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Disclaimer notice (IEA DHC):

This project has been independently carried out within the framework of the International
Energy Agency Technology Collaboration Programme on District Heating and Cooling (IEA
DHC).

Any views expressed in this publication are not necessarily those of IEA DHC. IEA DHC can
take no responsibility for the use of the information within this publication, nor for any errors or
omissions it may contain.

Information contained herein has been compiled or arrived from sources believed to be
reliable. Nevertheless, the authors or their organizations do not accept liability for any loss or
damage arising from the use thereof. Using the given information is strictly your responsibility.
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system is prohibited unless explicitly permitted by the IEA DHC Operating Agent in writing.
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1 FLUCTUATING ENERGY COUPLED WITH HEAT

PUMPS AND THERMAL STORAGES

This fact sheet is on application topics about fluctuating energy coupled with heat pumps and
thermal storages. The findings are based on the experience from a range of international
cases.

1.1 CASE 1 - THE HIVE SOLUTION

1.1.1 DESCRIPTION

PlanEnergi has together with other partners contributed to the ease consumption of the most
carbon intensive fossil fuels by 2028 and all other fossil fuels by 2035 in the district heating
system.

HIVE offers a solution enabling to entirely cease coal based energy production in year 2028,
and stop using other fossil fuels in year 2035. The solution improves Helsinki’'s expectations
for the reduction of CO, emissions from heat production, as for instance expressed in The
Carbon-Neutral Helsinki 2035 Action Plan. It enables a fall in the use of biomass over the
implementation period. It gradually substitutes fossil fuel free heat production and storage
assets for Helen’s fossil fuel assets. It makes use of Helen’s fossil free assets (heat pumps,
thermal storages, biomass boilers). HIVE’s solution does not rely on any technological
breakthrough. However, it is intended to build in Helsinki the most advanced versions of the
proven technologies, in some cases also making Helsinki the world’s biggest user of these.
The proposed optimizations to the district heating grid, enabling lower operating temperatures,
were to date not implemented on such a large scale.

The solution provides 78 % reduction in GHG emissions between 2020 and 2035.

The Hive’s solution is presented in Figure 1, showing the shift from coal based heat and power
generation in 2024 to a larger share of SWHPs and gas fired boilers in 2030 and a full
implementation of the plan with complete elimination of also gas based heat production by
2035.
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Figure 1 Overview of the shift in heat supply from coal to renewable energy towards 2035.
(HIVE’s Solution 2021)

The hive solution consists of a mix of production units to be implemented, where the focus is
on seawater heat pumps (SWHP) with a total capacity of 460 MWy. SWHP is a proven
technology and will provide COPs in the range of 2.71 to 3.65 with the current temperatures in
the DH network, and after a reduction of the network temperatures between 2.92 and 3.65

Furthermore, two solar thermal collector fields, each with a capacity of 25 MW, will be
implemented locally and will cover the demand for domestic hot water in the summer.

The solution will be supplemented with electric back-up boilers with up to 280 MW, to cover
peak loads.

To optimize the system, several storage solutions are to be integrated. This includes 2 x
500,000 m® PTES and BTES with 2-300 m deep several boreholes with ability to retrieve up
to 50 GWh.

For descriptions of the involved technologies please see the factsheets on the individual
renewable energy technologies.

For the project details visit www.energychallenge.hel.fi/hive.

112 TRL

The Hive'’s solution does not rely on technological breakthrough. However, the solution of
lowering the supply temperature in the entire district heating systems has not been seen
implemented in such a large scale before.



http://www.energychallenge.hel.fi/hive
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1.1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT

The investment costs (CAPEX) and maintenance costs (OPEX) for the overall concept
depends on the prices of all the different technologies presented in the solution.

The investment costs of 803 M€ is distributed over the years for period 2021 to 2035 which
results in a cost of heat for both 2030 and 2035 at 40 €/ MWh (without general operating costs)
or 58 €/ MWh including all expenses.

The general operating cost is in relation to personnel costs, rents, insurance policies. General
O&M costs for the DH network is circa 86 M€/year.

I P " 50 o ST OO OO PO 5 5 SRS Y S S e T N OO P 1w 5 FSEES S P S S e AU O OO0 B o T SRS S



2=

I IEADHC

SYMBOLS, ABBREVIATIONS, INDIZES

ABBREVIATIONS

Abbreviation Meaning

BTES Borehole Thermal Energy Storage
CAPEX Capital Expenditure

COH Cost of Heat

DH District Heating

GWP Global Warming Potential

Helen Helen Ltd. https://www.helen.fi/en/
HIVE Helsinki Innovative & Versatile Energies
HOB Heat Only Boiler

HP Heat pump

OPEX Operational Expenditure

PTES Pit Thermal Energy Storage
SWHP Sea Water Heat Pump
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