
https://doi.org/10.1016/j.scs.2019.101977
https://doi.org/10.1016/j.scs.2019.101977


Contents lists available at ScienceDirect

Sustainable Cities and Society

journal homepage: www.elsevier.com/locate/scs

A method and analysis of aquifer thermal energy storage (ATES) system for
district heating and cooling: A case study in Finland

Oleg Todorova,*, Kari Alannea, Markku Virtanena, Risto Kosonena,b

a Department of Mechanical Engineering, School of Engineering, Aalto University, Finland
b Nanjing Tech University, College of Urban Construction, PR China

A R T I C L E I N F O

Keywords:
Aquifer thermal energy storagege
Groundwater heat pump
District heating and cooling
Holistic integration
Groundwater modeling
MODFLOW

A B S T R A C T

Aquifer thermal energy storage (ATES) systems with groundwater heat pumps (GWHP) provide a promising and
effective technology to match the renewable energy supply and demand between seasons. This paper analyses
the integration of an ATES and GWHP system in both district heating (DH) and district cooling (DC) networks in
terms of system's efficiency, techno-economic feasibility and impact on the surrounding groundwater areas. To
that end, a novel method of holistic integration of groundwater modeling is proposed and demonstrated for
retrieving and analyzing data from a variety of open Finnish public data sources. A case study is presented,
where the ATES integration is examined within an existing district heating network in Southern Finland. It is
concluded that combining heating and cooling, with seasonally reversible ATES operation and balanced
pumping volumes during summer and winter periods, had low impact on the aquifer area and is economically
feasible. Finally, the study concludes that even with limited data, obtained from open public data sources, it is
possible to assess the ATES integration with an acceptable accuracy.

1. Introduction

Buildings in Europe account for 41 % of the final energy con-
sumption, followed by transport (32 %), and industry (25 %) (EU,
2013). In line with the Paris Agreement, carbon neutrality should be
obtained by 2050 (UN, 2015). Hence, the integration of renewable
energy technologies in heating and cooling of buildings and commu-
nities is a necessity. Since the variations of the availability of renewable
energy between heating and cooling seasons are significant, a seasonal
storage is needed to maximize the usage of renewable energy. One of
the most promising technological options is Aquifer Thermal Energy
Storage (ATES) due to its relative affordability and ability to enable
large storage capacities (Pellegrini et al., 2019). Furthermore, by uti-
lizing the available subsurface space in cities, ATES systems can po-
tentially provide sustainable heating and cooling energy for different
building typologies, thus the ATES integration in a district/urban level
can be more efficient and resilient compared to a conventional separate
heating and cooling generation (Hooimeijer & Maring, 2018). ATES
heat storage is based on mature technologies, with groundwater heat

pump (GWHP) as a core of an ATES system. The research interest in
shallow (< 300 m of depth) geothermal energy systems is more recent,
dating back to the 1970’s (Sanner, Systems, Systems, & Pumps, 2001).

The potential of ATES technology to be integrated as a sub-system of
sustainable space heating and cooling in tandem with the recovery of
heat in the subsurface has been acknowledged worldwide. According to
Fleuchaus, Godschalk, Stober, and Blum (2018), there were around
3000 ATES systems in the world in 2017, mostly concentrated in
Europe. The Nordic countries and particularly the Netherlands (2500),
Sweden (220) and Denmark (55) are the frontrunners of ATES appli-
cation. According to Schmidt, Pauschinger, Sørensen, Snijders, and
Thornton (2018), from these 3000 ATES projects, there are 100 large-
scale systems integrated in district heating and cooling (DH/DC) net-
works. The research of Paiho et al. (2018) revealed that large-scale heat
pumps can increase the flexibility of the district heating system, espe-
cially when utilizing heat pumps for first-stage preheating before the
CHP-plant finally adjusts the supply temperature. In the same study are
given several examples for heat pump utilization in DH/DC networks in
Finland – the Kakola plant in Turku utilizing heat from waste water and
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