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Symbol and color definitions  

Project summary (ăTagsò)       Categories  
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In planning  In implementation  In operation  

  Technology  

  Legal 

  Business 

  Communication  

  Other  

  City  

  Year of commissioning  

  Stakeholders  

  IT connection performance  

  Data center waste heat temperature  

  Waste heat utilization temperature  

  Waste heat utilization type  

  Technology  

  Heat connection  

  Distance 

The examples of waste heat recovery from data centers contained in this best practice 

overview are provided for informational purposes only and are intended to serve as 

suggestions. No warranty is made as to the accuracy or completeness of the 

information and it is the responsibility of the reader to evaluate and use the information 

in the context of their individual needs and requirements. We assume no liability for any 

damages or losses that may result from the use of this information. The use of image 

material for further purposes must be clarified on an individual basis. 
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Waste heat utilization map:  

Possibilities of waste heat utilization from data centers  
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Country overview: The Bytes2Heat best practice overview contains 99 examples 

from 15 countries  
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37 15 9 7 5 5 4 

       

Switzerland  Norway  Great Britain  Canada Ireland  Austria  Japan 

4 3 3 2 2 1 1 
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In operation  
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 Germany  Enge-Sande 

 35 °C  35 °C 

 Direct waste heat 

utilization  
 60 kW 

 
Windcloud 4.0, 

Novagreen 
 Agricultural process 

heat - Algae farming, 

Building heating  

 
Hot water circuit  Data center roof 

 

 Image source: [1]; Sources: [2ð4]  

 

Technology  

Å Extension building with 24 racks and 60 kW IT power on the Greentec Campus. 

Å On the roof of the data center is an algae farm (240 m²), which uses the waste heat 

directly. 

Å Waste heat at 35 °C heats the cultivation station and provides the comfortable 

climate for Chlorella and Spironella. 

Å Energy for the data center is generated 98% from wind power and the rest from 

solar and biogas power. 

Å Data center is certified according to EU standard EN 50600, VK3 and Blue Angel.  

Å A total of 60 kW of waste heat can be used and fed to the greenhouse above the 

data center through a flap control system. 

Å One kilogram of algae "consumes" about 2 kg of carbon dioxide.  

Å Data center offers co-location and cloud services. 

 

 

Business 

Å Production of "Lüttge" nutritional supplements by Evergreen -Food GmbH. 

Å Novagreen has always looked for synergy opportunities, for example farmers 

(biogas plants). 

Å Combination with a data center, which provides just the right temperature, allows 

the extension of the harvest over the winter. 

Å With good cooperation, there is the prospect of expanding joint activities and 

developing additional areas. 

Å Total cost data center: 550,000 û. 

 

Communication  

Å Wilfried Ritter: "The biggest challenge was and is to convince everyone that it 

works." 

 

 

In operation  
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Campus Lichtwiese, Lichtenberg -Hochleistungsrechner  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Germany  Darmstadt 

 60 °C  70 °C 

 
Direct water 

cooling, heat pump   Building heating  

 On the campus  
TU Darmstadt, 

Bund, Land Hessen 

 
District heating 

network 
  

 

 

 

 

 Image source: [5]; Sources: [6ð12]  

 

Technology  

Å Direct hot water cooling.  

Å Heat supply to own buildings by coupling the university's own district heating 

network and a high-performance computer with return temperatures of 60 °C.  

Å Heat pump is to provide 70 °C on the condenser side for the district heating 

network and at the same time cool the return water circulating on the evaporator 

side for server cooling from 60 °C to 50 °C. 

Å A 4th generation district heating network is to be created on campus.  

Å Demand for heating energy is to be reduced by 26 % from 2018. 

 

 

Business 

Å Funding in the amount of 15 million euros.  

 

 

Communication  

Å Data center and heat network have the same carrier. 

 

In operation  
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 Image source: [13]; Sources: [14]  

 

Technology  

Å Data center location was former nuclear bunker. 

Å Use of near-surface geothermal energy (borehole up to 400 m deep) for cooling, 

constant water temperature at 12 °C. 

Å The patented integral probes use the principle of groundwater circulation. By using 

groundwater circulation, the ground is transformed into a cold reservoir. The 

ambient air outside the summer heat period serves as a cold source to regenerate 

the geothermal system. 

Å Continuous power 200 kW and peak power 800 kW through four independent 

circuits. In-row cooling systems are used in the IT rooms. 

Å At temperatures between 20 and 28 °C, the adiabatic recoolers on the roof step in. 

For every liter of water nebulized and evaporated, approximately 0.7 kW/h of 

additional energy is released for cooling. Above 28 °C, the geothermal cooling 

system then kicks in. If the ambient temperature falls below the threshold of 20 °C, 

the data center makes use of the free circulating air. 

Å In addition to air cooling, the building is also cooled and heated (with waste heat) 

via concrete core activation. Pipe registers are installed in the concrete, in which 

water circulates and absorbs or releases heat depending on the temperature. 

Å This energy concept completely eliminates the need for compression cooling and 

heat pumps. 

 

In operation  
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Data center at Wallotstraße 1 to 5, Dresden  
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 50-60 °C  Building heating  

 

Hot water cooling, 
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 In the building   

 
Hot water circuit  

 
 Image source: [15]; Sources: [16ð19]  

 

Technology  

Å Liquid cooled (hot water cooling) data center with waste heat extraction.  

Å Most of the server waste heat is used directly for the hot water circuit. 

Å Copper pipes run through the server cabinets, through which water flows and heats 

up. The water heats up to between 50 and 60 °C and then enters a buffer tank. The 

heat is used for either water heating or heating. 

Å PUE value of 1.05 and in some cases a partial PUE value of 1.01. 

Å The "Energy Reuse Effectiveness" (ERE) is 0.62 during the use of heat pumps. 

Å Saving greenhouse gas emissions by reducing energy consumption and using 

waste heat to heat residential and commercial complexes. Underfloor heating 

systems are installed in the apartments. 

Å 20 server cabinets are located in the basement (underground parking) and heat a 

building with 56 apartments. The L-shaped new building at Wallotstrasse 1 to 5 

extends over five floors and has smaller two- to three-room apartments for seniors 

and larger four- to five-room apartments for families. The server cabinets are 

fireproof and theft -proof and are located in a separate room in the underground 

parking garage. 

 

Business 

Å The computing and data storage power is sold to companies. 

Å The waste heat remains in the apartment building. Cloud&Heat sells the resulting 

heat to DREWAG, which, as the contractual partner and heat supplier of WG 

Aufbau Dresden, resells the heat to the building's tenants. If the computer waste 

heat is ever insufficient, the supply is ensured during peak load times via the 

district heating of the municipal utility.  

Å The investment starts at û60,000 for customers to switch to this system. 

 

In operation  
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Data Center Cologne  
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 Image source: [20]; Sources: [21]  

 

Technology  

Å Waste heat from the servers and the air-conditioning system is used to heat the 

offices and to heat water. 

 

In operation  



 

 
  
 

16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Center Kelsterbach  
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 Image source: [22]; Sources: [21]  

 

Technology  

Å Heating of company offices. 

 

In operation  
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 Germany  Darmstadt 
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Education and 

Research 

 On the campus  

 Building heating   

 
 

 

 Image source: [23]; Sources: [24ð27]  

 

Technology  

Å Data center in cube form with a size of 27×30×22 m with six floors and an adjacent 

technical building incl. cooling towers.  

Å Up to 12 MW of waste heat can be dissipated via adiabatic cooling using open 

evaporative cooling towers. 

Å Circulated server room air is cooled down with water-flow heat exchangers in the 

rear rack doors, with their water circuit decoupled from the open cooling circuit by 

a heat exchanger. This eliminates the need for recirculating air cooling.  

Å Power consumption of the cooling system is less than 7 % of the electrical power of 

the IT hardware (in conventional systems it is 50 to 100 %). 

Å Waste heat is also used to heat offices and cafeterias on campus. 

 

 

Business 

Å Technical costs û 2.8 million. 

 

 

Other  

Å The data center is to serve as a test data center, or a real laboratory or experimental 

space, which makes it possible to test innovative technologies, products, 

approaches and services in a real data center environment. 

Å Furthermore, the possibility is given to test, experiment, collect information and 

learn under real conditions. This allows research and development to be driven 

forward, new innovations to emerge and final products and technology to be 

adapted or developed. 

 

In operation  
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Gym heating  
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 Image source: [28]; Sources: [29ð33]  

 

Technology  

Å Underground colocation data center  (RZ-AKQ-HAM-02) with two floors, 200 m² 

area and space for 63 server cabinets. 

Å Free cooling is provided when the outside temperature is less than 12 °C. 

Å On top of the data center in Alsterdorf is a barrier -free three-field gymnasium for 

the Bugenhagen School. This is heated with part of the waste heat from the data 

center. 

Å Alignment of the system and technical rooms according to Green IT principles. PUE 

value of 1.25 at full load. 

Å 100% green electricity is sourced from wind and water power, solar radiation, 

biomass and geothermal energy. 

Å According to the company, this data center will be the first to use coolwalls instead 

of conventional recirculating air cooling units, which adapt their operating behavior 

to the load conditions of the IT rooms.  

 

 

Communi cation  

Å RZ-AKQ-HAM-02 and RZ-AKQ-NOR-01 - form a Twin Data Center in Hamburg 

and Norderstedt and together meet the TÜViT TSI 4.1 and EN50600 standards. 

 

In operation  
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heat network 
  

    

 

 

 Image source: [34]; Sources: [35ð42]   

 

Technology  

Å From the data centre as a heat source, 250 kW of the waste heat with a 

temperature of 18 - 25 °C is decoupled. 

Å Spatial proximity to the heat customer (neighboring residential quarter with 400 

houses and an expected heat demand of 2100 MWh/a). 

Å Heat pump (water-water) with 300 kWth and COP of 3.6 for temperature swing and 

use of carbon dioxide as refrigerant. 

Å Low temperature heat network with 70 °C. 

Å Peak load coverage and redundancy via the connection to the existing heating 

network in the event of a data centre failure. 

Å Expected primary energy savings of 1284 MWh/a and GHG savings of 304 t CO2/a. 

Å Heat network with a length of 3 km, transporting 4.2 GWh/a.  

 

 

Legal 

Å "BS|ENERGY built an energy center that includes both a district heating connection 

and a connection to the cooling water circuit of the data center.  

 

 

Business 

Å Funding from the EU project "ReUseHeat". 

Å Investment costs of û 460,000 without the heat network. 

Å The turnover generated by the use of waste heat is û 330,000. 

 

 

Communication  

Å Volkswagen received the "German Data Center Award" in 2019 for this idea. 

 

 

Other  

Å Company wants to assume ecological responsibility Ą own environmental policy 

"goTOzero". 

 

 

In operation  
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Heinrich -Böll -Foundation  
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High-performance 

heat exchangers, cool 

racks 
 

Heinrich Böll 

Foundation, Basler 

& Hofmann  

 In the building   Building heating  

 

 

 

 
 Image source: [43]; Sources: [44]  

 

Technology  

Å Energy consumption undercuts statutory values by half. 

Å Primary energy consumption after one year of adjustment of approx. 44 kWh/m 2*a. 

Å Ventilation via atrium, cooling by water evaporation, heating with server waste 

heat, optimal insulation. 

Å Photovoltaic system on the roof with 53,000 kWh primary energy contribution per 

year. 

Å In all offices, along the window fronts, there are so-called parapet units. They 

contain a high-performance heat exchanger. The parapet units only require a 

supply temperature of 28 °C for heating. 

Å Cool racks allow servers to be integrated into building technology and waste heat 

to be used directly; water with a temperature of 23 °C flows through the racks. 

Å Servers heat water to approx. 30 °C, which is fed into the heating system and heats 

office rooms. 

Å Cooling of servers in summer via adiabatic recooler. 

Å Natural ventilation through atrium inside the building, ventilation of the courtyard 

through the open atrium roof in summer. In winter, ventilation unit with heat 

recovery provides fresh air supply in the atrium. Waste heat is used as exhaust air 

to warm up the fresh air. 

 

Business 

Å Reduction of operating costs by approx. 18 %. 

Å Construction costs at approx. û 10.5 million with approx. 7,000 m2 gross floor area. 

 

Other  

Å GeenCIO Award for cooling/heating concept. 

 

 

In operation  
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High -rise building Eurotheum  
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 Same building    Building heating  

 
Hot water circuit   Cloud & Heat 

    

 

 

 

 Image source: [45]; Source: [46ð50]  

 

Technology  

Å Original building from 1999 (former ECB data center) with a modernization of 

Cloud&Heat 2017/2018 to a Tier 3+ data center with the Cloud&Heat OpenStack 

public cloud infrastructure.  

Å Direct hot water cooling (50 to 60 °C) for GPUs and CPUs for a data center on 2 

floors in the final expansion with 250 kW IT power/waste heat each. 90% of the 

waste heat from the data center can theoretically be used. Practically, due to the 

high drinking water temperatures in summer and the lack of heating load, 2/3  of it 

is delivered to the high -rise building (with a total of 31 floors) for space heating 

(Hotel Melía, hotel bar 22nd Lounge e& Bar and Bistro in the foyer, local office and 

conference rooms, hotel and gastronomy) and hot water, 1/3 goes unused via the 

façade to the surroundings). 

Å Existing ventilation systems with mechanical refrigeration (circulating air coolers) 

are available in the existing building, which take over the remaining 10 % air 

cooling. In addition, free cooling of the existing refrigeratio n systems can be used 

under suitable ambient conditions.  

Å In the first step, the heat is decoupled for heating purposes and, if there is a 

further cooling requirement, the free cooling is used first and then, if necessary, 

the mechanical chiller. For water cooling, however, 100 % free cooling is possible 

through a newly installed ventilation system with façade flaps, due to the 

temperatures of 60/50 °C even all year round and with small dry coolers and glass 

louvre façade openings. 

 

Business 
Å Cost savings iƴ ŎƻƻƭƛƴƎ ƻŦ ŀǊƻǳƴŘ ϵфрΣллл ŀƴŘ ϵсрΣллл ƘŜŀǘƛƴƎ Ŏƻǎǘ ǎŀǾƛƴƎǎ ƻŦ ррт ǘƻƴƴŜǎ 

of CO2 per year. 
Å Reduce operational costs by up to 50%. 

Å PUE of 1.014 according to its own data. 

Å According to Tech Tour, Cloud&Heat is among the 50 fastest-growing technology 
companies that are financed with venture capital, which makes it easier to finance. 

 

Other  
Å "Master Plan 100% Climate Protection" (BMU), Frankfurt is one of the largest of the first 

19 municipalities and is interested in creating a waste heat register in order to enable 
local usage concepts for waste heat. 

 

 

In operation  
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 Image source: [51] ; Sources: [52ð54]  

 

Technology  

Å Performance: 17 PFLOPS (FP64) with 22.4 GigaFlops/Watt.  

Å Computer system and energy-efficient hot water cooling comes from Lenovo and 

is based on Lenovo Neptune Direct Water Cooling (DWC) technology.  

Å Hot water cooling (cooling water throughput: 90,000 l/h), allowing year -round 

cooling with minimal energy use.  

Å In cold seasons, office rooms can also be heated with the waste heat. 

 

Business  

Å 15 million û supercomputer. 

 

Communication  

Å Dr. Jennifer Schröter, head of High Performance Computing at SCC, says, "Our 

technical requirements were demanding, but the bidding process was deliberately 

kept open to technology in order to solicit bidders' expertise and obtain the most 

powerful overall system." 

 

In operation  
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 Image source: [55]; Sources: [21, 56, 57]  

 

Technology  

Å Waste heat from the data center is used to heat the surrounding office space, as 

well as commercial space in the neighborhood. 

Å 4,000 m² data center. Power supply of 4,000 W/m². Data transmission per rack at 

several 100 megabits per second. No more than 4 kW of waste heat generated per 

rack. 

Å Location connected via Germany-wide fiber optic backbone ring and via own 2 

Gigabit connection to branch offices in Frankfurt, Great Britain and Bucharest. 

Å Power supply via 10 kV system with 5 MW, 1,000 kVA transformer. 

Å UPS system with 720 kVA, two diesel generators with 1,000 kVA each. 

Å Room temperature of the data center regulated to 21 °C (± 2 K). 

Å Free cooling at low outside temperatures, chillers only switch on at certain outside 

temperatures. 

Å Plant pressurized floor air-conditioned.  

Å Racks are installed on raised floors in rows and according to the front-to-front 

principle, cold air with a supply temperature of 22 °C is fed in from the front via 

perforated raised floor panels and cabinet doors, warm air is extracted again 

behind racks via ceilings, cold air aisles and warm air aisles are clearly separated 

from each other. 

 

 

Communication  

Å Commissioning of the newest data center plant in 2007, constant adaptation to 

increasing requirements. 

Å Fifth data center under construction (as of 2008), principle of cold and hot air aisles 

is being consistently further developed, high -pressure cold air presses are not used. 

 

In operation  
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 Image source: [58]; Sources: [59ð64]  

 

Technology  

Å Cooling capacity (hot water cooling) of 4 MW for cooling the SuperMUC -NG high-

performance computers.  

Å Purely free cooling can be used all year round by means of water cooling.  

Å Waste heat can be used for building heating in cold seasons.  

Å Use of waste heat (1.1 MW) in warm seasons to generate process cooling with a 

Fahrenheit cascaded adsorption chiller (600 kW cooling capacity). This allows a 

total cooling capacity of 1.7 MW to be achieved.  

Å Cooling production by the adsorption chiller is used to cool the plate storage 

tanks. 

Å Direct hot water cooling is supplied by Lenovo (input: approx. 50 °C, output: 

approx. 60 °C). 

Å The first CoolMUC (since 2011) still required a heat pump.  

Å The new building, which was handed over in 2005, had the so-called building core 

temperature control for the institute and lecture hall building as the only after -use 

concept for computer waste heat. At least, the so-called static heating by district 

heating via radiators in the offices could be largely dispensed with, because the 

temperature control with > 21  °C in winter in the screed generally generates 

enough office heat. 

 

 

Communication  

Å Close cooperation between Fahrenheit and Lenovo Germany. 

 

 

In operation  
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 Image source: [65]; Sources: [66]  

 

Technology  

Å The heat generated in the data center is also used at the Munich 2 site to operate 

the underfloor heating, for example, in offices, in the entrance area or in the 

stairwell for heating. 

 

In operation  
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 Image source: [67]; Sources: [68, 69]  

 

Technology  

Å All requirements of the Energy Saving Ordinance (ENEV) were implemented. 

Å Use of waste heat from the computer building for the seminar and administration 

building section (100 percent share from waste heat). 

Å In case of excess waste heat, supply of the neighboring research building Center 

for Functional Genomics of Microbes (CFGM) with "local heat" (waste heat) via a 

newly laid underground line (25 percent share from waste heat).  

Å Two-part cooling system: 1. indirect free cooling with adiabatic spray 

humidification, 2. direct water cooling of the CPU and feeding of the waste heat 

(approx. 340 kW) into a low-temperature local heating network.  

Å Surface heating in the buildings to be heated. 

Å PV system and rainwater utilization system to increase sustainability. 

 

 

Business 

Å Total costs of approx. 12.1 million euros. 

 

 

In operation   
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 Image source: [70]; Sources: [71]  

 

Technology  

Å Savings of 3,500 MWh of thermal energy and 1,000 tons of CO2 per year.  

Å Cooling data center with water, heated water is led through pipe system via shaft 

and basement into Bundesstraße 45. 

Å Use of heat exchangers that transfer heat from water to supply air.  

Å Supply air is subsequently fed to university laboratories to heat rooms. 

Å Optimizations to  controls planned for second year of operation to achieve 4,000 

MWh of thermal energy saved. 

 

 

Business 

Å Financing by climate fund of the city of Hamburg and financing model 

"Interacting".  

Å Funding from the Department of Energy, Climate and Agriculture. 

Å Money saved through lower electricity costs flows into funds through which new 

measures are financed (participation of the University of Hamburg since 2017). 

 

 
In operation   
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 Image source [72]; Sources: [73ð78]  

 

Technology  

¶ HPE Apollo (Hwak): Flagship supercomputer (CPU and GPU) of the Stuttgart High 

Performance Computing Center and one of the fastest computing systems in Europe 

(26 petaflops). 

¶ Power consumption: max. power consumption per rack: ~90 kW; power consumption 

during normal operation; ~3.5 MW; power consumption LinPack operation: ~4.1 M W. 

¶ Cooling: 6 distribution units for cooling (CDUs); water inlet temperature: 25 °C; water 

return temperature: 35 °C; water inlet temperature (ARCS cooling towers): 16 °C; water 

evaporation for wet cooling towers: ~9 m 3/h.  

¶ Since 2012, own buildings have been heated with two electricity-based heat pumps 

(heating capacity of 55 kWth each), which raise the temperature level of waste heat to 

a level that can be used for heating purposes. Approx. 96 % of the heat required for 

heating the HLRS buildings is covered by waste heat from the maximum power 

computer (max. 100 kW in winter). Approximately 270 MWh of heat is generated by 

this annually. The part of the waste heat that cannot be used is dissipated by free 

cooling. In high summer, district cooling is also used. 

 

 

Law 

Å Certified: ISO 14001, 50001, EMAS, Blue Angel for energy efficient data center 

operations. 

Å Introduced environmental management system systematizes sustainability efforts and 

makes it an integrated part of the center 

 

 

Business 

Å A comprehensive study has determined that the use of waste heat from HLRS to 

supply heat to the university campus is ecologically necessary and economically 

feasible. 

Å In the course of planning, possible variants will be further specified and prepared for 

implementation. The expansion of the infrastructure with supply channel and heat 

network, the further planning of the new construction project HLRS III and the 

buildings suitable for the use of waste heat will also be considered. 

 

In operation  
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 Image source: [79]; Sources: [80ð82]  

 

Technology  

Å Recirculating air cooling units extract waste heat from the data center. 

Å NOVELAN brine-to-water heat pump with a heat pump capacity of 50 kW th at 22 °C 

heat source temperature. 

Å COP of 7.0 at 22 °C heat source temperature and 35 °C flow temperature. 

Å Heating of the company's own rooms (offices and workshop via heated ceiling), a 

total of 500 m² of heated floor space.  

Å Return flow from the cooling brine system flows into a 1,000 -liter buffer tank. This 

serves as a heat source for the heat pump. 

Å There is a primary and secondary cooling loop to increase unit run time and 

prevent cycling of the chiller. 

Å A 2,000-liter buffer tank is integrated into the secondary circuit.  

Å Annual performance factor is 4.48 at a maximum system temperature of 55/45 °C. 

 

Business 

Å With an electricity price of 18 cents per kWh, this results in a heat work price of 4 

cents per kWh; significantly cheaper than standard heating operation of the 

overland center using natural gas condensing boilers. 

Å Natural gas savings of 100,00 kWh per year; saves 25 tons of CO2 annually when 

using natural electricity. 

 

 

In operation  
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 Image source: [83]; Sources: [84ð87]  

 

Technology  

Å Waste heat from the data center is used for the complete heating of the office 

building in combination with a facade in passive house quality (0.4 W/m²K). Energy 

transfer takes place in the office and meeting rooms by means of heating/cooling 

ceilings and in the stairwell with an underfloor heating system. 

Å Heat demand (4.30 kWh/m²a) of the building is so lo w that the waste heat is 

sufficient to keep the access road to the underground car park (approx. 200 W/m²) 

ice-free in winter. 

Å Data center has a cooling demand of about 200 MWh/a, which is mainly covered 

by free cooling. 2 chillers are available, one designed for heat pump operation and 

the other for cooling operation. In winter, the heat pump and the waste heat from 

the data center are used to heat the office building and completely cover the 

cooling demand of the data center. In the summer months, both ch illers operate in 

tandem. 

Å Cold and hot aisle for server cooling. An electronic control system controls and 

monitors all the necessary components for refrigeration. The supply temperature in 

the refrigeration circuit is 19 °C, so that the air conditioning u nits can supply air at 

20 to 22 °C directly to the racks. The existing warm aisle results in a warm air 

temperature of approx. 34 °C. 

Å CHP for peak load. 

Å Buffer storage for low-temperature heating (heat pump) to achieve high annual 

performance factors. 

Å Heating/cooling ceiling has a supply temperature of 29 °C and contributes to the 

high annual performance factor. 

 

In operation  
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In implementation  
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 Image source: [88]; Sources: [89]  

 

Technology  

Å First "Green Data Center" from Data Castle in Schwalbach with a capacity of 25 

MVA. 

Å Co-location data center. 

Å Use of exclusively renewable energies and waste heat is fed directly into the district 

heating network. 

Å Installation of solar panels for power generation on the site.  

Planned PUE value of 1.25. 

 

 

Business 

Å Construction work to start in 2023. 

Å Completion of first construction phase and move -in of first customers planned for 

second half of 2024. 

 

 

Communication  

Å Property convinces with necessary infrastructure, waste heat concept can be 

realized. 

The site belongs to the Frankfurt Availability Zone. 

 

In implementation  



 

 
  
 

32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Audi IN CAMPUS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 Germany  Ingolstadt  

 22-30 °C  Max. 45 °C 

 3000 m  2 MW 

 2023  Building heating  

 
Low-Ex network, reversible 

heat pumps, thermal 

storage, surface heating 

 
AUDI Plant Planning/ Planning 

Energy and Building Technology, 

Audi AG, Drees & Sommer, City of 

Ingolstadt, Ingolstadt Municipal 

Utilities, Ingolstadt University of 

Applied Sciences, Fraunhofer 

Institute Magdeburg, incampus 

GmbH 

 
Cold local heating 

network 

 

 Image source: [90]; Sources: [91ð93]  

In Umsetzung  

 

Technology  

Å Waste heat (approx. 2 MW, in the final stage 20 MW) from around 8,000 servers 

(Group data center) is used as heating energy. 

Å The waste heat from the IT servers is transferred via heat exchangers to the cooling 

water system, which serves as a heat source for waste heat utilization. If no waste 

heat is used, the data center independently cools the cooling water circuit to the 

required temperatures. 

Å Heat is extracted via a valve in the water circuit (between 22 and 30 °C). Excess waste 

heat is dissipated via air conditioning units and hybrid coolers. 

Å The Low-Ex network (DN800 - DN600, pipeline length 3,000 m (9,100 in final 

construction), water capacity 1,220,000 l) consists of combined piping open in both 

energetic directions. The temperature ranges between 5 - 30 °C. 

Å Reversible heat pumps (flow temperature: max. 45 °C) in connection with surface 

cooling heating systems and supporting radiators are provided in the buildings.  

Å Heat pumps are designed to provide only 50 % of the necessary heating capacity 

(cover 80 to 90 % of the annual demand). The district heating network of Stadtwerke 

Ingolstadt is used to cover the peak load. 

Å With a capacity of 3,000 m³, both heat and cold are stored in the sprinkler 

extinguishing water tanks. In addition, the earth storage tanks with a capacity of 

28,779 m³ serve as heat storage. 

Å  

 

Business 

Å Planned commissioning in the course of 2023. 

Å Joint venture between AUDI and the city of Ingolstadt. 

Å The development of the INCampus focuses on future-proof and sustainable concepts 

- both in the construction of th e buildings and in the energy supply of the 

technology park. The research campus serves as a trial for Audi to advance the 

energy transition worldwide.  

 

 

Communication  

Å Vision of a zero-energy campus. 

Å External consulting by IBM and minimizing the number of interfaces between the 

local heating network and the data center have contributed to a high level of 

acceptance among IT managers. 

 

In implementation  
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 Image source: [94]; Sources: [95ð99]  

 

Technology  

Å Data center area with 10,500 m² and an IT load of about 30 MW. 

Å High energy efficiency and supply exclusively with green electricity. 

Å Own photovoltaic systems on site. 

Å Greening of facade and exterior to contribute to sophisticated appearance, 

insulation and cooling.  

Å Use of waste heat from the data center to supply heat to the campus and nearby 

buildings. 

Å "Buildings feature optimal use of space for high computing power per square 

meter as well as ecological construction," says Mainova CEO Dr. Constantin H. 

Alsheimer. 

Å Two high-temperature heat pumps. Flow temperature of 75 °C. 

Å Dismantling of the original gas heating system and hydraulic connection with 

Batschkapp via a connecting line as an emergency supply. 

Å Heat demand of around 300 MWh/a.  

Å Simultaneous construction of a 110 m long pipelin e. 

 

 

Law 

Å Meeting the sustainability goals of customers 

 

Communication  

Å Fulfillment of the company's own sustainability goals  

 

Other  

Å No noise / odor emission nuisance 

Å Batschkapp customer converts heat supply on its own premises. 

Å Savings of 35 tons of CO2 per year 

 

 

In implementation  
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 Image source: [100]; Sources: [101, 102]  

 

Technology  

Å A low-temperature network is being planned. Within four phases, starting from the 

north, the center and the east of Griesheim are to be developed. 

Å Extraction of waste heat through heat exchangers and pumps in the network to 

consumers, current distance of two kilometers. 

Å Heating of buildings via local water pumps. 

Å In the final stage, data center should be able to supply around 56 MW of waste 

heat for a heat demand of 35-45 MW. 

 

 

Law 

Å Contract guaranteeing free provision of  waste heat for at least 20 years, with option 

for extension. 

 

 

Business 

Å No investment costs incurred, as start-up assumes costs. 

Å Possible long-term binding heat price of 15 cents per kilowatt hour, which could 

also be "significantly reduced" after completion of the implementation planning.  

 

 

Communication  

Å Start-up wants to design and implement low -temperature heating networks for 

urban heating in the city and region of Frankfurt am Main.  

Å Reason for idea is operator Equinix's many data centers on Lärchenstrasse. 

Å Idea also relevant for homeowners and tenants because of current concerns about 

energy and heat supply. 

 

 

Others  

Å Three data centers already in place (FR4, FR6, FR8 (still under construction)) and 

more in the planning stage. 

 

In implementation  
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 Image source: [103, 104]; Sources: [105ð114]  

In Umsetzung  

 

Technology  

Å IT power approx. 35 MW, but continuous increase due to expansion on campus. Actual power 

consumption at approx. 20 MW, of which approx. 2/3 is pure IT power (approx. 14 MW). 

Å Spatial proximity of data center - residential quarter (new building), construction of waste heat 

line from data center of Telehouse to main technical center: approx. 500 meters, expansion of 

district heating line: approx. 260 meters along Rebstöcker Straße, construction of local heating 

network in residential  quarter: approx. 580 meters. 

Å Temperatures of local heating network: 70/40 °C, 2 large heat pumps with 320 kWth each, heat 

load and output of the district heating station of 3,210 kW th, annual demand 4,000 MWh/a of 

1,300 new apartments, 3 kindergartens and commercial units; of which at least 2,400 MWh/a are 

to be covered by waste heat. 

Å Combination of data center waste heat (min. 60 %) and district heating (max. 40 %, generated 

among other things by waste incineration in the MHKW Frankfurt). The waste heat temperature is 

about 30 °C. In addition, there is a small buffer storage. 

Å Coupling of local and district heating network to ensure heat supply at peak load times. Max. 

Heating load residential quartier Westville 3.2 MW. Mainova heat purchase from Telehouse in 

winter approx. 500 kW plus 140 kWel for heat pumps results in max. 640 kWth. In summer, a heat 

demand of approx. 100 to 200 kWth, which means that the district heating network is not used at 

all. 

 

Law 

Å Mainova contracting, 15-year contract term, Mainova plans and builds the technical systems, 

Telehouse commits to Mainova to supply this waste heat for 15 years. 

Å The energy supplier was granted access by the data center operator "to everything they install". 

Contract Telehouse - Mainova and Mainova - Instone is signed. 

 

Business 

Å Willingness to cooperate with data center (security and free waste heat). Currently only profitable 

because the waste heat from the data center is provided free of charge. 

Å Completion of the overall project: 2025, phase 1 and first heat supply: 2023. 

 

Communication  

Å Openness and interest of the developers/investors as well as the data center operator. 

Å First project of this type and size in Germany. 

Å Savings of 440 t CO2 per year compared to conventional heat generation.  

 

Other  

Å Mainova has a sustainability strategy in its 2028 corporate strategy. 

Å Telehouse was extremely cooperative and signaled a willingness to decouple heat at an early 

stage. 

 

In implementation  
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 Image source: [115]; Sources: [116, 117]  

 

Technology  

Å "Cumulus Computing" with 1  MW IT power and a PUE of 1.05. 

Å Power density of 40 - 60 kW per cabinet with 50 cabinets on 220 m². 

Å Water-cooled rack doors. 

Å Use of PV on the roof, which is designed for maximum possible power. In addition, 

building shape is designed to achieve maximum PV yield and other PV systems are 

located on surrounding buildings. Remaining electricity demand is covered by 

biogas and PPAs for wind and solar. Thus, the data center is operated 100 % CO2-

free. 

Å Use of several combined heat and power plants, operated with biogas from the 

balance sheet, which on the one hand supplies electrical power for the data center 

operation and on the other hand uses the thermal power to drive n+2 redundant 

and modular adsorption chillers, which in turn cool down the chilled water. This  

results in a CHP system. In the maximum expansion, 3 to 5 CHP units are to be 

used. 

Å The adsorption machine has a heat pump operation. With the data center waste 

heat (30 to 40 % share) and the CHP heat, heat can be extracted at a temperature 

level of up to 95 °C. 

Å The room air temperature is a constant 22 °C for all servers. The return temperature 

of the cold water is between 23 and 26 °C. 

Å In addition, the w aste heat generated will be decoupled and fed into a local 

heating network to be set up (construction to begin in 2023).  

Å In Stödtlen, with a population of around 2000, heating oil used to be the most 

important fuel for heat supply. Now the changeover to a warm local heating 

network is taking place and the initial connection rate is 60 %. Fresh water stations 

with small buffer tanks are installed in the households. 

 

Business 

Å A separate company is founded for the local heating network, in which the 

residents can also become shareholders. 

Å Compared to a "classic standard data center ", the annual operating costs can be 

reduced by about 66 %. 

 

Communication  

Å Most residents were convinced by the project, which is also evident from the high 

initial connection rate. 

 

In implementation  
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 Image source: [118]; Sources: [119, 120]  

 

Technology  

Å First $90 million phase provides more than 2,250 sq. ft. of colocation space and 

more than 825 cabinets of capacity. 

Å Install Aquifer Thermal Energy Storage (ATES) system in next phase of construction 

for heat recovery. 

 

Communication  

Å "At the local level, we are engaging with operators, policymakers and energy 

providers to address the long-term challenges of sustainable digitization for the 

benefit of the surrounding area. This includes design aspects such as the use of 

green facades as well as possible measures to support the energy transition such as 

the use of waste heat." Jens-Peter Feidner, Managing Director Germany at Equinix. 

 

 

Other  

Å Data center is powered by an expected 100% renewable energy sourced through a 

green power certificate from local supplier Mainova.  

Å International Business Exchange (IBX) facility. 

 

In implementation  
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 Image source: [121]; Sources: [122, 123]  

 

Technology  

Å Use of heat from plant with 2.4 MW el capacity for district heating supply of GIZ-

owned properties in Eschborn and the Wiesenbad of the city of Eschborn. 

Å Construction of 800 m long supply pipeline for connection between Edge -data 

center and Wiesenbad for transmission of hot water. 

 

Law 

Å Signing of Memorandum of Understanding for the reuse of waste heat from the 

data center. 

 

Communication  

Å GIZ aims to use the project not only to reduce its energy costs, but also to promote 

sustainability initiatives. 

Å nLighten is also looking into heat recovery at its other ten German sites and says it 

is "already in discussions with municipal authorities and local stakeholders." 

 

Other  

Å "The ongoing digitization of the economy and the accompanying energy transition 

are creating an exciting opportunity to integrate data centers with local energy 

infrastructure," said Chad McCarthy, CTO at nLighten. 

 

In implementation  
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 Image source: [124]; Sources: [125]  

 

Technology  

Å Five NTT data centers on the Voltastraßen are to provide their waste heat to heat 

460 apartments in a new residential area. 

Å The waste heat is sufficient to cover around 80 % of the buildings' energy needs. 

 

In implementation  
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Technology  

Å Processing of the surplus waste heat (24,000 MWh) from the high-performance 

computer of the ZIH with three heat pumps.  

Å Use of waste heat in the district heating network of SachsenEnergie. 

Å Theoretically, an average of 3,100 households can be heated. 

Å Avoidance of 2,700 tons of CO2. 

Å Construction of technical building with heat pumps west of the Lehmann Center 

data center. 

Å Use of waste heat for feeding into the grid, in winter heat is already used for 

heating surrounding university buildings and is to be increased. 

 

Business 

Å Total costs of around û1.6 million. 

Å Construction measure is co-financed by tax funds on the basis of the budget 

passed by the Saxon state parliament. 

Å Investment by SachsenEnergie of around û3.2 million in plant, with financial 

support from the German Federal Ministry of Economics and Climate Protection as 

part of the National Climate Protection Initiative.  

 

Other  

Å Future user SachsenEnergie will provide technical equipment for the technical 

building.  

 

In implementation  
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In planning 
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Technology  

Å 80 MW data center campus with a size of 70,000 m². 

Å Campus is focused on energy efficiency and sustainability. 

Å Houses four facilities. 

Å Facilities will contribute to a circular economy, such as through the use of 

innovative green technologies, including rainwater harvesting and providing 

surplus heat for on-site residential development planning. 

 

Communication  

Å Work closely with CCEP DE and collaborate with Liederbach community to foster 

local relationships and shared vision for modern data center campus. 

 

 

Other  

Å "We know there is overwhelming demand in Frankfurt for fast, flexible, resilient and 

efficient data center infrastructure. That's why we answered the call to deliver 

exactly what our customers expect." John Eland CEO of Stack EMEA. 

Å Eva Söllner is the mayor of Liederbach, a community of 8728 inhabitants. She 

points out, "The community of Liederbach is looking fo rward to opening its first 

on-site data center campus and contributing to an increasingly connected world." 

She expects positive effects, such as short-term and long -term benefits and new 

perspectives. 

 

In planning  



 

 
  
 

42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data center campus at the ICE train station  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Germany  Limburg 

 30 °C  35 MW 

 

Patented water-

cooling systems, floor 

heating 
 

OVHcloud, PowerRZ  

GmbH & Co. KG, Limburg 

Energy Supply (EVL) 

 In the Building  Building heating  

 
Water circuit  Q2 2023 
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In planning  

 

Technology  

Å Data center with a server capacity of 35,000 servers on an area of 10,330 m² at the 

Limburg ICE train station. The building occupies a gross area of around 4,500 m². 

Å Commissioning is scheduled for Q2 2023. 

Å The data center will exclusively use water cooling systems developed and patented 

by OVHcloud itself, which combine high reliability with high energy efficiency. To 

increase redundancy and thus resilience, each server rack has its own double-

redundant mini water loop system.  

Å With 2017 technology status, the water blocks can dissipate 200 W at a water 

temperature of 30 °C. Using the latest technology with laser-welded metallic base 

plates and covers, screws and glue can be avoided and the risk of leakage 

minimized. 

Å Electricity is sourced from the regional provider Energieversorgung Limburg (EVL) 

from 100 percent renewable sources.  

Å The data center is being built on a "greenfield" site, allowing the new facility to be 

tailored to OHVcloud's requirements from the outset.  

Å PowerRZ GmbH & Co. KG will take over the planning of the data center. Direct 

water cooling will not only be used to increase energy efficiency, but also for waste 

heat recovery. For the new building, the return flow from the server room cooling is 

used to heat the offices via underfloor heating. A green facade and a green roof 

are also used to compensate for sealed surfaces. 

  

 

Business 

Å OVHcloud plans to invest an amount of around 100 million euros in the new data 

center over a period of five years. 

Å 25 new jobs will be created directly and an additional 20 indirect jobs.  
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Technology  

Å When fully developed, 20 MW of waste heat for district heating supply, heating 

energy for around 3,600 households. 

Å In addition, waste heat utilization for local heating network is planned for around 

18,000 m2 of own office and storage space. 

Å Installation of several large industrial heat pumps in the listed boiler house on the 

Digital Park Fechenheim site to raise waste heat from the data center to the 

required temperature level for feeding into the district heating system.  

Å Construction of a new district heating line in the immediate vicinity of the  Digital 

Park for connection to the grid.  

 

Law 

Å Signing of a memorandum of understanding for a joint project on the sustainable 

use of waste heat from data centers. 

 

Communication  

Å Construction of data center campus with eleven new data centers. 

Å Feasibility study to examine whether waste heat from a data center can be fed into 

Mainova district heating network.  

Å "The cooperation with our partner Digital Realty will enable us to integrate data 

center waste heat into our district heating system for th e first time in the future," 

says Mainova Chief Technology Officer Martin Giehl.  

Å First data center "FRA17" with state-of-the-art infrastructure already completed and 

handed over to operations. 

Å FRA18 is already under construction and will be completed in the coming winter of 

2023. Construction of FRA27 will begin and will also be completed in the winter of 

2023. 

 

In planning  
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Technology  

Å Waste heat from the data center is to be made usable for building operation via a 

heat recovery system. 

 

Betriebswirtschaft  

Å Total investment of around 15 million  euros. 

 

 

In planning  
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In planning  

 

Technology  

Å Site area of 25,000 m2, successively three buildings with a total IT capacity of 54 

MW. 

Å Waste heat of up to 60 MW is fed into the Mainz district heating network via large 

heat pumps. 

Å Cooling water is drawn from the Rhine. 

 

Communication  

Å As Markus Blüm, Managing Director of Green Mountain KMW Data Center GmbH, 

explains, this is "a beacon project for the industry, as the combination of secure, 

emission-free power supply, sustainable heat utilization and efficient cooling is 

unique for a data center of this size." 

 

Other  

Å Construction of first building to begin in fall 2023.  

Å KMW says it is using synergies at the site to sustainably supply the buildings and is 

responsible for subsequent maintenance. 

Å KMW's operating site on the Ingelheimer Aue offers several advantages, such as 

power supply from KMW's renewable energy portfolio and good grid connections.  

Å Surrounding KMW power plants secure the emergency power supply. 
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In planning  

 

Technology  

Å The computer, called "Jupiter", which stands for "Joint Undertaking Pioneer for 

Innovative and Transformative Exascale Research", will be installed in a purpose-

built building on the campus of Forschungszentrum Jülich from 2023. The Jülich 

Supercomputing Centre (JSC), whose supercomputers "Juwels" and "Jureca" are 

currently already among the most powerful supercomputers in the world, is 

planned as the operator. 

Å A major challenge is the energy required for such a large computing power. The 

expected average power is up to 15 MW. 

Å However, the future operators say that Jupiter is designed as a "green" computer 

and will be powered by green electricity. 

Å The planned hot-water cooling is intended to help the supercomputer achieve high 

efficiency values. At the same time, the cooling technology opens up the possibility 

of making intelligent use of the waste heat generated, for example by connecting 

Jupiter to the new low-temperature network on the campus of Forschungszentrum 

Jülich, just like its predecessor system Juwels. Other possible uses for Jupiter's 

waste heat are currently being investigated by Forschungszentrum Jülich. 

 

 

Business 

Å The total cost of the system is 500 million euros. 

Å 250 million euros will be provided by the European supercomputing initiative 

EuroHPC JU and the other half by the Federal Ministry of Education and Research 

(BMBF) and the Ministry of Culture and Science of the State of North Rhine-

Westphalia (MKW NRW). 
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In planning  

 

Technology  

Å A non-evaporative heat rejection system was planned, with a PUE < 1.25. 

Waste heat from the Evo data center is to be fed into the company's own district 

heating network, with an additional 9 MW of heat from new data centers to heat 

1200 two-person households from 2024. 

 

 

Business 

Å 500 million euros total cost. 

 

 

Communication  

Å The residential area "An den Eichen" was completed and connected to the local 

heating network before the data center. For a connection, the data center would 

have had to be built earlier. Possibly a swimming pool could be built nearby. A 

connection to Bürgel-Ost is considered realistic by some partners. 

Å Potential customer for the waste heat of the private data center: Samson Werk, 

since large demand for heat, but rather unlikely.  

Å Criticism of Cloud HQ data center because of land sealing, unused waste heat, large 

environmental impact from diesel generators for emergency power.  

Å Criticism led to better exchange between Cloud HQ and local agenda. 
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In operation  

Waste heat recovery in a Viennese hospital  
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Technology  

Å The Interxion Campus consists of about 120,000 servers on an area of 22,000 m² with an 

IT connection capacity of up to 40 MW. 

Å From 2023, the Floridsdorf hospital will be heated by water heated by the Interxion data 

center with the help of heat pumps. Two heat exchangers in the technical center connect 

Interxion's cooling circuits with Wien Energie's waste heat recovery system. This is 

expected to save 4,000 tons/year of CO2.  

Å The hospital already has a heating circuit system with a pipe length of 90,000 m. Per year, 

73,000 m³ of hot water is used.  

Å The hospital should be able to meet 50-70 % of its heating needs with waste heat. 

Å The servers are cooled with air, which causes the cooling water to leave the server rooms 

at a temperature of about 26 °C. For the hospital, heat pumps are then used to raise the 

temperature level to as high as 82 °C. The temperature of the heat pump return is 16 °C 

on average and can be used for cooling the data center. 

Å The energy supply company Wien Energie installs three heat pumps (COP æ 4, output of 1 

MW each) in the hospital's energy center. There, heat is taken from the cooling circuit of 

the data center and supplied to the heating circuit of t he hospital with the help of the 

heat pumps. The heat is used in the hospital, while the cooled water is returned to the 

data center. 

Å The electrical energy requirements of the heat pump are covered, among other things, by 

an on-site wind turbine.  

 

Business 

Å The Austrian government is paying EUR 3.5 million from the Environmental Fund for 

technical infrastructure between Interxion's data center in Louis-Häfliger-Gasse and the 

Floridsdorf hospital, which is located next door in Brünner Straße. 

 

Communication  

Å Austrian Environment Minister Leonore Gewessler stressed that the project is part of the 

country's efforts to meet its energy needs through local production. She pointed out that 

a good way to do this is to use energy that is already produced in the country bu t is 

subsequently wasted. 

 

Other  

Å Project was chosen as the project of the month of environmental promotion in the 

country. 

 

In operation  
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In operation  

Data Center Eastern Switzerland (RZO)  
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Technology  

Å Data center with 1.5 MW IT connection capacity and a PUE of 1.15. 

Å Facade and roof surfaces equipped with photovoltaic system, generates 230,000 

kWh of electricity annually for data center. 

Å Adiabatic cooling (ServeCool units from Hoval) requires no mechanical chillers and 

operates in a climate-friendly manner through free  cooling. 

Å Location 920 m above sea level saves cooling capacity due to colder environment. 

Å Rainwater collection for adiabatic cooling in Gais. 

Å Cross-flow plate heat exchanger with side length of 1.20 meters, size allows above-

average heat recovery. The heat exchanger area amounts to 1,200 square meters 

per ServeCool. 

Å Waste heat utilization in the local heating network through connection by means of 

a water circuit. 

Å Water is heated to 20 °C by waste heat, cheese dairy extracts energy, water cools 

down to 14 °C and flows back again. The neighboring mountain cheese dairy in 

Gais draws around 1.5 GWh of waste heat annually (decoupled waste heat output 

up to approx. 800 kW). Around 18 million liters of milk are heated annually with 

waste heat. 

Å High-temperature heat pumps still have to raise the temperature for cheese-

making (up to 100 °C). Waste heat is also used for heating the building. 

 

Business 

Å Hochverfügbarer, energieeffizienter Kommunikationshub, gleichzeitig auch Solar- 

und Wärmekraftwerk. 

 

Communication  

Å Pre-construction contact with neighbors in the upstream industrial area of the 

municipality and cantonal offices for close cooperation.  

Å Project met with great approval. 

Å In the next six years, 270 racks are to be rented out, utilization of approx. 90 % (as 

of March 2019). 

 

Other  

Å Data center has been certified at TIER IV level. 

 

In operation  
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Technology  

Å Underground data center that can accommodate 300-500 customer servers on 

200 m² at full capacity. 

Å According to IBM, it generates up to 2800 MWh of waste heat annually; at 8760 

hours per year, this corresponds to just under 320 kW of continuous power. 

Å Use of heat exchangers to provide waste heat to a swimming pool. 

Å Excess heat is collected in a storage area, water is heated with it and directed to 

heat exchangers in the swimming pool. 

Å Heated water warms the pool water. 

Å Up to 130 tons of CO2 per year are said to be saved here. 

 

Business 

Å Provision of waste heat free of charge. 

Å Municipality assumed part of the connection costs. 

 

Other  

Å Former military bunker used. 

Å Opened for colocation customers since May 2008. 

 

In operation   














































































































































































































