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A B S T R A C T

Data centre (DC) waste heat recovery for district-heated buildings often relies on costly heat pumps. However, 
the rise of liquid-cooled distributed/edge DCs driven by increasing computational demand offers new potential 
for cost-effective onsite recovery. These systems produce higher-temperature waste heat, making heat exchanger- 
only solutions more feasible. Yet full recovery remains challenging due to high return water temperatures in 
building heating networks and the passive nature of such systems. To overcome these limitations, this paper 
proposes an active DC waste heat recovery system (AHE-DCWHR) that enhances heat exchanger-only solutions 
through an innovative heating demand reallocation strategy. This strategy utilizes a small heat pump (1) to 
precool the return water of one heating network before entering the heat exchanger, increasing the inlet tem
perature difference to enable near-complete waste heat recovery, and (2) to reuse the extracted precooling en
ergy to heat another network, minimizing losses. AHE-DCWHR was validated in TRNSYS through 25-year life- 
cycle cost (LCC) and emission analyses for a liquid-cooled DC suppling 25 kW of waste heat to a district- 
heated building. During the 5-month winter, AHE-DCWHR consumed only 7.5 MWh of electricity for the heat 
pump (average COP = 4.75), enabling the heat exchanger to recover 98.4 % of the waste heat (~90 MWh), a 16 
% improvement over the heat exchanger-only system (75.1 MWh). Based on 25-year LCC and emission analyses, 
it saves €123,431 heating costs (vs. €106,501 for the heat exchanger-only system), cuts CO2 emissions by 
167,087 kg (vs. 134,711 kg), and achieves a two-year payback. AHE-DCWHR cost-effectively outperforms heat 
exchanger-only and heat pump systems.

1. Introduction

Based on the 2023 report by the International Energy Agency, 
buildings represent 30 % of the world’s final energy consumption and 
26 % of energy-related emissions, with CO2 being the predominant 
emission in this sector [1]. Concurrently, with the exponential growth of 
artificial intelligence and ChatGPT, energy consumption in data centres 
(DCs) is skyrocketing. Vinson & Elkins survey shows that DCs constitute 
approximately 2.5 % of U.S. electric demand, a figure projected to in
crease to 20 % by 2030. Cryptocurrency mining, consuming about 0.4 % 
of global annual electricity, has seen an electricity demand growth of 
2300–3500 % from 2015 to 2022 [2]. A recent analysis by The Guardian 
claims that DC emissions could be 662 % higher than reported by major 

tech companies. With the surge in energy demand in DCs, liquid cooling 
is expected to dominate in the future, which benefits waste heat re
covery due to the relatively higher temperatures compared to the con
ventional air-cooled DCs [3]. This offers a significant decarbonisation 
pathway for both the building sector and DCs, presenting a win-win 
solution for combating climate change. As Nordic countries are pio
neers in energy transition, Finland, for example, aims to achieve carbon 
neutrality and become the first fossil-free welfare society by 2035 [4]. 
DCs in Nordic countries have emerged as important heating resources 
for buildings decarbonisation [3].

1.1. Literature review

District heating (DH) systems are regarded as a key technology and 
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