondary temperatures are very close to each other, as can be the 

case in district c ooling for example. This high NTU values are first difficult to achieve in 

practi ce, at least with plate heat exchangers, but more important the HEX would be 

highly over -dimensioned, i.e., HEX would require too much surface area to achieve it. 

That said, if existing DHNs desire lower temperatures in the future, the HEX of today 

need to be over -dimensioned and , i.e., with high NTU values.  
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In addition, Guelpa et al. emphasise the importance of mass flow in the system and the 

heat stored in the heating circui t and the substation [7] . New and well - functioning 

heating substations help to better predict the parameters in DHN and therefore better 

exploit the heat stored in the wider system. New heating substations  also enable  new 

contr ol systems to be used , like demand -side management to shave peak demand.   

Heating substation s do not have a standard heat demand pattern, but the morning 

peaks are easily recognisable, especially with the night set -back function [8] . This can 

affect  other parameters, e.g., temperature difference on the primary side.  

I ntuitively,  the 2S-HSS design has better dTô than 1S-HSS, as is graphically shown by 

Werner and Frederiksen [4] . The q uestion then becomes how it translates  to real life 

and how applicable are 2 -stage heating substation for Tallinn  DHN and what  should be 

considered when using this type of HSS .  

Last but not least, as Maġatin et al. concluded, the main obstacle for 4th generation 

DHN to be realised is the consumers [9] . Furthermore, Gadd et al. found that in Sweden, 

compared to current distribution temperature levels, the elimination of f aults in the HSS 

would result in half the decreased temperature level necessary for future district heating 

systems. The m ain faults in HSS are unsuitable heat load pattern s, low avera ge annual 

temperature difference (dT') and poor HSS control  [10] . Thus, solutions that support 

and enable consumers to have lower temperatures in order to achieve lower 

temperatures in the DHN have to be analysed and used. From  the perspective of DHC, 

the obvious step is heating substations and their  parameters.  

The t hesis topic is important in helping DHC realise the efficiency potential  that  replacing 

old HSS has , look ing  into the future with lower temperatures and analysing if 2 -stage 

HSS could be used in Tallinn and if so, what should be kept in mind when implementing 

this design. This is the basis for lower network temperature, lower losses and more 

efficient use of hea t media, driving Tallinn DHN and others toward 4th generation 

networks . Further, Volkova et al. showed that Tallinn DHNôs future improvements should 

be focused on reducing the supply and return temperature, implementing renewable 

energy in heat production and addressing pipe conditions [11] .  Seems  obvious, but the 

literature analyses improvement of HSS on different aspects, mostly the control 

systems, and demand -side management etc., literature does not talk a lot about 

changing  an old HSS to a new  one .  

The m ain goal of  the thesis is to  address this gap by analysing what improvement a new 

HSS can bring . The s ubgoal on  this basis is to take a wider view of changing old HSS s 

to new, using old HSSs in Tallinnôs DHN as an exemplary case  and to analyse 2S -HSS 

usage possibiliti es and 2S -HEX fouling .  



14  

1  Base equations and research approach 

The t hesis is mostly based on heat meter collected data from 2021. Other sources of 

data are the test siteôs temperature measurement data and data from equipment and 

dimensioning datasheets. A quantitative research approach that is characteristic of 

engineering -economic research based on collected data and resulting analysis is used. 

The a nalysis is twofold: visual graph analysis, i.e., descriptive statistics, is used to 

determine patterns and improvements in parameters. Thermal equation -based 

calculations are u sed where possible and appropriate.  

Heat transfer (or heat) is thermal energy in transition due to a spatial temperature 

difference [12] . Heat meter data consists of DH supply temperature ( T1) , DH return 

temperature ( T2) , and flow volume. Heat transfer rate or heat load is then calculated 

as follows [5] :  

ὗ ὧz άᶻὝ  Ὕ ȟ        (1.1)  

 

where    ὧ ίὴὩὧὭὪὭὧ ὬὩὥὸ ὧὥὴὥὧὭὸώȟ
ᶻ

 

ά ὺέὰόάὩ έὶ άὥίίὪὰέύ ὶὥὸὩȟ
ὯὫ

ί
 

Ὕρ ὸὩάὴὩὶὥὸόὶὩ έὪ ὥ ὬὭὫὬὩὶ ὸὩάὴὩὶὥὸόὶὩ ὬὩὥὸ άὩὨὭὥȟὬέὸ ίὭὨὩ 
Ὕς ὸὩάὴὩὶὥὸόὶὩ έὪ ὥ ὰέύὩὶ ὸὩάὴὩὶὥὸόὶὩ ὬὩὥὸ άὩὨὭὥȟὬέὸ ίὭὨὩ 
Ὕ  Ὕ ὬὩὥὸ άὩὨὭὥ ὸὩάὴὩὶὥὸόὶὩ ὨὭὪὪὩὶὩὲὧὩȟὥὰίέ ЎὝ έὶ ὨὝ 

 

Most referred heat media temperature difference in DHN is the primary side temperature 

difference, in this study marked dTô. The study used a weighted dTô for referring to 

temperat ure difference s in DHN. If not stated otherwise, all dTô are weighted average 

in a given period. The w eighted average for large datasets is usually calculated using 

the spreadsheet tool Excel. With boolean logic, the formula for weighted average would  

look  like  this :  

7ÅÉÇÈÔÅÄ ÁÖÅÒÁÇÅ Ä4 ÖÁÌÕÅ 
ВὪὲzὪά
ВὪὲ

ȟ    (1.2)  

 

where   Ὢ ὺὥὰόὩ ύὭὸὬ ύὩὭὫὬὸ ὺέὰόάὩȟ
 

 

Ὢ ὺὥὰόὩ ὦὩὭὲὫ ύὩὭὫὬὸὩὨὨὝȟЈὅ  
 

For HEX calculations the  SWEP SSP8 freeware tool is used. As the HEX is an integral 

part of HSS , it is important to understand the dependences  and the heat transfer process 

parameters that have the largest effect on HEX dimensioning . HEX is calculated 

according to requirements an d input data.  Two important values should be understood 

that give a sense of how difficult duty is from a thermodynamical perspective . These 

are LMTD and NTU [13] . 



15  

LMTD or logarithmic mean temperature difference  shows how large the mean 

temperature difference between heat -carrying and heat receiving media is. A smaller 

LMTD means a larger heat exchange area is required.  LMTD is characteristic of input 

parameters and has one value per HEX.  LMTD is calculated as [14] :  

ὒὓὝὈ 
Ў   Ў
Ў

Ў

ȟ     (1.3 )  

Where   ЎὝ  Ὕ  Ὕ 

ЎὝ  Ὕ  Ὕ 

Ὕ ὸὩάὴὩὶὥὸόὶὩ ὭὲὰὩὸ Ὢέὶ ὧέὰὨ ίὭὨὩ 

Ὕ  ὸὩάὴὩὶὥὸόὶὩ έόὸὰὩὸ Ὢέὶ ὧέὰὨ ίὭὨὩ 

The n umber of heat transfer units (NTU) shows how thermodynamically difficult a n 

operational case for the HEX is  [13] . NTU is also  called  theta -value or thermal lengt h 

and  is different for both sides of HEX . NTU is calculated as:  

ὔὝὟ 
Ў
ȟ      (1.4)  

where   ЎὝ ὸὩάὴὩὶὥὸόὶὩ ὨὭὪὪὩὶὩὲὧὩ έὲ έὲὩ ίὭὨὩ 

The r equired power for pumping  is directly proportional to the flow volume pumped  

(kg/s) and pressure drop (Pa) in the network and inversely proportional to pump 

efficiency. Total pressure drop is the sum of pressure drop in the supply and return 

pipe s and the minimum pressure differen ce in the most peripheral heating substation  

[4] . Furthermore, i n the heating substation parameter improvement context, it is 

important to know that pressure drop is directly proportional to the square of volume 

flow rate (kg/s) , thus the required DHN pumping power is directly proportional to the 

third power of volume flow rate [4] .  

 

  



16  

2  A heating substation  

2.1  What is it  

Accor ding to Estonian Power and Heat  Association , a heating substation is a n industrially 

produced  assembly connected to the measuring unit, domestic hot water - , heating - , 

ventilation -  and expansion equipment ; a heating substation consists of  heat exchangers , 

primary -  and secondary side  control equipment, pumps,  measuring devices, valves and 

other necessary armature and pipin g. The h eating substation is used for heat transfer 

from the heating network to the propertyôs heating and hot water system  and the 

temperature control according to  the set requirements . [15]  

Frederiksen and Werner define the heating substation as  a unit in which the type of 

energy is being distributed  is transformed  from a higher to a lower level, in terms of 

one or more characteristics of energy - related  parameters , and in which the energy 

transfer can be interrupted in case of a disturbance or for repair.  [4]  

Combining the two definitions it can be said that :  a heating substation is a heat transfer 

and control equipment assembly used for transforming energy from a higher level to a 

lower . The h eating substation separates the district heating network from the buildingôs 

systems, the main components used are heat exchangers, pumps, valv es and control 

equipment, e.g.,  control ler and actua tors.  Usually,  the heating substation is  located  near 

a propertyôs DHN inlet, thus mostly in the basement of a building. Heating substation 

comp onents are durable, need little servicing and are mostly quiet.  

 

Figure 2.1. A HSS with 11 sections  [16]  
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2.2  Heating substation designs  

Heating substations can have a direct or indirect connection. In direct connection , the 

primary  side heat media  flows directly th rough the buildingôs heating system, without a 

separation  from the DHN , and the primary side energy is directly transferred to  the 

radiator s. Indirect HSS, as the name suggests, is hydraulically  separated  from the 

heating system by a heat exchanger where the heat transfer to the secondary side heat 

media happens  [17] . An i ndirect system has many advantages , e.g., physical  separation 

from the secondary system  and parameters , thus better control over the heat exchange  

and avoiding  potentially costly  accidents  from secondary side system leakage.  This  

thesis concentrates on indirect connection.  

Heating substations come in different shapes and sizes , differ from country to country 

and even inside a country,  and are always calculated according to the customerôs needs, 

i.e.,  considering  the primary and secondary side temperatures , heat load  and allowed 

pressure drop. A m ain common distinction  of HSS is the design used . It is clear from 

the first sentence that the pipe sizing and equipment vary greatly.  

The m ain design s are 1-stage paral lel  (1S -HSS)  and 2 -stage  heating substation s (2S -

HSS) . There exist  many other possible configurations , some examples are 1- stage  

series , either with radiator or DHW on top ;  and 3 -stage designs  where district  heating 

media  first heats  the  DHW, then the  H-HEX and then the DHW -HEX pre -heating stage 

[4] . 

Parallel  design means that both the T1 inlets and outl ets to T2 of DHW and heatin g HEX 

are parallel . 2 -stage design means that the H-HEX primary return  T2 does not flow 

directly back to DHN, but instead flows through  the DHW-HEX pre -heating stage , thus 

further using the primary energy  potential  and reducing the T2  [4] . Parallel de sign 

drawing can be found  in sub -paragraph 2.3 . below , the most common 2 S-HSS design 

is dep icte d. 
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Figure 2.2. A typical 2 -stage heating substation design  [18]  

 

As can be seen above , in the 2S -HSS design, the primary flow side is similar to 1S -HSS 

(see Figure 2.4) , where both DHW-HEX and H -HEX get their heat straight from T1. The 

primary return side T2 is different. 2S-HSS use 2S -HEX with the pre -heating  step. To 

better explain the flow  inside a 2S -HEX and thus the work ing  principle of 2S-HSS, Figure 

2.3 shows a 2S -HEX and how heat media and DHW flow inside it.  
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Figure 2.3. Flow principle of 2S -HEX 

 

Table 2.1 describes the flow  and how the flows mix  in Figure 2.3 from the perspective 

connection . 

 
Table 2.1. Flow principle of 2S -HSS from the perspective of connections  

Connection  Description  Lenght 
travelled  

T1 Enter s the HEX 
from DHN  

Heats the DHW 
to the required 

temperature  

Is mixed with H -HEX T2 
return and pre -heats cold 

water  

Full HEX  

T2 District heating media return to DHN  

T3 Enters HEX  Is pre -heated by 
the mix of H -
HEX T2 return 

and cooled T1  

DHW is 
mixed with 

DHW 

circulation  

DHW 
temperature 
is raised to 

the required 

level by T1  

Full HEX  

T4 DHW flow to consumers  

H-HEX, T2  Enters the HEX 
from H -HEX T2 

return  

Is mixed with 
cooled T1  

Pre-heats DHW before 
flowing back to T2 in DHN  

Half a 
HEX 

Water 
circulation  

Enters the HEX 
from the 

building's DHW 
circulation 

return  

Is mixed with 
pre -heated T3  

DHW 
temperature 
is raised to 

the required 
level by T1  

Exit from T4 
to consumer  

Half a 
HEX 

2.3  Components of HSS  

There are a variety  of HSS design s from parallel to different 2 - stage designs as 

discussed in the previous  section. Design s differ from country to country and even 
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between different DHNs in a country.  In essence, there are hundreds , probably 

thousands of creative  designs that a HSS can have if the designing engineer so wishes.   

To make it easier to comprehend what are the main parts of a HSS, Figure 2.4 together 

with Table 2.2 is used to describe  the main components used  in HSS . The f ollowing 

figure is based on the Estonian Heat and Power Associationôs [15]  suggestion for HSSs 

used in the  Estonian market. There is a debat ably high number of components and some 

that may be unnecessary , but it gives a good basis for showing the main components 

and explaining their purpose.  

 

Figure 2.4. A typical Estonian parallel H SS design  [16]  

 

Comparing the 1S-HSS and 2S -HSS design dr awing s it is clear that the main difference 

is in the heating HEX primary return pipe . Design s are different, but the main 

components are the same  thus this section about components is relevant for all HSS 

regardless of the design.  

Table 2.2. Main components of HSS  

Marking  
on figure 

Figure 2 .4  

Name  Purpose  Comments  

0.1  Ball valve  Shuts off the flow of 
media from one part of 
the system to another  

 

0.2  Strainer  Keeps unwanted particles 
away from the delicate 

parts of the system  

Used both on the primary and 
secondary side  

0.3  Differential 

pressure 
regulator  

Avoiding a HSS of having 

a too great of differential 
pressure  

Too large differential pressure 

may hinder the functionality 
of primary regulating valves  
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RV1 Primary flow 
regulating 

valve  

Controls the district 
heating media flow 

th rough a heat 
exchanger  

Each section of a HSS  has at 
least 1. Higher loads require 2 

as depicted in the design  

20  Motorised 
actuator  

Controls the regulating 
valve to provide a set 
media temperature to 

the secondary side  

 

PI Manometer  Measures system 
pressure  

 

TI  Thermometer  Measures media 
temperature  

 

TE Temperature 
sensor  

Digitally measures and 
transmits media 

temperature  

Used both for control and 
informative measuring 

purposes  

PE Pressure 
sensor  

Digitally measures and 
transmits media system 

pressure  

 

P1.1  Circulation 
pump  

Provides cons umers with 
the required flow of 

media  

 

Not 
explicitly 
show n in 

the design  

Controller  Controls the regulating 
valve by  sending signals 

to an actuator  

The c ontroller uses signals 
from temperature sensors to 
keep the media temperature 

at a given set -point or 

dependency  graph  

SV1 Heat 
exchanger  

Transfer  heat from one 
media to another  

Usually,  every section of a 
HSS is separated from the 

primary side by a HEX  

PP1 Pressure 
vessel  

Compensates thermal 
expansion of a closed 

system  

 

KK1  Over -pressure 
(safety) valve  

Protects the system from  
exceeding the pressure 

limit  

Safety valves are required to 
protect the equipment and 

piping connections  

 1.13  One-way 

valve  

Restrict the flow of media 

to one direction  

 

 2.20  Balancing 
valve  

Enables to restrict the 
flow amount to given 

criteria  

 

WM Flow meter  Measures how much 
primary heating media is 

used  

 

QQ Heat meter  Calculates and transmits 
how much heat is used 

by usin g temperature 
primary sensor and flow 

data  

DHC use it for measuring HSS 
parameters  and for invoicing  

 

2S-HSS has generally, depending on the HSS dimensioning methodology, more heat 

exchange area to accommodate the summer temperatures without the H -HEX pre -

heating the cold water.  With the same parameters, 60/25; 8/55 for DHW and 100/53; 
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50/70 for H -HEX, th e SWEP SSP8 calculation program gives a 15% larger HEX surface 

area for the 2S -HSS.  

A bit larger surface area cost can be oftentimes offset by the ease of construction for 

2S-HSS. It is a more compact design, requiring less piping (or connections) and wel ding 

jobs to be performed. This in turn means, it is easier to produce standard parts into 

stock and the construction time of HSS is also smaller.  

2.4  Control  logic  of HSS   

HSS, like  many other industrial  application processes, is controlled by a PID controller. 

PID controller stands for a proportional - integral -derivative controller . Proportional gain 

is the difference between the real and desired value , with just proportional gain, a 

controller would neve r achieve the set -point value in a closed - loop system. Therefore, 

integral  action makes it possible to achieve equality between the desired and real value, 

as a constant error produces an increasing controller output. Derivative action means 

the changes in  desired value can be anticipated and appropriate actions taken before 

the actual change in value [19] .  

In essence, what a PID controller does, is it gets an input, in the case of HSS, from a 

temperature sensor , as can be seen  in the Figure 2.3 Supply T, and then compares the 

actual temperature to the set -point or desired temperature  and give s an output signal 

to a control element [20] . In the case of HSS, the output is given to the electric control 

valve, i.e., to regulating valve actuator. Nowadays, most used  actuators are with  

0-10 V input signal s. Therefore,  simply put,  the PID controller gives the signal to an  

actuator to open. The c losed control loop checks whether  the desired temperature is 

reached . If the desired temperature is reached, the PID controller gives  an actuator a 

signal to start closing. More acc urately, the controller lo wers the control signal and the 

actuator starts to close.  

 

Figure 2.5 Control logic of a HSS [21]  
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DHW has a set -point that the controller tries to reach, usually 55 °C  (a constant  value) . 

Heating and Ventilation systems use heating graphs that are dependent  on outside  

temperature, i.e., when temperature decreases, the heating/ventilation supply 

temperature increases to compensate for the inside and o utside temperature difference. 

Moreover, many HSS are not working in stable conditions resulting in flow and pressure 

oscil lations due to nonlinearities of valve and plate heat exchanger sensor delay and 

improperly tuned controller [22] .  

2.5  Main reasons for malfunctioning HSS  

High return temperatures and low  dTô are unfavourable for DHN. Around 30% of 

malfunctions are due  to secondary components , experienced by Swedish DHCs [4] , and 

others by faults or malfunctions in the HSS. The m ost common faults and malfunctions 

identified in district heating installation of buildings are in brief [2]  [4] :  

¶ Malfunctions related to the secon dary side of the heating installation, mostly poor 

balancing of space heating  systems and shunts or bypasses  

¶ Too high supply temperature set -point for both space heating and domestic hot 

water  

¶ Oversized control valves and broken valves or actuators  

¶ Broken controllers and misplaced temperature  sensors  

¶ Faults concerning  HEX   

Of the main faults and malfunction given above , these make up , in the order of  

mentioning in the list, 28 %, 35 %, 14 %, 12%  and 8 % respectively . Others are 3 % 

[2]  [4] . Different approaches to detect ing  malfunctions have been proposed in the 

literature, one important direction is to use machine learning [23] . It is clear from h ere 

why it is important for DHCs to work with customers in improving the HSS used and 

that installing a new HSS ca n alleviate all the problems but the secondary side.  

2.6  T1 influence on HEX parameters  

HEX calculations with different prim temperatures  to exem plify  how the main 

parameters  like NTU and LMTD are affected moving toward 4 gen DHN. Calculations 

were done using SWEP SSP8 freeware HEX calculation software. Theoretical HEX 

calculation can be done to better understand the underl ying relations in heat transfer, 

but heat meter data does not enable doing  it  in  the real world. The f ollowing calculation  

is forward - looking, i.e., choosing what the future temperature should  be, what is the 

appropriate HEX suitable for low temperatures and what the parame ters  are when we 

implement a HEX calculated t o low parameters  but use it with higher parameters .  
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Table 2.3 shows the main parameter changes when T1 is changed,  and ot her  values are 

kept the same. Load is taken 132 kW;  HEX has 100 plates and 5,88 m 2 of heat exchange 

surface area.  Base dimensioning sheet for T1 75 °C in Appendix nr 9 ï Base 

dimensioning sheet of the HEX calculations .  

Table 2.3. Heat exchanger parameter change with different  T1 

T1  T3/T4  T2  Flow rate 
ó/ôô, kg/s 

NTUô/NTUôô LMTD  Reô/Reôô 

100  50/70  50,1  0,63/1,58  9,55/3,83  5,22  602/1196  

95  50/70  50,18  0,70/1,58  8,95/3,99  5,01  650/1196  

90  50/70  50,33  0,79/1,58  8,27/4,17  4,8  710/1196  

85  50/70  50,65  0,92/1,58  7,52/4,38  4,57  795/1196  

80  50/70  51,33  1,1/1,58  6,68/4,66  4,29  924/1196  

75  50/70  53,05  1,44/1,58  5,57/5,07  3,94  1179/1196  

 

As can be seen from Table 2.3, the NTU values of 6 -8, that are mentioned by Averfalk 

and Werner  (see INTRODUCTION )  as the benchmark for future , HEX can be achieved, 

but a lot larger HEX need to be installed than necessary  today  (see equations 1.1, 1.3 

and 1.4).  It is a decision  that a DHC need s to make and a cost that a DH consumer 

needs to bear in order to be part of  the greater energy mix of the future.  

Over -dimensioning of the HEX would normally be unfavourable to flow characteristics, 

but by keeping the secondary side parameters constant, then the self - cleaning effect of 

a HEX does not suffer as the Reynolds numbe r stays the same as it would be for higher 

T1 numbers. Of course, the Reynolds number would be higher if we take into 

consideration that when dimensioning  for higher T1, the HEX would be smaller, but the 

Reynolds is the same for the HEX that we would be us ing for different T1 temperatures. 

It is important to consider the primary side effect of 2x higher pressure drop when HEX 

surface area is kept constant, but T1 is reduced over the years.  

To exemplify  the LMTD relation to T1 and improve the visual underst and ing  of the 

relation,  when  other temperatures are kept constant  as above , see Figure 2.6. 

  

 

Figure 2.6. Loga rithmic  mean temperature relation to T1  

y = 28,29ln(x) - 118,39
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2.7  2 - step HEX implementation considerations :  

Existing building envelopeôs internal systems (secondary system from the district 

heating perspective) need to be considered. Old radiators are dimensioned for high 

temperatu res and thus do not have the heating surface necessary for lower 

temperatures. Cast iron also has a low heat conductivity, hence the heat transfer is 

inefficient and needs a larger conductivity surface area. Coupled with the  knowledge 

that high - temperature  graphs can induce lime -scale formation, not all secondary side 

systems are beneficial from the DHN perspective to be used with 2S -HSS. 

2.7.1  Fouling of HEX  

Fouling of HEX is an important topic for DHN . It has been shown that approximately   

1,6 % primary energy savings can be achieved  when proper measure s are undertaken 

to keep the HEX clean [24] . It does not directly affect the price of a consumer whose 

HEX is dirty, i.e., consumer side heat losses thus consumerôs invoice is not affected by  

inefficient heat transfer  directly . The c onsumer is paying for the fouling indirectly  

through more primary energy used for heat production . Automatic fouling detection  

helps identify problematic HEX, but is not dealing with the  underlying  problem,  effort is 

put into  the researc h and develo pment of such detection algorithms [24]  [25] . Predictive 

maintenance is  an important part of the future.  

The b uild -up of lime -scale can happen when there is little to no domestic hot water 

consumption , e.g., at night - time when  the return temperature T2 from the H-HEX is 

high enough to heat the DHWôs pre -heating part that is not flowing. To avoid it, 2S -HEX 

should not be used in cases where there can be a combination of high T2 (>50 °C)  and 

no post -cooling of T2 in the pre -heater part of the DHW 2S -HEX. Usually,  these 

temperatures can be reached in old buildings with  high heat ing temperature graph 

requirements , e.g.,  60/85  °C and with very low outside temperature s. On the other 

hand, cooling down high heating graphs is a good opportunity to lower DHN T2. A couple 

of possible heating graphs are shown below.  
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Figure 2.7. Supply temperatures of h eating curves  

 

In Figure 2.7 legend , for every graph line, the first value shows the  heati ng supply 

temperature T4 and the second is the return from the heating system with an outside 

temperature of -20 °C , e.g., in the 85/60 graph, 85 °C would be the supply temperature 

and  60 °C would be the return to HSS.  Lower temperature  graphs like 70/50 ° C and 

below should avoid the formation of lime -scale in the DHW 2S -HEX.  

In t he  instances  of high heating curves  like 85/60 °C , a helping possibility might be to 

shut the circulation inlet blind and connect the circulation pipe to the cold water , as it is 

with the parallel design. With this connection style, the circulation water would be 

cooling the H-HEX T2 at all times and lime -scale formation  could probably be avoided, 

depending on how low the outside temperature is and for how long it is col d outside, 

i.e., how high the T4  and thus T2 of H -HEX gets. This solution would also depend on  the 

internal system of DHW, i.e., what the dT of DHW circulation is.  

At the same time, this solution solves the problem for  lower outside temperature and 

when t he H -HEX T2 is higher than 50 °C, but when the outside temperature rises and 

the H -HEX T2 decreases, the circulation  water would be heating the DHW -HEX return 

temperature T2  which is not favourable  or acceptable from the perspective  of DHN. 

Furthermore, DH W supply and thus circulation temperatures that affect the T2 can not 

be lowered either, as this is limited by the legionella growth concerns [26]  

To get around these two p roblems, a bit more complex solution could be used . To use 

a 3 -way valve  before  and between the DHW circulation  and T3 of the DHW 2S -HEX, 

using H -HEX T2 as the input parameter . When the temperature of H -HEX T2 is higher 

than for example 50 °C, the DHW circulation is directed to enter the DHW -HEX from T3, 

bu t when the temperature is below the given criteria, circulation enter s the DHW 2S -

HEX from its regular inlet.  

0

10

20

30

40

50

60

70

80

90

-25 -20 -15 -10 -5 0 5 10 15 20 25

H
e
a

ti
n

g
 s

u
p

p
ly

 T
4
, °C

Outside temperature, °C

Heating curves

85/60, °C 70/50, °C 70/40, °C 60/40, °C



27  

It is important to use an on -off type because the aim is to avoid lime -scale formation at 

higher H -HEX T2 temperatures and T 2 increase at  lower H -HEX T2 temperature s. The 

aim is not to mix the flows  and the 0 ï 10 V 3 -way valve would make the system even 

more complex and vulnerable  to incorrect parameter decisions  and programming in the 

control system.  

2.7.2  Water quality and dimensioning  

2S-HSS are w ide ly used in Finland, but according to the tests done for the Thesis, 

Tallinnôs calcium concentration in mains water is  3 times higher than in  Helsinki  and the 

roughness of water in Tallinn is over 3 times higher (See Appendix 10 ï Chemical 

content of mains water ). Avoiding lime -scale formation is a part of the solution, the 

other part is the Ferrum particles found in the mains water due to old piping systems, 

as can be seen in 3.3 . Thus, DHW -HEX need s to be cleaned at  shorter intervals .  

For lime -scale prevention , a n option is to change the physical properties of water by 

using magnetic water treatment devices [27] . Many such devices already exist, at 

varying price levels.  Knowledge development in the field is still in progress and a full 

understand ing  of how magnetic treatment affects water is yet to be developed  [27] . 

When selecting such a device for wider -scale use or for a recommendation from DHC, it 

should be considered that  with such devices, the strength  of the magnetic field itself is 

important for the effect to occur, but much more essential is the magnetic  field gradient  

[28] . Ferrum particles can be filtered out of the water , but with high concentrations , it 

is an added cost and hassle that apartment buildings are unlikely to undertake.  

Besides the physical properties of water and its contents, an important aspect  is the 

over -dimensioning of 2S -HEX and DHW -HEX in general, as t hese are calculated for 

summer, not winter temperatures. Due to over -dimensioning , the turbulent flow levels 

decrease if no t go to the laminar flow, thus reducing or discarding the self - cleaning 

effect of HEX.  Furthermore, laminar flow is associated with a thicker boundary layer  and 

thus less efficient heat conduction  and Reynolds number decrease means an increase in 

friction losses  [29] . Of course, HEX design s that force turbulent flow, do exist [13] , but 

natural self - cleaning  is still important for keeping heat transfer surfaces clean  as forced 

methods are associated with higher pressure losses . Turbulent flow can be forced by 

using,  for example, chevron corrugation or treating HEX with nanofluids [30]  

Stemming from over -dimensioned HEX, o ne consideration is to use smaller regulating 

valves to better control primary side temperature or if necessary  paralle l valves . It is 

especially apparent during the winter months whe n DHW regulating valve, which  is 

dimensioned  for summer temperatures,  needs to perform well at  its lower regulating 

level . Moreover, to accommodate other seasons beside s summer, a HEX could be under -

dimensioned  to have a more accurate control and better self - cleaning properties.  
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3  OVERVIEW OF THE ANALYSIS  

3.1  The set - up  

3.1.1  On - site picture  (others in the appendices) , drawing and dimensioning 

sheet  

The testing and comparison w ere  done in Tallinn, in the district of Haabersti . Old HSS 

was installed in the year 1996 , see Appendix 11 ï Design of test siteôs old HSS, and no 

modific ation s were done to it. As it can be seen in the referred appendix, the HSS was 

designed to be a 2S-HSS, but in reality,  it was a regular parallel design 1S-HSS. 

Haabersti  was chosen as the comparison place because there were multiple buildings 

with the sa me design , thus giving a good comparison base as the buildings should have 

similar load characteristics for the HSS .  

 

Figure 3.1. Picture of the new 2 -stage heating substation at A36  

 

Another reason for choosing this area was that the HSSs in the comparison buildings 

were from the same era and the parameters  were not terrible, i.e.,  all comparison HSS s 

had a dTô > 30 ÁC. As this dTô is good in itself and gives  a good base to broaden the 

compari son to other HSS that have dTô < 30 ÁC. Taking into comparison old HSS with 

higher dTô, analysing their dTô improvement  gives the analytical confidence that when  
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comparing HSS with lower dTô we can be sure that the dTô will be improved at least to 

the dTô levels of the comparison sites used .  

Particular HSS  from that area was chosen  as one of the less performing HSS concerning  

parameters. This gives a good idea of dTô improvement  and also the  possibility  to 

aggregate other HSS as one for comparison to eliminate parameter  differences. The 

table b elow shows  the primary sideôs temperature  differences before  the test period,  

comparison for the winter months of January , February and December in 201 9 is given.  

Winter months ô dTô is relevant because most of the yearly consumption happens during 

these months and thus HSS have the largest technical and monetary impact on the 

DHN.  

Table 3.1 dT' for comparison HSS before the test period. Weighted average dT' is given for 
January, February and December  of 2019 ;  dTô is weighted with volume. Chosen test site is A36  

Building  dT' winter, °C  

A42  39,12  

A38  35,55  

A44  39,31  

A34  39,83  

A36  34,91  

A26  32,73  

 

All the above comparison  sites had a HSS produced by CeteTherm in the second part of 

the 1990s. Some sites may have updated  components , but the  old HSS were the same.  

Chosen test site A36 had 1S -HSS with regulat ing valves produced by TA  and HEX by 

CeteTherm. For heating Cetepac CP18  and  for  DHW Ceteplate C T110/23 -1V were used. 

CeteTherm does not produce HEX s anymore, but these  HEXs exist in the Alfa Laval 

nomenclature, r espectively  as, CB60 and  M6 [31] .  

The n ew , installed heating substation is with a 2 -stage set -up . For the design drawing , 

see Figure 2.2 and for tec hnical data Appendi x nr 8  ï Dimensioning sheet of the new 

HSS for site A36 .  
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3.1.2  Live chart with the HSS design  

 
Figure 3.2. The l ive chart on the Ounet online platform  

 

Ouman MBA controller together with their M -Link  [32]  Modb us TCP/IP [33]  connection 

devi ce was used for the HSS and s endi ng the data online . Oumanôs Ounet platform  was 

used to monitor the HSS online and to collect data  [34] . Nine  Ouman  (sensors : TMW, 

TMS, TMO , type NTC10 0 ï 70 ęC  Ñ 0,2 ęC [35] , temperature sensors  were used to 

collect data about the HSS, but this academic work is most of all concentrated  on the 

dTô district heat meter data that was collected wit h Kamstrup Mul t ical  66c  [36]  calibrated  

on 04.11.2019 , using PT500 temperature sensors and DN20 Kamstrup Ulraflow 65S  

[37]  ultrasonic flow sensor  with a rated nominal flow of 3 m 3/h . Temperature sensor 

TE0.3 is of interest to understand what temperatures enter the DHW HEX  from th e 

heating HEX  and what effect it ha s on the T2. Using heat meter data for analysis enables 

the comparison  of many HSS s. All HSS have heat meters  and these  are calibrated at  

regular intervals , thus making sure the data is accurate  for comparison. The controller 

wiring diagram  as well as a ll  HSS components can be found in the  appendices , where 

the dimensioning sheet and specifications  of the HSS  are  given , and some in the  table 

below.  

Table 3.2. Couple of main components for the new HSS. Dimensioning  sheet can be found in the 
appendices  

Product  Category  Purpose  

Alfa Laval CB60 -80L:2  HEX Heat transfer to DHW  

Alfa Laval CB60 -50L 6C -HES HEX Heat transfer to the heating system  

Grundfos A lpha 2 15 -60  Pump  DHW circulation  

Grundfos Magna 3 25 -100  Pump  Heat circulation  
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3.2  Data and results  

The data collection period was exactly 1 year, from 01.2021 to 12.2021. DHW supply 

temperature was modified by the customer on 21.02 from 55 to 53 degrees. The h eating 

graph is set so that the supply temperature to the building, with -20 °C, is 63 °C , this 

is considered to be , from experience,  the right graph from the Manageme nt of the 

Buildingôs Association. As no tenant complaints  during the test period were recorded , it 

can be considered the right heating graph.  

The a nalysis is t hree fold: winter, summer and full - year are considered in different sub -

sections. Aim to understa nd what the parameter changes were  and if and to the ext ent 

the new HSS is superior. HSS parameters  are dependent  on secondary side systems , as 

discussed in 2.7.1 . T he main actions to lower secondary side temperatures, as shown 

in Low -Temperature District Heating Implementation Guidebook, are in the order from 

less expensive to most expensive: installation of thermostatic valves; hydronic 

balancing ; supply temperature optimisation; replacing inefficient heat exchangers; 

replacing critical  radiator; new replacing single -pipe  heating systems with two -pipe 

systems; new low - temperature radiators; energy renovation [2] .  

3.2.1  Data p reparation and integrity  

PowerQuery data preparation tool was used to clean and uniform the data for analysis. 

To calculate and analyse data  points, these need to match and be available for every 

minute. If data point where data was not collected due to no  changes in the 

temperature, the upfill function was used to get the data for every minute.  

Heat meter data preparation, negative temperature dTô values are considered 0 ęC for 

graph building purposes, these values do not alter overall dTô values as these are 

weighted average values and during the hours when district heating was not provided 

(0 m 3/h  flow through HSS), the resulting weighted dTô is also 0 ęC.    

The difference between heat meter primary temperatures and the test siteôs collected 

data is app rox. 2 °C, heat meter temperatures are higher. The higher temperatures of 

heat meter data can be explained by the different type s of temperature sensors used. 

The h eat meter uses immersed temperature sensors on T1 and T2 lines that are inside 

the measured substance, but the sensors used for academic purpose s were surface 

sensors. Temperature difference then comes from the pipe material ñresistingò heat 

transfer from the DH water to the surface sensor and from the boundary layer that 

develops near the pipe s urface [38] .  All data is available in Appendi x nr 2 ï Pictures and 

data of the HSS . 

Furthermore, outliers in the data are not searched for as these cannot be accurately 

detected in a heating substation [39]  and heat meter data is rather accurate as it is the 

basis for invoicing and the heat meters are regularl y calibrated.  




































































































