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3.5.1  BASIC IDEA OF DISTRICT HEATING  

District heating is a modern public service used to meet the heat needs of residential, 

institutional and industrial consumers. The district heating system supplies thermal energy 

to larger groups of buildings and districts through equipment connected to a central heat 

producer. Thus, the heat energy required for the heating of buildings and the supply of 

domestic hot water is covered by the central heat production plant of the district heating 

system, and the required heating capacity is delivered to the consumers through the district 

heating network. [1] 

District heating is a weather-dependent heat providing service. In industrial district heating, 

the withdrawal of heat depends on the industrial production process. The heating of public 

buildings, public institutions and industrial buildings is connected to the district heating 

network through substations. [1] 

 

Figure 3.5.1: District heating plant situated outside of the supplied area [2] 

District heating has the following advantages of economy, comfort and convenience. 

1. It unites several individual combustion plants, the centralized heat generation is 

under constant, professional supervision and the heat production is controlled in a 

more careful operation. 

2. Fuel consumption is reduced compared to individual use. 

3. Flue gases from central combustion are less harmful to the environment, due to 

professional, large scale filtering. 
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4. The maintenance required per building is low or minimal. 

5. Space savings in buildings can be achieved. The risk of fire is eliminated in the 

supplied buildings. 

6. There is a favourable possibility of interconnection in the production plants 

(cogeneration of heat and electricity) in the structure of the consumer area and 

between the different production plants. 

7. A favourable service schedule can be developed. 

8. The total capacity to be installed can be reduced (application of heat storage, heat 

storage capacity of a large network water volume, use of building structures as 

heat storage, as a result of design solutions consciously resulting from the effect of 

reducing concurrency). 

The temperature of the heat transfer medium used for district heating is usually set in parallel 

with that of the ambient, based on the meteorological forecast and outdoor temperature 

measurement. Thus, primary temperature is pre-regulated in the heat production plant, then 

each consumer has its individual local post-regulation. 

Regardless of the legal relationship and ownership, facilities delivering heat to a district 

heating network are considered to be district heat producers. District heating producers are 

companies, plants, works that manage, control or operate such facilities, regardless of 

whether this heat service is provided as a main or ancillary activity or whether this activity is 

included in the name or description of the company. A district heating plant is a closed 

thermal energy system consisting of one or more heat generating plants, a heat supply 

network and heat consumers, in which the effect of each plant is extended to both other 

members and the whole system. 

District heating systems significantly improve the air quality of cities through proper 

installation of the heat producing plants. During the choice of location for a heating plant 

meteorological conditions (e.g. wind regime) are taken into account too. This way the plant 

will emit flue gases at high altitudes and therefore the harmful gases will be well diluted until 

they reach populated areas. In densely populated areas, even modern gas-fired individual 

and central heating systems increase air pollution because their emission strategy is not in 

accordance with meteorological conditions, and the flue gases settle in populated districts 

contributing to air pollution. [3] 

3.5.2  THE DEVELOPMENT OF DISTRICT HEATING SYSTEMS  

In the 1800s, the young and increasingly dynamic state of the United States of America was 

free from the traditions and conservatism that would have been in the way of technical 

development. Perhaps that is why it is no coincidence that for the first time it was in New 

York, USA, where experiments began with the practical implementation of ideas that earlier 

existed only on a theoretical level, such as public electricity supply and district heating from 



4 
 

a central source. The practical implementation of new inventions and discoveries required 

people who fanatically believed that something new could be created that had not existed in 

the world until then. Such a pioneer was American Birdsill Holly, whose obsession became 

that in New York, district heating could become a public a service, just like water, gas, or 

electricity supply. His belief in district heating was not utopian at all. At the risk of exploding 

his own house on his New York-Lockport estate, he set up a prototype heating plant from 

which he also supplied the neighbouring property with the steam he produced. Following 

Holly's successful experiments in 1878/79, preparations for industrial district heating could 

begin. In 1881 the New York Steam Company was formed. A heating plant was built and the 

laying of steam and condensate pipeline network began. [4] 

 

Figure 3.5.2: Steam condensates in substations of consumers and returns to the plant as condensate [5] 

1882 was a notable year in the history of public utilities in New York. This year, Edison 

launched New York’s electric street lighting, public power supply and the first cogeneration 

plant in the U.S. However, public electricity supply was somewhat preceded by another public 

service: district heating. The first consumers, United Bank, St. Peter’s Catholic Church, the 

telegraph office and the post office, were connected to the brand new district heating 

system. The relationship between the New York Steam Company, Edison and his company 

did not end later: Edison's waste heat was purchased and utilized by the district heating 

provider.[4] 
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Figure 3.5.3: Steam flow and condensate return pipelines formed the primary network of 1st generation district 

heating systems [5] 

Due to the extraordinary snowstorm of March 1888, almost everything was shut down in 

New York except for district heating. This is due to the main coal supplier of the heating plant, 

who, seeing the transport stop, had paths cut between the snow piles out of his own budget 

and transported the coal to the heating plant on carts, because he did not want to lose the 

key customer. Due to the World War I coal price crisis, the company nearly went bankrupt, 

and in 1921 the company began a new life as the New York Steam Corporation. This company 

has become the world’s largest steam district heating company during the boom of large-

scale skyscraper construction. The largest building in the world at that time, the Empire State 

Building, built in 1930, was also heated by district heating. [4] 
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Figure 3.5.4: Steam networks can be dangerous as high temperatures and pressures may lead to explosions [6] 

In 2020, steam-based district heating systems are considered to be highly obsolete. In many 

cases, the steam pipeline network has proven to be dangerous. Explosions can occur, leading 

to injuries or even death of pedestrians. A steam pipeline is still in use in Manhattan. Steam-

based systems have been reconstructed in Salzburg, Hamburg, Munich and Copenhagen to 

hot water based district heating. 

In Germany district heating has been operating since 1878. Initially, hospitals were supplied 

with district heat based on aspects of hygiene. 

In 1883 Kiel industrial waste heat reuse for the heating of residential buildings. In 1893, the 

first German heating plant was launched in Hamburg. 

In 1900 Dresden – a city with 400000 inhabitants at that time – a district heating system was 

set up especially to supply the city centre with heat. As heat producer a CHP plant operated 

with 16 MW thermal and 8 MW electric performance. The system supplied 14 buildings with 

heat and 23 with electricity. The heating plant was designed to fit into the baroque ambient, 

as seen in Figure 3.5.5. The development of the Dresden district heating network was 

described as innovative technology of its age, resulting in heating costs of 2/3 compared to 

conventional solutions. The demand on district heating grew, which made the building of a 

new heating plant necessary. The first one became redundant and its baroque style chimney 

was demolished, as it did not fit into the modern image of the growing city. [4] 
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Figure 3.5.5: Heat and power plant in Dresden [7] 

Several German cities followed the example of Dresden, resulting in district heating systems 

in 33 cities by 1945, including Munich by 1901, Berlin and Leipzig by 1912. 

In 1923 the first district heating system was launched in the Netherlands.  

In 1924 the first district heating network was built in Leningrad (today St. Petersburg), the 

Soviet Union. By 1975 district heating systems operate in 800 Soviet cities, and the share of 

district heating exceeds 50 %. By 1981 the share of district heating among all Moscow flats 

reaches 99 %, setting a world record. 

In 1932 the first heating plant was built in Zürich, Switzerland to supply the buildings of the 

Technical University with district heating. Later further buildings, hospitals, universities and 

residential buildings were connected to the network. 

In 1948 Sweden was hit by a catastrophic drought and the hydropower plants were unable 

to supply the electricity demand of the country. At this point the country decided to develop 

its CHP capacity and develop district heating systems at the same time. By 1999 the share of 

district heating among all heating systems in the country was 42 %, relying mostly on 

renewable sources: woodchips, communal waste, industrial waste heat and various 

environmental sources utilised by heat pump technology. In 1977 Sweden establishes a law 

focusing on district heating for the first time in Western Europe. This reflects on district 

heating being an equal utility as water supply and canalisation. 
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In 1952 district heating starts operation in Helsinki, Finland. 

In 1961 the first heating plant of Vienna starts. Since then, the Austrian capital has been often 

labelled as one of the most environmentally friendly cities of the world, providing the highest 

living standards for its inhabitants. The district heating system is a significant contributor to 

these achievements. In 1971 the Spittelau waste incineration plant was built which later 

becomes the property of the district heating company of the city. By 1978 district the heating 

network reaches the Ring, the boulevard of the city, providing supply to the historical districts 

in the downtown. With the burning down of the Spittelau waste incineration plant, 1987 was 

a tragic year for the district heating company of Vienna. The supply security was in great 

danger, as the flue gas cleaning system was severely damaged in the fire, leading to the 

suspension of waste incineration for two years. At the same site a new waste incineration 

plant was built using the latest technology of that age. The building was designed by 

Friedensreich Hundertwasser, an architect famous for his works being in balance with the 

nature. 

In 1970 France opens its first district heating system in Melun. 

In 1974 the share of district heated flats reaches 98 % in Reykjavík, Iceland. Reykjavík is 

nicknamed as the city without chimneys, as its district heating system is based on natural 

heat sources. [4]  
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Figure 3.5.6: District heating systems in Europe indicating the population of the supplied town/city [8] 

Denmark as a District Heating Superpower 

The first and the second oil crises made it clear for the Danes that it is no longer possible to 

waste energy as it was common during the era of low energy prices. Furthermore, the country 

depended almost by 100 % on imported energy carriers, which dependence was also to be 

significantly decreased. For dramatic changes in the country’s energy supply the legal and 

institutional background had to be established. The heat supply code issued in 1979 among 

others orders that: 

• Municipalities had to elaborate heat supply plans, which had to be handed in to and 

accepted by the Ministry of Environment. 

• Heat supply territories had to be categorised into natural gas firing and district 

heating zones. 
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In the heat production of the district heating systems the use of fossil fuels was minimalised, 

whereas CHP, waste heat usage and further renewable sources were prioritised. Between 

1972 and 2002 the share of district heating doubled from 30 % to 60 %. The number of district 

heating systems exceeded four hundred. 

Denmark’s excellence in the district heating technology can be further underlined by the facts 

that 

• Danish companies produce high-end devices for district heating technologies, 

• the pre-insulated district heating pipe was developed in Denmark in 1960. By 1990 

the pipe production for the European district heating industry was supplied by 

Danish companies, 

• the largest heat metering producer in the world is a Danish company. 

 

Figure 3.5.7: The development of district heating over generations [9] 

 

3.5.3  HEAT PRODUCERS 

The source side of the district heating system (the heat generating facility) is the set of 

equipment ensuring the production, possible transformation of the heat and the supply of 
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the heat network, the continuous maintenance of the quality of the primary heat transfer 

medium. A heating plant is a central plant that has a source-side role in the district heating 

supply, regardless of whether it may perform other activities in parallel or be suitable for 

other tasks. [1] By burning fuel or using another heat source, the primary heat transfer 

medium is heated up. The most common fuel is natural gas but biomass, communal waste or 

various renewable sources are also utilised as heat source. The efficiency of heating plants 

depends on various heat losses (e.g. boiler losses, flue gas losses). Efforts must be made to 

achieve the lowest possible flue gas temperature and to let the steam condense in the flue 

gas in order to achieve the highest possible efficiency. As highly corrosive substances are 

present in the flue system after condensation, its proper design is essential when operating 

condensing boilers. Minimal excess air, perfect combustion are additional components for 

achieving high efficiency. [10] 

 

Figure 3.5.8: Chimney and boiler in a Budapest heating power plant [11][12] 

A heating power plant is a heating plant in which electricity is also produced in connection 

with the heat supply, but the main activity of the heat power plant remains the heat supply. 

During cogeneration parallelly developed electricity is fed into the electricity grid of the 

cooperating power plants. They provide thermal energy for series-connected reception, and 

electricity is delivered on a parallel schedule. The construction and operation of public power 

plants generating electricity are determined by electricity needs, and heating plants are 

mainly operated in order to follow thermal energy needs. The best available economic 

standard and the conditions of maximum operational safety must be determined according 

to the aspects of the main activity. [1] 
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More precise performance  control can be implemented in the heating plant than in the case 

of heat generators installed at consumers. Air quality of densely populated areas can be 

relieved from combustion products. The chimney of the North-Buda Power Plant is with 203 

m the highest building of Budapest. 

 

Figure 3.5.9: Biomass firing in district heating in Miskolc, northeast Hungary [13] 

Waste-to-Energy Applications 

The consumer society urges citizens to consume more, while this leads to the accumulation 

of waste which damages the environment. At the same time, the negative impact of waste 

on the environment can be significantly reduced, once it is treated properly. One of the most 

efficient treatment methods is waste incineration in waste-to-energy applications. 

Waste is a material or object, which its owner aims to get rid of or has to get rid of. The 

treatment, disposal or utilisation of waste is a task of high complexity, as waste of different 

origins cannot be treated uniformally. The five levels of waste treatment hierarchy presents 

the suitable technologies fot the treatment of various origins of waste. [14] 
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Figure 3.5.10: Hierarchy of waste treatment 

The most important item of the hierarchy is prevention of waste production. Every individual 

has to minimise their waste production. The aim is to buy products with minimal package 

materials or to reuse these as many times as possible. 

The second level is the reusal of products in order to lengten their active period. Repair and 

cleaning can make several objects usable, or others can use them. This delays the purchase 

of unnecessary new products and the production of waste happens also later, in smaller 

extent. 

The third level of the hierarchy is recycling, when the material of products is being used as a 

raw material to create new ones. One has to be aware of the fact that for sevetal materials 

the recycling process is actually downcycling, so the secondary product will be of lower 

quality and the material degrades during the recycling process. 

Waste which cannot be recyced based on its material or contamination, will be burnt in a 

waste incineration plant. The energy which comes to be during the incineration process 

(waste to energy), will be utilised in district heating and electricity systems. 

The least favourable way to treat waste is disposal, which reprtesents the fifth level of the 

hierarchy. In compliance with environmental regulations, waste is disposed at a site 

dedicated for this use. Care should be taken to dispose only that part of the communal waste, 

which cannot be utilised in any of the previously mentioned ways. During the controlled 

disposal of waste, landfill gas which comes to be at the site can be utilised for electricity 

production. [14] 

The waste to energy process is described below based on the technology of the Budapest 

Waste Incineration Plant. 
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Figure 3.5.11: The process of waste incineration in Budapest [15] 

The incoming garbage truck is weighed with a weighbridge at the cargo entrance. The system 

records the own weight of the delivery vehicles, so they can quickly and accurately determine 

how many tons of waste arrived in each cargo. After determining the amount of waste 

delivered, the vehicles drive up the ramp and then empty the waste into a closed 10,000 m3 

waste bunker. Here, two bridge cranes with a 10-tonne grasper dose the waste into the waste 

hopper (1) of the boilers. Once the waste has been placed on the waste hopper, it slides down 

onto  the feeding table (2) from where it is pushed into the firebox by a hydraulically operated 

metering piston. The waste is incinerated on a special 30-cylinder grate system (6) with a 

slope of 30 °. The speed of each grate roller can be adjusted individually. Primary air 

preheated to 140 °C is forced into the firebox by a fan (3) through the grate cylinder. With 

the help of the air distribution chambers (4) for each grate cylinder, the amount of air 

required for combustion technology can be controlled independently. Before starting the 

waste incineration, the boilers must be heated to the specified temperature. This requires 

the combustion of natural gas. In accordance with environmental regulations, the flue gases 

produced during combustion must reach a temperature of 850 °C for at least two seconds. It 

takes an average of 12 hours to heat each boiler. In the case of waste with a lower calorific 

value, the required minimum flue gas temperature can be ensured in the firebox by operating 

two stabilizing natural gas burners, with a capacity of 2.6 MW each, and two performance 

increasing natural gas burners of 16 MW capacity. The first step in flue gas cleaning already 

takes place in the boiler by injecting an aqueous solution of urea into the firebox (10). This 

solution is called the SNCR (selective non-catalytic reduction) denox process, the essence of 

which is to reduce nitrogen oxides. The urea is transported in the form of granules to the 

Waste Incineration Plant, where a 40 percent solution with water is produced. Pre-separation 

of solid pollutants in the flue gas takes place in the double cyclones (11). During the process, 

the heavier contaminants are removed in the equipment due to gravity and centrifugal force. 



15 
 

This material is transferred through a closed system to a container for temporary storage. 

The separation efficiency is 80-90 percent. The flue gas flows into the limewater injection 

absorber (14). The limewater dispenser placed in the absorber sprays the limewater at 8000 

rpm, in which acidic gases are absorbed. The optimum temperature range for absorption is 

around 140 °C by controlling the amount of water injected. Due to the semi-dry nature of the 

process, no wastewater leaves the system. To adsorb dioxins, furans, and vapor phase 

mercury, active lignite coke is added to the flue gas stream (15). The high specific surface 

area material separates organic pollutants and heavy metals in the flue gas with good 

efficiency. During the process, superheated steam (29) at 405 °C and a pressure of 40 bar is 

generated, which is fed to the turbine (22) and used for energy production. The flue gases 

leave the boiler system at 200-220 °C and are transferred to the flue gas cleaning system. 

Steam suitable for district heating is emitted from the intake manifold of the larger turbine. 

The remaining amount also rotates the generator as it passes through the low-pressure 

housing of the turbine and is used to generate electricity through it. The nominal power of 

the turbine generator unit (23) is 24 MW. The steam leaving the smaller turbine dissipates its 

residual heat energy directly on a district heating heat exchanger after generating 3 MW of 

electrical power using the rotated generator. [15] 

 

Figure 3.5.12: Spittelau waste incineration centre in Vienna, Austria [16] 

Annual performance of the Spittelau waste incineration plant in Vienna [16] 

• Heat supply for 60,000 homes 

• Electricity supply for 50,000 homes 

• 250,000 tons of waste 

• 120,000 MWh of electricity 
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• 500,000 MWh of heat 

• 6000 t recyclable metal 

• 60,000 tons of ash, soot and filter charge 

 

Figure 3.5.13: Waste incineration process in the Spittelau plant in Vienna, Austria [17] 

Geothermal District Heating Systems [18] 

With the groundwater brought to the surface, we get thermal water on one hand and thermal 

energy on the other. The possibilities of water utilization depend on the quality and yield of 

water, they can be: 

• use for medicinal water based on proven cures depending on mineral salt and gas content, 

• utilization of thermal energy, 

• electricity generation. 

Energy related utilisation of geothermic sources is possible on two levels: 

• for the production of electricity by means of wells producing high enthalpy fluid, 

• from low-enthalpy hot water wells for heat supply. 
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Under the solid Earth crust heat is generated mainly by radioactive processes, which flow 

continuously towards the Earth’s surface. Heat enters the surface by convection, conduction, 

and radiation, where the ground heat flux can be measured. In the Carpathian Basin, an 

average heat output of about 1 kW can be measured on an area of 100 m2. 

The geothermal gradient 

The rise in temperature vertically towards the centre of the Earth per unit length of the 

Earth’s radius is called a geothermal gradient. The thinner the solid crust under a given area, 

the greater the geothermal gradient. Below the territory of Hungary the thickness of the 

earth's crust is relatively small, therefore the value of the geothermal gradient is high. Up to 

a depth of a few thousand meters from the surface, the temperature rises almost linearly. 

The value of the geothermal gradient is almost a constant of 0.05 K/m. 

According to the data of the Hungarian Central Statistical Office, at the end of 2000, there 

were 1,100 thermal water wells in Hungary. 286 of them the outlet temperature was 30-40 °C 

for 179 wells 41-60 °C and for 121 wells 61-90 °C. Calculated with a final cooling temperature 

of 15 K, the amount of heat extracted in one year is 30.4 PJ, which corresponds to the calorific 

value of 740,000 tonnes of crude oil. 

The Practice of Thermal Groundwater Utilisation 

The heat of the deep layers is brought to the surface by the geothermal fluid. In addition to 

water, the main components of the fluid are dissolved salts, gases and possibly suspended 

solids. At the selected location, it must be examined whether it is geologically possible to 

bring thermal water of the required and usable quantity to the surface. At the depth of the 

aquifer, the tube is opened and a mesh filter structure is placed. A trial production of the 

thermal water well is to be carried out in order to determine the production characteristics. 

With purification pumping, 40, 60 and then 80% water flow is produced from the well for at 

least a total of 72 hours. During this time, the height of the water column in the well is 

measured until the resting water level is reached. After this, it can be seen whether the well 

is operating with positive or negative operation. In the case of a positive well, the well 

operates on its own, i.e. it is free-flowing. A negative well can be artificially operated e.g. with 

pumps, because the resting and operating water level does not reach the terrain level. 

Increasing water flow 

For higher flow requirements, one of the following methods is used. 

• Acidification: water flow can be increased by acid treatment of the well for up to 8 hours. 

• Blasting: an insoluble explosive charge is exploded in the well at great depths. 
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• Layer fracturing: high pressure fluid is forced into the well and the sand contamination is 

flushed out. 

After the increase in yield, trial production must be carried out. Hydrodynamic tests are 

performed on the finished, operating thermal water well: a capacity test, which is a precise 

pressure-volume-temperature test covering the entire water supply plant. All these studies 

form the basis for the calculation of the thermal water supply. 

Artificial production 

Positive wells are able to supply the right amount of thermal water even without auxiliary 

equipment. In negative wells, the desired amount of water is raised to the surface with the 

help of an auxiliary device in each case, because the rest water level alone remains below the 

ground level. In order to control the thermal water production, a pump is placed in these 

wells. Some of the previously well-functioning, positive thermal water wells become negative 

after a long production, so the desired amount of water can only be brought to the surface 

by artificial production. The two types of artificial production are compressor and pump 

operation. 

Compressor operation. A compressor can bring the thermal water to the surface by placing 

an air inlet pipe in the well and pushing the compressed air into the upper section of the well, 

which reduces the density of the upper water column with an air bubble. The efficiency of 

the operation with respect to the energy introduced into the compressor is approx. 10-15%. 

If the operating water level decreases, the immersion air pipe should be placed deeper and 

not the air volume increased. The disadvantage of this method is that there will be more 

dissolved oxygen in the extracted thermal water. It is used where pumping cannot be done 

because water brings with it a lot of sand, for example. 

Pump operation. A multi-stage centrifugal pump can be installed in the thermal water well, 

more recently a submersible pump, the impeller of which is radial or semi-axial and integral 

with the electric motor. The bearings are lubricated with water. The casing of the device is 

made of stainless steel, the electric motor in it is a three-phase asynchronous motor. The 

pump must be installed in the well below the starting point of gas evolution. Criteria for 

selecting a submersible pump: 

• water temperature and water quality, 

• dimensions and structure of the well, 

• the depth of the bubble point 

• the amount of pressure required at the wellhead and 

• the amount of water demand for geothermal energy utilisation. 
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State-of-the-art production always means controlled thermal water extraction, i.e. the power 

of the submersible pump is kept at the desired value by speed control. This is achieved by 

electrical frequency control. The lowest limit of the frequency reduction is specified by the 

manufacturer. Operating at an even lower frequency can cause serious damage to the pump 

structure. Nowadays, submersible pumped thermal water extraction is very common 

because this way of regulating the power of the well is accurate, automatic and economical. 

The heat content of the thermal water must be used up to the lowest possible temperature 

level. Heat utilization depends on the surface temperature of the water and on the mass flow 

of the thermal water well. Due to the re-injection of thermal water, only its thermal energy 

is utilized, and the amount of water is returned to the aquifer. 

Thermal energy utilization has to meet two conditions: 

• the heat recovery system must be adapted to the temperature of the given thermal water, 

• the amount of thermal water raised to the surface, i.e. the production should be in line with 

the consumption. 

The nature of thermal water consumption can be: 

• constant over time (constant flow of liquid, e.g. domestic hot water), 

• harmonically variable (e.g. external weather-dependent seasonal consumption) 

• irregularly variable (e.g. household consumption, industrial consumption). 

Nature of thermal water production: 

• provides a constant mass flow over time (e.g. in the case of a positive well) 

• provides time-varying mass flow (by modern artificial production). 

There are basically two types of systems: 

• open system and 

• closed system. 

The open system. The thermal water brought to the surface reaches to atmospheric pressure 

at one point, loses its overpressure at the wellhead and begins to precipitate gas and solids 

(salt deposition). After use, the cooled, so-called leachate enters a surface receiver, resp. it is 

also possible to re-inject water from a collecting tank. The latter solution requires significant 

water treatment. 

Advantages of the open system: 
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• a simpler system than a closed one, even with a single production thermal water well. 

• can be indirect, heat exchanger solution 

Disadvantages of an open system: 

• by placing it in the surface receiver, the pollution is unavoidable and can be mitigated at 

most, 

• degassing, water treatment required, 

• In case of water re-injection, a separate water treatment is required. 

There are two main versions: 

• the direct system: only in the case of thermal water with the best hydrochemical 

composition, non-aggressive thermal water can enter the heat emitters directly. Water 

treatment before use is important; 

• the indirect system: the heat transfer takes place via a heat exchanger. There is heat 

transfer, no material transfer. An additional heat generator can also be assigned, separated 

by a heat exchanger. 

The closed system. The closed system is a modern implementation of the geothermal 

facilities of the future. While maintaining the overpressure of the thermal water raised to the 

surface, it returns to the aquifer after heat removal. The system is hydraulically closed. In the 

heat exchanger, only heat is transferred, there is no material transfer on the surface. 

Advantages of the closed system: 

• it is possible to avoid gas and salt precipitation or keep it to a small extent, 

• an environmentally sound solution 

• the layer pressure can be maintained 

• the path of the geothermal fluid becomes a cycle. 

Disadvantages of the closed system: 

• water re-injection means additional costs, 

• extra energy must be used. 

There are two main versions of a closed system: 

• the indirect closed system, in which case a heat exchanger is used in all cases, 
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• the direct closed system, in which the thermal water enters the heat emitters and is present 

in the entire surface network. It is important to maintain proper overpressure. A direct 

system can only be implemented in the case of non-aggressive thermal waters. 

Indirect systems with heat exchangers are preferred because peak heat exchangers, i.e. 

external energy input, are also possible. In the case of large systems, such as residential 

district heating, only an indirect solution with a heat exchanger is conceivable. 

In order to save conventional energy, geothermal and conventional energy-based heat 

producers can be operated together in the heating system. In some cases, such as summer, 

domestic hot water production can be provided solely by geothermal energy. 

The heat load calculation of the building must be carried out in accordance with the valid 

standard, in a way that the nominal heating performance also covers the peak demand. Near 

the sizing peak, heat demands are seldom. The sizing is based on meteorological statistics, 

i.e. the temperature-frequency curve. The duration diagram of the heat outputs shows how 

many days the peak boiler operates for 365 days of the year, while the heat output of the 

thermal water is required throughout the year (to a varying extent). The purely geothermal 

supply of the nominal heat demand should not be designed for two reasons: 

• the heat supply system does not have sufficient reserves, 

• it would be uneconomical to implement excessive geothermal investment due to a short 

utilization period and excess geothermal heat capacity would be available for the rest of the 

year. 

Changes in well production 

Both well flow and geothermal water flow demand can vary in time, therefore in the optimal 

case these are adjusted with suitable control. 

1. Throttle control is a common solution for a positive well. The compression of the well is 

due to two factors: 

• pressure at the bottom of the well and 

• the gravitational buoyancy resulting from the temperature difference. 

Throttle control can be used when the water flow derives from the formation pressure 

because it increases the static pressure by reducing the dynamic pressure. In contrast, there 

is an increase in density as the fluid flow decreases (due to greater cooling down of the fluid), 

which further reduces the flow and may even stop the well in its production. 

2. Control by throttling the pump results in significant losses. 
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3. Control with a multi-speed pump results in staggered fluid flow levels. 

4. Continuous pump control with follows the current requirements precisely. This is the state-

of-the-art solution recommended today. 

5. Control by releasing the surplus, which is unfortunately the simplest method. The simplicity 

of the procedure does not justify the damage caused. Excess can result from an increase in 

excess, unused water and an increase in water temperature. When installing new equipment, 

power regulation with the release of surplus is not allowed; overflow can only be used to 

compensate for momentary and rapid changes. 

Thermal water consumption. Heat consumers can be classified according to the nature of 

their consumption: 

• constant consumption over a one-day period, such as water supply to swimming pools and 

baths 

• constant consumption during a weekly period, such as domestic hot water production, 

which requires different amounts of heat on each day of the week 

• consumption that varies according to the annual period, such as building heating. 

Coordinating different types of consumers. The amount of water required by consumers 

varies over time in most cases. Consumption fluctuations within 24 hours can be 

compensated using a storage tank. The performance demand can be met by a geothermal 

heating system that is scaled for maximum consumption or one in which the peaks are 

covered by an external heat generator. 

If the temperature of the geothermal heat source does not reach the target temperature of 

the heating system, the underground water can be used as a heat source for a heat pump. 

In the case of modern, indirect geothermal heating systems, a separate heat transfer medium 

circulates in a closed system on the secondary side. This is connected to the primary side via 

a heat exchanger, so there is no hydraulic, only thermal interference. Medium and low 

temperature heating solutions are of great importance, as thermal water is generally unable 

to provide a high nominal flow temperature under domestic conditions. 

 

3.5.4  HEAT DISTRIBUTION 

The heat distribution is realised by an external pipeline network consisting of external 

network sections, distribution points, their assemblies, network converters, protective 

devices, transit, main or distribution pipelines and the structures necessary for their 



23 
 

operation. Most of the network is located in public areas, over or under ground level, next to 

other utilities. [1] 

The 1st generation of district heating systems evolved in the United States from the 1880s. 

The primary medium was steam, which condensed at the substations and the condensate 

flew back to the heat production plant. Due to the high pressures and temperatures, such 

systems were not only ineffective but their use incorporated several dangers even for the 

pedestrians. 

The 2nd generation was based on hot water distribution, which means that the heat transfer 

medium has a temperature above 100 °C. Such systems began to appear in 1930 and until 

1970 dominated installations. Typically, a pair of pipes are installed in a protective concrete 

gutter, as seen in Figure 3.5.14. High on-site labour requirements during installation, as 

thermal insulation is put on the pipes on site. In many cases, poor performance control was 

characteristic for district heating systems of 2nd generation. 

 

Figure 3.5.14: District heating pipeline in concrete gutter installed in Nyíregyháza, northeast Hungary [19] 

DH substation 

The intersection of the primary district heating network and the secondary heating system of 

a building is the substation. Here, the thermal energy is made available to the consumer so 
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that heat is lead into the consumer’s system in the quantity and quality specified in the 

agreement, contract, regulation, etc. The interest of consumers precedes all other systemic 

interests. The establishment and maintenance of a district heating system is justified if the 

heat charges paid for the heat energy service cover the operating costs. The amount of state, 

city investment or price support or subsidies for benefits that cannot be expressed in money 

is also considered income. [1] 

In 2nd generation hot water district heating systems, tube bundle heat exchangers with 

significant space requirements were installed. As many substation installations were non-

prefabricated elements the labour demand for on-site installation was particularly high. 

 

Figure 3.5.15: Tube bundle heat exchanger in a Budapest DH substation [20] 

Hydraulic connection to the primary district heating network 

Direct: the district heating network and the heating system of the building form a 

hydraulically common system. 
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Figure 3.5.16: Direct district heating substation [1] 

Indirect: the secondary heating (consumer) system of the building is separated from the 

primary district heating network by a heat exchanger. 

 

Figure 3.5.17: Indirect district heating substation [1] 

Motoric valves help regulate the flow between DHW and heating heat exchanger, as they 

open and close based on measured temperatures in DHW, heating flow and outdoor. Usually 

DHW requires higher temperature than heating, therefore the first order in receiving hot 

water. 
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Figure 3.5.18: Performance regulation for DHW and building heating in an indirect substation [1] 

In 3rd generation district heating systems the heat transfer medium is warm water with a 

temperature below 100 °C. The decreasing temperatures in the distribution network are 

leading to lower losses and increasing system efficiency. Several components including 

pipelines and substations are prefabricated. Pre-insulated pipelines are laid directly into the 

ground without concrete gutter. This technology is used in the renovation of old systems in 

the former Soviet Union and Eastern Europe. In some cases, the use of renewable heat 

generators (solar collectors, geothermal energy). 

 

Figure 3.5.19: Pre-insulated pipeline installation in Budapest laid directly in the ground [21] 

Factors influencing a heat loss in a pre-insulated district heating pipe laid directly in the 

ground: 

• thickness of thermal insulation, 
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• thermal conductivity of the soil, 

• installation depth, 

• the diameter of the wire, and 

• thermal conductivity of thermal insulation. 

The thermal conductivity of thermal insulation is less degraded by the harmful effects of the 

environment than in the case of transmission lines conducted in a protective duct, as 

moisture is practically unable to penetrate into thermal insulation. [10] 

 

Figure 3.5.20: Pre-insulated district heating pipelines are installed near the Káposztásmegyer housing estate of 

Budapest [22] 

The 3rd generation is a step forward in terms of substation construction too with 

prefabricated, compact, modular substations. Plate heat exchangers are used instead of tube 

bundles resulting in significantly less space required. 
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Figure 3.5.21: Prefabricated DH substation [23] 

Development direction of district heating generations: 

• Lower heat transfer temperature 

• Prefabrication reduces labour requirements during installation. 

• Better quality, more flexible use of materials. 

• Reducing losses, increasing efficiency. 

The 4th generation of district heating incorporates the first and foremost objective of the 

technology: creating an energy community with waste heat reuse. In an energy community 

(city, town or medium sized settlement) certain buildings have cooling needs during the 

heating season due to their activities. The construction of a low temperature primary 

network is the main task of the transition into the 4th generation. As the waste heat of various 

entities is usually available on a lower temperature level, it is possible to utilise it only with a 

low temperature network. The lower distribution temperatures significantly increase 

efficiency, as the losses remain lower. The energy demand of buildings is constantly 

decreasing, because of the strict regulations on thermal shell development. This is why in the 

future buildings can also be operated with low temperature heating systems. 

Densely populated settlements have advantages, in terms of district heating and waste heat 

utilisation, as distribution pipelines are shorter and the losses remain lower. 

The ReUseHeat project [24] focuses on targets to develop district heating systems with an 

increased share of waste heat utilisation. Some projects examined and realised in the project 

are the following: 
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Figure 3.5.22: Waste heat utilisation in an energy community, based on the idea of the ReUseHeat project [24] 

Data Centres [24] 

The electricity consumption of data centres in 2010 was 350 TWh worldwide. This is more 

than 1% of the world’s total electricity consumption in 2010. Cooling is required for safe 

operation of the installed IT equipment. The electricity consumption of data centres in 

Europe was 56 TWh/a in 2007, but by 2020 104 TWh /a was expected due to growing trends 

of streaming and IoT. Cooling is 40% of the total energy consumption of a data centre. 

Data centre performance: 

• 5 MW IT capacity (some in Europe) 

• 500 kW - 5 MW (many) 

• Under 500 kW (majority) 

A medium-sized data centre has 1 MW IT capacity with a heat emission of 3700 MWh/a. The 

waste heat which could be utilised would be 0.46 MWhth after 1 MWhel of electricity 

consumption. 

Underground Tunnels 

Underground lines are present worldwide in 148 cities with 11,000 km line length, used by 

151 million passengers day. In the European Union there are 2800 km underground lines in 

50 medium and large cities, carrying 31 million passengers/day. Underground lines represent 

a heat source, because of the thermal dissipation of the energy of movement when braking 

and due to the ventilation of subway cars. The approximate amount of waste heat is 6.7-11.2 

TWh/a, which comes to be in densely populated areas, in which the average distance 

between two stations is 1 km. 

Sewage Pipe Network 
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Every town and city has an extended sewage network, which can be considered as a low-

temperature heat source due to its annual average temperature of 10-15 °C. With the 

combined application of low temperature district heating systems and heat pump technology 

this heat can be utilised as a reliably balanced heat source for the heat pumps. In Nice, France 

and Cologne, Germany projects have already been completed utilising sewage networks as 

heat sources. 
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