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1. Technologies for the use of geothermal energy

Shallow Geothermal Energy

Geothermal Heat Pumps are used to transport heat
from low temperature sources to high temperature
sources. They can work either in heating mode,
or in cooling mode. The heat source / sink is the
shallow underground, having rather low
temperatures. The heat is extracted / injected
by using various methods:

* horizontal loops

* borehole heat exchanger
(BHE, vertical loops)

* energy piles
 ground water wells

« water from mines
and tunnels

» other




1. Technologies for the use of geothermal energy
Shallow Geothermal Energy

Underground Thermal Energy Storage (UTES)

The temperature in the underground is changed artificially by heat
extraction or heat injection

Two main methods:
» Use of groundwater for storage — ATES
 Use of the soll or rock mass for storage - BTES

BTES

Graph from RHC-Platform — SRIA, 2013



1. Technologies for the use of geothermal energy

Deep Geothermal Resources — direct use of geothermal energy

Generic schematic of geothermal district heating in Paris area, FR
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1. Technologies for the use of geothermal energy

Deep Geothermal Resources — electricity production through ORC

Cooling
tower

Turbine | Gene-

Filter

Production welkic systafPEliRue" :
most commonly used process for geothermal power S o
generation b
« closed system: external cooling tower in peripheral Geothermal ORC plant
circuit

m Decentralised Energy Generation ‘
PolySMART




1. Technologies for the use of geothermal energy
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2. Geothermal DH market and trends in Europe

Jl State of Play in 2015

« Total Installed Capacity in Europe: 4701.7 MWth

257 Geothermal DH Plants

» 23 new district heating plants were commissioned
iIn 2014 and 2015

(Data according to EGEC Market Report 2015) EGE\C/

GEOTHERMAL



2. Geothermal DH market and trends in Europe
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Cumulative installed capacity in Europe 2011- 2015 (MWth)
(data according to EGEC Market report 2015)



2. Geothermal DH market and trends in Europe

Installed Capacity per Country
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Geothermal DH capacity installed in Europe, per country in 2015 (MWth)
(data according to EGEC Market report 2015)



2. Geothermal DH market and trends in Europe

Number of GeoDH systems
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2. Geothermal DH market and trends in Europe
Summary of Key Conclusions

State of Play in 2014
 Total Installed Capacity in Europe: ca.19000 MWth

* Five countries alone account for ca 69% of all
Installed capacity in Europe
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2. Geothermal DH market and trends in Europe

Summary of Key Conclusions

More than 1.4 Mio GSHP installed
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Sales numbers for geothermal heat pumps in Europe, for EU countries
and countries from Central and Eastern Europe
(according to EGEC Market report 2015)



3. Geothermal technologies for Smart Cities
and Communities

Urban density

About 3/4 of the population in Europe lives in and around urban areas,
consuming 70% of the EU energy and emitling about the same share of
greenhouse gases and the trend is rising...

Sustainable Buildings

75% of the EU building stock is energy inefficient...

EU buildings = Key figures
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3. Geothermal technologies for Smart Cities
and Communities

Contribution to the 2" generation, smart thermal grids

renewable, intelligent and efficient

Geothermal HP for individual and tertiary buildings

Geothermal DH and other direct uses

Geothermal CHP

+

connection to electricity

Storage: UTES (BTES or ATES)



3. Geothermal technologies for Smart Cities
and Communities

Geothermal HP for individual and tertiary
buildings
« for low-temperature heating and cooling

UTES: BTES or ATES

» for heat or cold storage (low and medium
temperature)

Geothermal DH and other direct uses
« for low to medium temperature heating
« for district cooling via absorption chillers

Geothermal CHP
« for medium to high temperature heating

- for electricity Smart Cities Stakeholder Platform



3. Geothermal technologies for Smart Cities

and Communities
Shallow geothermal in cities

Cities show specific environment and problems

A specific challenge for large plants with borehole
heat exchangers (BHE) is drilling in given area and
timeframe; often drilling on site of later building

o e S

Drilling with 3 rigs simultaneously within city limits

et

Drilling for supermarket



3. Geothermal technologies for Smart Cities

and Communities
Business models, the challenge

* RES Heating & Cooling and Energy Efficiency in DH and for
small-scale installations

« In dense urban areas | R
and isolated places ,,.,)é C /@/@
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4. Towards smart thermal grids

Geothermal HP for individual and tertiary buildings
» for low-temperature heating and cooling

UTES: BTES or ATES

» for heat or cold storage (low and medium
temperature)

Geothermal DH and other direct uses
» for low to medium temperature heating
» for district cooling via absorption chillers

Geothermal CHP

« for medium to high temperature heating Small Thermal Grids using Geothermal Energy in

. . Riverside Development in Bonn, DE
« for electricity verside Development!

Photos und Graphs: UBeG / BonnVisio - Bonner
Bogen



4. Towards smart thermal grids

1st generation of Small Thermal Grids using Geothermal Energy

Riverside Development in Bonn, DE
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Groundwater heat pump,
6 wells

Providing about 1 MW
baseload for heating and
cooling

heat exchangers, heat pumps, distribution grid

Photos: BonnVisio -
Bonner Bogen



4. Towards smart thermal grids

1st generation of Small Thermal Grids using Geothermal Energy

Heat and Cold Production in Paris, FR

Issue: supply heat and cold to buildings where heated/cooled
areas exceed land availability

144 Rue de Rivoli, Paris
Louvre district
7000 m2 (offices + shops)

470 kW, heating
850 kW, cooling

Groundwater wells

Balanced consumption, with
consideration of COPs of the
heat pumps




4. Towards smart thermal grids

1st generation of Small Thermal Grids using Geothermal Energy

“Cold” District Heating in Troisdorf, DE

Groundwater is circulated to two
new residential development
areas (ca 5 km plastic pipe)

Individual heat pumps in the
houses (ca 100) use the circuit
as heat source and -sink

Operation started 2014 &4 T
Graphs:
Stadtwerke

Troisdorf
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4. Towards smart thermal grids

Towards the 2nd generation of Small Thermal Grids using Geothermal Energy

Flexible and adapting
Intelligent

Efficient

Integrated

Competitive

Sizable

Securing Energy Supply

FLEXIBLE, ADAPTING

¢ Inthe short-term to the

energy supply and demand

situation.

¢ In the medium-term by

adapting the temperature level

in existing networks and the
installation of new distributed micro-networks

¢ Inthe long-term by aligning the network development
with urban planning.

\

EFFICIENT

INTELLIGENT

They are intelligently planned and
operated, and enable the end-user to
interact with the heating and cooling
system. They can,
for instance, supply
heating or cooling
back to the network
and to off-grid
applications.

They are 1 _—
designed ~
to achieve
the highest
overall efficiency of the energy system,
by choosing the optimal combination
of technologies and enable a maximum
exploitation of available local energy
resources by cascade usage.

SMART
THERMAL
GRID

COMPETITIVE zZ=

They are cost T T
effective in a

way that makes E—

operation

affordable, both for consumers and businesses.
They increase the cost efficiency of heating
and cooling supply, and create opportunities
for customers to participate.

[ SIZABLE
These systems can be both
applied for neighbourhood
| " level or city-wide,
=== according to the demand
of heat and cold.

INTEGRATED

They are integrated in the whole
urban energy system from a
spatial point of view (related

to urban planning parameters
and processes), and from an
energy system point of view
(e.g. optimising the interfaces
to other urban
networks —
electricity,
sewage, waste, |
ICT, etc).

J

SECURING fs
ENERGY SUPPLY

They increase I
security of I I I
energy supply

at a local level

by using local sources of energy for

L heating & cooling.




4. Towards smart thermal grids

2"d generation of Small Thermal Grids using Geothermal Energy

Example of thermal grid based on mine water
Several development stages towards a smart grid .

. Mijnwater B.v.
Minewater 2.0
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Artist impression Minewater 2.0



4. Towards smart thermal grids

2"d generation of Small Thermal Grids using Geothermal Energy

LT ift

adjusting the network
development with urban
planning processes

adapting the temperaturg
level in the network

supply and demand
side management

aaaaaaaaaaa INTELLIGENT
TOP LEVEL
Self learniny g CONTROL
. FRAMEWORK

Intelligent and 1 o
integrated




4. Towards smart thermal grids

Combination of heat/cold and electricity:
« Storing excess electricity in form of heat

« an idea for the power grid, “smart-grid ready” an
Issue e.g. in Germany, but how the integration in
thermal grids works?

Combination of energy grid and communication:
* using common infrastructure

Combination with transport?
» electric cars as power storage, and what else?

The key issues to make smart energy grids work:
* develop the right system architecture

* develop the operation strategies and control
hardware + software
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Public Awareness

Project Regeocities

RE[€/3®,CITIES)

Factsheets on geothermal heat pumps

THE TECHNOLOGY

1 heat pumps Source pz. GSHP)

b
"8

ot water that makes use of shalow geothermal energy, meaning the heat

stored beneath the earth’s surface.

have i

(" The building side, i.e.

‘!hzzqulp!nullumdelh:
ling that transfers

the heat or cold into the

A go0d design must taks care of
the whae sytem,

e most effectie

There are two main types of zy

There are several types ofcosed loops systems, such 25: horiontalloops; borehole heat exchangers (BHE;
(pipes in any kind of building element

in contact with the ground]: etc.

The different natural ground temperatures throughout Europe, from 2-3° near the polar circle to
bout 20° in the very south of Europe, have 3 great influence on the options and design for shallow

geathermal instaltations

Factsheets from

RE[€/S@CITIES

Factsheets on geothermal heat pumps.

BENEFITS OF
GEOTHERMAL HEAT
PUMPS

The hest used in the vast majority of buildings is today generated by burning fossil fuels such as natural gas
and heting oil. In some European countries even coal is larpely used for hezting purpases.

Geathermal heat pumps are the perfect sakution to replace fossil fueks, thesehy reversing these
unsustainabie trands. With their wide rangs of hey strangly v
prices, 10 issions and to save primary energy. are:

RENEWABLE

Geathermal heat pumps make uze of lacal renewable energy, the heat from the
arth, which iz inexhaurthble. Thiz technology can supaly heating and/or cooling
24 haurs & day, 31l throughout the year and all aver Europe, with minor land Lse.

Ay [ i the reduction of [GHG}
emissions: combined with icity the technalogy is
1 heating systems sz
EFFICIENT
the

A ] technology and amongst the few to achieve m: h@cnan:nry
K A+t+in the new EU labefing system.
Ca—

The typicsl afficiency of 3 geothermal heat pump, expressed as
N Seasonal Performance hcmrh:luu\mui as the ratio of the heat
e 3 - the Y supp "‘”“”-
—— i o

‘consumed, geothermal heat wmpsg:mme-lk‘wchhﬂ'mal

energy. And with continued improvements, average values
in the ardes of 5 can be achieved. Such high sficiency implies tremengous reductian in slectricity
Gon and. in turn, i

SAFE

heat pumaa reliabile i of the
season, climatic conditions, and time of day. They have been used for more than
50 years for heating and cooling purpeses.
Geothermal hest pumps have the lowsst number of failures per installed unit
3 inging Y

a3
maintenance costs.

M

http://www.heatunderyourfeet.eu

RE(€/2@,CITIES

http://regeocities.eu/

GEOWIN

GEOTHERMAL IN SMART  Fomnort on gestermal heat pampe
CITIES AND COMMUNITIES

The future of our bes and Smart jes, where the
intesreton of combined technolagies using remewable 2nergy sources reduces the emironments impact
and affers citizens 3 better quality of ve.

Geothermal has 2 pasticularly impartant role in smart electricity and thermal grids. si
heating and cooling and electricity.

it can defiver both

SHALLOW GEOTHERMAL IN SMART ENERGY SYSTEMS

Shallow seathermal, assisted by heat pumps. i 3 key energy source for smart energy systems. it provies

5y syztem by coupling and ty grids via underground
thermal rtorage and By ensuring 3 relisble and Fordable hesting and cooling supply to both urban snd
rural areas.

enerzy into the smart energy

Types of oz whi E shallow
systems include:

UNDERGROUND THERMAL ENERGY STORAGE

(GEOTHERMAL HEAT FUMF SYSTEMS
FOR INDIVIDUAL AND TERTIARY BUILDINGS

Shallow geothermal systems are h Barehole Thermel Energy Storage

wvery versatile. They can be (BTES) or Aquifer Thermal
used in small and large: Energy Storage (ATES)
seale systems, providing. are advanced geothermal

low temperature technalogy for seasanal
heating, cooling and storage and recovery of
domestic hat water. thermal energy (low and
They are the ideal medium tempersture].

The thermal energy can be
stored wheneverit is available
and be used when needed.

selution for new near-
zer-energy-buildings

[NZEB) anc for existing
buildings when renovated. ‘ ‘

A5 both of these technologies can be installed in grid and afi-grid heating and coaling systems. they
perfectly fit the new smart and rural communities approzch.

I addition, there: i ais0 an mportant rie for shallow geothermal enerzy in connections with and management

of smart eleciricity grids. Geathermal hest pumps ean provide demand response services, therelay cantributing.
o grid stabilisation, whilst UTES is an excellent storage saiution.

Shallow peathermal technologies will be wtiised in the next generation of district heating: Smart Thermal Grids.




Public Awareness

Project Regeocities GEom

The campaign ,,The Heat under your Feet”  ntp://regeocities.eu/
IS intended to create more awareness of

shallow geothermal technologies, and the
solutions and advantages it can deliver

0 l
B Geothermal heat pumps for heating and cooling

The heat under your feet

http://www.heatunderyourfeet.eu



More information

Aknowledgement: European Geothermal Energy Council



