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H £x8oon avt napovoidtel ovvorrikd to anotehéoporta e peAsing” Teyvmf xae omkovopani pehéuy yia v enoxaidoracy
ayelixay Kupiwy pe pétpa eSomovdpmans evépyaras yia vy fediiwony v ovvlipxoy Dppasjc xar onnxic dveone”,

H peAdn exnoviifnre ota maiow tov €pyov SAVE pe apt8ud ovpforaiov 4.1031/93-76 pe v ovyypnpatodsmon
116 1706 I'A. Evépyeiag ¢ Enceporng g E.E. kot i T, Fpapnateiag Evépyetag tov Yiovpyeiov Avdmtug.

Lo peddon guvepydomkay:

® Ou Apyreékroves EAévyy AvBpeaddxr - Xpovakn, Tidvvng Kaddyépne, Mapyoapita KevotavaviSou, Népyog
Apapiandris ko Ndpyog TTanaddnovdos yua ) Siapdpepomon tov apyLiektovikdv AGoswmy,

® O ovvepydieg tov KATIE Eén T¢avardrn (Apyredkrovag MSe) kan Ipnydpng Owovopidng (Ap MoArmikde

Mryovikog) yue v evepyelarty av@Auon tov apyIteKtovikey AGoemy.

e O cuvepyding touv KAITE Kdotag Abtpag (Mnyavoldyos Mnyavikds MSe) yia 1) Stapdppworn tov Aboemv yia tig
NAEKTPOPI XOVOAOYIKES EYKATQOTHOEL, Yl Ty OLKOVORLKY avaAvon SAwv tov npotsivépevoy enepfaoemy xat yua
Tov RAGopopd evig mpoypapponos evepyelakijs Stoxelplong Kat ouveproljs Twv eyKeTaaTdoemy,

¢ H ovvepydubo wov KATIE Mapie Katoavosdn (Puowds DEA) yia tig petpjosic tov napapétpoy Beppuiis dveong

oe delypa oyodikdv xuipiov.

¢ 11 KoB. EAévn) AvBpeaddkn - Xpovdakn yu tn) pedéing 1ov guoitkots gotiopov.

YresBovyy tov €pyov fray 1 ko Eda ABavaodxon, Yrevthivy tov Topsa Hednukdy Hhwkdv ko Y Bpiduciv

Toornpedtov tov KATTE.

H avanopayeyr tov nepreyopévou g napovors §xdoong vndkerrm
oy €yrplon g Evponaixrig Emrponiis.

Ovte 1 Evponaiky] Emrpomi, odie GAo npdomno mov evepyel v
Aoyopraopd e

a) propel va npofaiver oe onowdijmote SjAnon 1 nopovoiaon piuj i
arpy], g Hpog TG nhnpogopieg nov avagépoveal oty napotoa fxdoor)

B) anodéxeran evbives wg 11pog tig {npigs nov toxdy Ba npoxdyooy
aud v Xprjon tov ev AGYm HApogopidv.

H poxéta tov g§o@idhov i) nhexipovikr] oehibonoinon kot 1 srrdiwon
gywve and tny KAMITYAH,

O andyerg nnov ekppalovicn oty napotoa ékdoon dev anrpyovy kot
avayx1] 11g andyeg g Enveponrie.
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s veoveyEIpdpeva Kiipw o1 gugp faogs agopoty:

@ KoardAnhy xepobéuoy kaunpooavatodopd e kuiplov, dote va efaspadierat o
rereddnog nhiaopds (v peywrnonoodvion ta nAakd képb 1o yapeve, v s§uopudf-
Cerat o prowds Peuuopds, ket vo edeyotoncodvio 1 Ak képdiy 1o kalokaipt

@ LyeBluopd tov avolypdiov yia uotkd pouopd ka Gepivo §aemopd

® Lyedlopd ko Ketaokeer] ovorpdiov guoikod gpotiopod ka ndonpostaoieg ot

avolypet

Rprjon KordAMAndey povaosey Ka aepooteyavey Kovpopdimy

Evompdioon nabinukady ke ooompdroy oy v Gy

Eykadotaoy aveproujpoy yio edeyvépevo s§aeptopd 10 yerpdvo

® @ @ 8

Eykedotoon avegonipoy opogiis yue adgnon wg Seppusiis dveong upy neplodo §po-
oot

7

® Opbif emdoy ke yprion we sgonbiopod ko oo edéyyou tov eyrataotdosny Kevipr
KIjg BEPRAVONG Kan Exyiiod poucpod.

Ouenepfaoeg mov Ogwpedvian o¢ npeitng npotepaduiiog yia Gha e kipie siven o egps

Baaeig piljong o guoikod punopod, yia tpy Bepiodo 1oL YEQPGYE 1) pefoon Tov wio-

ey and Gefodoon tov adpa ket o eleyydpevos ebaepopds, yiuuy neplobe Spooiapot

1) okfeon ke o guokds sbuepopds ke 1€ og, 1) anodoukl] Asttovpyla toy eyRataotdosey

Oéppavong Kot QeTopod,

In new buildings the interventions concera:

@ Appropriate building orientation and layoul for maximam solar guins during winter,
minimum solar gains during summer, and adequate daylighiing

& Window design for davlighting and summer ventilation

@ Design of systems for glare reduction and summer shading of openings

& Use ol appropriate insulation materials and sealing of window [rames

@ Incorporation of passive solas systems

e Instaliation of supply/exhaust fans

e Installation of ceiling fans for summer cooling

® Appropriate design and control of heating and lighting services.
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consumption it is not very effective, due to the

H Adon g eviidpeong Beppopdvocns avdpeoa oe Sio OELPES ToUPAWY, 1) onofa ket guvy
Oeog epappdlera, eivor eniong Kadt, aAdd npénet va Siveram npooog] oug Beppoyépupe
L0V APOKEITOLY and ta Sopikd ototyelo aud oxvpdSepa,

Mévwon opogric
TEXNIKEE:

. E§otepua] pévoon: Ta vhikd mou Hopoty va ypnotonomBedy yie ta o upéng
var gtvar edientépaona ond veps (Juy vdpdpida). To ndxog g Dep Hepovekijg orpaorn)
ylo i Govy I propel va given 5-7 gk, eved ylaug {ivee B ko A o NEYOE 1ov 5 ex. sive
ENCPKEL,
B. Boorep pévoon: Zoviotdion yio wnoBgaon kG mid otéyee, Gial: PG 08 LIGPY0
vieektipua. TonoBerehion kéo and oy opogi, otepewpiv ot Efhiveg GoxiSec 1j oe avap
v yevdopog omd vePpoperdd. Ta vhikd ROTQOREWS 1iropody va sivar vhpdgiha
npootarespéva pe pidde PVC 4 aospvion yie va arogetyeie o EJIOTICHES TOUS (1
vdpatpots,

Kan oug 8o nepundoei (eEomepiriis ke EOWLEPIKI]G LOVOOTIS) 1) gotkovdpmon evépye
@ elvae g e @y H eborepua HOVGO1 S0, Adyo g Sicr fmong Seppcis ndlog
OLo £g@LEpLRd Tou Kuiptov, aupfdie: o Oeppuue] dveon 1o xadoxaipr] Tapddinie, v
audrat i npociaede Y ketaokeur] ond karaopoges Adyo peyddoy S

HIVOEWY,
)5 eppokpuoteg kawd rdpreta oo ypovou,

AMOAOLH: And kaBapd EVEPYELUKI] dnoy ket Adyw tov pevéhov anwsidy ang e
Op6 @AM ke Ay 16 oyenkg HLKkpIfG enpdvetag g opogi, 1 andéoon g pévoong
OPOQIS elvan puxpri, avepydpevn oe Hovoord 8% (L4 kWh/m?*) yie ipv A xAtpanu Gesvi
7% (3,1 kWh/m?) yre gy évy B ko 5% (6,1 kWh/m®) yia ) {ovy T And Oepprui Opo
noym), 1 pdvoor g PO evieive 1o aloBnpa g Beppacis dveong onig affovsec 1o
wehevtaion opdgou, 1600 Kad 1) Bidpkeie wo yewpdva, eAld Kupiog kod 1) fidpreia 1o
KoAOKOIPI0T, d1ow ken Ggv npoPAénetar pyyovid otompa Spootopod / KALPOTOpOU,

Roof Insulation: Roof insulation is recommended for raising the comfort level insid

classrooms during winter and summer, but as a sole measure for reducing energy

relatively low area of the roof com
pared to the'building envelope, coupled to the high ventilation rates. Roof insulatior
when possible, should be placed externally, External insulation materials should he
water resistant. In existing buildings it may be placed internally, as seen in figures 30 |
and 31. Interval insulation materials need not be water resistant, as long as they are
protecied from vapour by PVG or alu minium sheets:

Roof insulation results in energy conservation of 1,4 kWh/m? (8% of the building
heating load) in climatic zone A, 3.1 kWh/m?® (7%) in zone B, 6,8 kWh/m* (5%) in
zone C. ' -

In zones A and B, 5 em of insulation is sufficie

nt, m zone C a thickness of 5-7 cm 15
recommended .
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CATALKEYH: To navélo xennaokeodlea: oe EHASYPEYE et vitioy toiyey {ouvi-
g Saebpdpon) kel o 10 dipog 1o opdpon, |

—_

Loeokenddear and Gs-:pp()po\f(a)'!11{1} apasoy o8 enag e v woiyo, CTCPPOPKE £11-
(paver 08 Enag i v aindoteon oid ) pdvoa) (dos va Enporpysfian kevs VI TV 1POCS
T N z(fw}(}'r] o ('}sp;,u)ﬁ aépa) ke s:Ec.)‘{.f-:pncti toroleelio vedooidon, 1ou onofov o
K& PEpog pépet 1igpofSes peyyiey avorydpevo, niov enwpine v eivodo tov piokon
afpe (o, 53,54.55).
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Lo vhixd anoppogyong efvar e Héweddo pe muydorg {owhaxonidifs dapapiva), Sid my-
up dapapiva § peradduég nepotes ke NPETELVa Bl KT ipor (jjon) Beppdve padpe i
oxotpo, yier kedtiep) anoppopno; g Atkg aknvoffodice. H Pegr 1 15 petad i
EIPGYEIS ipfne va elven avBeca] ke oe Oeppoxpaoiee yUp aroug 100°C. 1 i aro-
Bousf fopei; Beppooipovikod navélon efve exeiv pe ) Susdij 6o, Gou o pedpa 08
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During winter, fresh cold air enters through the venis at the bottom of the panel, is
heated and circulated through ducts via a fan to the classroom. The aiv of the class
room is extracted via an exhaust fan, During summer, the dampers remain shut and
dissalow air circulation towards the classroom. If there is an opening o1 the top of
the TAP glazing, the panel is vented in order o avoid overheating. Shading of the
TAP by a voller blind or another system s also recommended.

The TAP system which preheats incoming air presented in figure 32 results in ene
gy conservation of 5,6 kWh/m? (45% of the building heating load) in climatic zone A,
12,8 kWh/m?* (31%) in zone B, 41,5 kWh/m?* (36%) in zone C.
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8 Replacement of old boilers with new high heating elficiency and low exhaust gas tem-
perature ones with a heating capacity (keal/h or kW) adequate o provide a full-load
hoiler operation for most of the heating season {fig.41).

¢ Replacement of old boilers with new high heating efliciency and low exhaust gas tem-
perature ones with a heating capacity (keal/h or kW) adequate o provide a full-load
boiler operation for most of the heating scason (lig.4-1).

For new schools, the design of central heating system should consider all the above

parameters as well as the potential of passive solar systems in the central heating control

philosophy.
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To Hpéypoappa Xvvaipyens Sa upsner va npofiéne npohnmuikols eAéyyous eEomliopod,
hndvoeig, kebapopots (AéPries, kanvoddyor, PUTCTIRGE OBPELE), AVIKOTGOTHon
Maprpov, pldtpov, povdepdy, prgk éyyvong kavofpou ki, ke enfong Hropbuwtikés em-
OKeVES TNty ke ebaprpdrov efonAopot kabeée ko Snaptn tev enartodpevey
aviararukdy. O evépyeies autés Ba npénet va Aagfavouy LGP VIGPYOVIC KETAOKEL-
aorkd o¥EdLa K01 TeYVIKES mpodiaypagés, oxébia eykateotpevou eEomopot ke obyyieg
Aercovpyiag xen ouviiprong Karaokevamdy skombiopoy. Yrdpyoveg kordthoyor gtonpiyv
ovvuiprong ke ketaompdroy npopBeias avicMaxtikdy §u npéme vo AopPdvovien eni-
o115 VIdY).

Ot bradikaotes ovviiprong Ba mpéner va nposbiopilovy to ypdvo, 1y ouyveyTa ke Ty
adidovyie, evaboewv/tatoeny e§onhwopod, 1) pefodoloyia xat ta onpeia eXéyyou g
Aertoupylog 1ov, tov Tpdiio kataypaets bupdpov napampiosey, g puBpioes, my
keaypagr kot aiobikevon deSopévov, ta onpelo kel m) ougvdiia edéyyov, 1ig Slodixe-
OLEG EMOKEVGV Kot 10V 1p610 cvagopds 1oy anoteheapday g oovifpnong,

Energy data for each school consists of fuel invoices, electricity bills, results of measure-
ments elfected in thermal and electric systems, equipment lists with installed power, ther-
mal characteristics of construction elements and occupancy-services operation regime,
The maintenance programme should specify preventive equipment checks, lubrications,
cleaning (hoiler, chimney, tighting) and replacement of lamps, filters, bearings, fuel ijec-
tors etc., as well as corrective repairs of parts or group of equipment and spare parts pro-
vision. Proper maintenance actions lie on existing equipment technical specifications |
shop drawings and installation instructions. Any existing lists of service companies and
spare parts providers are to be concidered.

Maintenance procedures should determine the time, frequency and sequence of equip-
ment starts and stops, the points and methodology of the mspection of equipment oper-
ation, the way of recording and reporting of different observations and finally the repairs
procedure. R : '
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EDITORS

Evi Tzanakali, Kostas Lytras

This publication presents in brief the results of the project: “Technical and Economic Assessment of the Refurbishment of Schoo
Buildings for Energy Efficiency and Improvement of Thermal and Visual Comfort Conditions™.

The project was carried out by the Passive Solar and Hybrid Systems Department of CRES, in the framework of the SAVI
Programme (Contract number 4.1051/93-76), and funded by the Directorate-General for Energy (DG XVII) of th
European Commission and by the General Secretariat for Energy of the Ministry of Development of Greece.

The following contributions have been made to the project:

® Building refurbishment design: Prof. E. Andreadaki-Chronaki, J. Kalligeris, M. Konstantinidou, G. Arabatzi
G.Papadopoulos

® Energy analysis of the architectural solutions: E. Tzanakaki, Dr. G. Economides

Daylighting systems design: Prof. E. Andreadaki-Chronaki

Energy conservation in building services and energy management scheme: K. Lytras

® Economic assessment of solutions: K. Lytras

Short term monitoring of school buildings: M. Katsanouli

"The project was coordinated by E. Athanassakos, Head of the Passive Solar and Hybrid Systems Department of CRES.
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