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Public Perception of Geothermal Energy
We feel:

the heat of the sun

the force of the wind

the power of waves

...and the heat of the earth?
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Public Perception of Geothermal Energy

Yet the earth can show
it is hot inside!

Geothermal manifestations
in Tuscany, Italy

Thermometer in
geothermal circuit of
Szentes DH plant,
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Public Perception of Geothermal Energy

When EGEC started work in Brussels, also most politicians perceived

geothermal energy as something “far away”, in Iceland, and elsewhere
in volcanic areas

- not suitable for use
in most of Europe

Iceland: Krafla geothermal
power plant (above)
and fumarole (left)
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Public Perception of Geothermal Energy

The Renewable Energy House, with 4 borehole
heat exchangers, proved that geothermal

energy can be harvested very close, in the
heart of Brussels

courtyard
in 2014

REH inauguration, March 2006

S =

manifold

drilling in 2005
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Public Perception of Geothermal Energy

Museum and exhibitions

We need to make geothermal energy
visible; numerous excellent examples
exist, but more is needed

Exhibition in Nangong
geothermal village,
Beijing, China (2005)
GSHP demonstration
in Museum of Natural
Science, St. Gallen,
Switzerland (1993)
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Public Perception of Geothermal Energy
The EGEC Ferrara Declaration 1999

"

A Geothermal Europe - The Ferrara Declaration*

In pursuit of a sustainable energy supply, humanity has repeatedly lost its way in dead-end
roads, or has perceived interim solutions as final ones. We are surrounded by inexhaustible
energy resources that allow us to meet our energy needs and that of future generations without
taking uncontrollable risks with the life and well-being of our planet. Now the development of
modern technology enables us to make use of these energy sources on a scale that meets the
requirements and demands of modern civilisation.

EGEC
Business
Seminar
1999

[ ey

Our task is to make sure, that every European will learn what the words "Geothermal Energy "
mean.

We, the Board of Directors and the members of EGEC, and other participants in the seminar,
representing the vast majority of companies, organisations and institutions, in fact all of the key
players active in geothermal energy development and use in Europe, will do our utmost to
advance our goals, will promote geothermal energy use at all levels, and will contribute as our
power allows to a successful implementation of a sustainable energy supply.

mean.

Our task is to make sure, that every European will learn what the words "Geothermal Energy "

YAINER HERIGH(

|
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Public Perception of Geothermal Energy

Geothermal Development as forecast in the
EGEC Ferrara Declaration 1999
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Geothermal Energy for Electric Power

Some impressions of Geothermal Power Plants in Europe
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Geothermal Energy for Electric Power

Installed capacity in geothermal electric power in Europe,
after data 1400
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Geothermal Energy for Electric Power

Growth of installed capacity in geothermal electric power in Europe,

after data 2500 -
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Geothermal Energy for Electric Power

Geothermal share in national electric power production in some European
countries,
after data from
EGC 2016
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Geothermal Energy for Electric Power
Preview from EGEC Market Report 2017:

State of Play in 2016

« Total Installed Capacity in Europe: 2542 MW,

 Production in Europe in 2015: 14,6 TWh

e 99 Geothermal Power Plants

« 815 MW over the last 5 years, mostly in TR (growth rate: 47%)
e 13 new power plants in 2016 (12 in TR, 1 in DE)
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Geothermal Energy for Electric Power
Preview from EGEC Market Report 2017:

FIG.2 // NUMBER OF GEOTHERMAL POWER PLANTS IN EUROPE
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Geothermal Energy for Electric Power
Preview from EGEC Market Report 2017:

FIG.7 // AVERAGE SIZE NEW POWER PLANTS 2012-16 (MW)
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Geothermal Energy for Electric Power

EU-project GeoElec has compiled in 2011-2013 the information on
geothermal power potential in Europe, in particular for EGS

GEG=LEC

Coordinated by EGEC
Visualisation of the results
by Web-GIS (done by TNO, NL)

www.geoelec.eu
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Geothermal Energy for Electric Power

e

Geoelec results, as shown in
Web-GIS ‘%’

GEQELEC »

Economic potential p
of geothermal power g
production in Europe B 100- 150 g
. [ ]1s0-200 :
n 2030 [ ] 200-250

[ 250 - 300

I =co- 400
Geothermal Power is [ ]>40

flexible base-load power!

www. geoelec.eu PR —
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Geothermal Energy for Electric Power

e

Geoelec results, as shown in
Web-GIS ‘%‘

GEQELEC »

Economic potential
of geothermal power

Cut-off value in EURO/MWe

3 ; < 100
production in Europe I o0- 150
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n 2050 [ ] 200- 250

[ 250- 300
: I =0 - 400
Geothermal Power is [ >0

flexible base-load power!
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Geothermal Energy for Heating (Direct Use)
Some impressions of Geothermal Heating Plants in Europe
Izmir Balgova, TR
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- = )
v

Oradea, RO : Szentes, HU
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Geothermal Energy for Heating (Direct Use)

Installed capacity in geothermal direct use in Europe, after data
from EGC 2016
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Geothermal Energy for Heating (Direct Use)

Share of geothermal district heating in geothermal direct use in Europe,
after data from EGC 2016
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Geothermal Energy for Heating (Direct Use)

Comparison of geothermal direct use types in Germany and Hungary,
after data from EGC 2016
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Geothermal Energy for Heating (Direct Use)
Preview from EGEC Market Report 2016:

State of Play in 2016

Total Installed Capacity in Europe: 4869 MW,
280 Geothermal DH Plants
60 new or renovated plants over the last 5 years

15 new or renovated plants in 2016
(91in FR, 2 in DE, 1 in HU, 1 in NL, 1 in RO)
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Geothermal Energy for Heating (Direct Use)
Preview from EGEC Market Report 2016:

FIG. 17 // AVERAGE SIZE NEW GEODH PLANTS IN SELECT COUNTRIES (MWth) FIG. 18 // SHARE OF NEW VS RENOVATED GEOTHERMAL DISTRICT HEATING PLANTS IN 2012-16
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Geothermal Energy for Heating (Direct Use)

EU-project GeoDH has compiled in 2012-2014 the information on
geothermal district heating potential in Europe

Cefunded

Coordinated by EGEC
Visualisation of the results
by Web-GIS (done by MFGI,
HU)

Matching potential
and DH demand

www.geodh.eu
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Geothermal Energy for Heating (Direct Use)

EU-project GeoDH has compiled in 2012-2014 the information on
geothermal district heating potential in Europe

GEoPH

[ ]
Coordinated by EGEC DEVELOPING GEOTHERMAL ~ @
Visualisation of the results H\ISETURF{ELPEA"NG 9
by Web-GIS (done by MFGl, ® o
HU)

Brochure and Final Report for Download at:
www.geodh.eu
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Shallow Geothermal Energy for Heating and Cooling

Some impressions of Shallow Geothermal Installations in Europe

Appenzell CH Coimbra PT

Biebertal DE
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Shallow Geothermal Energy for Heating and Cooling

Installed capacity in shallow geothermal energy in Europe,
after data from EGC 2016
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Shallow Geothermal Energy for Heating and Cooling

Total number of GSHP and annual sales in shallow geothermal energy in
Europe, after data from EGC 2016
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Shallow Geothermal Energy for Heating and Cooling

Development of GSHP annual sales in Germany, after data from BWP
In 2016, a recovery eventually!

35000

30000

25000

20000

15000 -

Number of GSHP units sold

10000 -

5000 -

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



GeoEner2017

Madrid, 26 de Abril de 2017

Shallow Geothermal Energy for Heating and Cooling

One push for the German market is an improved incentive scheme, MAP

2500

g 2000 - Change in conditions and
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Graph shows heat pumps from all heat sources
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Shallow Geothermal Energy for Heating and Cooling

Share of GSHP in total HP sales in Germany and Switzerland,
after data from BWP and FWS
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Shallow Geothermal Energy for Heating and Cooling

Development of drilling for Borehole Heat Exchangers in Switzerland,
after data from FWS
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Shallow Geothermal Energy for Heating and Cooling
Preview from EGEC Market Report 2016:

State of Play in 2015

 Total Installed Capacity in Europe: ca.22.900 MW,
e about 1.7 million units
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Shallow Geothermal Energy for Heating and Cooling
Preview from EGEC Market Report 2016:
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Shallow Geothermal Energy for Heating and Cooling
Preview from EGEC Market Report 2016:

1000
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700 +— 2014
- 2015
i 1
i’ . 2013-2015 extrapolated from number of units
g 500 +—
% 400 -
300 A
200 A
100 A
o =% =& &£ = & ® ® ®¥ ¥ &L - —-2ovr—"F—"T"F"FT"""""T"T"T"TT

SE DE FR CH FI AT NO NL DK CZ PL UK IT

EE BE SI BG IE SK LT HU 8P PT LU RO GR LV MT CY HR



GeoEner2017

Madrid, 26 de Abril de 2017

Shallow Geothermal Energy for Heating and Cooling
Preview from EGEC Market Report 2016:
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Shallow Geothermal Energy for Heating and Cooling
Today, the barriers against further market growth of shallow geothermal
can be divided into 3 groups:

« Economic shortcomings for heating mode in certain countries
(fossil too cheap, electricity too expensive)

» Insufficient awareness with the public (potential consumers), the
planners/installers, the regulatory administration

« Exaggerated licensing requ s, driving cost and uncertainty

Subsidies and grants can only partly offse

was tackled e.g. by projects

Geotrainet and Regeocities
GEORY EEGECO/EIE
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Shallow Geothermal Energy for Heating and Cooling

Main drivers are more or less the opposite of the barriers:

» Very good economy in countries with high cooling demand
(South Europe) or low electricity prices (eg Norway)

» High public awareness and good reputation of the technology,
skilled planners/installers (Sweden, Switzerland)

» Good regulatory frameworks and knowledgeable officers

Subsidies and grants can help further under such circumstances
(e.g. MAP in Germany, 4500 € for residential BHE installation)

The campaign ,,The Heat under your Feet“ is el
intended to create more awareness of shallow Theheatunder your faet
geothermal technologies, and the solutions | ==

and advantages they can deliver: 1

http://www.heatunderyourfeet.eu
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Shallow Geothermal Energy for Heating and Cooling

Factsheets on Shallow
Geothermal Energy

http://www.heatunderyourfeet.eu

REGEOEIS

Facisheets on geothermal heat pumps

BENEFITS OF
GEOTHERMAL HEAT

PUMPS
The heat used in the 2 buidings is today et v such a3 natural gas
i, In some European i s largely uaed for

RECI2®CITIES)

Factsheets on geothermal heat pumps.

THE TECHNOLOGY

pumps fals Pumps, GSHP)
logy for space heating i

energy. ing.
stored benesth the earth’s surface.

S building that transfers
| the heat or cold into the
reems.

There re twa main types of systems uzed to

ypes such as: horizontal ioops; borehole heat exchangers (BHE);
compact forms of ground 3 iprpes i kind of buildis
in contact with the ground); etc.

The different natural ground temperatures throughout Europe, from 2-3° near the polar circle 1o
3bout 20° in the very south of Europe. have 2 great influence on the options and design for shallow

Geathermal heat pumps are the perfect solution 1o replace fossil fuels, thereby reversing these
inable trends. With their wide rangs they strongly i
prices. ta reduce emissions and to save primary energy. Geothermal heat gumps are:

RENEWABLE

use of focal £y, the hest from

earth, which i alogy Pl cooling
24 hours a day, 3ll throughout the year and all over Europe. with minor land use.

heat

¥ (GHG]
emissions: cambined with renewable electricty the technalogy is tatally carbon
#ree! Geatnermal hesting systems praduce zero emizsions.

EFFICIENT
z .
[ A technology and 0 scheve
[ A 2 A4+ in the new EU labeliing system.
a2
The ¢ P 3 expressed as
D Sessonal Performance Factor (calculsted 3t the ratio of the heat
.'_ defvered to the total elecirical energy supplied over the year],
is today wel above 4. This means that far each kW of electricity
CEE—— consumes, geothermal heat pumps generate £KW of thermal
energy. And with conts age
in the order of 5 can be achieved. Such high efficiency implies tremendous reduction in electricizy
and, in turn, i 4 i
SAFE

Geothermal heat puma = proven durable technology, relizble independent of the
“ season, climatic conditionz, 3nd time of day. They have been used for more than

50 years for heating and cooling purposes.
7 ol
s compared to similar igni ingi additonal

maintenance caztz.

REGEOWN

GEOTHERMAL IN SMART  focheets on geotermal heat pumps
CITIES AND COMMUNITIES

The future = moving ities, where the
2y reduces the i

i < S
and offers citizens 2 better guality of bve.

heating and cooling and electricity.

SHALLOW GEOTHERMAL IN SMART ENERGY SYSTEMS

Shallow geathermal, assisted by s 2 key energy for systems. It provides
solutions for the B oy v ity gri -

v ng 3 reli i B to both urban and
rural areas.
Types of rechnology i : Ty i
systems include:

GEOTHERMAL HEAT PUMP SYSTEMS.
FOR RDIVIDUAL AND TERTIARY BUILDINGS

zesle zystems, providing " are

Tow temperature S 4k technology for seasonal
heating, conling and ,_:Jrﬁ storage and recovery of
Gomestic hot water » thermal energy [low 3nd
They are the ideal medium temperature].
solution for new near- The thermal energy can be
zero-energy-buildings stored whenever iz is available
(NZEB) and for existing and be used when needed.

buldings when renovated.

A3 5o of these techroiogie: can e installed in prd and off-rid heating and cogling TyTEms, they
pesiectly fit the new smart cities and roral communities appraach.

In addition, there iz 3i30 an importans role for shallow geothermal energy in connection: with and managemernt.
of zmar electrioty gridh. Genthermal heat purms can provide demand response services, thereby cantributing
0 grid stabilization, whilst UTES is an escellent storage solusion.

Shaicnn geotnerrral techriag 22 will be uti-s2d f the next generanon of SRt heatrg Smart Thermal Grids

MGEOWIE

http://regeocities.eu/
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Geothermal Energy for Electric Power

Trends in Turbines

Distribution of Geothermal
Power Plant types

(Preview from EGEC Market
Report 2016)

FIG. 2 // TURBINES - INSTALLED CAPACITY PER TECHNOLOGY (MWe)
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Trends and Summary
Trends in Dilling

Innovative Well Designs:
Candidate Well Trajectories

(Preview from EGEC Market
Report 2016)

Subhorizontal well (80-85")
4 intersecting all the producing
layers

1 Vertical well

i -35' Multilateral well, horizontal
2 Devisted well [R5 5 drains, intersecting all the

producing layers

3 Horizontal drain intersecting
one layer
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Trends and Summary
Trends in Capital Cost

Drilling e infrasi::ctcj::i(c);ydriIIing site 55% Typlcal Capital cost break'
electricity down for deep geothermal
;;;W\j;'” power plant equipment
planning &testing incl. drllllng

reservoir engineering .
(Preview from EGEC Market
Production Production & Injection pumps (LSP vs ESP) 5% Report 201 6)

heat exchanger

Power plant (binary) 20%
turbine and generator
plant construction
coolers

Infrastructure 5%
pipes & valves
grid connection

15%

Fees & Contingencies (contractor overhead costs, fees, profit, and construction)



GeoEner2017

Madrid, 26 de Abril de 2017

Trends and Summary
Trends in O&M Cost

Typical capital cost break-

O&M = 2% of capital costs down for deep geothermal
power plant Operation and

Personnel costs: Maintenance

remote control, regular routine inspections, (Preview from EGEC Market

start up / shutdown of the plant and during Report 2016)

maintenance

Routine maintenance costs:
valves, pumps, the generator, switchgear etc

Consumables:
filters, oil and chemicals
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Trends and Summary

Trends in Shallow Geothermal

Still a lot more can be done to make ground source heat pumps better, i.e.:
 more effective,
* more economic,
» easier to install,

» avoiding any risk for ground and groundwater,

« with a broader area of application within the existing building
stock, industry, infrastructure etc.

We can capitalise on the intrinsic advantages in efficiency ground coupling
offers for heating and cooling, and on the reliability achieved, and go




GeoEner2017

Madrid, 26 de Abril de 2017

Trends and Summary
EGEC Market Report 2016

The only full and detailed analysis of the

geothermal sector in Europe

GEOTHERMAL

6th edition Geothermal Market Full Report
available to EGEC members in May 2017
Official Launch in Brussels, 10.5.2017
more info: www.egec.org
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