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Symbol and colour definitions 

Technology overview („Tags“) 
 

 Technology 

 Waste heat utilisation 

type 

 Temperature range 

 Power range 

 

Suitability of combining waste heat utilisation technology with air cooling or liquid cooling 

Air cooling (e.g. CRAC and CRAH) 

Liquid cooling (e.g. cold plate and immersion cooling) 

No or only limited suitability in combination with waste heat from data centres 

 

Disclaimer 
The technologies for waste heat recovery from data centres contained in this best practice overview are for information purposes only and are 

intended to serve as suggestions. No guarantee is given for the accuracy or completeness of the information and it is the responsibility of the 

reader to evaluate and utilise the information in the context of their individual needs and requirements. We accept no liability for any damage or 

loss that may result from the use of this information. The use of image material for other purposes must be clarified on an individual basis.  
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 Data centre cooling technology 

 
 

 
  

Data centre 

cooling 

technology 
(Level: Server / Rack / Room) 
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General information on data centre cooling technology 

The cooling of data centres is made up of two 

subsystems (A and B). While the room cooling 

system (A) ensures that the waste heat generated 

during server operation is dissipated (e.g. via 

recirculating air cooling units), the cooling 

infrastructure (B) provides the necessary cold 

water (e.g. with compression chillers) and 

dissipates the excess waste heat to the 

environment via recooling towers. Within the 

cooling system, waste heat can be extracted at 

different temperature levels and from different 

media flows (e.g. with heat exchangers). CRAH = 

Computer Room Air Handler;  

CRAC = Computer Room Air Conditioning 

 
Air and liquid cooling 

 
Waste heat 

collection and 

removal 

 
20 - 60 °C (Waste 

heat temperature)  
2 - 250 kWth/Rack 

 
 Image source: [1]; Source: [2–4]   
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Where could the waste heat from the servers be extracted? 

Theoretically, four different approaches can be used to 

extract the waste heat. Depending on the cooling 

concept, this can take place within the room cooling (A) 

or the cooling infrastructure (B). At the same time, this 

determines the achievable waste heat temperature and 

the complexity of the technical infrastructure required 

for extraction. The closer to the heat source the waste 

heat is captured, the higher its temperature (apart from 

any temperature increase by means of a chiller). On the 

other hand, the technical effort required to centrally 

capture waste heat from all sources decreases. 

 

1. 
Directly in the server 

(e.g. thermoelectric 

generator) 

2. 
Air-X heat exchanger 

in the hot aisle 

3. 
Cold water / 

refrigerant (X-water 

heat exchanger with 

CRAH / CRAC) 

4. 
Cooling water or 

extraction integrated 

in the chiller 

 

 
 Image source: [5]  
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Air cooling 

With air cooling, cool air is transported through 

the server via fans and absorbs the resulting 

waste heat. In some cases, heat sinks are also 

installed on individual components for this 

purpose. The American Society of Heating, 

Refrigerating and Air-Conditioning Engineers 

(ASHRAE) recommends an inlet temperature of 

18 to 27 °C (T1). A temperature increase of up to 

15 K takes place via the server. Depending on the 

configuration (e.g. cold aisle or hot aisle 

containment), a cooling capacity of up to 12 kWth 

per rack can be achieved. 

 

The heated air is then cooled by computer room 

air conditioner (CRAC) or computer room air 

handler (CRAH) units. 

 
CRAC / CRAH 

 
Waste heat 

capture and 

removal 

 
20 - 40 °C (Waste 

heat temperature)  
< 12 kWth/Rack 

 

 

  Image source: [6]; Source: [7–15]   
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Indirect liquid cooling 

Indirect liquid cooling involves a combination 

of air and water cooling. Room air is supplied to 

the servers and heats up. An air-water heat 

exchanger is located at the rear of the servers, 

through which the heated air is forced to flow. 

This is cooled to room temperature by the cold 

water flowing through it. The so-called "Rear 

Door Heat Exchanger" (RDHX) is available in two 

versions: passive and active. In the second case, 

additional fans are installed in the rear wall, 

thereby enabling a higher cooling capacity. A 

major advantage is the direct transfer of waste 

heat into the cold water circuit, especially in 

contrast to computer room air handler units. 
 

 
Cooled rear doors 

 
Waste heat 

capture and 

removal 

 
20 – 30 °C (Waste 

heat temperature)  
15 – 55 kWth/Rack 

 

 

 

 
 

 

 Image source: [16]; Source: [3]   
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Direct liquid cooling 

Direct liquid cooling also involves a 

combination of air and liquid cooling. The 

components to be cooled (especially CPU and 

RAM) are fitted with cold plates through which 

liquid flows. In this way, between 60 and 90 % of 

the waste heat can be absorbed in the liquid. 

Single-phase (e.g. water) or two-phase media can 

be used as the cooling medium. ASHRAE 

recommends an inlet temperature of 17 (W17) to 

over 45 °C (W45 and W+). At the same time, the 

temperature increase via the server components 

is around 10 K. The remaining waste heat load is 

dissipated via an air flow. 

 
 

 
Cold plates 

 
Waste heat 

capture and 

removal 

 
30 - 60 °C (Waste 

heat temperature)  
< 80 - 200 

kWth/Rack 
 

 

 

 
 

 Image source: [17]; Source: [14, 15, 18]   
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Immersion cooling 

With immersion cooling, up to 100 % of the 

waste heat generated can be bound in a liquid. In 

contrast to direct liquid cooling, the entire server 

is immersed in a cooling liquid. In this case, water 

can no longer be used, but special electrically 

non-conductive liquids are required (e.g. mineral 

oils). A different structure is often used. Tanks can 

also be used instead of a rack. These can be of 

open or closed design. Depending on whether a 

single-phase or two-phase coolant is used, a 

closed design is required. In this case, the 

evaporation enthalpy can be utilised. 

 

 

 

 
Single-phase / two-

phase  
Waste heat 

capture and 

removal 

 
30 - > 60 °C (Waste 

heat temperature)  
< 250 kWth/Rack 

 
 

 

 

 
 

 Image source: [19]; Source: [4, 18]  
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 Heat exchanger 

 
 

 

  

Heat exchanger 
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General information on heat exchangers 

 

A heat exchanger is a device that enables the 

transfer of thermal energy from one fluid flow to 

another without the fluid having to come into 

direct contact with each other. The transferred 

heat can be utilised for other thermal 

applications. Compact heat exchangers are 

favoured for waste heat recovery as they have a 

higher heat transfer rate and a very low pressure 

loss for the same volume. 
 

 

 

 

 

 

 
Plate and tube 

heat exchangers  
Heat transfer and 

recovery 

 
Up to 900 °C 

(operating 

temperature) 

 
2 kWth – 400 MWth 

 

 

 
 

 

 

 Image source: [6]; Source: [7–13]   
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Plate heat exchanger  

A plate heat exchanger is a type of heat 

exchanger that uses metal plates to transfer heat 

from one fluid to another. Plate heat exchangers 

consist of a series of thin, corrugated, moulded 

metal plates. Each pair of plates forms a complex 

passageway in which the fluid flows. Plate heat 

exchangers are generally categorised into two 

types: brazed and gasketed plates. In plate heat 

exchangers, the hot fluid flows in alternating 

chambers in one direction and the cold fluid flows 

in other alternating chambers, but in the opposite 

direction to the hot fluid. 

 

 

 
Up to 900 °C 

(operating 

temperature) 

 
2 kWth – 400 MWth 

 

 

 

 

 

 

 

 
 Image source: [20]; Source: [10–13, 21, 22]   
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Shell and tube heat exchanger 

Shell and tube heat exchangers are one of the 

most commonly used types of heat exchanger. A 

shell and tube heat exchanger consists of a shell 

side and a tube side, with one liquid medium 

flowing through the shell side and another 

flowing through the tubes. Shell and tube heat 

exchangers are suitable for high-pressure 

operation as they are very robust. 

 

 

 

 

 

 
Up to 300 °C 

(operating 

temperature) 

 
2 kWth - 20 MWth 

 
 

 

 

 

 

 

 

 
 Image source: [20]; Source: [10–13, 21, 22]   
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 Heat pump 

 
 

  

Heat pump 
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General information on heat pumps 

A heat pump takes thermal energy from a source 

with lower temperatures and, together with the 

operating energy used (usually electricity), 

upgrades it to a higher temperature. Heat pumps 

are often used to upgrade the temperature of 

waste heat from (air-cooled) data centres. 

 

With the help of a heat pump, the waste heat 

from a data centre can be brought to a 

temperature level of 60 °C and higher. Multi-

stage heat pumps are also possible, with which a 

significantly higher temperature level of > 150 °C 

can be achieved.  

 

 
Air-to-water, 

water-to-water 

and high-

temperature heat 

pumps 

 
Heating and 

cooling 

 
30 – 150 °C (Sink 

temperature)  
< 10 kWth … 70 

MWth 
 
 

 

 Image source: [23]; Source: [24–30]  
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Air-to-air heat pump 

Air-to-air heat pumps utilise the air as a source 

of thermal energy in heating mode. An air-to-air 

heat pump system can usually also be used for 

cooling purposes by reversing the process and 

extracting heat from the air in the room. In terms 

of waste heat utilisation in data centres, the air-

to-air heat pump cools the server room and can 

use this as a heat source for heating purposes. In 

this process, the heat is transferred from an air 

source to an air sink with a temperature lift. 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 Image source: [31]; Source: [32–37]  
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Air-to-water heat pump 

Air-to-water heat pumps extract thermal 

energy from an air source to heat water. The 

heated water can be used to provide space 

heating or other applications. 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 Image source: [38]; Source: [32–37]  
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Water-to-water heat pump 

A water-to-water heat pump is a type of heat 

pump that transfers heat between two streams of 

water (a source and a sink). It is able to utilise the 

thermal energy present in the water to provide 

both heating and cooling. 

 

 

 

 

 

 

 

 
< 100 °C (Sink 

temperature)  
< 10 MWth 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 Image source: [39]; Source: [37, 40–44]  
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High-temperature heat pump 

High-temperature heat pumps are a 

technology for upgrading heat sources to a 

particularly high temperature level. On the one 

hand, they can provide heat at a higher 

temperature level (> 100 °C) than conventional 

heat pumps and, on the other hand, they can 

absorb heat from higher temperature sources. 

Water, brine, exhaust air or waste water in a 

temperature range between 17 and 65 °C are 

generally used as the heat source. 

 

 

 

 

 
65 - > 130 °C (Sink 

temperature) 
 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 Image source: [45]; Source: [37, 40–43]  
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 Chiller 

 
 

  

Chiller 
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General information on chillers 

Chillers are devices that are used to cool rooms or processes. 

For this purpose, they provide cold water which is heated by 

the room or process heat. They then extract heat from the 

heated cold water and, after raising the temperature, the 

waste heat is released into the environment via recoolers. 

Standard chillers typically have a condenser temperature of 

around 40 °C. 

A heat exchanger for heat recovery can be integrated into the 

chiller. On the other hand, in contrast to classic mechanical 

refrigeration, waste heat can also be used as drive energy for 

chillers of the absorption and adsorption type. In this way, 

waste heat can be utilised to provide cold water.  

 

 
Compression, 

absorption or 

adsorption chiller 

 
Cooling 

generation and 

waste heat 

utilisation 

 
~ 40 °C 

(Condenser 

temperature) 

 
15 kW – 15 MW 

(Cooling capacity) 

 

 

 
 Image source: [46]; Source: [15, 47–51]  
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Compression chiller 

Compression chillers (CC) are most frequently 

used in refrigeration supply systems and have the 

largest market share. They can be used for both 

cooling and freezing. A refrigerant is vaporised 

and then condensed again in a cycle. A core 

component is the refrigerant compressor, for 

which various designs (screw, turbo, piston and 

scroll compressors) are used. As a rule, the 

condenser is cooled with air or water. However, 

waste heat can also be extracted via the cooling 

water or an integrated heat exchanger. 

 

 

 
Screw, turbo, piston 

and scroll 

compressors 

  

 
~ 40 °C (Condenser 

temperature)  
10 kW – 8 MW 

(Cooling capacity) 
 

 
 

 

 

 
 

 

 
 

 

 

 Image source: [52]; Source: [51]   
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Absorption chiller 

Absorption chillers (AbC) require a drive 

temperature of at least 70 to 95 °C. However, the 

waste heat generated in the data centre does not 

usually reach this temperature - not even with 

liquid-cooled servers. This is also the biggest 

challenge for this technology. In this case, a drive 

can only be provided by interposing a heat pump. 

Instead of an electrically driven compressor, a 

thermal drive is provided by a sorption process. 

The refrigeration process consists of two 

interconnected circuits (refrigerant and solvent 

circuit). 

 

 

 
LiBr/H2O or 

NH3/H2O AbC 

  

 
70 - 180 °C 

(Drive 

temperature) 

 
10 kW – 20,5 MW 

(Cooling capacity) 

 

 

 

 
 

 

 
 

 

 Image source: [53]; Source: [25, 28, 49, 51, 54, 55]  
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Adsorption chiller 

In contrast to an absorption chiller, an 

adsorption chiller (AdC) requires a lower drive 

temperature and utilises a solid sorbent such as 

activated carbon, zeolite or silica gel. In addition, 

the process is discontinuous and consists of two 

phases: the adsorption and desorption process. A 

drive temperature of 55 - 100 °C is sufficient. This 

means that liquid-cooled servers can also be used 

as a heat source. In contrast to the CC, only 

cooling is possible. 

 

 

 

 
55 - 100 °C 

(Drive 

temperature) 

 
10 kW – 1 MW 

(Cooling capacity) 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 Image source: [56]; Source: [25, 28, 51, 57, 58]  
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 Additional section on refrigerants 

 
  

Additional section 

on refrigerants 
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General information on refrigerants 

Refrigerants are used in both chillers and heat pumps. A compact overview of the most 

common refrigerants, including their thermophysical properties, can be found in [59]. 

The following refrigerants are mainly used in the EU today: 

➢ Partially halogenated fluorocarbons (HCFCs), e. g. R134a 

➢ Partially halogenated unsaturated fluorocarbons or olefins (HFO) e. g. R1234yf 

➢ Ammonia (R717) 

➢ Carbon dioxide (R744) 

➢ Hydrocarbons (KW), e. g. Propan R290 

➢ Water (R718); comparatively few systems to date 

➢ Mixtures of the previously mentioned refrigerants, e.g. R404A or R507 

The basic international agreements are: 

• The Montreal Protocol of 1987, which regulates the production and consumption of ozone-depleting 

substances (ODS) → EU Regulation 1005/2009 

• the Paris Climate Change Agreement of December 2015, which regulates the reduction of greenhouse 

gases (GHG) as a follow-up agreement to the Kyoto Protocol 

• the Kigali Amendment to the Montreal Protocol, which was adopted in 12/2016 and places the measures 

to reduce HFCs under the Montreal Protocol. 

An overview of the EU regulation on fluorinated greenhouse gases can be found at [60]. The EU F-Gas 

Regulation 2024/573, which comes into force on 11 March 2024, is intended in particular to incentivise the 

use of alternatives instead of F-gases. The quantities of hydrofluorocarbons (HFCs) placed on the market in the 
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EU will continue to be gradually reduced. From 2050, the permitted quantity will be set at zero. In addition, 

new bans on placing on the market will be issued for the following installations, among others: 

• Stationary refrigeration systems (see Annex IV No. 4 and 5 b + c) 

• Stationary chillers (see Annex IV No. 7 b - d) 

• Stationary air conditioning systems and heat pumps (Annex IV No. 8 b - e and 9 b - f) 

A suitable refrigerant should have the following characteristics: 

➢ Good thermodynamic properties 

➢ Good chemical stability, good miscibility with oil 

➢ Good physical properties 

➢ No or only low environmental impact 

➢ Good availability 

 

An overview including detailed profiles can be found at [61] in relation to natural refrigerants such as 

ammonia, carbon dioxide, hydrocarbons, ammonia dimethyl ether and water. Depending on the performance 

range, the following refrigerants are used in heat pumps. 

 

Large heat pumps: carbon dioxide (R744), propane (R290), ammonia (R717), ammonia/dimethyl ether (R723). 

Medium to large performance range: ammonia. 

Medium to small cap performance acity range: Non-halogenated and fluorinated refrigerants. 

 

 
 Image source: [62]; Source: [59–61, 63]  
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 Heating network 

 
 

  

Heating network 
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General information on heating networks 

A heating network distributes heat via a network of pipes that 

transport either hot water or low-pressure steam from central 

systems and heat generation units to residential, commercial and 

industrial buildings. A distinction is made between local and 

district heating, whereby the transition between the two is fluid 

and depends on the spread and size. 

The waste heat from data centres is rarely warm enough (~ 20 to 

35 °C) to be fed directly into conventional heating networks. 

Conventional district heating systems are supplied with heat from 

combined heat and power (CHP) plants or heating plants. Waste 

heat from industry or data centres can also be fed in. Depending 

on the flow temperature, a temperature increase is required.  

 

 
Heating networks 

from the 1st to the 

5th generation 

 
Supply of space 

heating, hot water 

and process heat 

and integration of 

waste heat 

 
15 - 200 °C 

(Supply 

temperature) 

 
n. s. 

 
 

 Image source: [64]; Source: [28, 65–68]   
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First generation heating network 

The main feature of the first 

generation of district heating 

systems was that the heat was 

transported using steam, as this 

is a good transport medium due 

to its high heat capacity. It was 

obtained, for example, from 

boilers or steam power plants 

that did not run in condensing 

mode and therefore had steam 

at a high temperature. Typical 

steam temperatures are up to 

200 °C and pressures up to 20 

bar.  

 

 

 

 

 

 
< 200 °C (Supply 

temperature)  
n. s. 

 

 Image source: [69]; Source: [70–72]  
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Second generation heating network 

The main feature of the second generation district heating system is that the heat is transported by 

pressurised, superheated water with temperatures of over 100 °C. Second generation district heating was 

predominant from the 1930s to the 1980s. The distribution network usually consisted of two steel pipes, a 

supply pipe and a return pipe. The boilers were fuelled with coal, waste and oil. Combined heat and power 

generation was also introduced in order to save primary energy. One difference to the steam-based systems 

of the first generation was the centrally arranged circulation pumps, which ensured a sufficient head of water 

in the distribution network and enabled heat to be extracted at the point of consumption. 

 

 

 
≥ 100 °C (Supply 

temperature)  
n. s. 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 Source: [70–72]  
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Third generation heating network 

The main feature of the third generation district heating system is the use of material and labour-saving 

components in combination with generally lower temperatures (< 100 °C). The third generation was developed 

in the 1970s after the two oil crises led to oil shortages. The third generation heating networks are also known 

as "Scandinavian" district heating technology. This system utilised coal, biomass and waste as energy sources, 

with some also using geothermal and solar energy. 

 

 

 
< 100 °C (Supply 

temperature)  
n. s. 

 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 Source: [73–77]  
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Fourth generation heating network 

With fourth generation or low-temperature district heating, the flow temperature can be below 50 °C and the 

return temperature close to 20 °C. This would enable smaller heating networks to be highly efficient, whereby 

lower quality heat could be utilised more efficiently. With flow temperatures below 50 °C, some of the waste 

heat from data centres can be fed directly into this network without a heat pump, especially from data centres 

with modern cooling technologies that enable high waste heat temperatures. 

 

 

 
< 70 °C (Supply 

temperature)  
n. s. 

 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 Source: [73–77]  
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Fifth generation heating network 

The fifth generation of district heating distributes heat close to the ambient temperature, minimising heat 

loss and thus the need for insulation. These are better suited to the lower waste heat temperatures of air-

cooled servers. For fifth generation heating and cooling networks, a bidirectional energy flow is particularly 

important, meaning that connected buildings in the network can be heated and cooled simultaneously. The 

main features are: 

 

• The energy is distributed at a low temperature level and is not suitable for direct utilisation. 

• Decentralised heat pumps are used with the heating network as a low-temperature heat source. 

• The heat supply integrates waste heat and renewable energies at low temperatures. 

• The same infrastructure can be used for heating and cooling. 

 

 
< 50 °C (Supply 

temperature)  
n. s. 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 Source: [75–77]  
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