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Disclaimer notice (IEA DHC): 

This project has been independently carried out within the framework of the International 

Energy Agency Technology Collaboration Programme on District Heating and Cooling (IEA 

DHC). 

Any views expressed in this publication are not necessarily those of IEA DHC. IEA DHC can 

take no responsibility for the use of the information within this publication, nor for any errors or 

omissions it may contain. 

Information contained herein has been compiled or arrived from sources believed to be 

reliable. Nevertheless, the authors or their organizations do not accept liability for any loss or 

damage arising from the use thereof. Using the given information is strictly your responsibility. 

Disclaimer Notice (Authors): 

This publication has been compiled with reasonable skill and care. However, neither the 

authors nor the DHC Contracting Parties (of the International Energy Agency Technology 

Collaboration Programme on District Heating and Cooling) make any representation as to the 

adequacy or accuracy of the information contained herein, or as to its suitability for any 

particular application, and accept no responsibility or liability arising out of the use of this 

publication. The information contained herein does not supersede the requirements given in 

any national codes, regulations or standards, and should not be regarded as a substitute. 

Copyright: 

All property rights, including copyright, are vested in IEA DHC. In particular, all parts of this 

publication may be reproduced, or transmitted in any form or by any means, electronic, 

mechanical, photocopying, recording or otherwise only by crediting IEA DHC as the original 

source. Republishing of this report in another format or storing the report in a public retrieval 

system is prohibited unless explicitly permitted by the IEA DHC Operating Agent in writing. 
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1 DH GRID 

This fact sheet summarises the key technical information about the construction and principles 

of operation of DH grid that find an application in the district heat supply. The findings are 

based on the experience from the Danish projects representing the Northern European market. 

1.1 TECHNOLOGY DESCRIPTION 

1.1.1 DH GRID 

The DH grid connects the heat consumers with the heat suppliers as illustrated in figure 1. The 

dimension of the DH grid is based on the flow through the pump in peak load. 

 

Figure 1 Illustration from Høng Varmeværk. 

 

The pipe diameter depends on design parameters as typical velocity and pressure losses per 

each meter of pipeline. The latter should not exceed 200-250 Pa/m, however more important 

is maximal fluid speed which should not be higher than shown in Table 1. 

In smaller grids, typically a supply- and return pump are installed at the DH plant. In Denmark, 

the return pump at the DH plant is, in many cases, installed to secure a static return pressure 

of 1 bar, and the supply pump is usually designed to keep a certain pressure at a control 

node/measurement point in the grid. An example of the management of a supply pump could 

be to secure a minimum differential pressure of 0.5 bar at the most peripherally located 

consumer in the DH grid. This is achieved by designing the supply pump to secure a differential 

pressure of around 0.6-0.7 bar in the distribution network around the consumer located 

approximately 8 consumers before the most peripherally located consumer. 
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Depending on the size of the DH grid and the elevation in the area, the management of the 

supply and return pump at the DH plant can vary from what is described above, and it can be 

necessary to place more pumps and control nodes/measurement points throughout the grid. 

If installation of supply- and return pumps throughout the DH grid is needed, the management 

of the pumps should be designed to secure a maximum absolute supply- and return pressure 

of 6 bar and a minimum supply and return pressure of 1 bar. (In relation to this, it must be 

noted, that the return pressure in the entire DH grid must not be below 1 bar relative to the 

elevation). 

The example values for operating and differential pressures may well be higher in other 

countries. Even though the majority of networks operate with operating pressures < 10 bar, 

the networks are designed for PN 16 or PN 25 and such networks are also operated with higher 

pressures.   

Typically, 100% pumps are installed. A 100% pump is a single pump that can deliver the 

maximum pumping lift at the maximum flow. For backup, another 100% pump can be installed. 

Table 1 Rule of Thumb regarding pipes / DH grid 

 

Looking into Table 1, rules of thumb when designing a DH grid and the management of it, is 

making sure, that there is a differential pressure of minimum 0.5 bar at the consumers and an 

absolute supply- and return pressure of maximum 6 bar and minimum 1 bar at each consumer. 

In a distribution grid, it is also recommenced, that the absolute supply- and return pressure in 

the grid does not exceed 6 bar and is above 1 bar. 

An explanation of the high differential pressure in a grid can be related to the pressure gradient 

and velocity in some of the pipe sections. Table 1 shows that the pressure gradient in a 

distribution grid should be maximum 100 Pa/m and the velocity should be maximum 1.5 m/s. 

Increasing the pipe dimension would lower the differential pressure through the spine network. 
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The differential pressure will be reduced in the spine network, as a larger pipe dimension will 

result in a lower flow through the pipes and by that, a reduction in the velocity and pressure 

gradient. Lowering the pressure gradient leads to a smaller difference between the supply- 

and return pressure in pipe sections, which results in a lower differential pressure. 

1.2 TRL 

The utilisation of different energy source calls for the need for DH grids. In Denmark, there is 

a long tradition for DH grids. The efficiency has become better and better due to ongoing 

development. 

1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT 

The investment costs (CAPEX) and maintenance costs (OPEX) for the DH grid depends on 

the local conditions and number of pump stations.  

The pipe costs are split by type of pipe, this including (Dalla Rosa DTU 2012):  

• Branch pipe: the heat distribution pipe, consisting of media pipe(s), insulation and casing 

pipe that is connected to a main distribution pipe and serves only a fraction of the number 

of buildings served by the main distribution pipe. The term can also be used to indicate a 

service pipe.  

• Main distribution pipe: the heat distribution pipe, consisting of media pipe(s), insulation 

and casing pipe that serves more than one building.  

• Transmission pipe: the pipe that brings the heat carrier from a major heat source (typically 

a CHP plant) to a distribution network and it is operated at higher pressure and/or 

temperature than the distribution network. 

The investment costs for DH grid consists of the following overall parts:  

• Pre-insulated pipes 

• Earthworks 

• Pipe welding 

• Surface preparation (grass, tiles, asphalt etc.) 

• Distribution pumps 

• Potential pump stations 

The operational lifetime is more than 30 years. In principle no costs for maintenance and 

operation are required. However, for larger DH networks pump stations are needed resulting 

in periodically surveillance and power consumption. 
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NORTHERN EUROPE 

Table 2 Investment costs and operation costs per unit capacity of the technology in Northern 

Europe. 

Technology catalogue for transport of energy, District heating 

transmission, 2020 figures 

  

Investment costs; single line, 0 - 50 MW  (EUR/MW/m) 25 

Investment costs; single line, 50-100 MW (EUR/MW/m) 12 

Investment costs; single line, 100 - 250 MW (EUR/MW/m) 9 

Investment costs; single line, 250-500 MW (EUR/MW/m) 6 

Investment costs; single line, 500-1000 MW (EUR/MW/m) N/A 

Investment costs; single line, above 1000 MW (EUR/MW/m) N/A 

Reinforcement costs (EUR/MW) N/A 

Investment costs; [type 1] station (EUR/MW) 115,000 

Investment costs; [type 2] station (EUR/MW) 105,000 

Variable O&M (EUR/MWh/km) 0.1 

 

Technology catalogue for 

transport of energy, District 

heating distribution, 2020 

figures 

Rural Suburb City New 

area 

New 

developed 

residential 

area - Low 

temperature 

district 

heating 

Distribution network costs 

(EUR/MWh/year), Rural 

720 655 150 655 680 

Investment costs; service line, 

0 - 20 kW (EUR/unit) 

3,785 3,785 4,645 2,925 3,200 

Investment costs; service line, 

20 - 50 kW (EUR/unit) 

4,135 4,135 5,025 3,375 3,375 

Investment costs; service line, 

50-100 kW (EUR/unit) 

4,735 4,735 5,685 3,775 3,850 
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Investment costs; service line, 

above 100 kW (EUR/unit) 

N/A N/A 6,195 N/A N/A 

Investment costs; single line, 

0-50 kW (EUR/m) 

280 280 280 180 180 

Investment costs; single line, 

50-250 kW  (EUR/m) 

355 355 355 235 235 

Investment costs; single line, 

100-250 kW  (EUR/m) 

370 370 370 250 250 

Investment costs; single line, 

250 kW - 1 MW (EUR/m) 

460 460 460 320 370 

Investment costs; single line, 1 

MW - 5 MW (EUR/m) 

640 640 640 455 540 

Investment costs; single line, 5 

MW - 25 MW (EUR/m) 

1,185 1,185 1,185 900 955 

Investment costs; single line, 

25 MW - 100 MW (EUR/m) 

N/A N/A N/A N/A N/A 

Variable O&M (EUR/MWh) 1.5 1.5 1.5 1.5 1.5 

 

SOUTHERN EUROPE 

Table 3 Investment costs and operation costs per unit capacity of the technology in Southern 

Europe. 

 
Preinsulated steel standard single pipes CAPEX (€/mt) 

Distribution grid 20 mm 274 

Distribution grid 50 mm 335 

Distribution grid 80 mm 396 

Distribution grid 100 mm 437 

Distribution grid 125 mm 489 

Distribution grid 150 mm 540 

Distribution grid 200 mm 642 

Distribution grid 250 mm 744 

Distribution grid 300 mm 847 
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Figure 2 Costs of distribution pipes in Italy. 

NORTH AMERICA 

Table 4 Investment costs and operation costs per unit capacity of the technology in North 

America. 

CAPEX Open, Grassy Areas Urban Areas 

 $CAD/mt (€/mt) $CAD/mt (€/mt) 

Distribution grid 40 mm 773 573 850 630 

Distribution grid 50 mm 800 593 900 667 

Distribution grid 65 mm 995 737 1,050 778 

Distribution grid 80 mm 1,000 741 1,100 815 

Distribution grid 100 mm 1,016 753 1,200 889 

Distribution grid 150 mm 1,365 1,011 1,475 1,093 

Distribution grid 200 mm 1,470 1,089 2,020 1,496 

Distribution grid 250 mm 1,572 1,164 2,600 1,926 

Distribution grid 300 mm 1,931 1,430 3,000 2,222 

Distribution grid 350 mm 2,073 1,536 3,500 2,593 

Slope (x DN) 4.09 3.03 8.57 6.35 

Intercept 651 482 412 305 
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REGULATION CAPACITY AND VELOCITY 

The regulation ability of the DH grid decides on how the technology can by operated and on 

which electricity markets it can participate. Regulation with regards to electricity is not relevant 

for DH grid projects.  

1.4 TEMPERATURES AND CAPACITIES 

1.4.1 INPUT  

The input can come from various energy sources (geothermal, solar thermal, biomass, Heat 

pumps, energy storages etc.)  

Supply temperatures in DHN depends on the heat demand and the customers installations, 

this takes also into account the energy heat losses due to transmitting hot water through the 

pipes. The required supply temperature triggers the energy sources which can be used to 

generate the expected temperature level. The lower the supply temperature fewer renewable 

energy sources can be applied, and hence create a sustainable DH system based on the 

available and economic feasible RES-DHC sources. An evolution of DH systems over the 

years driven by the improving transmission systems technology and local heating stations 

which allows for diversification of heat sources is illustrated in Figure 3. 
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Figure 3 Generations of District Heating (source: https://www.4dh.eu/about-4dh/4gdh-

definition). 

 

1.4.2 OUTPUT  

The return is normally returned to the energy suppliers. 

The lower temperature and the higher temperature difference between the water flow leaving 

the production plant and returning from the connected users, the lower electricity is consumed 

for piping and less primary energy is used for heat generation.  

The motivation tariff applied by the DH companies in Denmark is an innovative incentive for 

users to become more aware of heat consumption conditions. Overall, this enables to improve 

plant performance and hence reduce the production cost. The example in Figure 4 refers to 

the district heating system in another solar thermal and storage installation in Denmark, 

Dronninglund. Motivation tariff is normally a penalty if return temperature is more than the 

average and a reward if return temperature is lower than average. Sometimes it is a fixed point 

for instance 40 degrees 

https://www.4dh.eu/about-4dh/4gdh-definition
https://www.4dh.eu/about-4dh/4gdh-definition
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The DH user can best use most of heat received from the DH network and hence send back 

water cooled enough by slightly changing daily habits as: 

• Closing doors to cold rooms and maintaining room temperature not higher than 21°C. 

• Making sure the thermostat on the radiator is uncovered allowing correct air 

temperature measurement. 

• Noticing if the return pipe is cold and raise that issue otherwise since the lower the 

return temperature the lower district heating consumption (increased water mass flow). 

• Equally setting the radiators in all rooms. 

 

Figure 4: Motivation tariff for the heat in Dronninglund DH system, Denmark. 
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1.4.3 TYPICAL CAPACITIES  

The capacity depends on the pipe dimensions and is determined in the design phase. 

Customized dimensions can be made but standard sizes go up to 1200 mm. 

1.5 SUPPLIERS 

The largest DH grid manufacturers and suppliers popular in different parts of the world are 

described below. 

NORTHERN EUROPE 

The DH grid producers common in the Danish market are: 

• LOGSTOR 

• ISOPLUS 

• Uponor 

• Brugg  

SOUTHERN EUROPE 

• ECOLINE 

• LOGSTOR 

• ISOPLUS 

• Uponor 

NORTH AMERICA 

Many of the key European DH pipe manufacturers have suppliers in North America, including: 

• LOGSTOR 

• ISOPLUS 

• Uponor 

1.6 DEMO EXAMPLES 

This section present examples for the installed and running systems with DH grids in varying 

environmental conditions collected from experience in different the part of the world.  
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NORTHERN EUROPE 

1.6.1 LOLLAND 

Lolland Municipality develops a new district heating project on West Lolland. The municipal’s 

ambitious climate plan is based on the current energy policy, which includes phasing out five 

smaller villages with oil-fired boilers by 2030 and introducing 100% renewable energy in the 

electricity and heating area by 2035.  

 

Figure 5 District heating pipes for Lolland (Lolland (DK) Municipality) 

The district heating to the five villages will be supplied from a larger straw-fired CHP plant in 

Sakskøbing and a new wood chip boiler plant in Maribo through a 22 km long DH grid. 

The supply of pre-insulated pipes: 

• 22 km single and double pipes DN 20 – DN 200 

• Leak detection system 
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SOUTHERN EUROPE 

1.6.2   ZENICA, BOSNIA-HERZEGOVINA 

With a population of 90,000, Zenica is the fourth-largest city in Bosnia-Herzegovina. The local 

authority delivers district heating to a large part of the city, and over the years, records have 

indicated a steady rise in the wastage of both water and heat from the associated pipelines. 

The decision was therefore taken to renovate the 4 km-long pipe trench known as ‘the City 

Ring’. 

 

Figure 3: District heating pipes for Zenica (LOGSTOR). 

Following installation of the pipe sections, the wires are connected, and the entire system can 

be monitored from a central location detect system. If any water penetrates the insulation on 

account of a leak in the pipes, the affected area is immediately identified, and the problem can 

therefore be dealt with before the system suffers serious damage. 

The pipe delivery: 

• 8,076 m of preinsulated pipes in sizes DN 50 to DN 500, of which the majority were DN 

500 

• 432 m of preinsulated curved pipes 

• Leak detection system 
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SYMBOLS, ABBREVIATIONS, INDIZES 

ABBREVIATIONS 

Abbreviation Meaning 

CHP Combined Heat and Power 

DH District Heating 

DHN District Heating Network 

DN Measurement in mm  
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