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ABSTRACT 
This study investigates the feasibility of reutilising waste 
heat from data centres (DCs) for district heating (DH) 
networks, focusing on a case study in Turkey. As DCs 
continue to expand globally, their significant energy 
consumption, particularly for cooling, presents both a 
challenge and an opportunity for sustainable energy 
solutions. The research evaluates the technical, 
economic, and environmental viability of integrating DC 
waste heat into DH systems using a MATLAB-based 
simulation tool. Key parameters such as server efficiency, 
heat exchanger performance, and network losses are 
analysed to determine the potential for heat recovery. 
Economic assessments include calculations of the Return 
on Investment and Payback Period, while environmental 
benefits are quantified through reductions in CO₂ 
emissions. The results indicate that while the system 
offers technical and environmental benefits by 
recovering 78,358 kWh of heat annually and reducing 
CO₂ emissions by 15,672 kg. However, its economic 
viability is low, with a 66.3-year payback period. This 
study concludes that for such projects to be successful, 
they must be implemented under optimal conditions, 
including using more efficient servers, minimising 
pipeline distances, and establishing cost-sharing models. 
The developed MATLAB tool can assess similar future 
projects to identify optimal locations with a high density 
of heat consumers. 

Keywords: Data centre cooling, waste heat recovery, 
District Heating, energy saving, feasibility calculation, 
space heating. 
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1. INTRODUCTION
Data centres (DCs) have become fundamental 
infrastructure supporting our increasingly digital world, 
yet their exponential growth brings significant energy 
challenges. As information technology advances at an 
unprecedented rate, the physical footprint and energy 
demand of DCs continue to expand dramatically [1]. 
Recent reports indicate that DCs currently consume 
between 1.1% and 1.5% of global electricity [2], while 
office facilities (including their DCs) account for 
approximately 2% of worldwide energy use, a 
percentage expected to keep rising [3]. Within these 
facilities, cooling systems represent the most energy-
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intensive component, consuming about 40% of total DC 
power [4]. This substantial energy demand, combined 
with growing emphasis on sustainability, has made 
improving cooling efficiency and exploring waste heat 
recovery (WHR) solutions critical priorities for industry. 
The thermal energy generated by DCs presents both a 
challenge and an opportunity. Nearly all electricity 
consumed by computing equipment ultimately converts 
to heat [5], which has traditionally been treated as a 
waste product requiring energy-intensive cooling 
systems to dissipate. However, innovative thermal 
management approaches now enable this low-grade 
waste heat (typically 30-45°C) to be captured and 
repurposed, particularly in colder climates. Several 
successful WHR implementations have been 
demonstrated across different applications: 

In Northern Europe, researchers have integrated DC 
waste heat into district heating (DH) networks, with 
lifecycle assessments showing significant reductions in 
carbon emissions [6]. Agricultural applications have 
proven particularly promising - in Sweden, a 5 MW DC 
was shown capable of increasing local vegetable self-
sufficiency by 7.6% through greenhouse heating [7]. 
While previous studies have demonstrated the potential 
of data centre heat recovery for DH and agriculture 
applications, most have focused on isolated recovery 
methods or specific geographical contexts. There 
remains limited research on integrated approaches 
combining advanced cooling technologies and on-site 
heat reuse, especially in industrial settings. 

Smaller-scale implementations have also succeeded, 
such as heating spas and rental cottages in Finland [8]. 
The Alibaba Thousand Island Lake Data Centre and 
Tencent Tianjin Data Centre in China provide additional 
examples of large-scale WHR adoption [9]. These diverse 
applications demonstrate WHR's potential to improve 
overall energy efficiency while reducing reliance on fossil 
fuels for heating.  

Despite these advances, significant technical and 
economic barriers hinder widespread adoption of the 
WHR. The low thermal quality of DC waste heat limits its 
direct application for most conventional heating needs 
[10]. While innovative solutions like ZutaCore's two-
phase liquid cooling system (achieving exceptional PUE 
values of 1.05-1.07) [11] and air-source heat pumps [12] 
show promise in upgrading heat quality, most existing 
research remains narrowly focused. Current literature 
primarily examines either isolated cooling improvements 
or specific WHR applications, with limited investigation 
of integrated systems combining advanced cooling 
technologies with on-site heat reuse. Furthermore, there 

is insufficient analysis of the economic feasibility and 
scalability of such systems across different climatic 
regions and industrial contexts. 

Wahlroos et al. [6] examined the use of DC waste 
heat for DH in northern Europe, implementing an eight-
step transformation process to guarantee waste heat 
utilisation is prioritised, and used life cycle assessment 
(LCA) to analyse the financial advantages of DH and the 
decrease in carbon emissions. The first step is to 
convince prominent individuals and organisations of the 
importance of using waste heat. Even more, most of the 
research on a facility's energy efficiency focuses on 
effective cooling systems, electricity use, and combining 
renewable energy sources with DCs. Rather, there is little 
research on utilising DC waste heat, which could be 
explored and demonstrated through case studies. 

This study addresses these critical research gaps 
through a comprehensive examination of the TOFAŞ 
automotive production facility, within its participation in 
the HEATWISE consortium. A novel evaluation combining 
free cooling techniques with waste heat recovery for 
office and workshop space heating is presented, an 
approach rarely studied despite its significant potential. 
The findings provide both theoretical and practical 
insights for implementing sustainable DC operations, 
offering a framework for organisations seeking to reduce 
their carbon footprint while improving energy efficiency 
through innovative WHR applications. Section 2 presents 
the methodology, describing the calculations behind the 
MATLAB-based simulation tool used to evaluate the 
technical, economic, and environmental potential of 
waste heat recovery. Section 3 discusses the expected 
results, focusing on heat utilisation, system efficiency, 
and mitigation strategies for seasonal mismatches. 
Finally, Section 4 highlights key conclusions, practical 
implications, and future research directions for scaling 
this approach in diverse industrial and climatic contexts. 

2. METHODOLOGY  

2.1 Overview of simulation process 

A MATLAB-based simulation tool is developed to 
evaluate the technical, economic, and environmental 
feasibility of recovering waste heat from a data centre 
and integrating it into a DH network. The model is 
designed to analyse energy flows (heat recovery 
potential, demand matching), economic viability 
(payback period, ROI), and environmental benefits (CO₂ 
savings) through a structured computational framework. 

The computational workflow is organised into 
modular blocks for input processing, efficiency cascades 
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(accounting for server, heat exchanger, and network 
losses), and technical feasibility checks (e.g., 
temperature compatibility). This approach ensures 
flexibility for scenario testing and adaptation to varying 
input parameters, making the tool applicable to diverse 
case studies.  

2.2 Technical assessment 

The MATLAB tool reads the monthly electricity 
consumed by the data centre ( PDC,m ) and the heat 
demand from each of the buildings (QDH,m). The data 
available for both electricity consumption and heat 
demand spans from January to December 2024. They use 
one-minute intervals to ensure high-resolution 
measurements, which facilitates load matching 
comparisons as the calculations are performed for each 
month.  

Once the electrical consumption is obtained, the 
available waste heat (𝑄𝑄𝐷𝐷𝐷𝐷,𝑚𝑚 ) is calculated using the 
server’s heat recovery efficiency (𝜂𝜂𝑠𝑠), the heat exchanger 
efficiency, (𝜂𝜂𝐻𝐻𝐻𝐻), the condenser efficiency (𝜂𝜂𝑠𝑠), and the 
network efficiency (𝜂𝜂𝑛𝑛𝑛𝑛𝑛𝑛), as presented in Equation 1.  

𝑄𝑄𝐷𝐷𝐷𝐷,𝑚𝑚  =  𝑃𝑃𝐷𝐷𝐷𝐷,𝑚𝑚 ⋅ 𝜂𝜂𝑠𝑠 ⋅ 𝜂𝜂HX ⋅ 𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ⋅ 𝜂𝜂net (1) 

This case study assumes fixed efficiencies for servers 
of 15%, for the heat exchangers of 95%, and for the 
condenser of 95%. Particular attention is paid to the 
network efficiency, presented in Equation 2, since, to 
precisely consider the distribution losses (𝜅𝜅), they are 
calculated through an exponential decay model 
dependent on the length of the pipe network (𝐿𝐿). For this 
case study, a total network length of 2,000 m and a heat 
loss coefficient of 5E-5 m-1 are assumed. 

𝜂𝜂net = 𝑒𝑒−𝜅𝜅⋅𝐿𝐿 (2) 

The model contemplates technical viability by 
assuming direct heat integration without pumps, 
requiring the DC’s output temperatures to always exceed 
DH requirements. Once the available heat is calculated 
for each month, it is compared with the total heat 
demand of the buildings in the TOFAS DH network. 

2.3 Economical assessment  

To evaluate the economic feasibility of reutilising the 
recovered waste heat, the total yearly economic savings 
in fuel (𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦) are computed using the total available 
waste heat and the cost of the fuel (𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) the reusage is 
displacing, as shown in Equation 3. The cost could vary 
for each project and region, and it is up to the users of 
the tool to determine the appropriate amount according 
to the particulars of the understudied case. For this case 

study, electrical coils are considered as the heating 
source to be replaced, with constant electricity prices of 
€0.16/kWh [13], as shown in Table 1 alongside the cost 
of other fuels. 

𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦 = 𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑄𝑄DC,y) (3) 

Table 1 Energy cost (𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) and emission factor (𝐸𝐸𝐹𝐹𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 
for different fuels 

Fuel EUR/kWh kg CO2eq/kWh 
Natural Gas 0.0093 0.2020 
Diesel 0.1296 0.2670 
Coal 0.0400 0.3410 
LPG 0.1125 0.2270 
Biomass 0.0516 0.0150 
Electricity 0.1600 0.2310 

 
Additionally, the cumulative Return on Investment 

(ROI) and the Payback period (PP) are computed using 
Equations 4 and 5, respectively. These values provide an 
insight into the quality of the investment in terms of the 
time it would take to make a profit. Hence, the 
simulation tool aims to showcase the economic potential 
for different numbers of years (𝑦𝑦). Key parameters to 
perform these calculations are the capital investment 
(𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ) and the operating costs (𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑦𝑦 ), which are 
estimated as EUR 500,000, and EUR 5,000/year, 
respectively. With these calculations, it is expected that 
the tool finds the break-even point under the selected 
parameters. 

𝑅𝑅𝑅𝑅𝑅𝑅(𝑦𝑦) =  
𝑦𝑦�𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦 − 𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑦𝑦�

𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 (4) 

𝑃𝑃𝑃𝑃(𝑦𝑦)  =  
𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑦𝑦(𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦  −  𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑦𝑦)
 (5) 

2.4 Environmental assessment 

Finally, the environmental impact of reusing the waste 
heat, measured by the yearly amount of CO2 emissions 
abated (𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦), is estimated. As presented in Equation 
6, the available waste heat is multiplied by the emission 
factor of the fuel displaced (𝐸𝐸𝐹𝐹𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) Namely, as the case 
study assumes electricity is being displaced with the 
recovered heat, it considers an emission factor of 0.2 kgeq 

CO₂/kWh, but other values for different fuels can be 
found in Table 1. 

𝑆𝑆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑦𝑦  = 𝐸𝐸𝐹𝐹𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑄𝑄 𝐷𝐷𝐷𝐷,𝑦𝑦) (6) 
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3. RESULTS 
This section demonstrates the main outcomes of the 
MATLAB simulation, which measures the technical and 
economic value and environmental advantage of utilising 
TOFAŞ data centre waste heat for district heating. 

3.1 Technical Feasibility and Recoverable Heat 

The simulation quantified the annual electricity 
consumption of the data centre 𝑃𝑃𝐷𝐷𝐷𝐷  at 675,235.3 kWh 
for 2024.The total annual recoverable heat 𝑄𝑄𝐷𝐷𝐷𝐷 was 
determined to be 78,357.9 kWh. This equals 11.6% of the 
data centre's electric consumption. However, it makes 
up for only 0.42% of the yearly DH network demand, 
which totalled 18,765.5 MWh.  

Despite the recovered heat being relatively constant 
throughout the year, between 6 and 7 MWh, a significant 
seasonal mismatch was observed between the 
recovered heat and the thermal demand of the network. 
As presented in Figure 1, the network’s heat 
requirements throughout the year showed their highest 
point during January and their lowest during August, at 
5,833,699 kWh and 56,947 kWh, respectively. In 
contrast, the recoverable heat reached its highest point 
during May at 6,961.2 kWh, while its lowest value 
occurred in February at 6,014.1 kWh. The disparity 
between these results could initially give the idea of an 
unfeasible project. Nevertheless, changing the extent of 
the analysed networks could provide a more positive 

perspective. As illustrated in Figure 1, the recovered heat 
energy could satisfy the summer heating needs of 
smaller buildings in the industrial complex, such as the 
8nb or 15nb buildings. In the same way, alternative 
efficiency-boosting measures, such as increasing the 
waste heat capture at the data centre, improving the 
heat exchanger efficiency, or reducing the network 
losses, could enhance the technical feasibility of the 
project for larger district heating applications. 

Particular attention should focus on the role of short-
term thermal energy storage, since the insights from this 
study come from a monthly resolution analysis, but the 
practical implementation of this initiative is closely 
dependent on the temporal availability of the recovered 
heat for its use in the network. This is something worth 
exploring in more detail in future work. 

3.2 Economic Viability 

The results of the economic assessment depend 
significantly on the fuel being displaced. When replacing 
electricity as the primary heating source, the annual 
savings yield a total of €12,537.30. The total savings of 
displacing other fuels can be seen in Figure 2. 

The computed payback period stands at 66.3 years, 
with an annual ROI of 1.51%. These values directly reflect 
the impact of the high initial capital investment and 
annual operating costs, which make the financial case 
challenging. Furthermore, among the main technical 
factors that contribute to this long payback period are 
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the low server thermal loss efficiency (15%) and the high 
thermal losses throughout the 2 km distribution 
network. A sensitivity analysis proves that the most 
significant economic enhancement occurs when server 
thermal loss efficiency improves. The payback period 
decreases from more than 40 years to less than 10 years 
when the efficiency rises from 20% to 100% (theoretical 
maximum), showing the fundamental nature of server 
hardware choices and cooling system design. 

3.3 Environmental Impact 

The environmental benefit of the system is clear and 
quantifiable. By offsetting electricity-based heating with 
an emission factor of 0.2 kg CO₂/kWh, the project 
achieves an annual CO₂ emissions reduction of 15,671.6 
kg. To put this value into perspective, this is equivalent 
to the annual emissions of approximately 11 petrol cars 
in the EU. Cumulatively, over a projected 20-year system 
lifespan, this would amount to a reduction of over 310 
tonnes of CO₂, remarking the positive environmental 
contribution of even small-scale waste heat recovery 
systems. Moreover, to exemplify the impact of this 
implementation under different environmental 
scenarios, the CO2 emissions displaced for different fuels 
are presented in Figure 2. 

 
Figure 2 Economic savings and emissions displaced by 

different fuels 

4. CONCLUSIONS 
The findings of this study demonstrate the potential of 
reutilising data centre waste heat for district heating, 
particularly in regions with moderate climate conditions 
like Turkey. Technically, the integration is feasible. The 
model achieved its purpose by quantifying energy flows 

to determine that 78,358 kWh of heat can be recovered 
annually. The recovered heat volume represented only 
0.42% of the annual district heating requirement, mainly 
due to the large extent of the network and the low 
thermal loss efficiency. Nevertheless, by implementing 
the system, it could satisfy the heating demand of 
smaller nearby buildings during the summer months.  

Economically, the viability of the system in its current 
configuration is low. The high capital cost and limited 
recoverable heat result in a prohibitively long payback 
period of 66.3 years. This outcome strongly suggests that 
for such projects to be financially attractive, they must 
be implemented under optimised conditions: namely, 
with higher-efficiency servers capable of rejecting more 
waste heat, dramatically shorter pipeline distances to 
minimise distribution losses, and potentially cost-sharing 
agreements between the data centre operator and the 
heat consumer. 

On the other hand, the case is environmentally 
compelling. By displacing the current electricity-fuelled 
heating system, the heat recovery achieves an annual 
CO2 decrease of 15,672 kg, which directly supports 
decarbonization objectives. The beneficial effects of this 
initiative are minimal at one location, but they become 
substantial when implemented across numerous sites.  

In the end, the established MATLAB software serves 
as an essential instrument to measure these variables in 
upcoming situations, and it is flexible enough to present 
results according to the variables input by the user. 
Research, along with implementation efforts, must 
target locations with evident application potential, like 
densely packed server hardware in cloud or HPC centres. 
Additionally, critical advantages, such as quick access to 
heat consumers and low-temperature district heating 
network integration, will help to achieve maximum 
benefits from this sustainable energy approach. 
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