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The object of this study was to examine, what is the performance of the district heating 
substation in low temperature district heating. One of the Alfa Laval’s plate heat 
exchanger was studied with Anytime-program. Supply and return temperatures and flow 
rates were changed. The aim of the study was to examine, if it is possible to use a heat 
exchanger, that is sized based on today’s sizing parameters, in low temperature district 
heating and how to control the substation. 

 The outcome was, that it is not possible to only change the district heating supply 
temperature without changing the control methods of the substation. When the secondary 
side return temperature was decreased by lowering the flow rate and regulating the supply 
temperature according the control curve, it was possible to lower the district heating 
supply temperature by 10 °C, whit out too high return temperature in primary side. The 
secondary flow rate can be adjusted by lowering the pumps rotational speed. By lowering 
the secondary flow rate, it is possible to decrease the district heating supply temperature. 
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Tämän työn tarkoituksena oli selvittää, mikä on lämmönjakokeskuksen 
lämmönsiirtimen suorituskyky matalalämpö-kaukolämpösovelluksella. Yhtä 
Alfa Lavalin levylämmönsiirrintä tutkittiin Anytime-mitoitusohjelmalla. 
Lämmönsiirtimelle tulevia ja poistuvia vesivirtoja muutettiin niin lämpötilojen, kuin 
tilavuusvirtojen osalta. Työn tavoitteena oli selvittää, voidaanko nykyisillä 
mitoitusvaatimuksilla mitoitettua lämmönjakokeskusta käyttää 
matalalämpösovelluksessa ja miten lämmönjakokeskuksen säätämistä pitää muuttaa. 

Työn tuloksena saatiin, ettei pelkästään kaukolämmön menolämpötilaa voida muuttaa 
ilman, että lämmönjakokeskuksen säätöjä muutetaan. Kun toisiopiirin paluulämpötilaa 
laskettiin pienentämällä toisiopuolen tilavuusvirtaa ja muuttamalla toisiopuolen 
menolämpötilaa säätökäyrän mukaan, voitiin kaukolämmön menolämpötilaa pienentää 
10 °C, ilman että kaukolämmön paluulämpötila nousi yli 33 °C: n. Toisiopuolen 
tilavuusvirtaa voidaan pienentää säätämällä pumpun kierrosnopeutta. Toisiopuolen 
tilavuusvirtaa pienentämällä voidaan madaltaa kaukolämmön menolämpötilaa. 
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LIST OF SYMBOLS 

Roman Letters 

A area [m2] 
d diameter [m] 
E length [m] 
g acceleration of gravity [m/s2] 
h convection heat transfer coefficient  [W/m°C] 
H corrected depth [m] 
H head [m] 
H’ depth [m] 
k heat transfer coefficient   [W/m2°C] 
L length [m] 
LMTD logarithmic mean temperature difference [K] 
P power [W] 
q specific heat rate [W/°C] 
qm mass flow rate  [kg/h] 
qv flow rate  [m3/h; m3/s] 
R thermal resistance [mK/W] 
Re Reynolds number [-] 
T temperature  [°C; K] 
U overall heat transfer coefficient  [W/m2°C] 
w flow velocity  [m/s] 

Greek Letters 

Δ difference  [-] 
ζ single resistance factor [-] 
λ thermal conductivity [W/mK] 
ν kinematic viscosity [m2/s] 
ξ friction factor [-] 
ρ density [kg/m3] 
Φ heat rate [W] 
η efficiency  [-] 

Subscribts 

c outermost 

6 
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f friction, single resistance 
g ground 
i inlet, insulation 
l loss 
l loss 
m mass 
n nominal 

p primary, pump, pipe 
r return 
s secondary 
s supply 
u useful 

Abbreviation 

DE direct electricity 
DH district heating 
GEO geothermal heatin 
LTDH low temperature district heating



1 INTRODUCTION 
District heating is one of the most common heating methods in Finland. In year 2018 the 

district heating production was 33,7 TWh (Energiateollisuus 2018). District heating is 

heating systems, which consist of at least one production plant, distribution network and 

customers’ substations. Production plants are mostly combined heat and power plants, or 

only heat plants. There are already some hybrid solutions, where some of the energy is 

transferred from waste heat by heat pumps (Energiateollisuus 2018).  

1.1 Background 
 For new energy production methods such as heat pumps and surplus energy, the 

temperature levels become challenging. If the supply temperature needs to be as high as 

115 °C, the temperature levels in energy source for heat pumps and surplus energy need 

to be quite high too. If it would be possible to lower the supply temperature, new sources 

of energy could be used. New energy production methods are not the only drivers for low 

temperature district heating. When energy is transferred from power plant to customers 

by supply pipelines, some of the heat transfers to surrounding ground. All this energy is 

lost and causes costs to an energy company. When lowering the supply temperature, the 

heat losses decrease.  

District heating is distributed to customers through supply and return pipelines in two-

pipe-systems. A district heating substation stays between a primary and secondary flow. 

The secondary flow is the water flow inside building, that is used for space heating, or as 

domestic hot water. The substation has an essential role, when lowering the district 

heating supply temperature. Main elements in the substation, that are important for heat 

transfer, are heat exchangers, regulation valves and circulation pumps. The regulating 

valves are used to adjust the flow rate in primary side so that the indoor temperature and 

domestic hot water temperature stay right. 

8 
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Lowering the supply temperature has been a common trend through district heating 

generations. The first generation used steam to provide the heat to customers. During the 

second generation of the district heating, pressurized water above 100 °C was used. The 

second-generation district heating consists concrete ducts, heavy valves and large tube- 

and shell-heat exchangers. Since 1970s the third generation of district heating has 

developed towards more effective heat transfer with compact plate heat exchangers, pre-

insulated transfer pipes and supply temperature mostly below 100 °C. Low temperature 

district heating (LTDH) isn’t a new concept, but a continuum based on district heating 

development. (Li & Nord 2018, 2.) 

1.2 Aim and definitions 
In this work, a space heating heat exchanger in a customer substation is studied. The aim 

of the master thesis is to study, is it possible to use a heat exchanger, that is sized based 

on today’s sizing parameters, in low temperature district heating and how to control the 

substation. The performance of the heat exchanger is calculated in seven different cases, 

where the district heating supply temperature, secondary side return temperature and 

secondary side flow rate are varying.  

The domestic hot water is not taken account in calculations at chapter 6. The heat demand 

for domestic hot water is approximated 25 % of building’s annual heat demand 

(Koskelainen et al. 2006, 51), but this study concentrates to space heating. The 

calculations are made with one plate heat exchanger by comparing different situation with 

supply and return temperatures and flow rates in customer’s substation.  

1.3 Structure and methods 
The study consists of two parts, theoretical and calculations with the sizing program. The 

theoretical part includes chapters 2 and 3 about district heating production and 

distribution. A chapter 4 discuss about low temperature district heating and leans to 

literature reviews. In chapter 5 basic sizing parameters and requirements for district 
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heating substations are reviewed. Energiateollisuus Ry determinates the requirements for 

district heating customer devices in publication K1 (Energiateollisuus ry. 2014).   

Chapter 6 includes calculations to study a space heating heat exchanger in a district 

heating substation. At first a basic situation is determined for the heat exchanger. Six 

different cases are calculated and compared to reference case. The cases are calculated 

with Alfa Laval’s Anytime-program for sizing a heat exchanger (Alfa Laval. 2019) 
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2 DISTRICT HEATING PRODUCTION 

In Finland district heating was started in 1950s, but it became more common in 1970s. 

(Koskelainen et al. 2006, 5). In 2016 the market share of district heating was 46 %, when 

taking account residential and commercial buildings. In 2017 2,84 million people in 

Finland lived in houses that were heated by district heating. Length of the district heating 

network is 14 920 km. (Energiateollisuus ry 2018b, 2-3.) 

Most common way of heat distribution in western Europe base on circulating hot water. 

The temperature levels in Europe are 120-130 degrees at highest. In Russia and eastern 

Europe, the maximum temperature may be as high as 150 degrees. In North America 

steam is still used as transfer the heat to customers. (Koskelainen et al. 2006, 29.) 

2.1 Steam power plant 
Most of the heat is comes from fuels’ chemical energy. Heat plants are either only heat 

producing or combined heat and power plants. In the heat plants fuels’ chemical energy 

is released in combustion chamber, where it is transferred to water or steam. Efficiency 

is usually 85-93%. The heat plant includes boiler, fuel handling unit, combustion 

chamber, piping, pumps, blowers and other devices, electricity and automation system 

and combustion gas lines. (Koskelainen et al. 2006, 47) 

Steam power plants are divided to two different types, condensate- ja counter pressure 

plants. The counter pressure plants are combined heat and power plants where it produced 

heat, electricity and possibly also process steam for industry. Heat is the main output so 

process is designed for heat demand. Steam line goes first throw the turbine and it 

condensates in district heat exchanger. The condensate pressure depends on district 

heating temperature. When temperature is lower, condensation pressure is lower and 

enthalpy difference in turbine is higher. So with lower district heating temperature, 

electricity production rises. (Koskelainen et al. 2006, 297-298) 
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A condensate process in another way to produce heat and power. District heating 

exchangers are not the condensers, but the process steam comes earlier from a bleeding. 

Some of process steam goes through high- and low-pressure turbines and a condenser, 

but some of the steam is bled steam that heats the distribution line. Bled steam and the 

main steam line through the condenser can be fixed to meet the need of the heat and 

power. Condensate pressure in condenser depends on the temperature of cooling water, 

which is usually lake- or seawater. (Koskelainen et al. 2006, 298-299)   

2.2 Gas turbine and combined cycle power plant 

Gas turbine plants are one way to produce heat. In a gas turbine process fuel is burned in 

pressurized combustion chamber. The pressure is usually 15-30 bar. Air is first 

pressurized in compressor. In combustion chamber air and fuel is mixed and combustion 

gas is lead to turbine. Temperature in turbine inlet can be 1300-1500 °C. If heat is also 

produced, after the turbine comes heat recovery boiler. In the boiler combustion gas cools 

down and steam is produced. The heat can be recovered directly to district heating water 

or to circulating steam. (Koskelainen et al. 2006, 300-303.) 

A combined cycle power plant includes recovery boiler for fuel gases and steam turbine 

to get more electricity from the cycle. Steam is produced in a heat recovery boiler. Some 

of the steam can go through the district heat exchangers and some through a steam turbine. 

Eventually steam condensates in district heating exchangers. (Koskelainen et al. 2006, 

300-303.) 

2.3 Diesel- and gas motor plant  

Motor plants can be used to heat production as gas turbines. Diesel motors are basically 

used with liquid fuels and gas motors with gas fuels. In the diesel motor fuel is spread to 

combustion cylinder. Liquid fuel transforms to small drops. The heat from pressurizing 

lights the fuel drops. The gas motors can be compression ignition engines as diesel motor 

or sparks ignition. Compression ignition needs little bit of liquid fuel to light up, so it is 
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also called as dual fuel engine. Spark ignition happens by sparking plug. (Koskelainen et 

al. 2006, 304-308.) 

Heat is recovered from several sources. Lubrication oil, supercharging air, cylinders and 

finally fuel gas needs to be cooled down. All these stages can be used to heat district 

heating water. Also steam turbine can be add to motor plant. In combined cycle plants 

heat is recovered in boiler and steam goes throw the turbine and produces electricity. Bled 

steam heats the district heating exchangers so as condensation steam from the end of the 

turbine.  (Koskelainen et al. 2006, 304-308.) 

2.4 Other plants 
Other kind of production plants can also be used to produce district heating. During 

the last few years, waste combustion has become an option. In waste incineration 

plants waste can be combusted in a fire grate boiler or in a fluidized bed boiler. The 

fire grate boiler has a simple construction and waste doesn’t need any handling before 

combustion. In fluidized bed boiler different kind of waste can be burned, but the 

particle size needs to be quite homogeneous.  (Koskelainen et al. 2006, 309-310.) 



14 
 

3 DISTRICT HEATING DISTRIBUTION 
District heating distribution is commonly made by pipelines that transfer hot water to end 

users. Cooled water comes back through return pipes. The traditional distribution system 

is two-pipe-systems that includes one supply pipeline and one return pipeline, as shown 

in Picture 1. Temperature is regulated in a production plant according outlet temperature 

to meet customers’ heat demand. Temperature can’t be too high, because higher 

temperature causes more heat loss in pipeline. (Koskelainen et al. 2006, 43-44.) 

 

Picture 1. Most common distribution network structure in Finland is two pipe system, where 
return water is transferred through one return pipeline (Koskelainen et al. 2006, 43). 

Usually in Finland there are multiple production units connected to one distribution 

network. During peak loads in winter heat demand grows and the capacity of the main 

plant may not be enough. Production plants are connected so, that they can be operated 
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independently, if one plant goes down. Service lines for customers separates from trunk 

line and eventually returns to main long -distance return line.     

Pressure in distribution network is crucial. Too low pressure causes evaporation. Pressure 

needs to be high because the farthest customer needs to have at least 60 kPa of pressure 

difference. Pressure can be risen in a separate pumping stations during the pipeline. In a 

customer substation a control valve regulates flow rate to meet the heat demand. From 

the customer substation water flows through return pipeline back to the heat plant to be 

warmed up again. (Koskelainen et al. 2006, 43-44.) 

3.1 General planning  
When to start planning new distribution network, the first design is called general 

planning. Main characteristics are area, buildings and other customers on it, heat demand 

and developing of the demand during the next 10 to 15 years. Table 1 presents the 

different factors that affect to designing and sizing of distribution network. (Koskelainen 

et al. 2006, 153-154) 

Table 1. General planning and sizing for distribution network needs to take account for 

several characteristics (Koskelainen et al. 2006, 153-154). 

 

  Unit 

Specific heat demand of buildings W/m3 

Heat demand of processes W  

Heat demand of domestic water W 

Specific pressure drop bar/km 

Temperature difference between supply and return  °C 

Simultaneity of heat demand - 

Distance between production plants and customers km 

The heat demands of buildings, processes and domestic hot water are the key 

characteristics of the general planning. The distribution networks are sized so that enough 
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energy can be transferred to customers in any circumstances. Specific pressure drop 

defines how much water is pumped through pipelines. With more water flow, pressure 

drop increases. Temperature difference between return and supply water tells, how well 

heat is transferred in customers’ heat exchangers. Return temperature is decreased as low 

as possible, because it improves the efficiency in production plants.  

The heat demand of a building depends on a type of the building and location. Table 2 

present the specific heating power of different buildings and houses in southern Finland. 

With local proportionality factor these numbers give sufficient values to heating power 

demands that can be used for general designing. The local proportional factor differs from 

0,94 in south-west Finland to 1,33 in northern part of Lapland. (Koskelainen et al. 2006, 

153-154.) 

Table 2. Specific heat rate depends on type and age of building (Koskelainen et al. 2006, 154). 

 Specific heat rate [W/m3] Specific heat consumption [kWh/m3] 
  Old New Old New 
Detached house  22-30 18-20 55-70 40-50 
Apartment house 22-28 15-20 55-75 45-55 
Commercial building 20-34 20-30 45-80 34-45 
Public building 28-38 25-32 50-80 35-45 
Industrial buildings 25-35 15-25 50-70 30-55 

 

Specific heat rate and specific heat consumption are different for old and new buildings 

and also for different building types. Values from Table 2 are used for sizing trunk lines 

and service lines in general planning.  

3.2 Distribution capacity  
Distribution network sizing is based on requirement of heat rate. the heat rate consist of 

specific heat capacity, mass flow rate and temperature difference. (Koskelainen et al. 

2006, 198.) 
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 𝛷𝛷 = 𝑐𝑐𝑝𝑝𝑞𝑞𝑚𝑚𝛥𝛥𝛥𝛥 (1) 

Φ heat rate  [W] 

cp specific heat capacity [kJ/kgK] 

qm mass flow rate  [kg/h] 

ΔT Temperature difference [K; °C] 

Because heat rate depends on just three parameters as presented in equation 1, only by 

changing one of those parameters, heat rate supply can be adjusting to meet the demand. 

A specific heat capacity for a fluid changed with temperature and it can’t be affected 

during the process. So, the variables are only temperature difference and mass flow rate. 

(Koskelainen et al. 2006, 155.) 

3.2.1 Restrictions of transfer   

Maximum heat transmission is determined by following factors. (Koskelainen et al. 2006 

198-199). 

• pipe dimensions 

• pressure difference, pressure drop and maximum pressure rate 

• pumping capacity 

• customer devices 

Temperature difference is also limited. (Koskelainen et al. 2006 198-199) 

• maximum temperature rate in system 

• regulation of supply temperature from production plant 

• customer devices 

• minimum temperature is determined by domestic hot water 

• supply temperature lowers down to furthest customer 

• pipeline dimensions, capacity to transfer water 
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Pipes are sized so that maximum flow rate can be achieved without too high pressure loss. 

To get the dimensions as low as possible, temperature difference needs to high. With 

higher temperature difference, mass flow rate can be lowered.  

Mass flow rate is defined by the customer substations, so the production plant can only 

affect to supply temperature. Often more than one production plants are connected to one 

distribution network. All plants, that are working at the same time, need to keep the supply 

temperature at the same level, so that temperature difference doesn’t cause too much 

stress to pipelines. As mention above maximum heat transmission is limited by for pipe 

dimensions and maximum pressure drop. If supply temperature is too low, valves in 

customer substations are open, so the flow rate increases. When flow rate increases too 

high, pressure drop is also so high, that pumping capacity isn’t enough. Supply 

temperature needs to be optimized so that flow rate doesn’t grow too high. (Koskelainen 

et al. 2006, 199.) 

3.3 Pressure losses in distribution pipelines 

Different pipelines have different sizing pressure drop. Highest pressure drop is in service 

lines. The service line goes through customer’s substation and ends up to the return line. 

The service lines are sized based on the maximum heat rate. There are usually different 

exchangers for space heating, air ventilation and domestic water, so all those heat rates 

affect to pipe dimensions. Water is cooled down by 50-70 °C. Sizing pressure drop is 2 

bar/km. (Koskelainen et al. 2006, 155.) 

Trunk lines are sized based on both calculated and predicted heat rate. All the buildings 

on area are summed up and multiplied with simultaneity factor. The simultaneity factor 

tells about crossing. Crossing means that not all the peak of heat rates in different 

buildings happen in same time. The maximum load is not just the sum of the peak loads 

in buildings, but something between the mean rate and summarized peak rate. 

Temperature difference in trunk line is 40-50 °C and pressure drop 1 bar/km. In long-

distance trunk lines the pressure drop is even lower, 05-1 bar/km. (Koskelainen et al. 

2006, 156.) 
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Pressure drop in a straight pipeline is caused by friction. Bigger inlet diameter and 

slower flow cause less pressure drop.  

 
𝛥𝛥𝛥𝛥l = 𝜉𝜉

𝐿𝐿
𝑑𝑑i
𝜌𝜌𝑤𝑤2

2
= 𝜉𝜉

8𝐿𝐿
𝑑𝑑i5

𝑞𝑞𝑚𝑚2

𝜋𝜋2𝜌𝜌
 (2) 

   

 Δpl pressure loss  [Pa] 

ξ friction factor [-] 

L pipe length  [m] 

di inlet diameter  [m] 

ρ density  [kg/m3] 

w flow velocity  [m/s] 

 

Pressure drop due friction loss in straight pipeline can be calculated with equation 2. 

Friction factor needs to be defined with Reynolds number and roughness ratio. 

(Koskelainen et al. 2006, , 199-201). 

 
Re =

𝑤𝑤𝑑𝑑i
𝜈𝜈

 (3) 

Re Reynolds number  [-] 

 ν kinematic viscosity [m2/s] 

Roughness ratio depends on material of the pipe. For district heating pipes the ratio is 

usually 0,04 - 0,1 mm. The relative roughness is roughness ratio divided by inlet pipe 

diameter. Friction factor can be estimated from Figure 1. 
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Figure 1 Friction factor is function of Reynolds number and relative roughness (The 
Engineering toolbox 2003). 

To calculate friction losses in 1 km long pipeline with equation 2, values from Table 3 

are need to define.  

Table 3 These given values need to be known before friction loss is calculated. The kinematic 
viscosity is for water at 100°C temperature. 

    Example value 
Pipe length [m] L 1000 
Inlet diameter [m] di 0,5 
Mass flow rate [kg/s] qm 500 
Density [kg/m3] ρ 1000 
Kinematic viscosity [m2/s] ν 2,938•10-7 
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The roughness ratio is now 0,06 mm, so with the inlet diameter of 500 mm, the relative 

roughness is 0,00012. Reynolds number is calculated with equation 3. 

Re =
2,55 m

s ∙ 0,5m
2,938 ∙ 10−7m2/s 

= 4 333 695 

 
Friction factor can now be estimated from Moody diagram. The factor is approximated 

0,014. Pressure drop is calculated with equation 2. 

𝛥𝛥𝛥𝛥l = 𝜉𝜉
8𝐿𝐿
𝑑𝑑i

5
𝑞𝑞𝑚𝑚

2

𝜋𝜋2𝜌𝜌 = 0,014 ∙
8 ∙ 1000 m
(0,5 m)5

∙
�500 kg

s �
2

𝜋𝜋2 ∙ 1000 kg
m3

= 90 784 kPa 

Pressure drop due the friction loss is not only pressure loss in distribution network. All 

crossing points, bending, valves and pipe dimension changes cause pressure losses. Total 

pressure drop is caused by the friction loss and single resistance loss. Single resistance 

loss causes a big part of total pressure loss, so designing of the routes and piping is very 

important. Picture 2 shows typical values for single resistance factor in different crossings 

and piping. (Koskelainen et al. 2006 202.) 
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Picture 2. Crossings and changes in pipe dimensions cause pressure losses (Koskelainen et al. 
2006, 202). 

3.4 Temperature losses in distribution pipelines 
A heat loss follows from temperature difference between distribution water and ground. 

Energy transfers always from higher enthalpy to lower.  Some of supplied heat transfers 

to return pipeline, so this amount of energy is not loss, because it goes back to the power 

plant. All heat loss is wasted energy and that’s why it is important to reduce heat losses. 

The heat loss in DN 50 pipeline is 1 typically 0-20 % and in bigger DN 150 pipeline 4-

10 %. (Koskelainen et al. 2006, 203.) 

The heat loss for a two pipe system, as shown in Picture 3, depends on temperature 

difference between ground and supply water, thermal resistance of insulation, ground and 

between pipes (Koskelainen et al. 2006, 204-205.)  

 𝛷𝛷′ =
2

𝑅𝑅i + 𝑅𝑅g + 𝑅𝑅p
�
𝛥𝛥s + 𝛥𝛥r

2
− 𝛥𝛥g�  (4) 
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 Φ’ Heat loss per pipe length  [W/m] 

 Ri Thermal resistance for insulation  [mK/W]  

 Rg Thermal resistance for ground [mK/W] 

 Rp Thermal resistance between pipes [mK/W] 

 Tg Ground temperature  [°C] 

Thermal resistance for insulation depends on a pipe type. In Finland the most common 

piping type is all-bonded insulated plastic pipe with polyurethane foam. For this kind of 

pipe, thermal resistance can be calculated, when inlet and outlet diameters and thermal 

conductivity of insulation are known. (Koskelainen et al. 2006, 205.) 

 

𝑅𝑅i =
ln(𝑑𝑑c𝑑𝑑o

)

2𝜋𝜋𝜆𝜆i
 (5) 

dc Outermost diameter of the piping [m] 

 do Pipe outlet diameter  [m] 

 λi Thermal conductivity of insulation [W/mK] 

Thermal resistance for ground depend on depth of the pipes and the outermost diameter 

(Koskelainen et al. 2006, 206). 

 𝑅𝑅g =
1

2𝜋𝜋𝜆𝜆g
ln(

4𝐻𝐻
𝑑𝑑𝑐𝑐

) (6) 

 

 λg Thermal conductivity of ground [W/mK] 

 H Corrected depth of the pipe [m] 

 dc Outermost diameter of the pipe  [m] 

Value dc depends on the pipe structure and spacing. If the pipes are both insulated and 

they are not in channel, dc  is the same as the insulation’s outer diameter. Corrected depth 

considers the convection lost above ground. (Koskelainen et al. 2006, 204-207). 
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𝐻𝐻 = 𝐻𝐻′ +

𝜆𝜆g
ℎgs

 (7) 

 H’ Actual depth   [m] 

 hg Convection heat transfer coefficient  

of ground surface [W/mK] 

Thermal resistance between two pipes depends on the depth of the pipes in ground, pipe 

diameters and distance between the center points (Koskelainen et al. 2006, 205-207). 

 𝑅𝑅p =
1

4𝜋𝜋𝜆𝜆g
ln(1 + �

2𝐻𝐻
𝐸𝐸
�
2

) (8) 

E Length between center points of the pipes [m]  

Regarding to Vaasa Energy Institute, thermal conductivity depends on features of ground. 

For fine-grained clay thermal conductivity is 1,1 W/Km for dry solid and 1,7 W/Km for 

wet solid. For coarse dry sand thermal conductivity is 0,76 W/Km and for wet sand 2,5 

W/Km. Specific heat capacity is 0,88 kJ/kgK. (Vaasa Energy Institute 2008). Best ground 

solid for installing district heating pipelines would be dry coarse sand 

Table 4 presents basic values to calculate the heat loss per pipe meter. Pipe inlet 

diameter is 200 mm, wall thickness 5 mm and insulation thickness 100 mm. Picture 3 

demonstrates the installation of the pipes.  
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Table 4. To calculate heat loss in two-pipe system, pipe dimensions, installation depth, thermal 
conductivities and temperatures need to be defined.  

Term Symbol Unit Value   
Pipe length  lp m 1000   

Pipe inlet diameter di m 0,2   
Outermost diameter of the pipe  do m 0,205   

Inlet diameter of insulation do m 0,205   
Outlet diameter of insulation dc m 0,405   

Installation depth H' m 0,8   
Distance between pipes' center points E m 0,7   

Thermal conductivity of insulation λi W/mK 0,035    
Thermal conductivity of ground λg     

fine-grained clay   W/mK 1,1   
fine-grained clay wet  W/mK 1,7   

coarse sand dry  W/mK 0,76   
coarse sand wet  W/mK 2,5   

Convection heat transfer coefficient of ground surface  hg W/m2K 14   
   1 2 3 

Supply temperature  Ts °C 100 90 90 
Return temperature  Tr °C 45 45 35 
Ground temperature  Tg °C 5 5 5 

 

dc

do
di

H´

E

 
Picture 3. In two pipe system supply and return water has own pipelines, that are usually installed 
nearby (Koskelainen et al. 2006, 207). 
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The corrected depth H’ takes account convection heat transfer coefficient on ground 

surface. The heat loss is calculated for four different soils and three different supply and 

return temperatures. The calculation results are presented in Table 5.  

Table 5. Different solids have different capability to transfer heat. For wet and coarse sand thermal 
conductivity is highest. 

Term Symbol Unit Value   
Corrected depth of the pipe H       

fine-grained clay   m 0,879   
fine-grained clay wet  m 0,921   

coarse sand dry  m 0,854   
coarse sand wet  m 0,979   

Thermal resistance of ground Rg       
fine-grained clay   mK/W 0,411   

fine-grained clay wet  mK/W 0,270   
coarse sand dry  mK/W 0,589   
coarse sand wet  mK/W 0,188   

Thermal resistance for insulation Ri mK/W 3,096   
Thermal resistance between pipes Rp       

fine-grained clay   mK/W 0,144   
fine-grained clay wet  mK/W 0,097   

coarse sand dry  mK/W 0,203   
coarse sand wet  mK/W 0,069   

Heat loss per pipe length  Φ'   1 2 3 
fine-grained clay   W/m 37,0 34,2 31,5 

fine-grained clay wet  W/m 39,0 36,1 33,2 
coarse sand dry  W/m 34,7 32,1 29,6 
coarse sand wet  W/m 40,3 37,3 34,3 

Temperature losses in distribution network cause a lot of costs. Temperature loss can be 

decrease by many ways. One of these is lowering supply temperature. Lowering supply 

temperature means that flow rate increases when heat demand is constant. To get higher 

flow rate through pipelines, pumps need to be more effective or pipe dimensions higher.  

Other ways to reduce temperature loss are sufficient insulation and optimized pipe 

dimensions. Pipe insulation needs to be wide enough and dry. If insulation wets, heat 
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transfers improves. Also, too narrow insulation lets more heat through. Pipe diameter is 

an important factor, when reducing temperature loss. With bigger diameter casing area 

grows, so heat transfer area gets larger. (Koskelainen et al. 2006, 209). 

3.5 Pumps 
Distribution water is transferred by pumps. The pumps are important part of the 

distribution network, as well as customer’s heat distribution centers. The pumps concur 

pressure drop in distribution pipeline, in production plants as well as pressure drop in 

measuring centers and customers’ distribution centers. Water pressure needs to high 

enough, not just to be transferred through pipelines, but not to be vaporized. When water 

pressure drops below saturation pressure, water starts to vaporize. (Koskelainen et al. 

2006, 169). 

Most commonly used pumps type is a centrifugal pump. The centrifugal pump was 

developed by physist Denis Papin In 1689.  The construction of a centrifugal pump is 

quite simple, as shown in Picture 4. (Skovgaard & Nielsen 2004, 14.) 

Inlet Outlet

Impeller Shaft
Coupling

Mechanical seal 

Casing
 

Picture 4. A centrifugal pump with one impeller and radial flow has a simple construction. The 
fluid enters inlet of the pumps casing, impeller rotates in pump hub and fluid flows through outlet. 
(Skovgaard & Nielsen 2004, 14.) 
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 The fluid flow enters the pump casing through inlet. The pump can have an axial, radial 

or semi-axical flow, as shown in Picture 5. The radial and semi-axials flows are the most 

common. In pump hub impeller rotates and the velocity of the fluid changes. After the 

impeller the fluid flows through outlet. (Skovgaard & Nielsen 2004, 14.) 

3.5.1 Pump curve 

Pump performance is usually described with two characteristics, a head and a flow rate, 

the head as a function of the flow rate. This is called a pump curve. For a centrifugal 

pump the head normally decreases when the flow rate increases as shown in Picture 6. A 

point where both curves, the pump curve and a pipe resistance curve, meet, is called a 

duty point. In that single point of the pump curve, the pump operates.  
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Picture 5. The blue curve at above picture describes the pump performance, the head as the 

function of the flow rate (Grundfos 2019). 

The duty point can be changed, when either pipe resistance or pumps rotational speed 

change. Also, an impeller diameter effects to pump performance. When pipe resistance 

increases, the resistance curve becomes steeper, as shown in Picture 7. Increasing the pipe 

resistance results from changes in the pipeline. For example, if a valve is shut in the 

pipeline, the friction losses lead to higher pressure drop. Other possibilities are longer 

pipeline or smaller pipe diameters. At the same way, if the control valve is opened, flow 

rate trough the pump increases due the smaller pipe resistance.  
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Picture 6. The resistance curve steepens, when pressure lost increases (Grundfos 2019). 

Controlling the flow rate can be used by changing the rotational speed of the pump. This 

is made with frequency converter. The pump’s motor may have an integrated frequency 

converter, or it can be a separate device. Whit variable speed drive the resistance curve 

stays still, but the pump curve lowers or higher depend on the change of speed. If the 

frequency is lowered, also the pumps curve lowers. This is how a lower flow rate can be 

driven without increasing the pressure drop, as in Picture 8.  
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Picture 7. The pump can be driven with a frequency converter (Grundfos 2019). 

Resistance curves in Picture 6 and Picture 8 are same. In Picture 6 the rotational speed is 

2936 rpm and the frequency is 50 Hz. When lowering the frequency to 38,7 Hz, rotational 

speed is 2292 rpm and the flow rate decreases to 20 m3/h. The head of the pump is 11,75 

m. If the same flow rate is driven without variable speed, but shutting a control valve, the 

head is higher 29,2 m. A useful power of the pump, as Johann F. Gülich (Gülich 2008, 

46) describes it, is the ideal power needed to rise pressure of the fluid.  

 𝑃𝑃u = 𝜌𝜌𝜌𝜌H𝑞𝑞v (9) 

  Pu useful pump power [W] 
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 g acceleration of gravity [m/s2]  

 H pump head  [m] 

 qv flow rate  [m3/s] 

The useful pump power is calculated at the duty point in Picture 6 with equation 9. The 

flow rate is 25,6 m3/h, which equals to 0,0071 m3/s. The head is 19,18 m and density 

998,2 kg/m3.  

 
𝑃𝑃u = 998,2

kg
m3 ∙ 9,82

m
s2
∙ 19,18 m ∙ 0,0071

m3

s
= 1,336 kW 

The useful pump power doesn’t take account a pump’s efficiency. The efficiency can be 

read from Picture 6.  

 𝑃𝑃1 =
𝑃𝑃u
𝜂𝜂𝑝𝑝

 (10) 

 P1 pump power  [W] 

 ηp pumps efficiency [-] 

The pump efficiency at duty point 1, Picture 6, is 69 %. The pump power is calculated 

with equation 10.  

 
𝑃𝑃1 =

1,336 kW
0,69

= 1,936 kW 

The pump power is calculated in duty point 1, 2 and 3 (Picture 6, Picture 7, Picture 8) as 

presented in Table 6. 
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Table 6. The rotational speed is same at duty points 1 and 2. 
  Duty point 1 Duty point 2 Duty point 3 
Flow rate [m3/h; m3/s] 25,6 0,0071 20,1 0,0056 20,1 0,0056 
Head [m] 19,18 21,29 11,75 
Density [kg/m3] 998,2 998,2 998,2 
Useful power [kW] 1,336 1,1640 0,6424 
Pump efficiency [-] 0,690 0,671 0,697 
Pump power [kW] 1,936 1,735 0,922 

The useful pump power is highest at duty point one, but it has the highest flow rate. When 

flow rate is reduced by closing the valve, head of the pumps increases. More efficient 

way of reducing flow rate is to lower the rotational speed as at duty point three. The flow 

rate is same as at duty point two, but head is much lower, only 11,75 m. The duty point 

three has better efficiency and lower pump power.  

The pump performance in variable speed drive can also be approximated by affinity laws. 

The affinity laws apply when there is now changes in piping or any other conditions. This 

means, that the resistance curve stays similar. (Skovgaard & Nielsen 2004, 109.) 

 𝑞𝑞𝑣𝑣,n

𝑞𝑞𝑞𝑞,x
=
𝑛𝑛n
𝑛𝑛x

 (11) 

 qv,n flow rate in nominal duty point [m3/h] 

qv,x flow rate in duty point x  [m3/h] 

nn nominal rotational speed  [rpm] 

nx rotational speed in duty point x [rpm] 

 𝐻𝐻n
𝐻𝐻x

= (
𝑛𝑛n
𝑛𝑛x

)2 (12) 

Hn head in nominal duty point  [m] 

Hx head in duty point x  [m] 
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 𝑃𝑃1,n

𝑃𝑃1,x
= (

𝑛𝑛n
𝑛𝑛x

)3 (13) 

P1,n pump power  in nominal duty point [W] 

P1,x pump power in duty point x [W] 

The head and the pump power in duty point three can be calculated with equations 11, 12 

and 13. The head with flow rate 20,1 m3/h is calculated based on the duty point one.  

𝐻𝐻1
𝐻𝐻3

= �
𝑛𝑛1
𝑛𝑛3
�
2

= �
𝑞𝑞𝑣𝑣,1

𝑞𝑞𝑞𝑞,3
�
2

 

𝐻𝐻3 = 𝐻𝐻1 �
𝑞𝑞𝑣𝑣,1

𝑞𝑞𝑞𝑞,3
�
−2

= 19,18 m ∙ �
25,1 m3

h
20,1 m3

h

�

−2

= 12,29 m 

𝑃𝑃1,1

𝑃𝑃1,3
= �

𝑛𝑛1
𝑛𝑛3
�
3

= �
𝑞𝑞𝑣𝑣,1

𝑞𝑞𝑞𝑞,3
�
3

 

𝑃𝑃1,3 = 𝑃𝑃1,1 �
𝑞𝑞𝑣𝑣,1

𝑞𝑞𝑞𝑞,3
�
−2

= 1,936 kW ∙ �
25,1 m3

h
20,1 m3

h

�

−3

= 0,994 kW 

Calculated values for head and power in duty point three differ from values in Table 6. 

The affinity laws are approximations, so they don’t give the exact values. The head read 

from the pump curve in duty point three is 11,75 m and calculate head 12,29 m. The pump 

power calculated with equation 10 is 0,922 kW and with the affinity law the power is 

0,994 kW.  
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4 LOW TEMPERATURE DISTRICT HEATING 
Heating and cooling of buildings are one of the major energy sectors worldwide. 

Approximately one third of the energy consumption comes from heating and cooling. 

Low temperature district heating has been discussed and studied for a while. An aim to 

achieve 100% renewable energy system inquires changes in district heating production 

and therefore in distribution. By lowering the supply and return temperature new sources 

of energy could be used for heating. (Lund et al. 2017, 5-6). 

Lowering supply temperature is part of a concept “4th generation district heating” or 4DH. 

This concept tries to emphase and concur the future challenges of district heating. Aim to 

use more renewable energy sources and reduction of heat demand due to more energy 

efficient buildings affect to district heating production and distribution. Production has 

been quite traditional with large central heating plants and conventional fuels. Current 

supply temperatures don’t make achievable to use e.g. heat pumps and surplus heat for 

production. Reduce temperature would also improve efficiency in production plant and 

lower heat losses. (Lund et al. 2017, 6). 

4.1 District heating competitiveness in Finland  
Regarding EU’s aim for year 2021, every new building should be almost zero energy 

buildings. This means that over all energy balance is almost zero. This might affect to 

district heating demand because more energy supplied from outside to buildings, more 

energy need to be produced e.g. with solar panels. While all new heating methods, such 

as geothermal heat pumps, have been developed, the district heating needs to develop to 

meet the new standards and customer wishes. Valtion teknillinen tutkimuskeskus VTT 

(Finnish government technical research center) has published a research “Tulevaisuuden 

kaukolämpöasuinalueen energiaratkaisut” with some energy companies, to investigate 

how to include district heating for buildings with low energy consumption. (Klobut et al. 

2014 7). 
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4.1.1 Life cycle costs in buildings at Hyvinkää house fair 2013 area 

The research investigates district heating competitiveness in low energy buildings at 

Hyvinkää house fair 2013 area. Life cycle costs are also calculated with present value 

method for different heating types. Figure 2 shows the recoverable amount after 20 years 

for geothermal heating combined with solar energy, geothermal heating (GEO), district 

heating, direct electric heating (DE) and direct electric heating combined with solar 

energy (Klobut et al. 2014, 10-11). 

 

Figure 2. The direct electricity has the lowest recoverable amount after 20 years time period 
(Klobut et al. 2014, 11). 

Years at Figure 2 tell, which year’s national building codes are followed. According to 

Motiva (Motiva 2018) national E-number is calculated based on buildings energy demand 

for area. E-number takes account the heating method and amount of bought energy.  For 

different heating methods, the heating demand should be different to achieve best possible 

E-number. (Motiva 2018). Based on E-number, buildings with direct electric heating need 

to be almost passive energy building to concur good E-number.  (Klobut et al. 2014, 11). 

The direct electric heating buildings have lowest life cycle costs. For passive houses 

energy demand is low as well as investment cost for direct electric heating. Solar energy 
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systems are valuated to be cheaper in future, so it doesn’t rise investment costs 

significantly. Maintenance and installation costs are not evaluated, so that decreases 

investment costs. Geothermal heat with solar panels and solar heating has the highest 

investment cost, so it is the most expensive even for life cycle cost analyses. If solar 

panels and heating systems will be cheaper in future, geothermal heat combined with 

solar energy will become more competitive, and district heating the most expensive 

heating option. (Klobut et al. 2014, 11-12). 

4.2 Different district heating distribution concepts  

Economical profitability of district heating distribution depends on heat density and heat 

demand for pipe length. As limit values can be 10 kWh/m2 at year for heat density and 

0,3 kWh/m for heat demand per pipe length. To improve the profitability, heat losses of 

distribution network need to be decreased. To decreasing the heat losses, new connection 

methods and network structures have been presented. (Klobut et al. 2014, 34-35). 

4.2.1 Ring network 

A ring network construction for district heating distribution network has the same pipe 

length for each customer, as shown in Picture 9. For some customers the supply pipe is 

longer than return pipe and vice versa. The ring network enables mass flow rate control 

with inverter pumps. Mass flow rate is used to provide needed energy for customers. 

(Kuosa et al. 2014, 279). 
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Picture 8. The picture from the paper ”Study of a district heating system with the ring 
network technology and plate heat exchangers in a consumer substation” (Kuosa et al. 
2014, 279) clarifys the concept of the ring network.  

At the same study Kuosa et al. present the mass flow rate control by pumps in both 

primary and secondary side of the substation. The mass flow rate is kept same in both 

sides, so the temperature difference is same. (Kuosa et al. 2014, 279.) The problem is, 

that the supply temperature in secondary side rises higher than allowed 60 °C 

(Energiateollisuus ry. 2014, 3). 

4.2.2 Low-energy district heating concept 

Dalla Rosa and Christensen (Dalla Rosa, A. Christensen J.E. 2011, 8) compare different 

pipe types and diameters in heating distribution. They have two different way to 

implement low-energy district heating, low-flow and low-temperature district heating. 

Low-flow district heating has the traditional supply temperatures, but lower flow rate and 

return temperature. Heat is supplied with lower mass flow rate. The other way is to 

decrease supply temperature, which increases mass flow rate. Each pipe material and 

diameter are compared so, that all can distribute the same heat amount with same flow 

velocity. This means that supply temperatures differ for different pipe diameters. (Dalla 

Rosa, A. Christensen J.E. 2011, 8.) 
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When summarizing the heating demand of buildings, heat losses and electricity needed 

for pumping, lower heat losses lead to lower total energy. When heat losses decrease due 

to lower temperature difference between supply water and ground, mass flow rate also 

decreases, because less energy is wasted. Pumping power depends mostly head of the 

pump and mass flow rate. With lower mass flow rate pumping power decreases. 

Regarding to Dalla Rosa and Christensen’s study (Dalla Rosa, A. Christensen J.E. 2011, 

9) the low-flow concept has lower electricity consumption than low-temperature concept, 

but the heat losses are higher, as well as total energy.  

4.3 Low temperature district heating with boosting 
In paper “Comparison of Low-temperature District Heating Concepts in a Long-Term 

Energy System Perspective” (Lund et al. 2017) Rasmus Lund et al. have studied four 

different cases compare to normal district heating distribution. First case is to only lower 

return temperature from conventional 40 °C to 25 °C.  Other case is lowering supply and 

return temperature to as low as 50 °C and 25 °C. With ultra-low temperature 45 °C and 

25 °C electrical boosting is required. Fourth case has even lower supply temperature, 35 

°C, but the boosting is made by heat pump. Boosting is needed, because legionella 

bacteria can grow in warm water between 20-45 °C. Conventional supply and return 

temperatures are in this study 80 °C and 40°C. Lund et al. are taking account costs of heat 

losses in supply and return network, improving production efficiency and heating 

requirements of buildings. (Lund et al. 2017, 5). 

In case three domestic hot water is preparade with direct electricity heating. Domestic hot 

water is heated only to meet 45 °C, because it is assumed that pipelines are not very long. 

Hot water is first heated in a district heat exchanger. 14% of the heat rate is made with 

electricity. Fourth case is otherwise similar, but instead direct electricity, micro heat pump 

is used to heat the domestic hot water to 50°C. (Lund et al. 2017, 8). 

In this study, the most socioeconomically feasible case would be lowering supply and 

return temperatures to 50 °C and 25 °C. This would cause less grid losses, have smaller 

energy system costs and biggest reduction in energy system costs. Costs keep reducing 
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when lowering the supply temperature, until the electrical domestic hot water boosting is 

required. Electrical boosting causes more investment costs, so it is not so feasible 

solution. Low temperature -case doesn’t need so much extra investments than boosting 

with electrical heater or heat pump, so it is not so hazard to invest, if lowering supply 

temperature won’t be so beneficial as estimated. (Lund et al. 2017, 13-15). 

4.4 Low temperature district heating in Norway 
In paper “Challenges and potentials for low-temperature district heating implementation 

in Norway” Nord et al. study the possibility to start to use low- temperature district 

heating in area in Trondheim Norway. They are specially concentrating to challenges of 

the low temperature district heating. The area in Trondheim has new passive houses and 

low-energy buildings. The passive houses and low-energy buildings consume less energy, 

than traditional houses and buildings. Therefore, conventional district heating may not be 

so competitive, because energy density is an important characteristic. Whit less energy 

intensive buildings, heat demand for area decreases. (Nord et al. 2018, 1). 

In Norway, conventional supply temperatures are between 80 to 100 °C. Low temperature 

district heating could have supply temperatures from 45 to 55 °C, ultra-low systems with 

domestic hot water boosting even lower. Heat losses are typically 8-15 % of supply heat. 

In Norway, as in other cases concerning low temperature district heating, reasons for 

reform district heating are increased use of renewable energy sources and surplus heat 

and decreasing heat losses. (Nord et al. 2018, 2-3). 

Nord et al. based they study to modelling the distribution network and customers heat 

exchangers. They are calculating both heat and pressure losses in network. Customer 

substations are need to solve the proper mass flow rate. The mass flow rate affects to 

temperature levels because transferred energy depends on mass flow rate and temperature 

difference. Also, customers’ heat exchangers need some temperature difference between 

primary and secondary supply. (Nord et al. 2018, 3). 
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As presented in chapter 3.4, heat losses depend on temperature difference between ground 

and water, mass flow rate, pipe length, diameter and wall thickness, insulation thickness, 

ground solids and installation depth. Regarding Nord et al. (Nord et al. 2018, 3), 

temperature drop during winter is in average 1-2 K and during summer 5-10 K, between 

heat supply and customers substation. This is probably based on decreasing mass flow 

rate during summer. When mass flow rate decreases, temperature drop increases, even 

though temperature difference between ground and supply water is lower during summer. 

The pressure drop in pipe lines are calculated in study as in chapter 3.3. Total pressure 

drop includes pressure losses due friction, single resistance losses and pressure drop in 

customers heat exchangers.  Total pressure drop is needed to calculate power of a 

circulation pump.  

Picture 10 shows the installation of customer’s substation. VV1 is heat exchanger for 

domestic hot water and VV2 for space heating. The mass flow rate and return temperature 

are solved based on customer’s heat demand for space heating and domestic hot water. 

All temperatures and mass flow rates marked to Picture 10 are calculated. The supply 

temperature in the primary side is relative to outdoor temperature, so it is a known value. 

The return temperature for primary side is evaluated based on supply temperature in 

primary side (T1) and return temperature on secondary side (T9 and T5). There is always 

temperature difference between primary and secondary sides. The calculations are made 

with different primary supply temperatures and different supply and return temperatures 

in heating system. Temperatures are in Table 7. (Nord et al. 2018, 4.) 

Table 7. Temperatures in secondary side differs, when supply temperature in primary side changes 
(Nord et al. 2018,5). 
 

District heating supply 
temperature 80 °C 70 °C 60 °C 55 °C 

Secondary Ts/Tr 60 °C / 40 °C 55 °C / 30 °C 50 °C / 25 °C 50 °C / 25 °C 
ΔT 20 °C 25 °C 25 °C 25 °C 
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Picture 9. The customer substation has two heat exchangers in study of Nord et al. (Nord et al. 
2018, 4). 
 

The study is made with two different district heating network structure. The main 

characteristic in network structure is a linear density. The linear density describes how 

much energy is transferred per pipe length. In these two cases are low heat density area 

with the linear density of 1,3 MWh/m and high-density area with 2,3 MWh/m. These 

values help to evaluate the competitiveness regarding different network structures. The 

area itself includes apartment houses, that are built with passive house and low energy 

building -standards and some public houses, as shown in Picture 11. (Nord et al. 2018, 4) 
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Picture 10. The area in Nord et al. study includes different building types (Nord et al. 2018, 6). 
 

The district heating networks that are compared in the study are the conventional network 

with supply temperature of 80 °C during winter and 70 °C during summer. Temperature 

difference between return and supply is 40 °C. For low temperature network, supply 

temperature is lowered to 55 °C during winter and summer and temperature difference is 

30 °C. This won’t be possible unless the heat demand in area decreases. Nord et al. have 

asked in they paper about the real potential to transfer to low temperature district heating 

from the energy company. The company says that it could be done in some time line, 

when old buildings would undergo energy efficiency renovation, so that heat demand 

would decrease. The new network would also have different piping, with small dimension 

plastic pipes with better insulation to lower heat losses. (Nord et al. 2018, 6). 

The heat losses are analyzed in study for both network structures and with different supply 

temperatures. The paper shows that the heat losses are highest during summer, compared 

to transfers energy. This is caused by smaller total amount of transfers energy. The 

network structure with higher liner heat density has smaller heat losses, due the compact 

structure. The difference between het losses in different network structure is almost 8 % 

at highest, 16 % for lower linear heat density and little bit over 8 % for higher heat density. 

For both network structures, heat losses can be reduced even 25 % when lowering supply 

temperature from 80 to 55 °C, without chancing pipe diameters. While reducing supply 

temperatures mass flow rate increases which affects to pumping power. For structure A 

annual pumping electricity rises 58% and for structure B 54%. Picture 12 shows that 

comparing pump energy and power and heat losses, network structured B is more optimal. 
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The network structure B has higher linear heat rate, so more energy is transferred with 

shorter pipelines. (Nord et al. 2018, 9). 

 

 
Picture 11. The reference case B has lower specific pump energy and lower heat losses than case 
A (Nord et al. 2018, 10). 

Picture 12 shows that low heat density is a problem for competitiveness of low 

temperature district heating, as well as for traditional district heating. While linear heat 

density lowers, more pumping power is needed and also heat losses increases. While heat 

losses depend on the temperature difference, heat losses are higher for traditional district 

heating.  
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5 DISTRICT HEATING SUBSTATIONS 
About 40% of annual heating energy of buildings in Finland goes to heating, 35 % to air 

ventilation and 25 % to domestic water (Koskelainen et al. 2006, 51). The heat demand 

of a building differs during a year. In summer the heat demand consists only domestic hot 

water. The heat demand for domestic hot water is approximately 10 % of the designed 

heat demand of the building. In winter the mean temperature is -5°C. The heat demand at 

this temperature is about 50% of the total designed heat rate. (Koskelainen et al. 2006, 

41.) 

District heating has been a major heating method in Finland for a long time. First 

households have been connected to district heating networks already in 1950s. The most 

common connection has been from beginning indirect connection, where the heat is 

brought to building through heat exchangers. Energiateollisuus ry is an organization, 

which regulates connection methods of customer devises. First recommendation was 

given in 1973. The latest publication is K1/2013 “Rakennusten kaukolämmitys” 

(Energiateollisuus ry 2014). The publication defines values and requirements for 

customer devices.  

Designing temperature rate for devices in heat distribution center is 120 °C. Maximum 

pressure differs in different device. Pressure rate for primary side is 16 bar, for domestic 

hot water 10 bar and space heating 6 bar. All parts of the heating system must tolerate 

these values. (Energiateollisuus ry 2014, 3.) 

5.1 Sizing of the customers’ substations 

Aim for designing and sizing district heating substations for buildings is to use energy as 

efficiently as possible without forgetting customers’ needs. Buildings need to have a 

healthy indoor climate, that means proper temperature. To meet these aims and targets 

district heating substation adjusts to meet momentary heat demand. The heat demand 
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varies depending on outdoor temperature, weather and people inside the building. 

(Energiateollisuus ry 2014, 7.) 

Sizing of a district heating exchanger depends on heat rate demand of the heated building. 

Heat transfer area of the exchanger need to be large enough so that temperature of district 

heating water drops as much as possible. Low return temperature improves efficiency in 

production plant. (Koskelainen et al. 2006 71.) 

Regarding Energiateollisuus ry’s publication K1/2013 heat exchanger for domestic water 

is sized so that temperature rises to 58 °C with sizing flow rate. Sizing flow rate needs to 

be at least 0,3 dm3/s. (Energiateollisuus ry 2014, 12). Lower water temperature may cause 

problems with legionella bacteria. To avoid legionella bacteria in domestic water, 

temperature need to be above 50 °C or under 20 °C.  

District heating system in building can be divided two, primary and secondary side. The 

primary side covers all piping, valves and all other devices that are in touch with 

distribution water or are affected by the pressure. Maximum temperature in the primary 

side is 120 °C and pressure 16 bars. The secondary side consist piping and all devices that 

are in touch with liquids that are warmed up in a district heating exchanger. Maximum 

temperature in heating network is 80 °C and pressure 6 bar. For domestic hot water 

maximum temperature is 65 °C and pressure 10 bar. (Energiateollisuus 2014, 19-22). 

5.1.1 Sizing of the heat exchanger 

Heat rate for a heat exchanger can be calculated when heat transfer coefficient, area and 

logarithmic temperature difference are known. The overall heat transfer coefficient is 

hard to define precisely. It depends on the total thermal resistance that includes all the 

elements between to fluids. The overall heat transfer coefficient for water to water heat 

exchanger usually varies between 850-1700 W/m2K. (Incropera et all. 2007, 674-675.) 

 𝛷𝛷 = 𝑈𝑈𝑈𝑈 𝐿𝐿𝐿𝐿𝛥𝛥𝐿𝐿 = 𝑞𝑞𝑚𝑚,p𝑐𝑐𝑝𝑝�𝛥𝛥p − 𝛥𝛥s� (<14) 
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 U overall heat transfer coefficient  [W/m2K] 

 A heat transfer area  [m2] 

 LMTD logarithmic temperature difference [K, °C] 

The heat exchanger can have a parallel or counter flow of fluids. In the parallel flow heat 

exchanger inlet and outlet for both hot and cold fluids are on the same end of the heat 

exchanger and fluids have same flow direction. Temperature changes in the parallel flow 

heat exchanger are presented in Figure 3. In a counter flow heat exchanger the fluids have 

opposites flow directions as in Figure 4. 

 

Figure 3. Fluids are entering a heat exchanger at left side and outlet is at right (Incropera et all. 
2007, 677). 

T 
[°

C
]

x [m]



48 
 

 

Figure 4. Fluids are entering a heat exchanger from different ends (Incropera et all. 2007, 679). 

At this work, a counter flow heat exchanger is studied. For the counter flow heat 

exchanger, a hot fluid’s outlet temperature may be lower than a cold fluid’s inlet 

temperature (Incropera et all. 2007, 697). This is important for the district heating 

substations, because a maximum primary side return temperature is 33 °C, when supply 

temperatures for radiators and floor heating can be much higher (Table 8). 

 𝐿𝐿𝐿𝐿𝛥𝛥𝐿𝐿 =
𝛥𝛥𝛥𝛥2 − 𝛥𝛥𝛥𝛥1

ln𝛥𝛥𝛥𝛥2𝛥𝛥𝛥𝛥1

    (15) 

Where, 

 𝛥𝛥𝛥𝛥2 = 𝛥𝛥h,o − 𝛥𝛥c,i = 𝛥𝛥r,p − 𝛥𝛥r,𝑠𝑠 (16) 

 Tr,p primary side return temperature [°C] 

Tr,s secondary side return temperature [°C] 
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 𝛥𝛥𝛥𝛥1 = 𝛥𝛥h,i − 𝛥𝛥c,o = 𝛥𝛥s,p − 𝛥𝛥s,𝑠𝑠 (17) 

Ts,p primary side supply temperature [°C] 

Ts,s secondary side supply temperature [°C] 

The equation  15 is used for calculating the logarithmic mean temperature difference for 

a counter flow heat exchanger. The temperature differences are calculated with equations 

16 and 17. The temperatures for example calculations are recommendations for radiator 

heating in Table 8. 

𝛥𝛥𝛥𝛥2 = 33 °C − 30 °C = 3 °C 

𝛥𝛥𝛥𝛥1 = 115 °C − 45 °C =  70 °C  

𝐿𝐿𝐿𝐿𝛥𝛥𝐿𝐿 =
3 °C − 70 °C 

ln 3 °C
70 °C 

= 21,27 °C 

If the overall heat transfer coefficient is 1500 W/m2K and the heat transfer area 3 m2, the 

heat rate can be calculated with equation 14. 

𝛷𝛷 = 1500
W

m2K
∙ 3m2 ∙ 21,27 K = 95 717 W ≈ 95,7 kW 

 

Table 8. Energiateollisuus Ry gives maximum sizing values for different heat exchangers in 
district heating substations (Energiateollisuus ry. 2014, 8). 

Heat exchangers sizing temperatures °C 
  Primary Secondary 

  Supply 
Return 
(max) 

Supply 
(max) 

Return 
(max) 

Recomendation for radiators 115 33 45 30 
Exception for radiators 115 33 60 30 
Floor heating 115 33 35 30 
Comfort floor heating of bathrooms etc. 70 28 30 25 
Air conditioning 115 33 60 30 
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Sizing of a heat exchanger can be complicated due varying fluid properties such as 

velocity and temperature and complex structure. District heating substations suppliers 

may have sizing programs to choose the right type and sized heat exchangers and other 

devices in the substation. In this study Alfa Lava’s Anytime -program is used to study the 

performance of one specific heat exchanger.  

5.2 Connections of the substations 
Energiateollisuus ry gives recommendations, how the district heating substation’s 

connections should be made. The recommendations are divided to three different 

connection ways. A basic connection, as presented in Picture 13, is used when a heat 

demand is over 30 kW for space heating and air conditioning. It is also used, when the 

heat demand for heating stays lower than 30 kW, but domestic hot water needs to be 

warmed with more heating power than 120 kW. The basic connection means that the heat 

from space heating exchangers can’t be used anymore to heat up the domestic hot water. 

(Energiateollisuus ry. 2014, 29.) 
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Picture 12. The district heating substation with basic connection has heat exchangers for space 
heating and domestic hot water (Energiateollisuus ry. 2014, 32). 

The basic connection includes heat exchangers for domestic hot water (DHW) and space 

heating. Flows through the heat exchangers are regulated by control valves in primary 

side. Domestic hot water flow is not regulated but it depends on how many taps are open. 

When more domestic hot water is used in building, the flow rate through heat exchanger 

in secondary side increases.  

For smaller houses and building, that have the heat demand lower than 30 kW for air 

conditioning and space heating, a small-house connection is chosen. The connection is 

presented in Picture 14. It differs from the basic connection with expansion tank, that is 

included to the substation’s execution. For basic connection the expansion tank is external 

from the substation. (Energiateollisuus ry. 2014, 29-30). 
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Picture 13. The small-house connection two different loops for domestic hot water and space 
heating (Energiateollisuus ry. 2014, 33). 

An intermediate feed connection is used for bigger buildings, when heat rate from space 

heating can still be used to warm cold domestic water. A configuration is shown in Picture 

15. Some of the primary flow rate goes first trough space heat exchanger and then trough 

domestic hot water exchanger to ensure the lowest possible return temperature. The return 

temperature in district heating flow after space heating needs to be over 45 °C. 

(Energiateollisuus ry. 2014, 29-30.) 

 



53 
 

C
us

to
m

er
En

er
gy

 c
om

pa
ny

District heating substation

  

DH return

DHW

DHWC

Regulating device center

Control center

TE

TC

TIA TE

TC

EIA EIA

TI

PI

PI

PITI

TIPI

TIPI

TE

PIA
a

TI

TIA
a

 

Picture 14. The intermediate feed means, that the return flow from space heating exhanger can be 
used to warm up some of the domestic hot water (Energiateollisuus ry. 2014, 34). 

Graphic symbols are drawn based on Finnish code of building regulations D4 

(Ympäristöministeriö. 1978). Explanations are presented in Table 9, Table 11 and Table 

12. 

Table 9. The district heating substation includes many different valves for ensuring right flow 
rate and pressure (Energiateollisuus ry. 2014, 35). 

Valves 
 
 

 

Cut-off valve 

 

One-way valve 

 

Safety valve 

   

Throttling valve 
 

Control valve 

  

 

Group valve (cut-off, test connector, one-way, cut-off) 
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Group valve (cut-off, test connector, one-way) 

 

 

Table 10. Temperature and pressure are measured from different points (Energiateollisuus ry. 
2014, 35). 

Measuring instruments 
 

  
Pressure gauge 

 
Temperature gauge 

 
Temperature gauge with alarm 

 
Pressure gauge with alarm 

 
Temperature sensor 

 

Table 11. Control valves regulate the flowrate and the valves are opened and closed with control 
board.  

Control 
 

  
Control board 

 

  
Relay switch with display and alarm 

 

  
Switch 

Controlling flow rate trough district heating substation is essential for good and healthy 

heating. At domestic hot water side, the temperature is recommended to keep at 58 °C. 

The domestic hot water supply temperature is measured in all connections and the control 

valve opens and closes depending on that. At the small-house connection a balancing tank 

can be added to keep the domestic hot water temperature steady. (Energiateollisuus ry. 

2014, 29-30.) 
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5.3 Control curve 
Regulation of the heat rate is done with control valves both in domestic hot water and 

space heating sides. The supply temperature at the secondary side for space heating 

depends on outdoor temperature. An outdoor temperature sensor gives a measurement 

signal to a control center, which open and shuts a control valve based on the outdoor and 

space heating supply temperatures. Controlling of the space heating control valve leans 

on to a control curve. The control curve is a linear function between outdoor temperature 

and the supply temperature of the space heating as presented in Figure 5 

(Energiateollisuus ry. 2007, 10.) 

 

Figure 5. A control curve is right, when room temperature is steady (Energiateollisuus ry. 2007, 
9-10). 

The control curve needs to be chosen so, that the indoor temperature doesn’t change with 

outdoor temperature. If the curve is wrong, the temperature may stay still, but it’s too 

high or low. In Figure 6 a red line illustrates the indoor temperature as a function of the 

outdoor temperature, when too low control curve is chosen. When the outdoor 

temperature decreases, same happen to indoor temperature, because a control valve in 

substation doesn’t open enough. For too steep control curve the impact is opposite. The 
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indoor temperature rises too high as the blue line shows. For The green line the curve’s 

slope is right but a constant term is too big. The curve needs to be move down. 

(Energiateollisuus ry. 2007, 10.) 

 

Figure 6. The indoor temperature should stay same despite of the outdoor temperature 
(Energiateollisuus ry. 2007, 10).Energiateollisuus ry. 2007 

5.4 Typical devices 
Gebwell is one of the heat distribution substation suppliers in Finland. They have products 

for both residential and commercial buildings. Gebwell G-Power for houses is a compact 

heat distribution center for detached, semi-detached and small terrace houses. The heat 

distribution center includes control devices for heating and domestic hot water cycles, 

pumps for both cycles, plate heat exchangers, control center, valves, pressure indicator, 

pressure tank, shut-down thermostat for floor heating system, all devices for primary side 

and Gebwell Stabilisator for temperature controlling of domestic hot water. (Gebwell 

2018, 1). 
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Picture 15. Gebwell G-Power 2/100 Ouman H23 is a heat distribution center for single-family 
houses with two plate heat exchangers and Ouman’s control devices. (Gebwell 2018) 
 

Gebwell G-Power 2/100 Ouman H23 heat distribution center has the following 

components (Gebwell 2018, 10). 

1. DH water return 

2. DH water supply 
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3. Domestic cold water  

4. Domestic hot water 

5. Heating supply 

6. Heating return 

7. DHW heat exchanger 

8. Space heating heat exchanger 

9. Domestic hot water cycle 

10. Control valve for DHW 

11. Control valve for space heating 

12. Pump P1 for DHW 

13. Pump P2 for space heating  

14. Charging valve 

15. Control unit 

16. Operating switches for pumps 

17. Shut-off valve for summer season 

18. Expansion tank for heating cycle 

19. Safety valve for heating cycle 2,5 bar 

20. Safety valve for DHW 10bar 

21. Pressure-difference control 

22. Stabilisator 

One of the other district heating substation suppliers is Cetetherm. They have a product 

line The Cetetherm Maxi compact in capacity range of 20-300 kW. The Picture 17 present 

the Maxi Compact -substation for space heating. (Cetetherm AB).  
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Picture 16. The Cetetherm Maxi Compact product range has a substation for only space heating 
(Cetetherm AB) 

At point A the district heating water flows in and returns from point B. It flows through 

the space heat exchanger (2). At point G the secondary flow rate enters the heat exchanger 

trough a circulation pump. Number 5 is the control valve at primary side and number 3 is 

the control center.  
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6 PERFORMANCE OF THE HEAT EXHANGER 
In this chapter the effect of changing temperatures and flow rates to a district heating 

substation’s space heating exchanger is studied. At fist a building’s heat demand 

requirements are presented. The Finnish code of building regulations D3 

(Ympäristöministeriö. 2012) gives guidance how to calculate the sizing heat demand for 

different buildings.  

Traditional way of controlling the heat demand in buildings is to regulate the valves. 

Controlling of the valves decreases the flow rate, but the problems comes with a pump. 

If the pump is not adjusted anyway but it rotates the same speed regardless of the flow 

rate, the head of the pump rises. As presented in chapter 3.5.1 more efficient way of 

adjusting the flow rate, is to change the rotational speed of the pump. After studying the 

heat exchanger in five different cases, controlling the substation is consider again.  

6.1 Heat demand of a building 
There are three ways of heat losses in buildings as shown in Picture 18. Convection, 

radiation and conduction through a casing of the buildings, heat losses due the air 

condition and air infiltration. The casing includes a floor, a roof and walls. The Finnish 

code of building regulations D3 tells design values to different casing structures e.g. floor, 

roof, doors and different wall materials. The heat loss due air condition depends on how 

great the air flow is and if there are any heat recovery in an air supply unit. The air 

infiltration increases in windy weather and need to take account when sizing the heat 

demand of the building. (Ympäristöministeriö. 2012, 12-13.) 
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Φroof  

Φfloor

Φwall

ΦAir conditio

ΦAir infiltration

 

Picture 17. The heat losses from building to outdoor air happens through the casing of the 
building and with air condition and air infiltration. 

A specific heat loss through casing includes all the heat losses through the roof, floor and 

walls (Ympäristöministeriö. 2012, 12). A specific heat loss for air condition depends on 

the air flow and working time of the air condition unit. The code of building regulations 

D3 on page 14 defines the equation and values which to use to calculate the specific heat 

loss as well as for heat loss due air infiltration. The actual heat loss depends on 

temperature difference between indoor and outdoor air. The Finnish code of building 

regulations D3 gives sizing values on page 13, which can be used to determinate the 

specific heat loss through casing. (Ympäristöministeriö. 2012, 14.) 

The actual heat loss depends on temperature difference between indoor and outdoor air. 

The Finnish code of building regulations D3 gives sizing values, which can be used to 

determinate the sizing heat rate for the building. By using these values, the sizing heat 
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demand for a building can be calculated. Sizing outdoor temperature varies with 

location (Table 12) (Ympäristöministeriö. 2012.) 

Table 12. Climate areas for I to IV are different parts of Finland. Area I is south-west Finland, II 

middle and west Finland, III middle Finland and IV north Finland. (Koskelainen et al. 2006, 

52.) 

Climate area Tout Tmean,year Tmean,heating 

I -26 5 1 

II -29 4 0 

III -32 2 -1 

IV -38 0 -5 

The heat rate of the building’s space heating changes linearly as a function of the 

outdoor temperature. An earlier guidance was, that volume rate for air conditioning was 

cut half, when the temperature dropped under -10°C, but nowadays is kept the same. A 

Picture 19 shows the heat rate dependence from outdoor temperature. (Koskelainen et 

al. 2006, 53.) 
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Picture 18. The heat rat for air condition is higher and other heating (Koskelainen et al. 2006, 
54) 
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Regarding Picture 19 (Koskelainen et al. 2006, 54) the heat rate a building changes 

linearly, when taking account only the heat rate needed for space heating and air 

conditioning. Domestic hot water demand doesn’t change based on outdoor temperature. 

The demand depends on building’s type and people in it (Koskelainen et al. 2006, 57). 

6.2 Heat exchanger calculation 
For study effect of the customer substation to low temperature district heating, the Alfa 

Laval Anytime -product and configuration program is used (Alfa Laval. 2019). The heat 

exchanger that’s studied is Alfa Laval’s CB 60-50L. CB 60-50 L is a copper plate heat 

exchanger with 50 plates and one pass. The flow is countercurrent, as presented in Picture 

20. 

Supply, 
primary

Return, 
primary

Supply, 
secondary

Return, 
secondary

Picture 19. The secondary and primary sides have different flow directions. 

The plate heat exchanger is used for transferring the heat to space heating. Domestic hot 

water demand is not calculated. Few parameters need to define, before choosing the right 

exchanger. A substation includes other devices than just the heat exchangers for space 

heating and domestic hot water. At this chapter, only the heat exchanger is considered. 

The sizing parameters are presented in Table 13. 
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Table 13. The heat exchanger is used only for space heating. Customer substations have also a 
heat exchanger for domestic hot water, but it is not taking account.  

Plate heat exchanger with 50 plates 

Only space heating with radiators 

Heat rate  158 kW 

DH supply temperature 115 °C 

DH return temerature 33 °C 

Space heating supply temperature 60 °C 

Space heating return temperature 30 °C 

Performance of the heat exchanger is studied by changing the sizing parameters presented 

in Table 13. A case 1 states a basic situation, where the district heating temperature varies 

by the outdoor temperature as shown in Figure 7. 

 

Figure 7. District heating supply temperature is risen in production plant when outdoor 
temperature decreases (Koskelainen et al. 2006, 74).  

Comparison is made with district heating temperatures for Southern Finland. The supply 

temperature is 115 °C, when outdoor temperature is -26 °C or lower. The heat rate 

changes linearly with outdoor temperature, being at highest 158 kW with -26 °C, as 

shown in Figure 8.  
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Figure 8. Peak load for space heating is 158 kW.  

Sizing of a heat exchanger starts by entering sizing parameters to Alfa Laval Anytime-

program (Picture 21) (Alfa Laval. 2019). Capacity and temperatures are as in Table 13. 

The program calculates flow rates for primary and secondary sides. An oversizing margin 

is kept 0 %. After entering all the values, the right heat exchanger can be chosen.  
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Picture 20. After the sizing parameters, capacity and temperatures, are entered, the program 
calculates flow rates (Alfa Laval. 2019) 
 
Different cases that are studied are the reference case 1, where the heat rate changes as in 

Figure 8 and district heating supply temperature as in  Figure 7. Also in cases 2, 3 and 4 

the heat rate is same and the temperature in cases 2 and 4. The case 2 has lower return 

temperature on secondary side, 28 °C. The case 3 has 10 °C lower district heating supply 

temperature. The case 4 has lower flow rate in secondary side. The case 5 has a constant 

heat rate 158 kW, but supply temperature in primary side changes. The case 6 has lower 

DH supply temperature and lower secondary flow rate. The case 7 takes account the 

control curve of the secondary supply temperature. 

6.2.1 Case 1: Reference 

In case 1 district heating supply temperature follows the control curve, being 115 °C at 

highest. Return temperatures in both primary and supply side are kept constant. District 

heating return temperature is 33 °C and space heating return temperature 30 °C. These are 



67 
 

the maximum values for heat exchangers in radiator circuit (Table 8). Secondary side 

supply temperature is got from sizing program. Temperatures are presented in Figure 9 

and flow rates in Figure 10. 

 

Figure 9. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return and purple secondary side return temperature. 

 

Figure 10. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side in 1,75 m3/h and secondary 4,57 m3/h. 
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Return temperatures at both sides are assumed to stay constant. In real both temperatures 

most likely drop a bit when the heat rate and supply temperatures alter.  Temperature 

difference can be at maximum 3 °C between primary and secondary return temperatures 

(Energiateollisuus ry. 2014,8). When outdoor temperature approaches indoor temperature 

21 °C, secondary side supply temperature rises.  

In smaller heat rates, flow rates in both sides become closer. The temperature difference 

between secondary supply and return temperature is smaller than in primary side. This 

causes greater flow rate to secondary circulation based on equation  1. 

6.2.2 Case 2 

For case two secondary side return temperature is lowered to 28 °C. This affects to 

primary side return temperature too, which changes to 31,3 °C (Figure 11) in sizing point. 

Supply temperatures won’t change significantly. The district heating supply temperature 

is kept same as in case one. The temperatures as functions of outdoor temperature are 

presented in Figure 11 and flow rates in Figure 12. 

 

Figure 11. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return 31,3 °C and purple secondary side return temperature 28 °C. 
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Figure 12. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side is 1,71 m3/h and secondary 4,28 m3/h. 

Flow rates in both sides decreases compared to case 1, because temperature difference 

increases. Lowering the secondary side return temperature by 2 degrees, the primary side 

return temperature decreases 1,7 degrees at sizing point 158 kW, Ts,p 115 °C and Ts,s 60 

°C. The return temperatures are kept constant. While changing the heat rate regarding  

Figure 8 and district heating supply temperature regarding Figure 7, the program 

calculates the supply temperature in secondary side and flow rates for both sides. 

6.2.3 Case 3 

In case three, the district heating supply temperature is lowered 10 degrees from values 

at Figure 7. The space heating cycle’s return temperature is kept constant at 30 °C.  The 

primary side return temperature is calculated at sizing point with heat demand of 158 kW 

and district heating supply temperature at 105 °C. The secondary side supply temperature 

is valuated as 59 °C and the return temperature at primary side 33,65 °C. The heat demand 

is changed as previous and the district heating supply temperature is 10 °C lower than at 

basic case. The primary side return temperature is kept 33,65 °C and the secondary side 

supply temperature and flow rates for both sides are calculated. The temperatures are 

presented in Figure 13 and the flow rates in Figure 14.  
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Figure 13. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return temperature 33,65 °C and purple secondary side return 
temperature 30 °C. 

 

Figure 14. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side is 1,99 m3/h and secondary 4,72 m3/h. 

A problem in this case is, that the district heating water won’t cool enough. The maximum 

primary side return temperature is 33 °C. Also the temperature difference between 

primary and secondary sides return temperatures is over 3 °C. 
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6.2.4 Case 4 

In case four the impact of lower secondary side flow rate is examined. The flow rate is 

decreased 10 % compared to flow rate in second case. The district heating supply 

temperature is same as in reference case as well as the secondary side supply temperature. 

The program calculates the return temperatures at the both side, district heating flow rate 

and the total heat transfer coefficients. The temperatures are presented in Figure 15 and 

flow rates in Figure 16. 

 

Figure 15. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return and purple secondary side return temperature. 

In the case 2 both return temperatures are calculated by the program. It is assumed, that 

by lowering the the flow rate in the space heating circulation, water cools down as 

presented in Figure 15. In real there might be problems with cooling in radiators.  
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Figure 16. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side is 1,65 m3/h and secondary 3,85 m3/h. 

At Figure 16 a red line is the secondary side flow rate, that is 10 % lower than in case 

two. A blue line, the flow rate at primary side, is calculated by the program. Both flow 

rates are lower than at previous cases.  

6.2.5 Case 5 

In case five the effect of varying supply temperature to return temperature is studied. The 

heat rate is constant 158 kw, as well as supply and return temperatures in secondary side. 

A variable is district heating supply temperature, which is changed from 70 to 115 °C. 

The program calculates primary side return temperatures and flow rates for primary side. 

The return temperatures are presented in Figure 17 and flow rates in Figure 18.  

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

-30-20-1001020

Fl
ow

 ra
te

 [m
3/

h]

Outdoor temperature [°C]



73 
 

 

Figure 17. The heat rate and sizing values in secondary side are constant. 

 

Figure 18. The red line figures flow rate in secondary side and the blue one in primary side. 

When lowering the supply temperature, the temperature difference decreases so flow rate 

increases (Figure 18). Because the return temperature increases quit rapidly in low supply 

temperatures, the flow rate increases steeply. For approximately 72,5 °C supply 

temperature the flow rates at both sides are equal.  
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6.2.6 Case 6 

The case six has lower district heating supply temperature and lower flow rate at the 

secondary side. The supply temperature is 10 °C cooler than in the reference case. The 

flow rate is 10% lower than in the reference case, so it is not as low as in case four which 

was compared to second case. The secondary side supply temperature is not adjusted any 

way, but it’s kept at the same values as in the case one (Figure 19). The flow rates are 

presented in Figure 20. 

 

 

Figure 19. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return and purple secondary side return temperature. The highest 
DH supply temperature is 105 °C. 
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Figure 20. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side is 1,92 m3/h and secondary 4,11 m3/h. 

When the heat rate and DH supply temperature are at maximum (-26 °C), both return 

temperatures are way below the maximum values (Table 8). But when the flow rate in 

secondary side decreases as well as the DH supply temperature, the primary side return 

temperature rises.  

When outdoor temperature rises, the flow rate at the primary side gets higher than the 

flow rate in secondary side because the temperature difference diminishes. For low heat 

rates the temperature difference is clearly bigger than in primary side. The secondary side 

supply temperature is not controlled by a control curve, but it is assumed to stay quit 

constant. In next case the secondary side control curve is also taken account. 

6.2.7 Case 7 

In case seven, besides changing DH supply temperature and secondary flow rate, the 

secondary side supply temperature is changed according a control curve. The control 

curve is linear, and the maximum value is 60 °C at -26 °C and the minimum is 45 °C in 

21 °C. When the secondary side return temperature achieves 23 °C, it is assumed to stay 
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constant, so the flow rate won’t change so steeply. The temperatures are presented in 

Figure 21 and the flow rates in Figure 22. 

 

Figure 21. The blue line is primary side supply temperature, green is secondary side supply 
temperature, red primary side return and purple secondary side return temperature. Secondary 
side supply temperature is linearly dependent on the outdoor temperature. 

 

Figure 22. The red line figures flow rate in secondary side and the blue one in primary side. The 
maximum value for primary side is 1,92 m3/h and secondary 4,11 m3/h. 
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6.3 Result reviewing 
All the results from cases 1 to7 are presented in tables at appendix 1. All the cases are 

calculated for the same heat exchanger CB 60-50L. The heat rate is assumed to change 

linearly as a function of the outdoor temperature. The heat rate is also affected by wind, 

sun and people inside the building, but these are assumed to have a minor impact 

compared to heat losses due the outdoor temperature. Heat demand for domestic hot water 

is not taking account. The domestic hot water demand does not depend on outside 

temperature and it has an own heat exchanger in substation, as presented in chapter 5.2.  

Figure 23 present the return temperatures for primary and secondary sides in all cases, 

excepted case 5. The case 4 has the lowest return temperatures for higher heat rates. In 

case four the flow rate at secondary side is decreased by 10 % compared to case 2. By 

lowering the flow rate, presumably the heat cycle’s return temperature decrease. For 

lower heat rates, the case 7 has lowest return temperatures. In case seven, DH and 

secondary side supply temperatures are lowest and the secondary flow rate 10 % lower 

than in reference case.  

 

Figure 23. In cases 1 to 3 the return temperatures are assumed to stay constant. 
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To simplify the calculation, temperatures in cases 1 to 3 are constant and the primary side 

return temperature is calculated based on the sizing point where the heat rate is 158 kW. 

In real both temperatures change, because those are not usually controlled. The constant 

return temperatures affect to flow rates in both primary and secondary side (Figure 24). 

The effect to primary side flow rate is quite minor because the temperature difference 

between return and supply temperatures is higher than in secondary side. The effect to 

secondary flow rate is more significant due the lower temperature difference.   

 

Figure 24. The case 3 has highest flow rates, when only district heating supply temperature was 
lowered.  

The case three has clearly highest flow rate due the smallest temperature difference in 

primary side. The secondary side control curve is not taken account, so the secondary side 

supply temperature decreases a little due the DH supply temperature. This causes the 

increasing flow rate in secondary side too.  

All cases except the case 3 have acceptable return temperatures during cold weather.  For 

case 6 the district heating temperature rises above 33 °C, when outdoor temperature is 
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approximated above 5 °C. But when the control curve to secondary side supply 

temperature is added, both return temperatures stay under limit values and the district 

heating supply temperature can be lowered by 10 °C. Also for case 7 the secondary side 

supply temperature is not as low as for case 6 when outdoor temperature gets above 5 °C. 

The secondary return temperature is assumed to stay at minimum 23 °C, so the flow rate 

needs to be little higher than in case 6 where the secondary supply temperature stays close 

to 60 °C. 

6.4 Controlling the substation 
Referring the calculations in cases one to seven, the best outcome is achieved when the 

secondary side flow rate is decreased as well as the supply temperatures in both sides. 

Controlling the customer substations is usually made by regulating the control vales in 

supply lines at primary and secondary side as presented in chapter 5.2. The control valve 

is not the only way to regulate the flow rate. A pump with a frequency converter can be 

adjusted to circulate lower flow.   

A pump with an integrated frequency converter and control features can be used to lower 

the flow rate. For example, Grundfos’s Magna3 pump has several control features such 

as proportional pressure drive and Flow limit -feature. The proportional pressure control 

is recommended for systems with large pressure losses (Grundfos 2018, 23-26.)  

The case one is assumed to have a total pressure drop of 80 kPa in secondary side, when 

the heat rate is 158 kW and the flow rate is 4,57 m3/h. 80 kPa is now the head of the 

circulation pump. The head and the flow rate are a duty point, which is used to choose 

and set the right pump and its features. A Magna3 25-120 pump is chosen. The control 

feature is the proportional pressure with set point of 80 kPa (Picture 22). 
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Picture 21. The head of the pump decreases when flow rate decreases, which is opposite effect 
compared to fixed speed pump (Grundfos 2019 b). 

If the substation is controlled by using the control valves in supply lines and using a 

control curve based on supply temperatures and outdoor temperatures, the flow rate starts 

to decrease, when valves in secondary side starts to close. As shown in Picture 13, Picture 

14 and Picture 15 the temperature in secondary side is measured but it does not effect to 

the valves or flow. When only supply temperature is measured and controlled, there is 

now guarantee, that the secondary side return temperature decreases as much as possible. 

With the proportional pressure drive, the flow rate decreases more than if the pump would 

operate a fixed speed (Picture 23), when a resistance curve is same. A green curve 

presents a resistance curve, when a valve is closing. A blue dot at maximum curve shows 

the duty point, where the pump would operate when the rotational speed is constant. A 

blue dot in cross section of a red curve and the green curve shows the duty point where 

pump operates, when the control feature is the proportional pressure. At the maximum 

curve’s duty point the head is 100 kPa and the flow rate is approximated 3,5 m3/h. At the 

proportional pressure duty point the head is only 65 kPa and the flow rate is little bit under 

3 m3/h.  
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Picture 22. The proportional pressure drive decreases the flow rate steeper, than just closing the 
vales compared to a fixed speed (Grundfos 2019 b). 

By using the flow limit option, the maximum flow rate can be determined. For example, 

in Picture 24, the set point for the pump is 65 kPa, which means 10 % lower flow rate 

than in reference case. The resistance curve is assumed to stay same as in reference case. 

The flow limit -feature is also used to prevent the flow rising too high. This ensures that 

at least during the peak load, flow rate stays lower than in reference case. 
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Picture 23. The flow limit feature enables to regulate the maximum flow rate trough pump 
(Grundfos 2019 b). 

Driving the pump with its own control features does not ensure that the flow rate and the 

return temperature stay at wanted level. One way to keep the flow rate as wanted is to 

drive the pump trough an external logic, as is done for control valves. Instead of 

measuring just temperatures and keeping the supply temperature at a control curve, the 

pump’s rotational speed could be lowered. The problem is, how much to decrease the 

rotational speed.   

One way is to measure the supply and return temperatures at both sides and the flow rate 

at secondary side. When the measurements are done for a while, the measured flow rate 

can be decreased, as was made in cases 4, 6 and 7. The right flow rate is ensured, when 

also the supply and return temperatures are measured. If for some reasons, the secondary 

return temperature doesn’t decrease enough, the rotational speed can be risen. For 

example, for the studied substation the flow rate curve as presented in Figure 22 can be 

used same way, as the control curve for secondary side supply temperature. 
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7 CONCLUSION AND SUMMARY 
In many studies, the concept of low temperature district heating leans to lower district 

heating return temperature. The district heating return temperature is relative to heat 

transfer in customers’ substations. In this study a space heat exchanger is sized with 

today’s sizing recommendation. A performance of the heat exchanger is calculated when 

the incoming flow characteristics are changed.  

The heat exchanger is Alfa Laval’s CB 60-50 L copper plate heat exchanger with 50 

plates and one pass. The sizing parameters for reference case are heat rate 158 kW, district 

heating supply temperature 115 °C, district heating return temperature 33 °C, secondary 

side supply temperature 60 °C and secondary side return temperature 30 °C. These are 

the maximum values for sizing a heat exchanger for space heating with radiators. The 

heat rate is assumed to change linearly as a function of the outdoor temperature. Only in 

case seven the control curve of the secondary side supply temperature is taken account. 

The return temperatures are kept constant in cases 1, 2 and 3.  

In case one all the temperatures are known, so the Alfa Laval’s Anytime -program 

calculates only the flow rates. The secondary side supply temperature varies a little, but 

the variation is only few degrees. The flow rate in secondary side increases almost 

linearly because the temperature difference between supply and return temperatures is 

almost same despite the heat rate. The flow rate in primary side increases slowly because 

the temperature difference increases.  

In case two the secondary side return temperature is lowered by 2 °C. The flow rate in 

both sides decrease because the temperature difference increases. The district heating 

return temperature stays below 33 °C, so it would be possible to decrease the primary 

flow rate a bit. To change only the secondary side return temperature, is needs to be 

measured. As presented, the circulation pump in scape heating circulation is usually 

installed to return pipeline. The pump can be adjusted for constant temperature, which 

can be the control method for case 2. 
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In case 3 the district heating supply temperature is lowered 10 °C compared to the 

reference case. The secondary side return temperature is kept at 30 °C, but the return 

temperature in primary side increases too high, as 33,65 °C. The cases 3 and 5 indicate 

that the district heating supply temperature can’t be lowered without making any other 

changes. In case 5 the heat rate is kept constant as well as the secondary side, when only 

the DH supply temperature is changed from 115 °C to 70 °C. Even though the flow rate 

increases while lowering the DH supply temperature, also the DH return temperature rises 

and exceeds the limit value of 33 °C. 

Cases 4 and 7 have the best outcome considering the district heating return temperature. 

In case 4 DH supply temperature is the same as in reference case, but the secondary flow 

rate is 10 % lower than in case 2. The case 7 has lower flow rate, DH supply temperature 

and secondary side supply temperature. In both cases the DH return temperature stays 

below 33°C. Controlling the substation to achieve this kind of performance could be done 

by adding a variable speed drive pump to substation. The pump can be adjusted to lower 

the rotational speed when the valves throttle the flow. If the resistance curve stays similar, 

lowering the rotational speed decreases the flow rate. The problem might be, that if the 

fluid doesn’t cool enough in radiators, the radiator valves open and the flow rate trough 

the pump increases. This can be prevented during the peak load, if the flow limit feature 

is used. The flow limit stops the flow rate to increase by lowering the rotational speed.  

Adjusting the pump itself without any external regulation does not prevent the flow rate 

to increase too high, because the pump adjustment base on the pressure difference and 

flow rate. The flow rate itself depends on the resistance curve. So if the valves in pipeline 

open, the resistance curve becomes less steep. When the resistance curve becomes less 

steep, the flow rate increases if the limit values are not met. To be sure that the flow rate 

stays as low as wanted, the pump need to be drive through some external logic, as the 

regulation valves are controlled in substation. For example, if the flow rate curve for some 

outdoor temperatures are measured first without controlling the pump, the flow rate curve 

can be determinate. The curve would perform similar as the control curves for secondary 

side supply temperatures.  
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By lowering the secondary side’s circulation flow rate, the secondary side return 

temperature can decrease if water cools down enough in radiators. When the temperature 

in secondary side decreases, the primary side return temperature also decreases as 

happens in case 4. When adding to this the lowered secondary side supply temperature, it 

is possible to decrease the district heating supply temperature by 10 degrees, without too 

high DH return temperatures This enables to try the concept of low temperature district 

heating. In this study all the calculation and results are theoretical and based on one heat 

exchanger. To get more liable result, the performance of the customer substation need to 

test in practice. However, this paper indicates that only lowering the district heating 

supply temperature leads to increasing return temperature.  
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APPENDIX I. HEAT EXCHANGER CALCULATIONS 

Case 1: Reference 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 115,0 33 60 30 1,75 4,57 3,1707 

-20 138 107,1 33 59 30 1,68 4,13 3,0486 

-15 121 100,4 33 58 30 1,61 3,75 2,93 

-10 104 93,8 33 57,25 30 1,53 3,31 2,7852 

-5 87 87,2 33 56,25 30 1,43 2,87 2,6175 

0 71 80,6 33 55,25 30 1,32 2,44 2,435 

5 54 74,0 33 54,2 30 1,16 

 

1,93 
 

2,1805 

10 37 70 33 54,7 30 0,88 1,3 1,7768 

15 20 70 33 58,7 30 0,48 0,6 1,1529 

  

 

Case 2 : Return temperature in secondary side has been lowered to 28 °C 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 115 31,3 60 28 1,71 4,28 3,08 

-20 138 107,1 31,3 59 28 1,64 3,86 2,957 

-15 121 100,4 31,3 58 28 1,57 3,49 2,837 

-10 104 93,8 31,3 57 28 1,49 3,11 2,695 

-5 87 87,2 31,3 56 28 1,39 2,69 2,528 

0 71 80,6 31,3 55 28 1,28 2,28 2,345 

5 54 74,0 31,3 54 28 1,12 1,8 2,03 

10 37 70 31,3 54,5 28 0,84 1,21 1,692 

15 20 70 31,3 58,7 28 0,46 0,56 1,111 
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Case 3: Supply temperature in primary side hase been lowered by 10 °C 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 105 33,65 59 30 1,99 4,72 3,387 

-20 138 97,1 33,65 57,6 30 1,95 4,33 3,285 

-15 121 90,4 33,65 56,25 30 1,9 4 3,186 

-10 104 83,8 33,65 55 30 1,84 3,61 3,064 

-5 87 77,2 33,65 53,5 30 1,77 3,21 2,922 

0 71 70,6 33,65 52 30 1,7 2,8 2,768 

5 54 64,0 33,65 50,25 30 1,57 2,31 2,544 

10 37 60 33,65 50 30 1,23 1,6 2,106 

15 20 60 33,65 52,75 30 0,67 0,76 1,371 

 

Case 4: Flow rate at secondary site has been lowered by 10% 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 115 28 60 23,99 1,65 3,85 2,915 

-20 138 107,1 28,1 59 24,12 1,58 3,47 2,795 

-15 121 100,4 28,15 58 24,22 1,5 3,14 2,677 

-10 104 93,8 28,6 57,25 24,7 1,43 2,80 2,552 

-5 87 87,2 28,7 56,25 24,76 1,32 2,42 2,389 

0 71 80,6 28,9 55,25 24,93 1,22 2,05 2,216 

5 54 74,0 29 54,2 25,03 1,06 1,62 1,973 

10 37 70 28,9 54,7 24,99 0,79 1,09 1,59 

15 20 70 27,5 58,7 23,63 0,42 0,50 1,032 
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Case 5: The heat rate is kept constant, but primary supply temperature is lowered 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 115 33 60 30 1,75 4,57 3,1707 

-26 158 110 33,4 60 30 1,86 4,57 3,267 

-26 158 105 33,9 60 30 2 4,57 3,375 

-26 158 100 34,5 60 30 2,17 4,57 3,495 

-26 158 95 35,25 60 30 2,37 4,57 3,631 

-26 158 90 36,1 60 30 2,62 4,57 3,737 

-26 158 85 37,25 60 30 2,94 4,57 3,972 

-26 158 80 38,6 60 30 3,39 4,57 4,192 

-26 158 75 40,5 60 30 4,05 4,57 4,477 

-26 158 70 43,5 60 30 5,26 4,57 4,89 

 

Case 6: Lower flow rate and DH supply temperature 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 105,0 30,9 60 26,26 1,92 4,11 3,196 

-20 138 97,1 31,2 59 26,46 1,88 3,72 3,092 

-15 121 90,4 31,5 58 26,61 1,83 3,38 2,993 

-10 104 83,8 31,8 57,25 26,66 1,78 2,98 2,867 

-5 87 77,2 32,1 56,25 26,71 1,71 2,58 2,719 

0 71 70,6 32,9 55,25 26,99 1,66 2,20 2,58 

5 54 64,0 33,8 54,2 27,04 1,57 1,74 2,368 

10 37 60,0 35,3 54,7 27,02 1,32 1,17 1,968 

15 20 60,0 39,7 58,7 26,22 0,87 0,54 1,385 
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Case 7: Lower flow rate, DH and secondary supply temperature 

Tout [°C] Φ [kW] Ts,p [°C] Tr,p [°C] Ts,s [°C] Tr,s [°C] qv,p [m3/h] qv,s [m3/h] U [kW/m2K] 

-26 158 105,0 30,9 60 26,26 1,92 4,11 3,196 

-20 138 97,1 30,3 58,1 25,58 1,85 3,72 3,06 

-15 121 90,4 29,9 56,5 25,14 1,79 3,38 2,936 

-10 104 83,8 29,2 54,9 24,36 1,69 2,98 2,773 

-5 87 77,2 28,7 53,3 23,81 1,59 2,58 2,596 

0 71 70,6 28,6 51,7 23,5 1,49 2,20 2,422 

5 54 64,0 28,3 50,1 23 1,33 1,74 2,166 

10 37 60,0 27,5 48,5 23 1 1,25 1,773 

15 20 60,0 25,2 46,9 23 0,5 0,72 1,175 
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