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H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

ENTYNA YNOBOAHZ TEAIKHZ EKOEZHZ NMPOOAOY EPEYNHTIKOY
EPIrOoY THz

AEZMHZ 2008

H TeAikl 'EkBeon, uttoBaAAeTal o€ dUO avTivpa®a, uéEXP! Kal SU0 PAVEG META TN CUPTTApWON
NG diapkelag Tou xpovou ulotroinong Tou ‘Epyou. H Tehikr ‘EkBeon repiAauBdver dUo pépn:

MEPOZ A - TeAiki 'EkOeon MNpoddou
A.1. «evika ZToixeia 'Epyou»
A.2. «MepiAnyn» éktaong 500 AéEewv yia Tnv TTopeia uhotroinong Tou ‘Epyou.

A.3. «Tehikiy 'ExkBeon YAomoinong ‘Epyou» [epidaufdver 1  ouptApwon evog
TutroTroinuévou AgAtiou Avagopdg yia kaBe AE Tou ‘Epyou.

A.4. «ZuvorrTikOg lMivakag Asopwv Epyaciag» 61ToU @Qaivetal n Topeia uAotroinong Twv
Asopwv Epyaciag kai Ta MapadoTéa Tou TTpoékuyay atrd KABe yia atr’ auTég.

MEPOZ B — MNapapTAuara

B.1. 310 «[Mapdptnua B1» Tng €kBeong emOuvATITOVTAI TA TTAPAdOTED TOU £PYOU TTOU
MTTOPOUV va 80800V O€ EVTUTIN UOPOPN.

B.2. 210 «Mapdaprtnua B2» Tng ékBeong emouvdmTovTal otroleodATToTE AAAEG TTANPOPOPIES
ava@OoOPIKA PE TO €PYO KpivovTal aTTapaiTNTEG.

H Tehwkn 'ExOeon Owovopkov Ilempoypévov vmopfdrietor oe Egroprota
évroma mov gival wwdéoipa otov Ietoympo Tov Iopvpartog Ipo@dnong Epevvag
o€ popen apyeiov Excel.
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KYIIPIAKH AHMOKPATIA

t:" ibéeg pag, npaEn ko avamtugy EYPQITAIKH ENQXH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

MEPOZ A

A.1.TENIKA ZTOIXEIA EPIOY

Emixeipnoiaké Mpoéypapua

Ag1pbpog AvaTrTugn Kal AvTaywvioTIKOTNTA

Agovag lMNpoTtepaidTnTag

Koivwvia tng Nvwong kai Kaivotopia

Mpoéypapua

TexvoAoyia

Apadon

Evépyeia

Ap18pég MpwTtokdAAou ‘Epyou

TEXNOAQOI'IA/ENEPT/0308(BIE)/15

TitAog 'Epyou

Investigation and determination of the geothermal
parameters of the ground in Cyprus, for use on
the design of ground heat exchangers and heat
pumps.

Avadoyxog Popéag

Cyprus University of Technology

ZuvTtovioThg Epyou

Dr. Georgios Florides

Hpepopunvia ‘Evapéng ‘Epyou 15/12/2008
Hpepopunvia AR§ng ‘Epyou 14/02/2011
Huepopnvia YroBoAng ‘ExBsong 15/4/2011

Eykekpipévn EmTixopiynon:

175.000 EYPQ

Mood rou kataBAROnke amod To IMNE:
(MEXP! OTIYUAG)

127.396 EYPQ

Moo rou datraviBnke:
(WEXP! OTIVHAG)

166.539 EYPQ

ZTolxXEia ETTIKOIVWViOG YE TOV ZuvTovioTh 'Epyou:

Aig0Buvon: 31 Arch. Kyprianos, Limassol Savings Co-
operative Bank Building, PO.Box. 50329
TnAépwva: 25002554
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KYTIPIAKH AHMOKPATIA o 16éec pog, mpdEn kol avamtuln EYPQIIAIKH ENOQZH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

TnAgopoiéTUTIO! 25 002751

HAekTpOVIKO TaxudpopEio: georgios.florides@cut.ac.cy

A.2. «MEPIAHWH» (500 Aé€sic - 2 oehideg)

The project’s kick off meeting was held by the HO on 12/01/2009 in order to coordinate with all
project partners and commenced the project implementation. The responsibilities of each partner
were clarified by the project coordinator Dr. Georgios Florides and based on the project time
framework, specific tasks were assigned to the parties involved.

Quality Assurance Guidelines as well as a dissemination plan were developed by PA3 in order to
firstly set a clear and effective project management process accepted by all partners and
secondly to set the tasks for the dissemination and exploitation of results.

The appropriate drilling locations were chosen after taking into consideration the geologic
formation, prevailing weather conditions and the population density. The drilling sites are in:
Lakatamia (200 metres), Kivides (200 metres), Meneou (100 meters), Ayia Napa (100 meters),
Yeroskipou (100 meters) and Prodromi (Polis Chrysochous) (100 metres).

Soil samples were collected from every different geological formation and for each borehole. A
number of U-tube heat exchangers made of polyethylene pipe were installed in the boreholes.
Also the heat exchangers were fitted with thermocouple wires at various depths for measuring
the ground temperature.

From October 2009 to October 2010 the temperature of the ground were recorded along the
depth of the boreholes by using the inserted thermocouple wires. The temperatures were
measured once a month in order to determine the variation of the temperature, especially to the
upper layers.

For the eight boreholes, additional geothermal data were also recorded like the type of ground
and thermal conductivities of the various geologic layers. The data collected clearly indicate that
there is a potential for the efficient use of Ground Coupled Heat Pumps (GCHPs) in Cyprus
leading to significant savings in heating and cooling energy consumption.

Finally a report was prepared consolidating: A Table on geological data of every borehole, the
layer thermal conductivity and density; a Table on the ground thermal conductivity and the
effective borehole thermal resistance; the Graphical Form of the ground temperature along the
depth of every borehole and its variation with time throughout the year and a Comparison and
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KYTIIPIAKH AHMOKPATIA or Béec pac, npdEn kol avamuln EYPQIIATKH ENQZH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

analysis of the the above results.

Furthermore, a geographic information system (GIS) was applied for analysing, integrating, and
display graphs for visualizing Isothermal lines and data concerning the ground, in relation to time
of year, depth from the surface and sea surface height.

Iso-geothermal graphs were drawn with the use of artificial neural networks for the various
geothermal parameters for Cyprus. More precisely, the data collected were processed in order to
provide geothermal and isothermal information on any specific point in Cyprus, beyond those
relating only to the points where the holes were drilled. This process let to the production of an
isothermal and geothermal map of Cyprus that can be used by national authorities and
engineers and other energy-related experts.

In the framework of the dissemination and exploitation strategy the consortium shared the results
of the project with the academic, research and industrial community in various ways.

At the early stages of the project an informative leaflet was produced in order to raise awareness
and anticipation concerning the project’s objective, planned activities and expected results.

Also, a project website was created which was updated regularly in order to provide information
concerning the project progress and results although this was not a project obligation.

Based on the project activities and results the HO participated in five international conferences
for the presentation of relevant papers.

Additionally, a seminar on Geothermal Systems was organised in Paphos where the HO
presented the Cyprus experience and lectures were delivered in Nicosia and Limassol on the
same subject.

Furthermore, one paper was sent to the “Energy” journal, based on the project results, for
publication.

Also, PA1 prepared a paper accepted for presentation in the International Conference on Energy
Systems and Technologies, at Cairo Egypt (14-16/2/11). The conference was not accomplished
because of the people unrest.

Moreover, PA2 participated on the 36th Stanford Geothermal Workshop for the presentation of
the paper titled ‘Investigation and determination of the geothermal parameters of the ground in
Cyprus for the exploitation of geothermal Energy and the impact of the results in the design of
the geothermal systems.’

In January 2011 PA3 coordinated the organisation of an Information Day in Nicosia for the
presentation of the project results. The invitation was sent to all ETEK members, to private
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H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

companies from the construction industry and governmental departments related to energy
policies. There was a great interest for participation in the information day and approximately
130 participants attended the event. Mr. Kassinis and Dr. Morissau were invited and opened the
day. The event was also presented on Sigma News. All presentations were provided to the
participants upon their registration and were also made available on the project website.

HO in collaboration with the P1 developed the geothermal maps of Cyprus which were printed
and disseminated to stakeholders.

A.3. «TEAIKH EKOEZH YAOINOIHIHZ EPIOY» (uéxp1 1500 Aé€eig - 5 oehideg avd AE)

TitAog Aéopung Epyaciag WP1: Project Management

Kwdikog Popéa AD 201 202 203 204
AvBpwTropnveg yia kabe Qopéa (e 10 0.5 0.5 1.5 0.5
Baon 1o ZupBoAaio)

AvBpwTropnveg yia kabe Popéa 10 0.9 0.7 1.6 1
(dedouAeupévol)

Itoxol Aéoung Epyaciag

AvagépovTal eTypappaTiKa ol aToxol TG Tapoucag Aéopng Epyaaiag.

The WP1 objectives are:

To establish means and structures for cooperation, communication and information sharing.
To ensure the effective exchange of information amongst partners

To provide the grounds of fruitful cooperation among the participants.

To ensure the timely and quality production of results and deliverables

To ensure the normal project development and risk aversion and mitigation

Mepiypagn Epyaciag

Karaypdgovtal o1 dpaoTnpidétnTeg TTOU apopolv an Alayeipian Tou Epyou, Tuxdv TpoAAuara Tou Tpoékuyav ata TTAaicia
TOU ZUVTOVIOMOU Tou AIKTUOU Zuvepyaaiag Kal TTwg autd ETAUBNKav.

Project Management was an ongoing activity from the beginning until the end of the project. The leading
partner carried out the day-to-day administration of the project, provided support to partners, coordinated
with the Research Promotion Foundation and resolved technical or other issues that have arisen in this
reporting period. A set of Quality Assurance Guidelines was developed by PA3 in order to ensure the
quality of project results and deliverables. Five partners’ meetings were held during this period for the
coordination of the project, for assigning roles and responsibilities to the partners and exchanging ideas
and feedback among them. Meeting minutes were produced for each partners’ meeting.

Mopadotéa
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KYTPIAKH AHMOKPATIA o1 e o, pAE ko1 avdmeug EYPQITATKH ENQZH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

Avagpépovtal Ta Mapadotéa TTou TTpoékuyav péoa amo T ouykekpipévn Aéapun Epyaaiag. Z1a mAaioia Tng Aéopng Epyaaiag 1,
wg Trapadotéa mepIAappavovtal or EkBéacig Mpoddou (E¢aunviaieg, Evdiduean kar TeAikr) ‘ExBean Mpoddou) mou Ba mpéel
va utrofAnBouv aTo IME kard t didpkeia Tou Epyou.

D1 First bi-annual progress report
D2 Interim Report

D3 Second bi-annual progress report
D4 - Final Report

D5 - Meeting Minutes

TitAog Aéopung Epyaciag WP2: Dissemination and exploitation of project results
Kwdikog Popéa AD 201 202 203 X4
AvBpwTropunveg yia kBe Popéa (pe 4 1 1 3 0
Baon To ZuuBoAaio)

AvBpwTropnveg yia kabe Popéa 5.8 0.8 1.2 32 0
(dedouAeupévol)

Itoxol Aéoung Epyaciag (0mwg mepiypdgovTail oto LupfoAaio)

AvagépovTal eTIypaupaTIKa ol aToxoI TG Tapouoag Aéoung Epyaaiag.
The WP2 objectives are to:

e Share the results of the project with stakeholders i.e. construction industry, engineers, ministries,
educational institutions etc.

¢ |dentify and organise the activities to be performed in order to promote the exploitation of the
project’s results and the widest dissemination of knowledge from the project

¢ Explore the opportunities for exploitation of the project's results and outputs

Identify additional potential application fields, end-users, customers and business opportunities based on
the reactions to the dissemination activity.

Mepiypagn Epyaciag- BaBuog YAotroinong Twv otéxwv Tng Aéoung Epyaciag

Karaypagovral o1 §paotnpidtnTeg Tou evidogovtal aTn Aidyuon kai ExpgeraAeuon AmoteAeapudrwy. Tiverar eKTevRAg avagopa
oTo BaBuo6 uhotroinong Toug, ae Bava TPORAAKATA TTOU TIPOEKUWAVY KAl OE TUXOV ATTOKAITEIG OTTO TOUG APXIKOUG OTOXOUG.
‘Omou epappdleTal, yivovial apIBUNTIKEG Kol TTOCOTIKES avaPOpES oTa emi époug oTddia g AE kai yiveral, mmiong, aagng
mpoadiopiauds ato Popéa ou avaraBe kai diektepaiwae Ty kGO dpacTnpIdTTa.

A dissemination plan was prepared by P3 and finalised after a discussion with all partners in order to
organise and assign roles and activities relevant to dissemination.
The consortium shared the results of the project with the academic, research and industrial community in
various ways.
At the early stages of the project an informative leaflet was produced in order to raise awareness and
anticipation concerning the project's objective, planned activities and expected results. It was
disseminated to Engineers, concerned companies and interested persons.
Furthermore, a project website was created which was updated regularly in order to provide information
concerning the project progress and results. Based on the project activities and results the HO participated
in four international conferences for the presentation of relevant papers. These were:
1. ‘Investigation and determination of the geothermal parameters of the ground in Cyprus’ presented
at the SEEP 2010 -4" International Conference on Sustainable Energy & Environmental
Protection.
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2. ‘Investigation and determination of the geothermal parameters of the ground in Cyprus’ presented
at the EuroSun 2010 International Conference on Solar Heating, Cooling and Buildings.

3. ‘Geothermal properties of the ground in Cyprus and their affect on the efficiency of ground
coupled heat pumps’ presented at the WREC 2010.

4. ‘Comparison of the thermal characteristics and temperature profile of the ground in Cyprus with
other Mediterranean countries’ presented at the 3rd International Scientific "Energy and Climate
Change" Conference

5. ‘Artificial Neural Networks for the Generation of Geothermal Maps of Ground Temperature at
Various Depths by Considering Land Configuration’ to be presented at the 6" Dubrovnik
Conference on Sustainable Development of Energy, Water and Environment Systems, 25-29
Sept. 2011 at Dubrovnik Croatia.

Additionally, a seminar on Geothermal Systems was organised in Paphos where the HO presented the
Cyprus experience and lectures were delivered in Nicosia and Limassol on the same subject.

Moreover, PA2 participated on the 36th Stanford Geothermal Workshop for the presentation of the paper
titled ‘Investigation and determination of the geothermal parameters of the ground in Cyprus for the
exploitation of geothermal Energy and the impact of the results in the design of the geothermal systems.’
Though the necessary arrangements were made for the presentation of a paper on the ‘Geothermal
parameters of the ground in Cyprus’ at the International Conference on Energy Systems and Technologies
by PA1, due to the political instability in Egypt in early February 2011 it was impossible to proceed with the
participation in the conference.

Furthermore, one paper was sent to ‘Energy’ Journal for publication based on the project results

In January 2011 the P3 coordinated the organisation of an Information Day in Nicosia for the presentation
of the project results. The invitation was sent to all ETEK members, to private companies from the
construction industry and governmental departments related to energy policies. There was a great interest
for participation in the information day and approximately 130 participants attended the event. Mr. Kassinis
and Dr. Morissau were invited for the opening of the day. The event was also presented on Sigma News,
All presentations were provided to the participants upon their registration and were also made available on
the project website.

Furthermore, HO in collaboration with the P1 developed the geothermal map of Cyprus which were printed
and disseminated to stakeholders.

Mapadotéa

Avagépovtal emypapuatika ta Mapadotéa mou Tpoékuyav péoa amd tn ouykekplpévn Aéoun Epyaoiag. Xta mAaioia tng
Aéopung Epyaciag 2, wg mapadotéa mepIAapBavovTal ol dnpoaleloEIg O€ ETIGTNUOVIKA TTEPIOdIKA, N dIopYAvwan TOTTIKWY
nUePidwy yia Tapouciaon Twv amoteAeapdrwy Tou Epyou, o1 TTapoudidoElg Twy atroTeAeapaTwy Tou Epyou o€ guvédpia Tou
€EWTEPIKOU, OI AITATEIS YIO KATOXUPWAN TIVEUNATIKWY OIKAIWHATWY, KA.

D6 Dissemination Plan

D7 Information leaflets

D8 Paper to be presented in international conference

D9 Participation in international conference

D10 - Information Day - Report

TitAog Aéopung Epyaciag WP3: Drilling sampling, logging and equipment
installation

Kwdikog Popéa A 201 202 203 204
AvBpwTropnveg yia kabe Qopéa (e 10 2 0.5 0 12.5
Bdon 1o ZuuBoAaio)
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AvBpwTrounveg yia kabe Popéa 10 2.7 0.5 0 12
(dedouAcupévol)

Iroxol Aéoung Epyaciag (6mwg mepiypdgovrai oto LupfoAaio)

AvagépovTal EmypapuaTikd or aTdéxoI1 TG TTapouaag Aéaung Epyaaiag.
The WP3 aims to:

o |dentify the most representative areas in Cyprus for drilling the six boreholes and perform the
drilling

e Collect soil samples from the boreholes

¢ Install a U-tube heat exchanger in every borehole and thermocouple wires for measuring the
temperature of the ground at different depths

e Backfill every borehole with bentonite

Mepiypagn Epyaciag- BaBuog YAotroinong Twv otéxwv Tng Aéoung Epyaciag

Karaypdgovtal oI dpaaTnpIdTnTEG TTOU EVTIACOOVTAI OTN OUYKeEKpIpEvn Aéoun Epyaaiag (AE). Tivetal ektevig avagopd aTo
BaBud uAotroinonc Toug, o€ mBava TPOBAAATA TTOU TIPOEKUYAV KOl O€ TUXOV aTTOKAIOEIS atrd Toug apxIKoUg aTOXOUG.

'Otou epappdleTal, yivovtal apIBUNTIKEG Kol TTOCOTIKEG avaPopéS oTa emi pépoug oTddia g AE kai yiveral, miong, oagng
mpoadiopiouds oto Popéa Trou avarafe kai diekTepaiwae Tnv kABe dpaaTnpIdTTa.

The chozen sites where the boreholes were drilled were selected based on their geologic formation,
prevailing weather conditions and population density in order to include seaside, inland, semi-mountain
and mountainous locations.  The drilling sites are in: Lakatamia (200 metres), Kivides (200 metres),
Meneou (100 metres Ayia Napa (100 metres), Yeroskipou (100 metres), Prodromi (Polis Chrysochous)
(150 metres). All boreholes where also filled with Bentonite. PA4 was responsible for drilling and HO with
PA1 and PA2 were responsible for deciding on the drilling locations.

Soil samples have been collected from every different geological formation and for each borehole. A
number of U-tube heat exchangers made of polyethylene pipe were installed in the boreholes. Also the
heat exchangers were fitted with thermocouple wires at various depths for measuring the ground
temperature. More thermocouple wires than initially expected were fitted in each borehole which enables
the researchers to collect more data and conduct a greater number of test leading to more accurate
results. Furthermore, data from another two boreholes situated in Limassol and Saitas were also collected
and were used during testing.

During this WP implementation a number of problems emerged. The first problem was related to the
purchase of the machinery. The equipment planned to be purchased for the thermal conductivity
measurements was not adequate and it was therefore replaced by equipment which will give sufficient
accuracy. The situation was explained in the letter sent to the Research Promotion Foundation on 15 April
2009.

The second challenge faced in this WP was related to the Lakatamia drilling site: It was decided that the
borehole in Lakatamia would be of a 200-meter depth. Though the borehole was initially drilled to this
depth, it was impossible to insert the U-tube heat exchanger down to this depth because the borehole
walls collapsed at the 130 meters due to a high flow of water. The piping and wiring were subsequently
removed and the borehole was enlarged again to the 200 meters. Unfortunately, the borehole collapsed
for a second time at a depth of 160 meters. After evaluating the damage caused to the wiring and piping
when they were removed in the first case for enlarging the borehole it was jointly decided to keep them to
the 160 meters.

The third challenge faced was the high cost of U-tube heat exchangers: As the purchasing cost of the U-
tube heat exchangers was substantially higher than expected, the CUT group manufactured them using
local and imported components. This ensured the lower cost of the U-tube heat exchangers. Furthermore
a variety of heat exchangers were manufactured which enables the scientific team to proceed with a
combination of observations in the various boreholes.

As some savings had occurred from this WP’s budget the HO utilised the remaining amount for the
boreholes’ maintenance as well as for the travel expenses of the researchers who conducted the monthly
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data collection.

MeBodoAoyia ka1 AroteAéopata

Mepiypdgetal avahutikd n pebBodohoyikn Tpoaéyyion Tou akoAouBnonke kar avaAlovTal Ta OTOTEAETUATA TTOU TTPOEKUYAV

péoa amo T ouykekpipévn Aéoun Epyaaiag.
Boreholes were drilled and provided with heat exchangers and thermocouples as indicated in the table below:

LOCATION DEPTH Ground Filling Thermocouple
/DIAMETER Heat exchangers material Positions (m)
(m)
Geroskipou 100/0.2 1. PE100, PN16, Bentonite Ambient, 0,
Paphos 32x3mm, 0.25, 0.5, 0.75,
2x100m 1,3,5,7,8,9,
10, 20, 40, 60,
2. PE100, PN16, 80, 100.
25x3mm,
2x100m
Kivides 196/0.15 1. PE100, PN16, Bentonite | Ambient, O,
Limassol 32x3mm, 0.25,0.42,
2x196m 0.67,0.92, 3, 5,
7,8,9, 10, 15,
2. PE100, PN16, 26, 46, 76, 96,
32x3mm, 2x96m 126, 146, 176,
196.
Agia Napa 100.5/0.2 1. PE100, PN16, Bentonite Ambient, 0,
Famagusta 32x3mm, 0.25, 0.5, 0.75,
2x100m 1,3,5,7,8,9,
10, 11, 15, 20,
2. PE100, PN16, 40, 60, 80, 100
32x3mm,
2x100m
Meneou 97/0.2 1. PE100, PN16, Bentonite Ambient, 0,
Larnaca 32x3mm, 2x97m 0.25, 0.5, 0.75,
2. PE100, PN186, 1,3,5,7,8,9,
40x3mm, 2x97m 10, 11, 15, 17,
3. PE80, PN16, 37,57,77,97
40x3mm, 2x97m
Lakatamia 160/0.23 1. PE100, PN16, Bentonite Ambient, 0,
Nicosia 32x3mm, and 0.25, 0.5, 0.75,
2x160m cement 1,3,5,7,8,9,
2. PE100, PN16, 10, 11, 15, 10,
32x3mm, 20, 30, 40, 50,
2x100m 60, 70, 80, 90,
100, 110, 120,
130, 140, 150,
160.
Prodromi 100/0.2 1.PE100, PN16, Bentonite Ambient, 0,
Paphos 32x3mm, 0.25, 0.5, 0.75,
2x100m 0.95,3,5,7, 8,
9, 10, 15, 20,
40, 60, 80, 90,
100.
Mapadotéa
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Avagépovtal emypapuaTikd Ta Mapadotéa Tou Tpoékuwav PEaa amo T ouykekpipévn Aéoun Epyaaiag.

D11 Report on drilling and sampling

To "Evtomo avto ypnoipomoreitan yio tnv teprypogt] Tov vréorowov Asop@v Epyaciog ko
v ka0e Aéopn Epyociog Egyoprotd (AE3-AE12).

TitAog Aéopung Epyaciag WP4: Thermal ground data acquisition

Kwdikog Popéa A® 201 202 203 204
AvBpwTropunveg yia kbe Popéa (pe 10 2 1 0 0
Bdaon 1o ZuuBoAaio)

AvBpwTrounveg yia kabe Popéa 10 2 1.6 0 0
(dedouAeupévol)

Z1oxol Aéopung Epyaciag (6wg mepiypdgovrai oto Zupfolaio)

AvagépovTal eTypappaTika ol aToxol TG Tapouoag Aéopng Epyaaiag.
The main objective of WP4 was to acquire actual thermal ground data in all representative areas in
Cyprus, so as to be able to design efficiently geothermal energy systems, calculate effectively heat losses

of buildings to the ground and design thermal energy storage equipment.

Mepiypagn Epyaciag- BaBuog YAotroinong Twv otéxwv Tng Aéoung Epyaciag

Karaypdeovtal oI dpaoTnpIdTNTEG TTOU EVTIACOOVTAI OTN OUYKEKpIpEvn Aéopn Epyaciag (AE). Tiveral ektevig avagopd aTto
Babuo uhotroinorg Toug, o€ TBava TPOPAAUATA TTOU TIPOEKUWAV Kal O€ TUXOV ATTOKAIGEIG OTTO TOUG APXIKOUG OTOXOUG.

‘Omou epappdleTal, yivovial apIBUNTIKEG Kol TTOCOTIKES avaPOpES oTa emi Pépoug oTddia g AE kai yiveral, mmiong, aagng
mpoadiopiouds oto Popéa Trou avahae kai diekepaiwae Ty kGBe dpacTnpidTTa.

HO, PA1 and PA2 were involved in this work package. The geological data for every borehole and the
collected samples were determined and every ground layer was specified. The layer thermal conductivity,
density were measured. To measure the thermal conductivity accurately an Isomet model 2104 heat
transfer analyzer was employed. With this instrument the thermal conductivity of a specimen was
determined by measuring the heat flow through the specimen and the temperature variation.

By using the inserted thermocouple wires, the temperature of the ground was recorded along the depth of
the borehole. The temperature was measured once a month, for one year, in order to determine the
variation of the temperature, especially to the upper layers. This was necessary as horizontal heat
exchangers are buried to the upper layers of the ground which is affected by seasonal variations. All the
data were recorded using a data acquisition module (such a module is the Omega OMB-DAQ 55/65).
Additionally, the ambient air temperature was recorded for reference.

Finally, the thermal response test was carried out and the ground thermal conductivity and the effective
borehole thermal resistance was determined by using the line source model.

In this way, isothermal layer lines were drawn for Cyprus and thermal data needed for engineers for
design purposes became known.

Finally a report was prepared consolidating the findings of the current workpackage as follows:

1. Table on geological data of every borehole, the layer thermal conductivity, density and moisture
content.

2. Table on the ground thermal conductivity and the effective borehole thermal resistance.

3. Graphical Form of the ground temperature along the depth of every borehole and its variation with time
throughout the year.

4. Comparison and analysis the above results.

MeBodoAoyia kai AtroTeAéopaTa
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Meprypagetal avaluTik@ n PeBodoAoyikh Tpoatyyion Tou akoAoubrBnke Kai avaAUovtal Ta OTTOTEAEGUATA TTOU TIPOEKUYAV
péoa amo T ouykekpipévn Aéoun Epyaaiag.

For every borehole and once a month temperature measurements are taken and recorded by using the
dag-pro data loggers, bought for this reason. The data that are collected are going to be used for
preparing graphical presentations of the temperature variation of the ground according to depth for every
borehole. Also the data will be used for the WP5.

Additionally for every borehole a number of thermal conductivity tests are carried out in order to specify
the borehole thermal response. The ground layers were also recorded during drilling and samples were
collected. For every sample, a number of thermal conductivity measurements are taken using the
Hukseflux thermal sensor device. Also the specific gravity of the sample is measured. A geological graph
of the borehole layers and their thermal properties is being constructed.

When all results are collected comparison and analysis of the results will follow as indicated in WP4.
Regarding the budget allocated to the work, it should be noted that all external works were carried out
successfully and within the budget and the only practical work left is the maintenance of the equipment
and the travelling to the boreholes for conducting the measurements.

Mapadotéa

Avagépovtal emypapuaTikd Ta Mapadotéa Tou Tpoékuwav PEaa amo T ouykekpipévn Aéoun Epyaaiag.

D12 Report on thermal and geological data

To 'Evtumo avto yprioiponmoleiton yio Ty Teprypaet] Tov vaoiowmrmv Asopov Epyaciog kot
v ka0e Aéopn Epyociog Egyoprotd (AE3-AE12).

TitAog Aéopng Epyaciag WP5: Isothermal mapping

Kwdikog Popéa A 201 202 203 204
AvBpwtropnveg yia kabe Qopéa (e 3 3 0 0 0
Bdon 1o ZuuBoAaio)

AvBpwTrounveg yia kabe Popéa 3 3 0 0 0
(dedouAcupévol)

Iroxol Aéoung Epyaciag (0mwg mepiypdgovrai oto ZupfoAaio)

AvagépovTal eTypappaTika ol aTéyol Tng Tapouoag Aéopng Epyaaiag.

The WP’s objective was to provide a way for using a geographic information system (GIS) that would
analyze, integrate, and display graphs for visualizing Isothermal lines and data concerning the ground, in
relation to time of year, depth from the surface and sea surface height.

Mepiypagn Epyaciag- BaBuog YAotroinong Twv otéxwv Tng Aéoung Epyaciag

Meprypagetal avahuTiké n peBodoAoyikr TTPoaEyyian TTou akoAouBronke kar avaAlovTal Ta amoTEAETUATA TTOU TTPOEKUYAV
péaa amo T ouykekpipévn Aéopn Epyaaiag.

The HO and PA1 were involved in this work package. The ground temperature was mapped at different
locations, elevations, lithologies and during different seasons. The temporal and thermal variations are
shown schematically for different depths across the island using maps created with the aid of a GIS. GIS
was used for integrating hardware, software, and the data acquired from the boreholes for managing,
analyzing, and displaying all required forms of geographically referenced information. The GIS was used
for answering questions by looking at the data in a way that is quickly understood and easily shared. The
GIS allowed the user to view, understand, interpret, and visualize the acquired data in relation to:

1.the time of year

2. the depth from the surface of the ground
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3. the types of ground layers
4. the sea surface height.

MeBodoAoyia kai AtroTeAéopaTa

Mepiypdgetal avahutikd n pebBodohoyikh Tpoaéyyion Tou akoAouBnonke kar avaAlovTal Ta OTOTEAETUATA TTOU TTPOEKUYAV
péoa amod T ouykekpiuévn Aéoun Epyaciag.

A Geographic Information System (GIS) was used to describe and characterize the properties of the
ground in Cyprus. GIS focuses on integrating knowledge from multiple sources and creates a crosscutting
environment for collaboration. It combines a visualization environment—using maps to communicate and
visualize—with an analytic and modeling framework that is rooted in the science of geography. For this
project, we have used the ArcGIS software (product of ESRI) which is capable of:

Creating and using maps

Compiling geographic data

Analyzing mapped information

Sharing and discovering geographic information

Using maps and geographic information in a range of applications
Managing geographic information in a database

We have used the temperature and thermal conductivity data collected from boreholes (35 old ones and 6
new) for differed depths. Neural networks were uded to additionally provite data on a 10x10 km grid. The
Natural neighbor interpolation was then used. This method finds the closest subset of input samples to a
query point and applies weights to them based on proportionate areas to interpolate a value. Its basic
properties are that it is local, using only a subset of samples that surround a query point, and interpolated
values are guaranteed to be within the range of the samples used. It does not infer trends and will not
produce peaks, pits, ridges, or valleys that are not already represented by the input samples. The output
passes through the input samples and is smooth everywhere except at locations of the input samples. It
adapts locally to the structure of the input data, requiring no input from the user pertaining to search
radius, sample count, or shape. It works equally well with regularly and irregularly distributed data.

Therefore, GIS interpolation tools of the software made predictions using the exiting measurements, for all
locations in the output raster dataset, whether or not a measurement has been taken. Values were
assigned based on the surrounding measured values and on specified mathematical formulas that were
used to determine the smoothness of the resulting model.

In this way four different maps were compiled. The three maps presented the temperatures at 20m, 50m
and 100m. The fourth one presented the thermal conductivity of the ground.

. —_——
AESMH 2008 9) — R

=———0 "Epeuvac




‘; R o
) <7 'y
o ‘ = i j'\!?n\h_ o
\h 4-', U
P APBP() AMEIA
KYTIIPIAKH AHMOKPATIA of Béec pac, npdEn kol avamtuln EYPQIIATKH ENQZH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

Mapadotéa

Avagépovtal emypapuatikd ta Mapadotéa ou Tpoékuwav péaa amo T ouykekpipévn Aéopn Epyaaiag.

D13 Isothermal graphs and data

To "Evtomo avto ypnoipomoreitan yio tnv meprypogt] Tov vréorowwov Asop@v Epyaciog ko
v ka0e Aéopn Epyociog Egyoprotd (AE3-AE12).

TitAog Aéopung Epyaciag WP6: Development of geothermal graphs for Cyprus using
Artificial Neural Networks

Kwdikog Popéa AD 21 202 203 X4

AvBpwTropunveg yia kBe Popéa (pe 8.5 0.5 0 0 0

Baon 1o ZupBoAaio)

AvBpwTropnveg yia kabe Popéa 8.5 0.6 0 0 0

(dedouAeupévol)

Iroxol Aéoung Epyaciag (6wg mepiypdgovrai oto LupfoAaio)

AvagépovTal EmypapuaTikd or aTdéxo1 TG TTapouaag Aéaung Epyaaiag.

To make use of artificial neural networks to draw iso-geothermal graphs for the various geothermal
parameters for Cyprus.

Mepiypagn Epyaciag- BaBuog YAotroinong Twv otéxwv Tng Aéoung Epyaciag

Kataypagovtal oi  SpaoTnpidTnTeG TOU EVIACOOVTAl OTn Ouykekpiuévn Aéopn Epyaaiag (AE). Tiverar extevig avagopd oTo
BaBud uAotroinanc Toug, o€ Bava TPOPBAANATA TTOU TIPOEKUYAV KOl O€ TUXOV aTToKAIGEIS atmd Toug apxIkoUg aTAXOUG.

Omou epapudletal, yivovTal apIBUNTIKEG Kal TTOOOTIKEG aVaQOPES aTa i pépoug aTadia g AE Kal yiveral, Emiong, oo
Tpoadiopiaés aTo Popéa Tou avahape kai diekTepaiwae Tnv KaBe dpaatnpeIoTnTa.

The objective of this work package was to use the various measurements that were made in the various
holes drilled throughout Cyprus as per WP3 together with some geographical information (latitude,
longitude, altitude) and type of ground data (known from geophysical maps) to train an available artificial
neural network in order to learn the correlation of these data. In effect the current work package used
scientific tools to extrapolate the information on the isothermal and geothermal data in the holes to cover
the whole island of Cyprus. This process resulted to the production of data that will in effect provided
geothermal and isothermal information on any specific point in Cyprus, beyond those relating only to the
points where the holes were drilled. This process let to the production of an isothermal and geothermal map
of Cyprus that can be used by national authorities and engineers and other energy-related experts.

A number of network architectures will be tested in order to find the one which gives the best overall results.
This is usually done by trial and error as there is no science to it.

MeBodoAoyia kai ATroteAéopata

MepypageTal avaAuTika n ueBodoAoyikr TTpootyyian Tou akoAouBriBnke kal avaAUovTtal T OTTOTENEGUATA TTOU TTPOEKUYAV PETT
oo ™ ouykekpiuévn Aéopn Epyaaiag.

For this work the data from the six boreholes were enriched with previous results from the work of Morgan
in 1973. The parameters used for the training of the network were the lithology class at the area of each
borehole; the borehole elevation; the mean, min. and max. ambient air temperature at the location of the
borehole; rainfall at the location of the borehole; the x and y coordinates for each borehole, measured from
some reference point; the depth at which temperature is recorded; and the temperature at the particular
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depth. A total of 90 patterns were available. From these 81 patterns were used for the training of the
network and 9 for its validation. The correlation coefficient obtained between the predicted and training data
set is 0.9889. The validation of the network was performed by using the unknown data for 9 cases. The
correlation coefficient for the unknown cases was 0.9253. The prediction error for the mean annual rainfall
was confined to less than 1.74°C, which is considered quite adequate. In order to broaden the database,
the nine patterns used for the validation of the technique were embedded into the training data set and a
new training of the network was performed. The architecture and the other parameters of the network were
kept the same as for the validation phase. The correlation coefficient value for this case was equal to
0.9818.

A 10x10 km grid was then drawn over a detailed topographic map of Cyprus and the lithology class;
elevation; mean, min. and max. ambient air temperature; rainfall and the x and y coordinates for each
borehole, measured from the same reference point were recorded. This information was then supplied to
the trained network and by doing so the temperature at the same depths as above were predicted at each
grid-point. The x and y coordinates and the estimated temperatures at the three depths for both the original
boreholes and the grid-points, were then used as input to a specialized contour drawing software in order to
draw the geothermal maps.

It is believed that the proposed method of explicitly involving the lithology class, elevation, ambient
temperatures and rainfall in drawing geothermal maps realistically produced valid maps of temperatures at
the three depths. These maps will be a helpful tool for engineers wanting to apply geothermal heat in
Cyprus.

Mapadotéa

Avagépovtal emypappaTika Ta Mapadotéa Tou Tpoékuwav péoa amoé T ouykekpiuévn Aéaun Epyaaiag.

D14 Iso-geothermal graph and map of Cyprus

To "Evtomo avto ypnoipomoreitan yio tnv meprypogt] Tov vréorowov Asopav Epyaciog ko
v ka0e Aéopn Epyociog Egyoprotd (AE3-AE12).
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A.4. «TNINAKAZ AEZMQN EPIrAZIAZ»

Kataypdg@ovrail o1 AE, o pipvag évapéng kai UAOTTOIiNCNG Kal To TTOPAdOTEN TTOU TIPOEKUYPAV ATTO TO
‘Epyo.

Ap10uog TitAog Aéopung Epyaciag ‘Evapén | OAokAn- | Mapadotéa
Aéoung (unvag) | pwon
Epyaociag (Hjvag)

D1: First bi-
annual
progress
report

D2: Interim
Report

. D3:Second bi-
WP1 Project Management M1 M26
annual
progress
report

D4: Final
Report

D5: Meeting
Minutes
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KYTIPIAKH AHMOKPATIA o iBéeg pog, mpdEn kol avdmuln

EYPQITATKH ENQZH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

WP2

Dissemination

M1

M26

D6
Dissemination
Plan
D7:Information
leaflets

D8:Papers
presented in
international
conference

Do9:
Participation in
international
conference-
Report

D10:
Information
Day - Report

WP3 - : : .
Drilling sampling, logging and equipment

installation

M3

M12

D11 Report on
drilling and
sampling

WP4
Thermal ground data acquisition

M10

M23

D12 Report on
thermal and

geological data

WP5
Isothermal mapping

M21

M26

D13 Isothermal
graphs and
data

WP6
Development of geothermal graphs for
Cyprus using Artificial Neural Networks

M21

M26

D14 Iso-
geothermal
graph and map
of Cyprus
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H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

MEPOZ T

NMAPAPTHMA I'1

EmmouvdrmTovral Ta TapadoTéa TOU €pYyoU TTOU JTTOoPOoUV va 60000V a€ EVTUTIN Jop®N.

Final Report

Financial Report

First bi-annual Progress Report

Interim Report

Second bi-annual Progress Report

Meeting Minutes

Dissemination Plan

Information Leaflet

Papers presented in international conference (7 No)
10. Participation in international conference-Report (2 No)
11. Information Day — Report

12. Report on drilling and sampling

13. Report on thermal and geological data

14. Iso-thermal graphs and Data

15. Iso-geothermal graph and map of Cyprus
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KYTIPTAKH AHMOKPATIA o iBéec pog, npdEn kar avdmuln EYPQITAIKH ENQXH

H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANAINITYEHZ THX EE

NMAPAPTHMA 2

Emmouvdrmtovial OTTolE0dNTIOTE ETTITTAEOV TTANPOQOPIEG AVAPOPIKA PE TO EPEUVNTIKO £PYO, Ol OTTOIEG
BewpouvTal aTTapaiTNTES.
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H AEXMH 2008 XYTXPHMATOAOTEITAI AIIO THN KYITPIAKH AHMOKPATIA
KAI TO EYPQIIAIKO TAMEIO MEPI®EPEIAKHEZ ANANITYEHZ THX EE

ZXOAIA INE

Mévo yia xprion amwé 1o IME. MapakaAw Un CUUTTANPWVETE.

Apuoédiog Asitoupyodg ITE Hpep/via
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