Decarbonisation of
district heating

Examples and experiences from Finland
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Share of climate neullReESHEENESEMices more than a

half in district heat supply: 56%

Share of renewables and heat recovery increased from 54 percent to 56 percent

2021

Oil

1,2% \

Heat supply

2020

Heat supply

39,3TWh
33,6 TWh

* Recovered (recycled) heat: energy
that would otherwise go to waste

* Other biofuels: includes also the bio
share of municipal waste

* Other: non-bio share of municipal
waste, plastic or hazardous waste,
electricity.
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News Latest All Points North Radio Newsletter About us

Helsinki City Council votes to close
Hanasaari coal plant

City councillors decided on Monday that one of the city's two coal plants
should be closed by the end of 2024. The Hanasaari coal plant s to be
replaced by renewable energy, including expanded use of solar
electricity.
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Background

REUTE RS World Business Markets Breakingviews Video More

ENERGY FEBRUARY 28, 2019 / 4:31 PM / UPDATED 3 YEARS AGO

Finland approves ban on coal for energy use from
2029

By Reuters Staff 2 MIN READ f v

HELSINKI/OSLO, Feb 28 (Reuters) - The Finnish parliament approved on Wednesday
a government proposal to ban the use of coal to produce energy from May 1, 2029, a

parliamentary official said on Thursday.



Challenges in decarbonisation - more

_political than technological

e Majority of heat was and still is
produced with fossil fuels

e DH produced by one municipally
owned company which has total
monopoly over production of DH

e Institutional & organisational
memory & pride — “we are the
best burners of coal in the world”
— failure to see alternatives &
resistance to change

Origin of district heating

2021



Challenging the monopoly

e [or along time the local
energy company Helen saw
biomass as the best & only
option for replacing coal

e [0 speed up the discussion
about solutions city of
Helsinki launched Helsinki
Energy Challenge

The climate crisis is the most crucial challenge of our time, and cities have a
key role in driving the shift to a low-carbon economy. Helsinki is one of the
leading cities in the transition towards a sustainable future, with the goal of
becoming carbon-neutral by 2035. But there is an issue to overcome.
Currently, more than half of the city’s heat is produced with coal. In order to
achieve carbon-neutrality, we need radically new solutions to meet Helsinki’s
heat demand. And we are not alone. To fight climate change, sustainable
heating solutions are needed in cities all over the world. Heating not just
beyond coal, but also beyond burning biomass.

That is why we launched the Helsinki Energy Challenge.

A global one-million-euro challenge competition to answer the question: How
can we decarbonise the heating of Helsinki, using as little biomass as
possible?



https://energychallenge.hel.fi/
https://energychallenge.hel.fi/

Challenges - DH vs smaller scale

‘heatpumps

Easy, fast and economically viable solution to decarbonise
heating is to get rid of district heating and electrify

heating with heatpumps
Obviously this poses a threat for district heating companies

It could be also an opportunity for the companies



Challenges - DH vs smaller scale
‘heatpumps

Renewable energy sources

: Geothermal energy now has to be queued
® DH Companles have to up, as demand has exploded - drilling |
o ” calendars full until the end of the year
rel ﬂven’[ themselves = and there is a shortage of heat pumps

. . The corona, the stall of the cargo ship in the Suez Canal, and the Russian
th el r tas k |S n Ot p rOd u Ce invasion confused the market. Heat pump queues can last for years.

hot water with burning -
their task is to sell heat.
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Front page > Heating > Geothermal heating in a housing company > Pricing of geothermal heat

Pricing of geothermal heat

On this page, you will find information about factors having an impact on the price of a geothermal heat solutions and
different ways of acquiring geothermal heat. You can get a geothermal heat solution either as owned by the housing
company or as a service with a fixed monthly fee.

Factors having an impact on the price of geothermal heat solution

€ The design of the geothermal heat solution, the selected equipment and the well field

The geothermal heat solution is always designed according to the individual specifications of each housing company. The total price of the solution is
mostly affected by the selected equipment and its contracting, as well as the number of geothermal heat wells and their drilling depth. The total price is
also determined by increasing the size of the housing company’s electricity connection and modifications of the main and distribution centre. The
equipment may also require changes in the required space, the implementation costs of which are taken into account in the total price.




T News Find your ways to act Energy renovations The city’s climate actions Projects Climate Partners A A A SerchQ

The City’s energy experts provide
support for housing companies

The City of Helsinki offers engineering help and support for housing companies interested in finding out how to carry out

effective and financially viable energy renovations.

The support provided by the City is free of charge and intended for all housing companies in Helsinki. Hands-on help and
advice is available for all the stages of renovation planning. The City’s energy experts can be invited to attend a board of
directors meeting or a general meeting, for example.

Housing companies are still responsible for the actual ordering, realisation and payment of energy efficiency surveys
and renovations.

We provide housing companies with advice and help on the following:

s getting started and ordering the relevant energy efficiency surveys

¢ evaluating the energy efficiency survey and contract offers received by the housing company
* advice in building electric vehicle charging stations

¢ applying for subsidies from ARA



Solutions




Solution: system change

e Rethinking the role of district heating company - their task is to
provide heat, not heat done with burning something and then
transferred via DH network.

e Heat is not produced only in few big units in and around the city -
heat is produced everywhere

e Electrify heating



Clean district heating & cooling network concept
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Heat storages
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Gigantic heat caverns in Mustikkamaa
have now been filled with water

The filling of underground heat caverns in Mustikkamaa with water has been
completed this week, and the use of the heat caverns for heating homes in
Helsinki is a step closer.

Helen started to fill the heat caverns with tap water in early December. The filling of the caverns took
more than three months due to their enormous total volume of 320 million litres. The caverns have
such a large capacity that filling them from an ordinary kitchen tap would have taken more than 50
years.

The current estimated temperature of the water storage facility is about +30 degrees. Slow heating of
the bedrock has started, and actual heating of water in the heat cavern will start in April. The aim is to
connect the heat caverns into the current district heating system of Helsinki in July.



Heat storages

~ Home > Fossil-free 2026 > World's largest cavern thermal energy...

World’s largest cavern
thermal energy storage
to be built in Vantaa

Seasonal heat storage facility
Heat exchanger

District heating network
Waste heat

Geothermal heat

Solar heat

Short-term heat storage
Combined heat and

cold production

Waste heat recovery
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Industrial scale heat pumps

[] Back

Helen continues to invest in carbon
neutrality: one of the world’s largest
heat pumps planned for Helsinki,
enabling faster reduction in the use
of coal

Helen is expanding the heating and cooling plant located under the Katri Vala
Park in S6rndinen with a new heat pump, the seventh in all. The investment is the
first to replace coal use in the Salmisaari power plant: the output of the new heat
pump corresponds to more than 10 per cent of the thermal capacity of
Salmisaari.

The Katri Vala plant utilises the excess heat of purified waste water in heat production. The efficiency
of heat recovery at the plant is currently being improved, which will enable a higher degree of
utilising excess heat, as well as the use of new, large heat pumps. A new, sixth heat pump is currently
under construction at the plant, and a decision has now been made to add a seventh heat pump,
which is to be among the largest in the world. The investment enables heat production in Helsinki in a
carbon neutral way throughout the summer season.



Industrial scale heat pumps

Cities & District Energy News 11 Feb 2021

Air-to-water heat pump system
to replace coal energy in Espoo
DHC network

Please note that this article and any associated images were originally published by Oilon Group Oy, here.

Oilon will deliver a 1.3-megawatt heat pump system to Fortum
in Espoo, Finland. The air-water heat pump will be the largest of
its kind in Finland, and it will replace coal as a primary energy
source. The system will produce both district heating and
district cooling. After a pilot period, the facility is planned to be
expanded to 11 megawatts.

“Industrial-scale heat pumps are an excellent means to replace coal energy and cut carbon emissions in
energy production,” said Thomas Ekholm, Manager of the New Solutions unit of Fortum’s heating and
cooling business. When completed, the 11-megawatt heat pump system will replace coal energy by as much
as 92 gigawatt-hours yearly. Emissions will be reduced by over 31 000 tons of carbon dioxide per year,
equivalent to omitting 14 500 cars from traffic every year.



Industrial scale heat pumps
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Environmental impact assessment of
seawater heat recovery project has
started

Helen has carried out a feasibility study on various alternatives of utilising
seawater as a source of heat for industrial-scale heat pumps in Helsinki. The
project is now progressing to the environmental impact assessment stage. In
June, a public presentation meeting on the project will be held as a webinar.

The project seeks alternatives to replace district heat output produced by coal in the Salmisaari
power plant in full. The low emission levels of seawater heat pumps are based on the same principle
as those of other heat pumps, but instead of producing heat, e.g. by burning coal, natural gas or oil,
heat pumps use both electricity and the thermal energy of seawater for producing heat. No
implementation decision has yet been made on the project.

Facts:

- Planning is based on 500 MW district heat output.

- Heat pumps use both electricity and the thermal energy of seawater in the production of district
heat.

- About 60 per cent of the district heat of the plant would be produced by seawater and 40 per
cent by electricity.

- At its lowest, the temperature of the seawater conducted to heat pumps is +2°C, in which case the
temperature of water returned to the sea is about 0.5°C.

- Finding sufficiently warm water in the winter requires water intake at a depth of 50-70 metres.
For water intake, a tunnel up to 15-30 km long will be needed. The required flow rate is about
180,000 m3/h (50 m3/s) when the water temperature is +2°C.

Published: 02.06.202110:57



Electric boilers

Fortum implements a completely & i @
new type of electric boiler

concept for domestic district heating
production with Caruna

THU, JUN 16, 2022 09.00 CET Report this content

FORTUM CORPORATION LOCAL RELEASE June 16, 2022

Fortum is building a 100-megawatt electric boiler plant at the Suomenoja plant in Espoo to increase domestic carbon-
neutral district heating production. The aim is to stabilize the price of district heating by reducing dependence on imported
fuels, increasing heat production based on domestic and zero-emission electricity, and improving production flexibility. For
this purpose, Fortum has ordered from the electricity distribution company Caruna a so-called a dynamic electricity
connection, the first of its kind in Finland. During the pilot, Caruna may, if necessary, limit the electricity consumption of the
electric boiler unit according to the prevailing situation in the network. Due to the uncertainty due to the geopolitical
situation, the electric boiler plant will be commissioned with an accelerated schedule already at the turn of the year.

The electric boiler plant includes two 50-megawatt electric boilers. They can raise the temperature of the water to suit the
district heating network at times when electricity is emission-free, inexpensive and well available, for example at night.
Water heated by electric boilers is directed to Suomenoja's 800-megawatt-hour heat accumulator, from where it is
dismantled to cover peak heat demand, for example in the mornings and afternoons. The use of electric boilers also
smooths out fluctuations in electricity demand and thus effectively promotes sectoral integration between electricity and
heat.




Regional / local DH networks

Two pilot areas coming up in Helsinki.

New areas built so that they can use regional DH network which
IS connected to city wide DH network through heat exchanger.



Datacenters & waste heat

Press release

Fortum and Microsoft announce world’s largest
collaboration to heat homes, services and
businesses with sustainable waste heat from
new data centre region

17 March 2022, 10:08 EET
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Enablers on local level

e Helsinki has decided to be carbon neutral by 2030

e \Willingness to challenge the energy company

e Policies that favour heat pumps - energyreneissance
programme, possibility to rent space for boreholes
from the city, zoning and regional heating networks.



Enablers on national level

e (Coal phase out law 2029, carbon neutrality by 2035

e ETS and the price of CO2

e Reform of energy taxation - minimum level for industrial
scale heatpumps, electric boilers and datacentres providing
heat.

e Subsidies for energy renovations



