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IpoTog Xpovog Asttovpylag Tov I'emevarlhaktn
IvAiatac. Evepyeraxn ASorloynon

NIKOAAOX KYPIAKHX
Avaminpotig Kadnyntig A.I1.O.

Iepiinyn

Topovoidetor N ETHOLO KATAVOUN TV EVEPYELAKDY OVAYKDV KAL-
unatiouov (Oépuavan / wicn) tov Néov Anquopyeiov ITviaiog Oco-
oalovikng. Tia v ikavomoinon 1ovg Eyel emAEYEl TOTTRUA OVTAIHOV
Oepudtnrog vepod - vepod, mov vrootnpileTar amd yewevorLaKTH,
oVVOAIKOD pnKkovg VIoYELwY cwinvacewy 3500m. H Jeitovpyia tov
OVOTHUOTOS ToPakolovbeital ue kKoTaypagn twv mAéov kpioyiwv
oedopsvawv avd 10min. Iopovoidletar 1 evepysioky KoTovVaiwon
70V KTIPIOV KOTA TO TPMOTO £T0G ASITOVPYIOS TOV GUOTHUATOS KOl
OVYKPIVETOL UE TV aVTIOTOL() TWV GOUPATIKOV EYKATO.OTAGEDV
Ocpuovong ue Aéfnta metpeloiov ko widng ue avilies Ospuotnrog
0Ep0S - 0épog. Ao T amoteléouato. TG oOYKPLONS TPOKVTTEL GHUO-
VIIKI] UELWOT] THS EVEPYEIOS TTOD KATOVALMDVETOL VIO, TOV KAWOTIOUO
TOV KTIPIOV G ATOTEAEGUA THG COUUETOXNS TOV VEWEVOALAKTY.

1. EIZXATQT'H

O ovvtereotng oyvog (COP) tov aviaov Bepuotn-
tag egaptdtor Evrova omd T Beppokpacio amd TNV omoia
avtieiton (Aettovpyia Béppavong) 1 oy omoia anoppinte-
tat (Aertovpyio Yo&ng) Beppotnta, OTmMG EVOEIKTIKG Paive-
tat otV Ewova 1 yuo aviiio aépog — vepoo [1].

H ypnon oviAdv Beppottog Kotd GUVETELD Yo Tn
BépLovon KTIPLOKOV €YKOTACTACEDY GE TEPLOGOVE YOLT-
AOV Beppokpoacidv mEPIPAAAOVTOS LEIOVEKTEL EVEPYELOKA
Kot otkovopkd. E&icov M kot mePIOcOTEPO HELOVEKTIKT|
kafiotatal 1 xpNor Tovg Yo Yoén oe TePLOdoVs avENIEVIG
Beppoxpociog meptBAAAOVTOG.

5.0

ZYNTEAEZTHZ IZXYOZ - COP

-5 0 5 10 15 20 25 30 35 40 45
OEPMOKPAZIA AEPA [°C]

Ewxova 1: Metofoln tov ovvieleotn ioydog aviliag Ospuotnrog aé-
POS — vepoD ae ovvaptnon ue ) Oepuorpacio oépo.

Figure 1: Effect of air temperature on the coefficient of performance
of an air-to-water heat pump.

AITIOXTOAOX MIXOIIOYAOX
Mnyavorodyog Mryovikog A.11.O.

KQNXTANTINOX [TATTAX
Opotipog Kadnyntg A.1L.O.

Onwg gaivetor kot otnv Ewova 1, evepyetaxd kon owko-
vopkd Bértiotn Aertovpyio g aviAiiog Bepudmroag, t6c0
v Béppaven 660 kat yio Wogn, eppaviletar oty TepLoy
v 20°C.

Amd petpfoeig [2] mpokidmtel 611 6T0 £50.p0G, Kot € faBog
peyordtepo tov S5 — 10 m, 1 Oeppokpacio Tapapéver TPOKTL-
K@ oTabepn), aveEapTnTn 0o AVTHY TOL TEPPAALOVTOG, OTTWG
eaivetar kot otnv Ewova 2. H mopoatmpodpevn otabepdtnta
opeileton oTN OEpULOYOPNTIKOTNTA TOV E5APOVG, TOV KOTO-
oféver TG dlokvpavoels Beprokpaciog Tov TEPIBAAAOVTOG
KOl G€ KOpio TEPITT®OT dEV VTOSNADVEL TNV VAPEY YE®-
Beppiucov mediov. AAwote 1 Beprokpacio iwoppomiog eivol
TOPATANGLO. TG LEOG ETNCLOG TNG TTEPLOYNS [3].
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Ewova 2: H emoyiokn daxduaven e Oepuokpacioc eddpovg oe
pabocg 1 ko 15 m oty meproyn AOnvav/2].

Figure 2: Seasonal ground temperature variation at 1 and 15 m
depth, Athens area [2].

Me katdAAAEG SIAPOPPDOCELS KO KATACTKEVES (YEMEVOA-
Adkteg) etvan duvartn 1 a&lomoinon g Oeproy®PNTIKOTNTOG
oV €daPovg Yo TN Béppavon 1 Yoén pedaTog vEPoU, TO
01010 0TN GLVEYELD LTTOPEL Va. p1oLpoTon el 6To TP®TEVOV
KOKA@UA avTAiog BeppuoTnTag vepoh — vepov, To HELTEPEVOV
KOKA®UA TG 0Tol0G LITopEl va TPOPOSOTEL TNV £YKATACTAOT
KMpoTiopob Ktipiov.

Me ) ypfon EMOUEVOG YEMEVAALAKTY €ivor dvvath 1
Aertovpyio TG avtiiog BepproTNTAG CLUVEXDG OTNV TEPLOYN
TOV BEATIOTOV GLVTEAEGTN 1OYVOG, ave&dptnta amd T Oep-
pokpoaoio tov meptPaiiovioc. BePaimg, n ocuveyng avtinon
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(mepiodog BEppavong) N andpprym (Tepiodog Youéng) Beppio-
TNTOG OTO £00(P0G EYEL MG OMOTELEGLLO TEAKG T LETAPOAN
g Beppokpaciog tov, 1 omoio. OP®G dlatnpeital o€ pia
GULYKPITIKA GTEVT] TEPLOYT, OGS Bol aveL Kot 0T GUVEYKELD,
AOY® d1dyvong.

H dwopdpomon tov yemevodddktn pmopei va givar gite
opilovtia (Ewodva 3) eite katakopoen (Euwova 4) [4, 5]. Ot
oplLOVTIEC OLOUOPPDOELG £XOVV WKPOTEPO KOGTOG KOTO-
oKkevng, enedn to Pabog TomoBEToNG TOL EVaALAKTY gival
OYETIKG KPS KOl OEV amoLteital 1 ¥pNnon YE@TPOTAVOV.
E&otiog opmg tov pikpov Pdbovg eivor Kot meptocdTEPO
evaicOnteg otig petaforéc g Beprokpaciog Tov mEPPAL-
AOVTOG. ZTIG KOTOUKOPLPEG KATAGKEVEG TO PELOVEKTNLLOL OVTO
dev voioTatat Kot YU’ auTd TPOTILAVTUL, TOPE TO AVENUEVO
GLYKPITIKA KOGTOC KATAGKELNG.

Eixova 3: Opilovriog yewevorlortng
Figure 3:Horizontal ground heat exchanger:

AvTAia OegppoTnTag

KateuBuvan porig f :

W

Eixova 4: Karaxopopog yeweval AGKTHG.
Figure 4:Vertical ground heat exchanger.

311 GUVEKELD TOV KEWEVOL TAPOVOLALETAL GUVOTTIKA TO
ovoTNHO KAMpoTIopov Tov Néov Anpapyeiov TTuvdaiog Oeo-
oaAoViKNG, 0T0 01010 £xet VIoBETNOEL 1) AVOT TOL KATOKOPL-
POV YEMEVOALAKTN G CUVOVAGHO HE GLYKPOTNLO AVTADV

BeppoTnTag vEPOL — vePOD, Kot divovtal anoteAéoata ond
™V evepyelakn a&loAdynon g OANG €yKaTAoTAONG KOTA
TOV TTPAOTO YPOVO AELTOVPYiNG TNG.

2. IEPITPA®H THX EI'KATAXTAYXHX

To véo Anpopyeio TTviaiog eykavidodnke to Zentépfpn
tov 2003 Kot givar Eva SmAS TPLOPOPO KTIPLO KOTACKEVOL-
OUEVO CUUPMOVA LE TIG ATOLTHOELS TOL 1o)bovtog EAANviKoD
Kavovicpotd Ogpuopdévoons. H cuvolikn €ktacn tov KAL-
potilopevov yopwv givar 2500 m? (7500 m?), vrodwopeitan
oe 7 {dveg Bepprokpaciog Kot yio ToV KAMUATIGHO YPTCILo-
TOLEITAL CLYKPOTN IO AVTALDV OEPUOTNTOG VEPOL — VEPOD KO-
tackevng Climaveneta. Ztov [Tivaxa 1 mopotiBevtor avoiv-
TIKG Ol TOTTOL KO 1] OVTIGTOLYT OVOUAOTIKY 10Y0G OEpaveng
Kot WHENG TV avtAdv BepudTTog TOL GLYKPOTHLLOTOG.

Iivaxog 1: Tomor kou winbog aviiicv Ogpuotnros oro Néo An-
nopyeio  Iviaiog BOcooolovikns.  Koraokevoothg:
Climaveneta.

Table 1: Type and number of heat pumps at the New City Hall of

Pylaia Thessaloniki. Manufacturer: Climaveneta
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HRHN 0061 2 16.2 17.2
HRHN 0071 | 1 20.3 21.3
HRHN 0091 5 24.3 25.6
HRHN 0101 | 2 28.1 29.7
HRHN 0121 | 1 35.0 37.0
2YNOAO 11 265.4 280.1

To Tp@TELOV KOKAGUA TOV OVIAM®Y TPOPOdOTEITAL LE
emekepyoouévo (amooKkANpuUéVo) vepd, HECH GLAAEKTY,
OO TO YEMEVAALAKTY.

To devtepebov kOKAOUO TV aviudv Oepuomrog
TPOPOSOTEl PEC® GLAAEKTOV TOMIKOVG EVOAAAKTES 0.£POG
—vepoo (fan coils) eykoTeoTNEVOVE GTOVG TPOG KALOTIGUO
YDOPOVS TOV KTIpiov.

O yewevolhaktng Sapopemdvetol pe 21 ToeAég yew-
Tpnoelg og Kavvafo 4.5 x 4.5 m, 010 Y®PO GTAOUELONG
TOL KTIpiov, em@avelog nepinov 450 m? H didpetpog kabe
yedTpnong eivor 160 mm, to d¢ Pdbog 80 m. Méca otig
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Ye@Tpfoelg TomobethOnke oywyds molvatbvieviov péong
nmokvomtog (PE-MD) dwapétpov 40 mm oyfiuatog U kot
OTN GLVEXELD £YLVE €YXLOT TOLEVTOKOVIANOTOG (95% Tot-
pévto — 5% pmetovitng), mpokeévou va e&acpalcdel
Beppukn ayoypotTo Hetald cOAMVOV Kot TepAAiovtog
€0apovg, eEacporilovtag Tovtdypova TNV TPOSTAGIO. TOL
TAGTIKOD aywyoV. O GUVOMKOG OYKOG adpavdV (YOUATOG)
TOV TTPIGLLOTOG TOV YEMEVAALAKTY givar TG TaENG TV 36000
m? (nala adpavmv mepizov 70000 tn), To 8 GLVOAKO PUNKOG
coAnvooemv epimov 3500 m.

H rvrchogopia Tov vepov otig yemtpnoels e&acparileton
pe avtiia — kokhopopnty, katackevng WILO, péow cui-
AEKTOV.

H 1oy0¢ oyediacpon g eykatdotaons, OTme TPOKLATEL
kot omd tov [Mivaka 1, eivor 265 kon 280 kW, yuo 6€ppavon
Kot WYoén avtiotoryo.

3. TO XYXTHMA KATAT'PA®HX

TN v maparxoiovdnon g Aettovpyiag, 1 EYKOTAGTION
e&omhicOnke, LETA TNV KATOGKELN TNG, L€ GVOTNLLO GUVEYOVG
kataypaeng dedopévav (data logger) amotelovpevo omod:

* @gpuopetpa avrtiotaong Pt-100 tomov ey, KATOGKELNG
UTECO. T'a t Pertioon g akpifelag tov petpioemv
eMAEYONKE 0 TOTOG BEPLOUETPOV AVTIOTAONG TECCAPOV
ayoyov. Ta Bepuopetpa avtd sival tonobempéva eéw-
TEPIKA GTOVG OYy®YOVG TPOGUYWYNG KOl EMGTPOPNS TOV
YEMEVOAAAKTT), LETA TOVG OVTIOTOLYOVG GLUAAEKTEG, OTNV
€l6000 Kat v ££000 TG avTAing KUKAOPOPING, OTO YDOPO
TOV UNYOVOGTAGIOV TOL KTipiov.

* O¢puopetpo avrtictaong Pt-100 tpiodv ayoydv KotaokeL g
UTECO, katdAinio yio torobétnomn oto vmaubpo, yo
pétpnon g Beppokpaciog tov TepPdirovtog. To Oeppo-
HeTPo ovtd TomoBeTHONKE O POPELOSVTIKT TAELPA TOL
KTpiov, oe Béomn oyeTKd TPoPLAYLEVT amd TNV NALOKN
axtivoBolia.

o Yootpo Kataypapng SESOUEVEOV KOl TPOPOSOGING TMV
Oeppoctoryeiov (data logger), kotaokevng Campbell
Scientific, tomog CR-10.

TNo v €£00QAMoT IKOVOTOMTIKNG 0uTOVOpiag ot Ot-
aragn, kot pe SeSOUEVO TO GYETIKA 0pyd pLOUO pPETABOANG
TOV HETPOVUEVOV LEYEDDV, O TPOYPAUUATIOUOC TOV GUOTH-
HaToG Kotoypopng TpoPAETEL TV amobnkevon piag Gepdg
dedopévov ava 10 min (Beppokpacieg vepod oty gicodo
Kot TV €£060 TOL YeE®EVOALAKTN, Beppokpacio TeptPdiro-
VTOG KoL QUGLKE UEPOUN VIO KOl PO KOTOYPOUPTG).

H mapoyn vepol oto yemevoALaKTn PETPONKE emavel-
Mmupévo pe eEMTEPIKO POOUETPO VIEPNYDV, KOUTOOKELNG
Panametrics, tomog PT878. Aev yivetar kotaypoaen Tng
Tapoyng emedn Somotddnke 0T mapapével otabepn oV
T 50.4 m*/h, 6nwg GA®GTE NTAY AVOUEVOUEVO, POV ETTL-
BaAreton amd T Asttovpyia Tng avtiiog KukAo@opiog, Kot
pundeviCetor poévo OTOV GTOUOTNOEL 1) AELTOLPYiD OOV TOV
avtMav Beppotnrag

2mv Ewova 5 paiveton n kotoypagn piog TOmKnG yeLe-
pwng nuépag (mepiodog Béppavong). Katd t didpketa g
vOyTag 1 €yKoTAoTOoT gival €KTOC Agttovpyiog, Kot 1 Oep-
HOKPOGi0 TOV KATAypAgeTal 6TV €16000 Kot TNV ££0060 TOL
EVOAAGKTN Elvol TPOKTIKA {01 e TN BEpoKpacio ToV YDdPOL
TOV pnyavootaciov, otnyv meproyn twv 16°C.
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Exova 5: Tomikn kotaypagn Aeitovpyiog yewevallaxty otny mepio-
oo Oépuavong (28-02-2003).
Figure 5: ypical recording of the ground heat exchanger operation
for heating (28-02-2003).

115 07:00 tiBevton o Aettovpyia ot avtiieg Beppotnrag
Ko ETOPEVAG opyilet Kot 1 kKukAopopia Tov vEPOD GTO YEM-
evalAidktn. To eninedo BeproKpAGIOV YOUNADVEL GTASIOKA,
elvar epeavig opmg n avénon Beppokpaciog Tov PevoToD
ot0 yemevorraktn. To Bepuicd eoptio tov KTipiov, Ady®
Kupiog g advEnong g Beprokpaciog Tov mePBAAAOVTOG
0ALG TOAVAOG KL TOL MALOKOD KEPSOLS, LEIDMVETAL TPOG TO
HECMUEPL, LE OMOTELECHO VO KATOYPAPETAL EAAPPE AVOSOG
o0V Beppokpaciokod emmédov Aettovpyiag. H Aertovpyia
TV ovTM®dv Beppotnrag dwukonteton otig 14:30, kot and
TN OTYUN OLTH Kot METd ol Beppokpacieg Tov pevoeTod
OTOOKG OVEPYOVTOL, Y10 VO, IGOPPOTHGOLY, HeTd Tig 18:00,
ot Oepuokpacio Tov punyavootaciov. IMapatmpeiton OTt,
petd tn dtokomn TG Asttovpyiag, 0 XPOVOG TOL TOLTEITOL
péypig 6tov n Beppokpocioc Tov pevoTod cTobepomomOel
glvat onpovTikog, g 1aéng Tav 3.5 opadv. Todto tpénet va
amodobel ot VoY KVKAOEOPia TOL dNoVPYEITAL GTOVG
KOTAKOPLOOVS 0Y®YOVG TOV YEMEVOAAAKTT), AOY® S10(popdg
Beppoxpaciog Heta&d EVOAAAKTY KOl UNXOVOSTAGIOV.

Xmv Ewdva 6 eaiveron avtiotoryo n katoypoer piog
Tomkng Bepvig nuépag (mepiodog woéng). Ot Beppokpacieg
&yovv mAéov avaotpopel, dNAad To pevotd YHYETAL GTO
YEOEVOAAAKTT), KO TO ENIMEDO TOVG EIVOL CTLLOVTIKE VYNAO-
Tep0. Atakpivovtot kot Taht ta onpeia Evapéng (07:00) kot
drakonng (13:00) Aettovpyiog Tng eyKaTAOTAOTG.

‘Exoov 101 ocvuminpwbel xataypagés Sudpkelog 12
pnvev (Aeképppng 2002 émg kot NoguBpng 2003), and Tig
omoieg kaBioTaTal SLVOTN 1| GLVOYOYT TOV TPMDTOV GUUTE-
PUCUATOV 07O TN AELITOVPYiCt TOV GUGTHILOTOC, TOV TOPOVGL-
alovtot otV ENOLEVN TOPAYPUPO.
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Eixova 6: Tomixn kotaypogi AE1tovpyiog yewevallaxty otny mepio-
oo woéne (16-07-2003).
Figure 6: Typical recording of the ground heat exchanger operation
for cooling (16-07-2003).

4. AIIOTEAEXMATA IIPQTOY ETOYX

O 1pocdlopIo OGS TG EVEPYELNG TOV GUVAALACGETOL LE-
Ta&0 vepou Kl 6GPOVS GTO YEWEVOAAAKTN GTO SLAGTNLO
TOV deKGAENTOV UTmopEl v TPocdloptobel amd ta dedopéva
TOV LETPNCE®V LLE TN GYEGN

10

Q= ril'c’(gout _gin)'% [kWh]]

4.1)

OToL

m 1 7ropoyn g aviAiog tpopodooiog [kg/s]

c 1 e Beppoyopntikdmra Tov vepoo [kl/kgK]

ot N Oeppoxpacic e£ddov tOL VEPOL amd TO
yvewevaridkn [°Cl, ko

in M
yvewevaridkn [°C]

Oeppoxkpacio.  €6600L  TOL  VEPOL  GTO

Ao TV KOUTOAN TOV GUVTIEAEGTH 1OYVOG TOV OVTIADV
BepUOTNTAG TNG EYKATACTAOTG MG GLVAPTNOT| TG Beppokpa-
oG TOV TPMTEVOVTOG PEVLLOTOG, OTTMOG AVTY SIVETAL OO TOV
KOTOOKEVOOTI TOVG, KOl T «OTUYUL0i0» (SEKAAETTOV) TIUN
evépyelag g e&iocwong (4.1) givar SuvoTdg 0 TPOGIIOPIGHOG
TG0 TG EVEPYELNG TOV TOPEYXETOL GTO KTIPLO OGO KOl TNG
NAEKTPIKNG EVEPYELOG TOL KOTOVAADVEL 1) EYKATACTACN Y0
10 okomd avto. [Ipopavdg Kotd Ty Tepiodo BEppavong ot
TIWEG TTOV TTPOKLATOVY 0o TNV e&icwon (4.1) eivon BeTkéc,
eV Yo TNV Ttepiodo yoéng apvnrtikés. H oopPaocn avt yuo
10 poonuo PePaimg dev 1oYVEL YioL TNV KOTOVOAGKOUEVT
NAEKTPIKN EVEPYELQ, 1 OToio eival ThvtoTe BETIKN.

2mv Ewdva 7 paivetor  pnvioio kotavopn g evépyet-
0,G TOV GLVAALACGETOL GTO YEMEVAALIKTY].
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Exova 7: Myviaio kazovoun oovallaooouevng ato yewevaliaxtn
evépyeiog ato digotnuo 12-2002 éwg kor 11-2003.

Figure 7: Monthly distribution of energy exchange in the ground
heat exchanger for the period 12-2002 to 11-2003.

Hopomnpeitor 6TL Kotd tovg pnveg Tevapm, Ampiin,
Oxktofpn kot NoéuPpn vrdpyovv td6c0 OeTikéc 0G0 Kot
apVNTIKES TEG, YEYOVOGS OV OTUaivEL OTL KOTA TOLG UNVES
OVTOVG TO GUOTIHO. AELTOVPYNCE KOl ®G OEPLOVTIKT ALY
KOl 0OC YUKTIKY| €YKOTACTOOT, TOPd TO YEYOVOS OTL Ol HEGEG
unviaieg Beppokpacieg nrav pkpotepeg and 18°C. H oyett-
K@ YounAn péom Beppokpacio Tov TEPPAALOVTOG TPOPAVAG
dev amayopebel 6TOVG BEPUOGTATEG YDPOV, TOV EAEYYOLV
™ Aetrtovpyia T@V avtMdv Beppotntog, va entpdiiovy v
Yo&n Tov yOPOL Yo KATO0 SLAGTNA TG NUEPAS, TO OTOI0
BéPara eivan GLYKPLTIKG TOAD PUKPO.

2mv Ewdva 8 paiveron to unviaio gpoptio tov ktipiov, n
péomn pnviaio Beprokpacio OTMG KOTOYPAPTKE KoL 1) TUTIKT
T owthg [6]. O TPoodlopIGHOG TOL POPTIOV Eytve amd TIG
TIHEG evépyetag TG elomong (4.1), pe Paon kot 1o cuvtere-
oTN WoYVOG TOV OVTA®V BepUOTNTAG TOL TPOKVTTEL OO TO,
d€d0EVO TOV KOTOOKELOOTY TOVG Yo T péot Beppoxpacio
OEKHUAETTOL TOL TPWTELOVTOG
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Eixova 8: Mnviaio Ogpuixo poptio kupiov koi uéon unviaio Ogpuo-
xpaoio aro digotnue 12-2002 éwg kor 11-2003.
Figure 8:Monthly thermal load of the building and monthly average
ambient temperature for the period 12-2002 to 11-2003.

Onwg eaivetar kot oty Ewova 8, o1 Beppokpocieg g
TePLOS0L BEPLOVOTG NTOV NTLOTEPEG OO TG TUTKG OVOLLE-
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voueveg, pe eéaipeon toug pnveg @efpovdpro kot Mdaptn,
YEYOVOG TTOL giye G AMOTELESLLO TO AVTiGTOLYO BEPpLKd Pop-
tio va givot LIKpOTEPO TOL AVOUEVOUEVOD KO GTLOVTIKE Ut~
KPOTEPO TOL POPTIOV GYESIAGHOD, TOV e PACT TIC OYETIKEG
odnyieg vroAoyileton Yo eldyiotn e&mtepikn Beppoxpacio
-5°C. Avtifeta, o€ OAN TV TTEPL0d0 WOENG, O1 HECES UNViaieg
BeplLokpacieg TOV KOTAYPAPNKOV NTOV SNUAVTIKG 0ENHE-
VEG GE GUYKPLON LE TIG TUTIKES TNG TEPLOYNG.

Onwg 1o avaeépbnke, e 0e60UEVO TO EVEPYELOKO POp-
{0 TOV KTIPpiov (BEPIKO N YUKTIKO) KOL TO GUVTEAEGTI 1GYV-
0G NG eyKatdotaong ywo T péon Bepuokpacio Tov vepon
OTO TPMTEVOV KUKAMLLO, ivat Suvatdg 0 TPOGIOPIGUOG TG
KOTOVIAMONG NAEKTPIKNG EVEPYELNG TNG EYKATAGTACNG.

I Adyovg obykpiong vrohoyicOnke 1 katavaimon nie-
KTPIKNG EVEPYELOG KOL V1oL TNV TEPIMTMGT OTOL AVTi TOV GL-
OTNHATOG VIOV VEPOD — veEPOD Kat Yemevaildktn (W/W)
elye v100eBel 1 KAOGG KN AVOT| TOV VIOV AEPOG — VEPOD
(A/W). Zmnv mepinton auT 0 GUVIEAECTNG 10YVOG TPOGOL-
opicOnke popavmg yo tn Beppokpacio tepPAAALOVTOG TOV
KGOe dexdientov.

Télog, Yo TNV TANPOTNTA TNG GVYKPLONG TPOGdlopictn-
KE 1] EVEPYELOKN KATAVAAMGT KOl Yl0L TV TEPIMTMGT OOV TO
pev ovota B€ppavong tav obyypovog AEPnTog TeTperai-
ov pe Babpod amddoong 90% (kavowo diesel - DIE), yio 6¢
™V YO&n ¥PNOLOTOLOVVTAY Ol KAUGGIKEG OVTALEG BeppoTn-
TG aépog — aépog Tomov split (A/A). Ta amoteAécpaTo TOL
vroAoyiopov divovtot otovg [Mivakeg 2 kot 3, yio 6€ppovon
Kot Wyo&n, avtiotorya. H petatpomn g niextpikng evépyet-
ag og Beppikn €yve pNOUOTOLOVTOG 0AKO Pabid amddo-
ong 33% Yo To VOGN O TOPAYOYTG KOL LETAPOPAC.

Ao T0. CLYKEVIPOTIKA omoteAéopate Tov Ilivaka 2
glvar copég 0T, pe Kobapd evepyslakd KpLTipla, 1 ETAoyn
TOL KAOGGIKOD cvuotiuatog AEPnta eivar n dvcpevéotepn
nepintoon, Kobmdg 1 KoTtaviAmon Tpw@Toyevovg (Bepui-
KNG) evépyelag eivor kotd 73.5% meplocoTEPT AVTHG TOL
CLGTNUOTOG LE TO YEMEVOAAAKTN. Avénuévn kotd 23.5%
glval OU®G KoL 1 KATOVAAMGY EVEPYELNS TOV GLOTILOTOG
avtMav Bepudmrog aépa — vepov. Ta amoteléopoto avtd
Bo fTay 0KOpUN EVVOTKOTEPQ Y10 TO GUGTNLO LLE TO YEWEVOA-
AGKT), GV O YEWDVOG NTOV AYOTEPO MTLOC, OEGOUEVOL OTL
70 BepUOKPAGLOKO EMITESO TOV EGAPOVS, KOl ETOUEVMG KOL O
GULVTEAECTNG LOYVOG TOV OVTAMY VEPOL — VEPOL, Ba emnpe-
alotav LGy IoTa, EVO Ol EMTTOCELS TOGO GTO KAUOGIKO GU-
OTNUO TETPEAAIOV OGO KOl GTO GUGTNLLO TMV OVTAIDV 0£POG
— vepoL Bo TaY GMUAVTIKE PEYOAVTEPES,.

Ao 10 OLYKEVIPOTIKG omotelécpoto Tov Ilivaka 3
TPOKVATEL OTL TO COGTNUA UE TO YEMEVOAAAKTN Yot TNV
Yoén eivorl evepyEloKd OIKOVOUIKOTEPO TOGO TOV GLGTNLLO-
TOG AVTMAV 0€P0g — vePOD OGO KOl TOV GUGTHLOTOG 0.EPOG
— aépog, katd 17.6 kot 45.5% avtictorya.

Y10 omnueio avtd Kpiveral oKOTYO vo Tovichel 0Tt Ta
TOPATOVO OTOTEAEGHLOTO OVOPEPOVTOL GTO TPATO £TOG AEL-
Tovpyiag g eykatdotoons. Ta anoteléopata yio 1o devTe-
po £10G avapévetar va givatl axOun ELVOIKOTEPO Y10l TO YEW-
EVOAAGKTN, dedOpEVOL OTL 1 Beppokpacio TOv £6GPOVG GTO

Eexivnuo g véag meptodov BEppavong Ba givar vynidtepn
NG TPOTNYOVLEVTG, AOY® TNG POPTIONG TOL £3GPOVG OO TO
YEOEVOAAAKTY KOTO TNV TtePiodo yoéng tov ktpiov. Katd
™ Agwrovpyio. TG OEpHovong EMOUEVOG, Ol GUVTEAECTEG
oYvog TOV avTMAV BeppotnTog Katd T dgvtepn MEPiIodO
avapévetot vo etvorl akdpa vynAdtepot. Ady® Tov TPOTOL
AglTOLPYiOG TOV GLOTNHATOC, 1| Beplokpacio dAPOVE GTO
TELOG aVTNG TNG OeVTEPTG TEPLOSOL BEPOVOTG OEV avapLéve-
TOL VO S1OPOPOTOIEITAL CTLLOVTIKG O GYECT LE TNV TPDTN,
KOTO GUVETELD OEV AVOUEVETOL GTILOVTIKY ETIOPOCT] GTOVG
OLVTEAEOTEG 1oY00G TNG OevTEPTG TTEPLOdOL YiEng. Emopé-
VOC, TO GUGTILOL OVOLLEVETOL VO, .GOPPOTGEL.

o tov VTOAOYIGHO TOV NAEKTPIKOV KOTOAVOADGEWYV,
Om®G NON avapEpOnKe, ¥pNCILOTOONKE LOVO TO EVEPYELOL-
KO OPTIO TOL KTIPIOL Kol 0 GUVTEAEGTNG LOYVOG TOV AVTADV
Beppotnrag. Aev AMMednkav dnradn v’ Oyv 1 amattovpevn
EVEPYELD Y10 TNV KIVNOT TG 0VTALOG KUKAOQOPING TOV VEPOD
OTO YEMEVOALAKTI, 1) 1OYVG OMOTAYWONG TOV eEDOTEPIKOV
HOVAd®V OTIG 0vTAieg OeprOTNTOC AEPOG — VEPOD KOl 0EPOG
— 0€pOg OTMG EMIONG KL 1] AOENCT KATAVIA®ONG TOV TEAED-
ToimV AOY® TOV GUYVOV EKKIVIoE®Y. OsmpnOnke onAad”
OTL 01 TPOGOETEG VTEG KATAVOADGELG TOV GLOTIUAT®V Eivat
g 010G Téénc peyébove. Emiong yia tig cvykpicelg dev -
QONKAV VT’ OYIV 01 EVEPYELOKEG KATAVOANDGELS TOV KUKAO-
QOPNTOV TOV ECOTEPIKADY KUKAD@UATOV TOV KTIPIOL KOl TV
avepot)pov Tov fan coils, enedn eivar kowvoi yio 6da ta
CLGTNHOTO, EKTOG AVTOV TV AVTMAY aépa — aépa. To amo-
TELEGLLO TNG GUYKPLIONG Y10 TNV WYUKTIKT| TEPI0S0 EMOUEVOG
adikel Ehoppd To choTNUO aépa — 0épa, 1 SLOPOPOTOiNon
OLmg Bempeitan apeAntéa.

ITivoxag 2:Evepyelaxy katovalwon cootnuatwy Opuovong.
Table 2: Energy consumption of heating systems.

MHNAZL | *YITHMA OEPMANIHE
W/W | A/W | DIE

[(kWhy] | [kWhy] | [kWhy]

12-02 1192 1548 | 2355
01-03 2001 | 2452 | 3567
02-03 6383 | 7750 | 9940
03-03 2287 | 2691 3843
04-03 1179 1439 | 2098
05-03 0 0 0
06-03 0 0 0
07-03 0 0 0
08-03 0 0 0
09-03 0 0 0
10-03 817 1070 1640
11-03 690 913 1418
LYNOAO | 15803 | 19520 | 27422
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ITivoxag 3:Evepyeloxi katavalwon ovotiuatwy wolng.
Table 2: Energy consumption of cooling systems.

MHNAX XYXTHMA YYEHX
W/W A/W A/A

[kWhy] | [kWhy] | [kWhe]

12-02 3 4 5
01-03 69 91 124
02-03 0 0 0
03-03 0 0 0
04-03 67 101 133
05-03 3221 4707 5941
06-03 12522 15953 19357
07-03 17591 19184 | 23508
08-03 14800 | 16603 | 20257
09-03 15178 17998 | 22974
10-03 9 11 15
11-03 63 78 105
YXYNOAO | 63555 | 74771 | 92474

5. XYMIIEPAXMATA

Amd T GUYKPLION TOV GLOTHUOATOC AVTAMMV BepUoOTNTOG
vEPOL — VEPOD L€ VITOGTNPIEN YEMEVUALAKTN LE TO KAOO-
owKoTEPA GLOTHHOTO BEppavong avidy Beppuotrag aépa
— vepoL ap’ evOg Kot GUUPATIKOD KEVTIPIKOD AEPNTO ap’ ETE-
POV TPOEKLYE OTL TO CUCTNUO LE TOV YEMEVOAAAKTY &ivol
gvepyelokd otkovopkdtepo katd 24 ko 74%, avtiotorya.

To omoteAéopOTO OLTA AVOPEPOVTIOL GTO TPMTO ETOC
AELTOVPYIOG TOL GLOTNLOTOC, KO OVAIEVETAL VO, fEATIOB0DV
070 0g0TEPO, AOY® TNG LYNAOTEPNG BEpoKpaTiag E0GPOVG
Katd v évapén g meptddov Béppavone. Metd ) debtepn
nepiodo Aettovpyiag o cvotnpo Bo ehdcel og KaTdoTaon
1Goppomiog.

Amd T obyKplon Tov 1610V GLGTAIATOG LE CLOTHHAT
yoéng pe avtiieg Beppuotmrag aépa — vepod Kot aépa — agpa
TPOEKLYE OTL €IVOL KoL TTOAL EVEPYELOK(E OKOVOUIKOTEPO,
ratd 18 ko 46%, avtictoryo.

Katd tn 6gdtepn kobdG Kol TIG EMOUEVEG TEPLOOOVG
AELTOVPYIOG OEV OVOUEVETOL CTLLOVTIKT SPOPOTOiNCT TOV
OTOTEAEGATOV AVTMV.
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Extended summary

Ground Heat Exchanger of Pylaia.
Energy Evaluation after the First Year of Operation

NIKOLAS KYRIAKIS
Associate Professor AUTh

Abstract

The distribution of energy demand over the year for air-conditioning
(heating and cooling) of the New City Hall of Pylaia Thessaloniki is
presented. A system of water-to-water heat pumps was selected to
cover this demand, supported by a ground heat exchanger of 3500
m in total underground piping. The operation of the system is being
monitored and the most critical data are recorded at a time interval
of 10 min. The energy consumption of the building during the first
year of operation of the system is presented and compared to that
of conventional heating and cooling systems (diesel fuel boiler,
air-to-water and air-to-air heat pumps). The comparison shows a
significant reduction of the air-conditioning energy demand, as a
result of the utilization of the ground heat exchanger.

1. INTRODUCTION

It is well known that the coefficient of performance
(COP) of heat pumps strongly depends on the temperature
from or at which heat is drawn or rejected (heating or cooling
operation, respectively). An example of this dependency is
shown in Figure 1 [1]. The most energy efficient use of heat
pumps is therefore achieved at a primary circuit temperature
of 20°C.

Measurements [2] show that, below a depth of 5-10
m, the ground temperature remains constant, practically
unaffected by the ambient variations, as shown in Figure
2, due to the soil thermal capacity. The balance temperature
at these depths roughly equals the yearly average of air
temperature in the area [3].

The ground heat exchanger allows for utilization of
the soil heat capacity for heating or cooling water, which
subsequently is used in the primary circuit of water-to-water
heat pump(s). The secondary circuit of these pumps is then
delivered to the air-conditioning installation of the building.

The ground heat exchanger can be horizontal (Figure
3) or vertical (Figure 4). The horizontal arrangement is
cheaper, but less efficient, since the shallow depth allows
for strong soil temperature variations, following those of the
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environment.

This paper presents the ground heat exchanger based
air-conditioning system of the New City Hall of Pylaia in
Thessaloniki and the first energy evaluation of the system,
after one year of operation.

2. DESCRIPTION OF THE INSTALLATION

The system is installed in a three-store office building,
insulated according to the Greek regulations. The total area
of the building is 2500 m? (total volume 7500 m?), divided
into 7 temperature zones. A system of 11 water-to-water
Climaveneta heat pumps, details listed in Table 1, is used for
air-conditioning. The overall size of the installation is based
on the “design load” of the building, calculated, according to
the regulations, for an ambient temperature of -5°C.

The ground heat exchanger delivers water to the primary
circuit of the heat pumps, while the secondary circuit
delivers water to fan-coils.

The ground heat exchanger consists of 21 drills in a 4.5
X 4.5 m matrix, covering an area of 450 m?. Each drill has a
diameter of 160 mm and is 80 m deep. A U-shaped PE-MD
pipe is installed in the drill, surrounded by concrete (95%
cement — 5% betonite) for improved heat conductivity with
the surrounding soil and protection. The total volume of soil
is 36000 m? (soil mass about 70000 tn), and the total pipe
length 3500 m.

3. THE MONITORING SYSTEM

The monitoring system consists of:

* Pt-100, 4-wire, film type thermometers, installed at the
inlet and outlet collectors of the ground heat exchanger,

* Pt-100, 3-wire, weather protected thermometer, installed
at the NW side of the building, fairly protected from the
direct sunlight.

* A CR-10 Campbell Scientific data logger, programmed to
store data at 10 min intervals.
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The capacity of the water pump of the system was
not recorded, since it operates on an “on-off” scheme and
repetitive measurements (using a PT878 Panametrics Ultra
Sonic system) proved it remains constant at 50.4 m*/h.

Figures 5 and 6 present typical recordings of heating
and cooling days of operation. The system operates usually
5 days a week, from 07:00 to 14:30, as can be seen in the
recordings.

4. FIRST YEAR ENERGY EVALUATION

Using equation (4.1), the energy exchanged between
water and soil (positive from soil to water) can be calculated
from the recordings at 10 min intervals.

The total monthly energy exchange is plotted in Figure 7.

Based on the “instantaneous” (10 min) COP of the heat
pumps, the building thermal load can be calculated from the
measurements. The monthly results are plotted in Figure 8§,
together with the average measured and expected ambient
temperature.

As can be seen in Figure 8, the recording period is
characterized by rather mild winter temperatures, obviously
resulting in lower thermal loads.

Based on the experimental data and the “instantaneous”
(10 min) COP, the electrical energy consumption of the
system can also be calculated. This energy is converted to
thermal, adopting an overall conversion efficiency of 33%.

The results are compared to the electrical energy
consumption of (a) a conventional air-to-water (A/W) heat
pump based air conditioning system and (b) a diesel boiler
for heating, with 90% overall efficiency, and air-to-air (A/A)
heat pumps for cooling. The comparison is given in Tables 2
(for heating) and 3 (for cooling).

It is clear that, for heating purposes, the thermal energy
consumption of the ground heat exchanger W/W heat pump
based system is lower by 73.5% and 23.5% than that of the
diesel boiler and A/W heat pump system, respectively. These
figures are expected to increase for the normally expected
ambient temperatures, which are lower than those recorded
during the monitoring period, since the operation of the heat
exchanger will not be affected, while the thermal energy
consumption of the boiler and the A/W heat pump based
systems will be further increased.

For cooling purposes, the thermal energy consumption of
the ground heat exchanger W/W heat pump based system is
lower by 17.6% and 45.5% than that of A/W and A/A heat
pump systems, respectively.

5. CONCLUSIONS

The thermal energy consumption of the W/W heat
pump based heating system supported by the ground heat
exchanger is lower by 24% compared to the A/W heat pump
system and by 74% compared to the conventional diesel
burning boiler.

For cooling purposes, the W/W heat pump system
assisted by the ground heat exchanger consumes 18 and
46% less thermal energy than the A/W and A/A heat pump
systems, respectively.

The above advantages of the ground heat exchanger
system are underestimated especially for the heating period,
since they are based on only one year of monitoring, and this
year featured milder than normal temperatures.

Nikolas Kyriakis,

Associate Professor AUTh, Process Equipment Design Laboratory, Mechanical Engineering Department, POB 487, 541 24

Thessaloniki, nkyr@auth.gr
Apostolos Michopoulos,

Mechanical Engineer, PhD. candidate, Process Equipment Design Laboratory, Mechanical Engineering Department, POB 487, 541

24 Thessaloniki

Konstantin Pattas,

Professor Emeritus AUTh, Laboratory of Applied Thermodynamics, Mechanical Engineering Department, POB 483, 541 24

Thessaloniki



