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H I G H L I G H T S  

• Non-heat pump data center waste heat recovery for space heating is studied. 
• Two schemes, recovering from both sides of cooling distribution unit, are compared. 
• The two schemes achieve payback in under a year due to the elimination of heat pump. 
• Waste heat recovery on the secondary side outperforms that on the primary side. 
• Novel relationship graphs facilitate data center waste heat recovery system design.  
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A B S T R A C T   

The data usage surge drives greater data center demand, amplifying global CO2 emissions. Mitigating climate 
change necessitates reducing data center CO2 emissions. Reusing waste heat from data centers offers a potential 
energy efficiency boost and environmental impact reduction. This study utilizes liquid cooling technology to 
raise waste heat temperature for building space heating and introduces the concept of ‘data furnaces,’ where data 
centers directly supply waste heat to heat buildings on-site, reducing district heating consumption and lowering 
CO2 emissions. Efficiently designing a heat recovery heat exchanger system that accounts for both heat rejection 
and cooling sides of a liquid cooling system is crucial for achieving complete heat recovery without using heat 
pump, a commonly overlooked aspect in existing literature. To address this issue, we propose two heat exchanger 
schemes: connecting the building space heating network to the secondary side (Scheme 1) and the primary side 
(Scheme 2) of the cooling distribution unit. Implementing these innovations leads to the elimination of depen
dence on a heat pump, substantially cutting energy and CO2 emissions. Using TRNSYS software, we develop, 
model, and compare waste heat recovery schemes to curb district heating consumption and CO2 emissions. To 
demonstrate broad implications of the proposed approaches for energy efficiency and sustainability in the data 
centers and building space heating networks, a showcase study examines constant 25 kW waste heat from a 
direct-to-chip liquid-cooled rack in an office building with 285.7 MWh annual space heating demand. A novel 
waste heat recovery rate relationship graph is created to assist system design, uncovering an unexpected result in 
Scheme 2: waste heat recovery decreases as outdoor temperature falls. In contrast, Scheme 1 maintains a stable 
waste heat recovery rate around 25 kW, regardless of outdoor temperature fluctuations. As a result, Scheme 1 
reuses 155.2 MWh of waste heat annually compared to 138 MWh for Scheme 2. Schemes 1 and 2 yield annual 
electricity savings of 2290.5 kWh and 905.2 kWh, respectively, for the cooling system. Both schemes achieve 
profitability within a year through a 25-year life cycle analysis (LCC) and substantially reduce CO2 emissions, 
with Scheme 1 saving 291,996 kgCO2 and Scheme 2 saving 258,192 kgCO2. The study addresses critical gaps in 
existing literature by emphasizes LCC. The proposed heat exchanger designs represent pioneering solutions for 
optimizing waste heat recovery, particularly in challenging climates. New findings offer substantial benefits to 
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importance of reusing data center waste heat for DH is underscored [5]. 
In the context of the first scenario, given the substantial presence of 
existing buildings with long lifespans and the expansion of distributed 
and edge data centers in many years ahead, direct data center waste heat 
utilization for building heating could make a substantial contribution to 
reducing CO2 emissions. Regrettably, this research topic has been 
largely disregarded. Additional insights will be presented in the subse
quent discussion. 

One common and popular method for reducing CO2 emissions from 
DH networks is to channel the waste heat generated from data centers 
into local DH networks [5]. This approach offers a clear advantage by 
allowing the full utilization of data center waste heat even during the 
summer months, thereby maximizing reductions in CO2 emissions 
directly. It has gained recognition and popularity, particularly in Nordic 
countries like Finland, known for its tradition and leadership in reusing 
data center waste heat in DH networks. In 2010, a Helsinki-based energy 
company and Finnish IT Academica collaborated to build a 2 MW data 
center within an underground bomb shelter from the Second World War 
[12]. This data center employs Baltic sea water for cooling and transfers 
its waste heat to the local DH network via a heat pump, which can 
provide heating for approximately 1000 apartments. Additionally, Telia, 
a Nordic telecom operator, constructed the largest colocation data 
center in the Nordic countries in Helsinki in 2019 [13]. Since 2022, the 
waste heat from this data center has been collected by the energy 
company Helen for its DH network, which is capable of providing 
heating for over 20,000 dwellings. Expanding upon this trend, Microsoft 
has announced plans to build a data center in the Finnish cities of Espoo 
and Kirkkonummi [14]. The Finnish energy company Fortum will invest 
in the heat recovery project for the Microsoft data center, aiming to 
supply approximately 40% of the two cities’ district heat. This project is 
regarded as the world’s largest data center heat recovery initiative, ex
pected to reduce annual CO2 emissions by 400,000 tons. Furthermore, 
several research studies have contributed to addressing this issue. 

Oró et al. [15] analyzed the economic feasibility of selling waste heat 
generated by a 1000 kW air-cooled data center, utilizing two distinct 
cooling technologies (computer room air handling (CRAH), chiller and 
rear door technology), to a local DH network in Spain. They evaluated 
two heat recovery solutions, namely heat recovery from the return hot 
aisle and heat recovery from the chiller condenser, under different 
operational scenarios. The results indicated that not all scenarios were 
economically viable, with heat recovery from the return hot aisle using 
an air-to-water heat exchanger proving to be the most economically 
feasible, with a payback period ranging between 10 and 14 years. On the 
other hand, heat recovery from the chiller condenser generally resulted 
in payback periods exceeding 15 years. Oltmanns et al. [16] presented 
two concepts for reusing waste heat generated by a high-performance 
computing (HPC) data center (360 kW) cooled by hot water. The data 
center was located within a university. The first concept involved 
transferring the data center waste heat to the return line of the campus 
DH network through a heat pump, resulting in an approximate 5 ◦C 
increase in the return line temperature. The second concept directly 
utilized data center waste heat for heating nearby buildings on the 
campus without a heat pump. In this approach, the waste heat was 
utilized to supply the ceiling panels of buildings at a temperature of 
43 ◦C, while the radiators were still supplied with heat from the DH 
network. The simulations were performed using IDA software. The re
sults revealed that approximately 50% of the waste heat could be reused 
annually in the first concept, while the second concept achieved a reuse 
rate of only 20%. The lower utilization rate in the second case was due to 
the buildings’ heating demand being lower than the quantity of waste 
heat generated by the data center. Additionally, the capacity of the 
campus DH network was limited, which is the primary reason for 
incomplete extraction of data center waste heat in the first concept. 
Comparing the two concepts to the use of district heating alone, they 
resulted in yearly reductions of 720 tCO2 and 570 tCO2. 

Directly utilizing data center waste heat for building heating often 

entails supplying heat to nearby buildings to reduce or eliminate DH and 
fossil fuel consumption [16–20]. Deymi-Dashtebayaz et al. [21] pro
posed an innovative system that combines free cooling and waste heat 
recovery to reduce both the cooling energy consumption of a data center 
in Iran while simultaneously reducing natural gas fuel consumption of a 
nearby office building. In this setup, the data center relied on a computer 
room air conditioner (CRAC) for cooling. To facilitate free cooling, two 
types of economizers were adopted: the air-side economizer and the 
water-side economizer. Furthermore, the return air from the server racks 
was captured to heat the nearby office building using an air source heat 
pump. This study conducted a comprehensive analysis from both a 
thermoeconomic and environmental perspective, considering four 
distinct system configurations, the air-side economizer, the water-side 
economizer, air source heat pump, and the combined setup of them. 
In terms of waste heat reuse, the results demonstrated that by employing 
an air source heat pump as a waste heat recovery system, the office 
building’s natural gas consumption could be reduced by up to 15,000 
cubic meters annually. Moreover, it is worth noting that various other 
studies have delved into systems that integrate cooling, heating, and 
electricity generation for data centers. Norani and Deymi-Dashtebayaz 
[22] introduced a comprehensive combined cooling, heating, and 
power system that encompassed an internal combustion engine, an 
organic Rankine cycle (ORC), and an absorption chiller. In this system, 
the internal combustion engine generated electricity to power a 1120 
kW data center, and its waste heat was efficiently harnessed to drive the 
ORC and absorption chiller systems, thereby supplying both electricity 
and cooling to the data center. In a similar vein, Alipour et al. [23] 
proposed a co-generation system that combined the ORC, absorption 
chiller, and a linear parabolic collector. This innovative system had the 
capacity to simultaneously generate cooling, heating, and power. It 
operated by reusing the hot fluid from the evaporator of the ORC system 
as a heat source to drive the absorption chiller system, providing cooling 
for a 313 kW data center. The heat released from the absorption chiller 
system’s generator was further enhanced using solar energy via the 
linear parabolic collector. This heated fluid was then used as a heat 
source to drive the ORC system, ultimately producing power for the data 
center. It should be underscored that while the focus of both studies 
[22,23] primarily revolved around cooling and electricity generation for 
data centers through the utilization of waste heat, rather than direct 
waste heat reuse for heating purposes, they introduced effective waste 
heat recovery technologies that could also prove beneficial for data 
center waste heat reuse in heating applications. 

The data center heat recovery systems discussed in the studies above 
fall into two primary categories: those utilizing heat pumps to recover 
waste heat from data centers for utilization in district heating networks 
or buildings, and those relying solely on heat exchangers. These studies 
conducted comprehensive analyses, taking into account energy, eco
nomic, and environmental factors. The results indicate notable savings 
in heating energy and reductions in CO2 emissions and costs to a certain 
extent. It is essential to emphasize that a significant portion of these 
studies focuses on heat pump waste heat recovery systems. The key 
advantage of these studies lies in their ability to provide the desired 
heating temperatures and maximize the utilization of waste heat. This 
versatility makes them well-suited for a wide range of heating applica
tions, including district heating networks [15–17]. Conversely, waste 
heat recovery systems in data centers that do not incorporate heat 
pumps are not frequently addressed in these studies. This is mainly due 
to the fact that passive systems of this nature often require a high waste 
heat temperature for effective operation. 

Due to the rapid increase in server power densities, liquid cooling 
technologies have gained popularity. Particularly the direct-to-chip 
cooling method employs cold plate technology to cool high-heat elec
tronic components such as CPUs, GPUs, and memory modules [24–29]. 
A distinctive feature of direct-to-chip cooling is its ability to employ hot 
water as a coolant for server cooling [16,29], which is environmentally 
friendly. Direct-to-chip cooling can provide waste heat in the form of 
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