
The VECTES seasonal 
heat storage facility
Harnessing the warmth of the summer
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Innovative energy storage solutions will 
play a key role in the carbon free energy 
systems of the future. The increasing need 
for cooling of buildings and waste heat 

utilisation leads to overproduction of heat 
during warm periods. Renewable energy pro-
duction is growing but might not be able to 
meet demand in periods of high consumption. 
Improving the energy efficiency of heating 
and cutting emissions of energy production 
are necessary in order to meet the EU's 55% 
emission reduction target by 2030.

Vantaan Energia Oy (Vantaa Energy Ltd) 
has committed to phasing out fossil fuels 
by 2026. One of the most crucial projects for 
achieving this goal is the state-of-the-art high- 
temperature seasonal thermal energy stor-
age facility with water as the storage medium. 
An exceptionally high maximum storage tem-
perature of 140°C reduces capital costs by 
increasing the energy capacity of the storage. 
Thus, the facility can cost-effectively store 
previously unutilized sources of waste heat. 

The facility is scalable also to other regions, 
thus contributing to the decarbonization of 
energy systems across Europe. Vantaa Ener-
gy's project will be by far the largest cavern 
thermal energy storage (CTES) in the world 
(90 GWh), making it a unique project consid-
ering both size and technology

Vantaa Energy has a strong background 
in the implementation of large-scale energy 
projects. The location of the facility in Van-
taa, a growing city in the Capital Region of 
Finland, is a perfect fit for this project: Vantaa 
has surplus heat production in the summer-
time and the demand for heating in the area 
is expected to increase.

A rapid transition to clean energy
Climate change and the increase in the avail-
ability of low-cost renewable energy sources 
accelerate the need for energy transition. Cus-
tomers are more aware of energy prices and 
appreciate environmentally friendly energy 
solutions. The energy transition is driven by 

ambitious climate goals of local municipal-
ities, the Finnish government and the EU.

There is a rising need for new innovative 
energy production solutions that maintain 
low costs and reliability. Vantaa Energy wants 
to lead this energy transition and has com-
mitted to phase out fossil fuels by 2026, one 
project at a time. Vantaa Energy will increase 
the role of waste-to-energy and renewable 
sources in energy production. However, the 
seasonal thermal energy storage facility is 
the most important step towards the Fossil 
Free 2026 target.

The VECTES (Vantaa Energy Cavern Ther-
mal Energy Storage) will be the largest under-
ground thermal energy storage facility in the 
world and will employ significantly warmer 
temperatures than conventional thermal 
energy storage facilities, leading to higher 
cost-effectiveness. It will allow the utilisation 
of previously uneconomic sources of waste 
heat and renewable energy and enable the 
phase out of natural gas in energy production 

Vantaa Energy's innovative high temperature 
seasonal thermal energy storage paves the 
way for  reaching the EU’s climate targets
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in Vantaa. This will support the transition to 
a climate-neutral and more circular energy 
system.

Seasonal thermal energy storage 
can help the EU reach its climate 
targets
Buildings account for roughly 40% of the 
final energy use and 36 % of the emissions 
in the EU. Seasonal thermal energy storage 
solutions such as the VECTES could contrib-
ute to reducing those emissions and other 
policy objectives of the European Green 
Deal such as:

1 Decarbonising 
European energy 
systems cost-efficiently

2 Increasing resource-
efficiency by utilising 
waste heat sources

3 Accelerating the 
implementation of 
renewable energy 
generation

4 Enabling the full 
integration of different 
energy systems

Vantaa, the VECTES is expected to reduce 
annual emissions in heating by approxi-
mately 26,000 tons each year.

To VECTES also allows the utilisation of 
waste heat sources which have so far re-
mained economically uncompetitive. The 
VECTES solves this problem by making 
combined cooling and heating solutions 
more economic, thus improving energy 
efficiency without increasing the cost of 
energy for European citizens.

The VECTES also supports the integration 
of renewable electricity production through 
shorter-term energy storage and ancillary 
services such as frequency containment 
reserve. Such services would also help in-
crease the resilience, cost effectiveness, cir-
cularity and smartness of the energy system.

The design of the VECTES allows it to be 
replicated across Europe in cities and other 
areas with suitable conditions. As the sea-
sonality of heating and cooling needs is a 
challenge across Europe, the project could 
provide EU Member States with a replicable 
new technology to support the decarboni-
sation of heating and cooling.

Technical overview of the VECTES
The VECTES will be situated deep in bedrock 
in a depth of ca. 60 m. At this depth, the natu-
ral pressure of ground water assures adequate 
pressure inside the water reservoir to prevent 
the water from vaporising even at high tem-
peratures. Thus, the water can be heated to 
up to 140 °C increasing the storage capacity 
of the facility significantly. The facility would 
be first of its kind - previous cavern thermal 
storage systems have utilised significantly 
lower temperatures and pressures.

The main storage reservoir will consist 
of four main caverns of approximately 
220,000 cubic metres each. Additionally, 
there will be a large expansion chamber. 
The storage capacity of the VECTES will be 

The VECTES (Vantaa 
Energy Cavern 
Thermal Energy 
Storage) will be the 
largest underground 
thermal energy 
storage facility in the 
world.
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The VECTES provides a cost-efficient 
way to store excess heat for long periods of 
time. Excess heat available in the summer-
time can be stored until the colder winter 
months removing the need for fossil fu-
el-based heat generation in the winter. In 
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approximately 90 GWh which amounts to 
the annual heat consumption of an area 
of 40,000 residents. Existing CTES systems 
have a storage capacity of around 10 GWh 
or less. The facility's discharge capacity will 
be 200 MW and its long-term efficiency ap-
proximately 85%.

The storage facility is connected to the 
local district heating grid. Energy is stored 
and discharged using heat exchangers, 
which transfer thermal energy between the 
water in the district heating circuit and the 
water in the VECTES. Efficiency is further 
improved with a heat pump.

Business model of the VECTES
The VECTES enables the storage of excess 
low-emission and emission-free energy, such 
as waste heat from air conditioners, data cen-
tres, solar, geothermal and waste incineration 
during the summertime and discharging that 
energy in the winter when heat demand is high-
est and fossil fuel-based energy production is 
needed to cover demand during peak hours.

The profitability of the VECTES is based on 
avoiding expenses from the combustion of 
fossil fuels and avoiding the additional cost 
related to carbon emissions. The seasonal 
storage solution allows to tackle the sea-
sonality of heat consumption which usually 
leads to higher emissions and production 
costs during peak consumption hours in the 
winter. The seasonal storage is charged with 
energy in the summer that is either renew-
able or would otherwise be wasted, such as 
waste heat from data centres. This energy is 
low in cost since there is an abundance of 
it during the summer. The same energy is 
discharged from the seasonal storage in the 
winter and it will replace high cost and high 
emission energy.

Due to the innovative high temperature 
system, capital costs have been cut sig-
nificantly compared to traditional thermal 
energy storages. However, as VECTES is a 
state-of-the- art project, there are still some 
uncertainties and risks that need to be cov-
ered with investment grants. 

The storage capacity 
of the VECTES will 
be approximately 90 
GWh, which amounts 
to the annual heat 
consumption of 
an area of 40,000 
residents.
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Preparatory actions for the project implementation have already been done during 2020. These include site selection studies,  
conceptual planning and feasibility studies, preparation of environmental impact assessment (EIA) inquiry as well as 
negotiations with local and regional authorities.
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