A. EmavaAnyn kot EUTAOUTIONOC
EVVOLWV

B. Zntnon vepou
. Aewpudpla (armAotl OelkTec)




AYI - Optouoc

Awaxeiplon Yoatikwy Mopwv elvol 1o cUVOAO TwV
EVEPYELWV (LETPA, EPYQA, KAVOVLOTLKEC SLATALELC,
OUMPWVLEC KATL.) yla TNV APUOVLKN OXECN UETAEY

— YOaTIKwV TOpwv
— Kevtpwv katavaiwong
— MeptBariovtog

TwPA AAA KoL 0TO HEAAOV LLE OTOYO TN

SLatnpNoLUn aVartuén



Alatnpnolpotnta TS Avamtuéng

Asiktng , ,
Eunpepiag «BeAtiotn Avon»
TLEC TOu OelkTn aAAQL...
gunueplac avw tou
W,, avamtuén

dlatnpnoLun

TLUEC TOu beikTn
gunUeplag KATW TOU
W, 1N ETUBiwon

TOU Yapaktnpiletou:

X Anodotkotnta, un dtatnpnowotnta, un ermPiwon
AD'OxL yprivyopn amodotikdtnta, Statnpnowpdtnta, ermBinwon
# Mn anodotikotnta, pn dtatnpnotpotnta, erPBiwon



Buwowpotnta

 Quowkn dlaotaon: VEPO OVOVEWOLUOC TTOPOC

e Owovoulkn dtaotaon (rm.x. eva dppayua 3
dOpPEC TN HEON ETNOLA ATTOPPON Elvall
OLKOVOULKO Un Blwotpo)

e Kowwvikn Biwotpotnta (m.x. arnodpuyn
OUYKPOUOEWV)



Zuotnukn Oswpnon otn AYN

KaBe €pyo dnulouvpyei oto eptPaiiov
€val oUVOAO avTtldpAoEwWV 0TO
LVSATIKO cuoTNUA, 0TO TtEPLBAAAOV

vevikotepa QZuotnukn

Baolka XOPOKTNPLOTIKA CUOTHUATOC:
OAdtnta, AAAnAenibpaocn, [MoAumAokotnta,
2x€on Ue to neptBaAlov tou

. TPOCEYYLoN
i T Awaxeiplon YSatikwv Nopwv eival to
P M oUVOAO TwV EVEPYELWV (LETPQ,
s \\ £pyQ, Kayokukéq dLatacelg, ’
/,' i \ oupd)wweq Kl)\T[.) yla TNV OPLOVLKN)
[ fnopa OXEON METAEU

— YoaTikwyv mopwv
— Kévtpwv katavailwong
- — MeptBaiAovtog
----- / Twpa oAAA kAL 0To pEANOV e oTdXO
/ ™ Slatnpnotpn avarntuén
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Awaypoppatikn MNapovoioon Yoatikou
2UOTAUOTOC

Awafeorpotnra twv Z1tnon TV

Yoatikov [Iopwv Yoatikev IIopwv [Tep1faiov

(%)

(%)




Aswvdpla

| OvowiAina | AvBpuroyevi Alna

Mpoowpvi =npaocia EAAELUOL
Katdotaon (drought) NepoU (water shortage)
Moviun Znpotnta Newpudpla
KATAOTOON (aridity) Epnuomoinon

(Desertification)

NAewpudpla: poviun n mepLoTaoLakn mepintwaon omou n {Rtnon
urntepPBaivel touc aélomoliotpouc udatikou g TOopouC. Attia:
d  AvBpwmnoyevn (av€non touv mMAnBuopou, n EAAewpn umtodopwv
K.Q)
d  Quowa
d  Zuvbuvaopoc
=npaoia: To pavouUeEVO KATA TO OTIOLO OL TTOOOTNTEC ELOEPYXOUEVOU
SLaBEapou vepoU o€ Eval CUOTNHO ELVOL KATW OTTO TLG KAVOVLKEC
yla pia onpavtkn xpovikn nepiodo (Toakipng, 2013) |




Zntnon/ Avaykec
Eowteplkn-eEwtepkn {NTnon

Katavadwtiki/pun katavadwtiki xpr’mr}\(g. :
vépoduvauka epya, avayuxn, vavotrioia

Touelc:

— 'Yépeuvon

— Touplopog

— Blopnyawvia rewpyta:
— Moapaywyn Evépyelac (udpoduvapika Epya) HeyaAUTEPOG
— lewpyla KOTOLVOAWTAC

— NMepBaMrov (eowtepikn {Rtnon)
— AwoOntikn avaBabuion (ecwtepikn {ntnon)




The coast




Country Annual renewable Total fresh Domestic use | Industrial use | Agricultural use | Irrigated area
water Resources Water
km3yr1 withdrawal

km? yr1 O O 0o 102 ha
Algeria 14.3 4.5 25 15 &0 555
Cyprus 0.9 0.21 24 2 74 40
Egypt 56.8 55.1 6 8 86 3,265
Libya 0.6 4.6 11 2 87 470
Morocco 30.0 11.04 5 3 92 1,258
Sudan 154.0 17.8 4 1 94 1,946
Tunisia 4.1 3.08 9 3 a9 352
Bahrain 0.1 .24 39 4 56 3
Gaza St. .06 0.12 40 &0 12
Iran 137.5 70.03 6 2 92 7,264
Iraq 96.4 42.8 3 5 92 3,525
Israel 2.1 1.9 16 5 79 193
Jordan 0,9 0,98 22 3 75 73
Kuwait 0.0 .54 37 2 60 5
Lebanon 4.8 1.29 28 4 68 a8
Oman 1.0 1.22 5 2 94 62
Qatar 0.1 0.28 23 3 74 13
Saudi A. 2.4 17.02 9 1 a0 1,473
Syria 46.1 14.41 4 2 94 1,082
Turkey 200.7 31.6 16 11 72 4,186
U.A.E 0.1 211 24 9 67 67
W. Bank 0.4 0.10 6.5 93.5 10.4
Yemen 4.1 2.93 7 1 92 451




Y UVIOTWOEG-Mn TLHOAOYOULEVO VEPO-EAAOTIKOTNTA O0TN {ATNON-
nPOPBAePn —ypappLkn maAvdpounon-eEunvec AUGELG
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Xprion vepouU oTta VOLKOKUPLA (OLKLAKN)

Table 2-2 Indoor Residential End Uses of Water

AT
<>

Showers 17
Faucets 16
Leakage 14
Other domestic 2
2
1

Source: Mayer et al. 1999,
*Agds to 101% because of rounding error.



2UVIOTWOEC OOTIKAC {NTNONG VEPOU

OwKLaKn xpnon

Bropnyavikn xprion RIKPNG KALLOKOG Kot
Bloteyviec

Eumopikn xpnon

ANUOOLEC XPNOELC
Metadopec (Toakipnc, 2005)



[ 4 s s
AOCTLKN XpNnon VEPOU
H péon €18k nUEPAOLA KATAVAAWGN VA KATOLKO avVA NHEPA Kol OL cUVOKOAouOot
TOAAQIAQLOLOLOTECG CUUITEPALLBAVOUV OAEC TLC TTOLPATIAVW XPOELS

ZoVIoT(OOES AOTIKIS YOS

\

Ouauaki ypipon) Buopavuai ypijon) Epmopuai gpijon
HOPEIDELIL TOUGALTIL. Mk Prourponiis VTN T TR0V,
TAVTIPIO, VTOUG OpOaTIPLOTITES CLTOENKEVaT)

. '\
MeTopopes Anpocies Xprjoeig v

CAOPOSPOLIGS, AEvIo. [popeton [Ipootooio | Mn
NSDOOPEIDL. CEPOOPOLI]

KOGTOLOYN|ULEVO
vEPO




M1 KOGTOLOYLEVD VEPO:

- OUTOAELES CLTO TOL OTKTUL
- ODAELES OsSoEVDY
- ECATILION
- owppois poye Profov (omy Abve ekTyLEVToL og 35%-40%)
- KOTEVELAMDGOELS LU LETPODLEVOY KOTUMWILALTOV (VOCOKOLENL. oyoAsi)
- TOPAVOLIES CUVOEGELS LIE TO SIKTLO
- XOhoLEVOL HETPNTEG
- GO YW KUTAGPEST) TUPKELY LBV
[Mopéderyto: T o peteeépovton 200.000 m” amd T Podo svi sEotkovootyTa

PA A = 3 » » r » " » = »
KoL Gddu 50,000 m* amd myyés Tov viowd. A Ta cuvorikd 250.000 m® pdvo T
85.000 m’ KOOTOAOVOUVTOL




YOopaywyeio

kKAeloTol
aywyol umo

Tileon

Nyh1 |
(1. Aipva) [
v 2 \\‘,\ Movada
—| Enegepyaoiag
(r.x. morGaw) “|vepou
Mnyn 3 -

{11.x. undyeia vepa)

Movada
udpoouAoyrg

Qcfopevy

—— -

Eowrepikd udpaywyeio

Efwrepikd vdpaywyeio



Ewsepyopevo
Nepo 610
AlkTvo

(A3)

EZovowoootypévn
Kotavaioon

(A14=A10+A13)

Twporoyovpevy
EZovcroootypév
Katovaroon

(A10=A8+A9)

Twporoyovpevy Metpovpevy
Katavaioon

(A8)

Twpohoyovpevy p-Metpovpevy
Katavaioon

(A9)

Avtamodotiko Nepo
(A20=A8+A9)

Mn-Tiporoyovpevy
EZovcrodotnpuévy

Kotavaioon
Al3=Al1+A12

Mn-Tiporoyovpevy Metpodpevy
Katavaioon

(All)

Mn-Twpokoyovpevy pn-
Metpovpevy Katavarooy

(Al12)

Anmieieg Nepov
(A15=A3-A14)

Davopeveg
Anoreeg Nepov
(A18=A16+A17)

Mn-EZoveroootnpévy
Kotavaimon

(Al6)

Loaipato Metpntov/
Metpriczov

(A17)

IIpoyponikég Anorereg Nepov

(A19=A15-A18)

Mn AvtamodoTiko
Nepo (NRW)
A21=A3-A20

Jxnua 1. To AteBvec Mpotumno Ydéartiko looluyto twv International Water Association (IWA)

kot American Water Works Association (AWWA)




Nivakoag 2. Napayopevo-TipoAoyoU pevo-Mn Tipoloyoupevo vepo 1992-2012 (apxeio
AEYAMB) (TCivn k.d. 2022)

NMAPATOMENO TIMOAOITOYMENO MH TIMOAOITOYMENO
NEPO (MN) NEPO (TN) NEPO (MTN)

(moootnta - m3) (moootnTa - m3) (mooooto) (moootnTa - mg) (mooooTo)
14.022.099 8.388.956 60% 5.633.143 40%
15.084.111 8.496.293 56% 6.587.818 44%
14.929.111 7.198.749 48% 7.730.362 52%
15.239.518 7.486.739 49% 7.752.779 51%
15.968.252 7.682.209 48% 8.286.043 52%
15.451.454 7.226.649 47% 8.224.805 53%
16.350.270 7.019.253 43% 9.331.017 57%
15.907.255 7.015.413 44% 8.891.842 56%
15.738.734 7.092.014 45% 8.646.720 55%
15.152.578 7.190.469 47% 7.962.109 53%




Mn TLoAOyoULEVO VEPO

e Kata tnv eupwrnaikn entponn (European
Commission, 2014)25- 30% noolpov vepou
XAVETOL AOYW ATIWAELWV O aoTKA SlKTL A
SLovounC VEPOU, ETTIOUEVWC TO UN
TLHLOAoyoUEVO VEPO aBpolileTal og eva
nocooto Tept ta 30% (Liemberger and Wyatt,
2019). Qotooo, umopouv va mapatnpenOouv
KOl LEYAAUTEPE ATIWAELEC AOYWw Bpavoewv
(rt.x.Serafimetal., 2022).



EAaoTikéTnTA TG {ATHONG

OewpOVTOC GTO TOPATAVEO HOVTEAO OTL pio petafint) X eivor n Ty tov vepol
nwpokvntel P:

Elactikdomra oty {mong = ([Tocootd arrayng oto Q)/(ITocootd adldayng oto P)=

A
I
AP/ QdP A

1 AveAaoTikn neploxn:

< * YYnAn tun
* XaunAn tun (Stephenson, 2003)

T

[
»

noootnta

ZATNON , OLKOVOULKO

HEyeBog



EAaoTikOTNTA TNC AOTIKNC {NTNONC

VEPOU, TIAPAOELYHO EPAPLIOYNC

To mA€ov metuxnEVo mapadetlypa dtaxeiploncg tneg {ntnong os
LLEYAAN KALHLOKOL OTN XWPO oG TIPOKUTITEL aTto TN SlaxeipLlon tng
entaeTolg Enpaciag mouv EnAnée to udpPodoTLkO cUCTNUA TNG
ABnvag oto teAog tng dekaetiag tou 1980 Ko TO MPWTO ULGO0 TNG
emopevnc (Xenos et al., 2002). Me Lo oelpd HETPWVY, N LELWON TNG
katavalwong éprace oto 1/3 tng cUVOAKAG. Ta PLETPO QUTA ATAV
OLKOVOULLKA (LeyaAn avénon Twv uu(bv KoL KALLALKWON TOU
TIHLoAoYioU e TTOAU HEYAAEC uueq LOVASaC OTLC LEYAAEC
KOTAVOAWOELCG), EMLKOLVWVLAKA (CUVEXNC KL ELALKPLVIG EVNUEPWON
Kot euatoentonomon TOU MANBuopoU), vOHoBEeTIKA Kot SLOLKNTIKA
(amayopevon notiopatog ykalov Kat ETILBOAN TIPOOTIUWY yLa TLG
napaBaoaq) KaBwg Kot tsxvo)\ovtka (Leilwon Twv 6Lappowv
xpnotuonomon vepou deVTEPNG TTOLOTNTOC ATIO YVEWTPNOELG N
AVOKUKAWGON YLOL TTOTLOA SNUOTLKWYV TIAPKWV)

(Koutooyiavvng, 2014).



Awakipavon TG GirTong NpEpa. (rapadeiy )
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NpoBAedn

Makpoyxpovia (10-40 xpovia)

Avaykaia yio Epyo urtodopwv (r.x.
U6pevon , anoxEtevon KAn),
aKatEpyaoto vepo (aflonoinon

VS aTIKWV TIOPwWV)

MeoonpoBeopn (€tn-6ekaetia)

MNpoBAsdn BpaxL xpovou

Qpec MoAU kPN ¢ dlapKeLag, NUEPEC,
eBSopadec

BeAtiwon aotikwv utodopwv (Udpeuon
QTOXETEVON), ETMEVOUOELC

MpoUmnoAoylopog, mapakolouBnon
T(POYPOLLLULATWY
Kal aéloAoynon, mpoPAePn ecodwv

BeAtiotomotinorn, Slaxelplon oUOTHUATOC
yla €wg kot Suo eBdopadec Asttoupylac,
BEATLoTN A€LTOU YLt AVTANONC



Consumption Intensity,
(gpcd)

Lessthan  130-149  150-169 170-189 190-219 More than
130 220

Source: Hutson et al. 2004,
Figure 2-1 Per Capita Water Usage in the United States in 2000

U.S.: katavaAwon ava KATOoLKo ava nHEpa, akatdAAnAo yia eAAdda
Bruce Billings
Clive V. Jones, 2008




‘Etog | Altpa/ Etog | Altpa/Katowko/Huépa
2001| 101155000 292
2002 | 78536000 226
2003 | 85776000 247
2004 | 78539000 227
2014 | 74885000 280

H katavaAwon €ival OXETKA HEYAAN YL TOOO ULKPO TTANBUOUO wOoTOcOo T
voupepa Sikatodoyouvtatl Adyw pikpoapdevoewv (XAwpog, 2020).



ueepa Swaelpuwene Ttne Ttnenc vepol
VLG QLOTUKRES NPNOTELC

Ta kKUpLa peTpa dlaxeiptong tng {ntnong vepou yLa
QOTIKEC XPNOELC Elval Ta akoAouBa:

* Meilwon Twv anwAeLwvY VepOU:

— Mpaypatikeg (Bpavon aywywv, Stn6non, e€atuwon oto
e&wTtepPLKO LOpaywyELo)

— Qawvopevec (Mapavouec ouvdeoelg, Aabn petprnocewv)
e TwoAoynon vepou
e ALOLKNTIKA KOl OEoULKA LETPA
* EvnuEpwon Kal ekTaldevon TwV XPNOTWV VEPOU

e Emavaypnolpomnoinon vypwv amoBANTwv (BA. KUKALKN
olkovouia)



MNpoBAen mAnBuopou

e Bpayuxpovia: ok asEnon

— Tewpetpkni avénon

*  Makpoxpovia: AoyloTlkn KaprtuAn n ¢Bivovtoc puBuov avénonc



/HTH2H NEPOY 2E OIKI2MOY2
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[IIAROueLekn

1. Tpoppkn Avénon

,BzAA—TzaraH, P =F+pv

r.x o =5000 kat / £€to¢

‘Ero¢ IIAn0.

0 P,
1 P+ P
2 P+ B+p

n Pt vP



2. Tewpetplkn avénon

P =R (1+7) 72001 2= 4P, At éry

p TO00OTO €toLaC avénong (m.x y = 0.02 } 2%)

I:)0

P+ v Py= Py(1+y)

(Po(1+7)) + (Po(1+y)) )y =P (1+y)(1+y)= P (1+y)*
(Po(1+y2)+ (Po(1+y)9)y = Py(1+y)? (+y)= Py(1+y)°®

W IN|F— | O




3. AOYLOTIKA KOUTTUAN
P Psat

sat
—bv

1+ce

P =

(1) @ ')



4. @®OBivovtoc puBpuou avénonc

P, =P, +(P, —P,)(1-¢™)

14 0 S

‘Evvola tou mAnBuopol KopeopoU

Tpeic n mapamavw PETPAOELS



5. ®B6ivouoa e€eALen
a<0— (mot€) a =0, nTAnBuopog otaBepocg

6. Xwpotaéika Movtela



Exktinnon aotiknc {ntnonc vepou (1)

* Me Baon tnv npoBAsdn tov mMAnBuopou Kol TNV
KOTAVAAWGT avVAa OLTOMO

* Me Baon €va povtEAo MoAAWV peTaBAnTwV.
ZNTOUEVO N aoTLKA {NTnon vepou. AveéaptnTeg
netaBAntec: m.x. mTAnbuopuoc (+), Bepupokpaocia (+), TN
(-), K.0 KOlL oEVAPLA VLA TLG LEAAOVTLKEC TLUEC TWV
nopanavw Heyebwv

 Me XPOVOOELPEC, WOTOCO SLATNPOUVTAL OL CTOTIOTLKEC
LdLotnteC tou delypatoc, KatadAAnAo yLa

BpayunpoBeoun tpoPAedn
* ABeBailotnta...




Nea 1Oca

* [Mapoyxn ava povada emipaveLac KoL OxL ova
KATOLKO, KOATAAANAO yLA XWPEC UE XWPOTAELKO,

LE TPNON TWV XPNOEWV YNNG, LE oTtabepn
Blounxavikn avartuén.



Ektipnon aotikne {ntnoncg vepou (2)

ZNTnon VEPOU, OLKOVOLLLKO pEyeBoc dev tauTiletal Kot
QVAYKN UE TIC AVAYKEC VEPOU

E€aptatal amod tnv TN Tou VEPOU Kal OXL LOVO
MNpoBAsPn mAnBuopov, cevapla

E€oywyn ouvaptnoLlaKnC oXEoNC LETOED QLOTLKNG
{ntnonc vepou (eéaptnuevn HetaPAntn) Kot AAAwV
uetoBAnTwv (.. TN, mMAnBuouog, udpoAoyLka
XOLPOLKTNPLOTLKA, OLKOVOULKA XOLPOLKTNPLOTLKA K. QL)
2uvnOwc: MovteAa YpoLKAC TTaAtvdpopnong
Mpoodloplopoc tne {NTnong vepou Ue Baon TO HOVTIEAO
naAtvdépopnonc kot tTnv tpoPAedn tov mMAnBuopou
Eudutn aBefatotnta otn dtadikaoia.




Yevapla avénonc mAnbuopou
(Koutooyiavvnc kat Evotpatiadng, 2014)

[MecopeTokr)
av&nom

loappukn
avinom

Aoywotikn
auinom

Etoc ademnoiac Etoc oxeduxauov



MNpoPAedn aotiknc {NTNoNnc vepou

MovteAo tn¢ moAAamAnc naAivépounonc mpoKELUEVOU v
ntpoodloploVei n {ntnon vepou. AkoAoudouvtal Ta MTAPUKATW
Bnuarta:

» Avantuén oevapiou (n oevapila) npoBAeync ueAdovtikou tAnSuouov.

* Avantuén povteAou moAAamAng mraAvépounonc yla to cUVOALKO TPoodLopLlouo
T™Nn¢ {ntnonc vepou (Toakipng, 2005), EAeyxo¢ CUCXETIONC KAl oromoruajc
Unoﬁsonc (NaAunavmc, 2007). 2to puovtedo o nAnduouocg eivat pio uetaBAntn
oxt n povadikn. M.x. Sa exw aveéaptntec UETaBANTEC, TOV n/\r/t?uo/,to
KALUOTIKEG ouvﬁnkeg (rt.x. ﬁspuo:qoaata) ELoocSnuaung, TIUN VEPOU avd
KUB1kO, mukvotnta mANGUCUOU ava TETPAYWVLKO K. o

* [la dlapopa oevapLa KALUOTIKWY, KOWVWVIKO- OLKOVOULKwV eéeAiéewv (T .
nAnSuouoc, ueco etroto eloodnua) alda kat otpatnyitkwyv dtaxeiptonc vepou
(rt.x. TipoAoynon vepou) npoadiopiletat n {ntnon vepou.




YuuBartikn ypouukn naAvdépounon

Erttdoyn ypappng naAtvépopnong

e JPpaAua kotakopuodn
arnootoon= (Y -Y’)

300 —

— OETIKO 1 APVNTLKO

OsTikn) Katakopudn

anMOOToUON~———u___
* Tpapun nakwdpopnong,
) _ © 200 —
Y =Bg+B; X o=
©
/ Apvntiki
' ' ' Kotakopudn
e BeAtiotn ypappkn Avon " anbowaen
otav Ta a Ko B i i &
e\OXLOTOTIOLOVV TO ) A 160 1500
Abpolopa Twv TETPOYWVWY distance

Tou opaAipatoc S(Y-Y’)?

38



AvaAuon Loyuoc TS avaiuonc
LLE BAon TN OTATLOTLKN Kot
VEVIKEUON TWV ATTOTEAECLATWY

Baowkn nebodoc:
BeAtlotomolnon YwpeLc

minimizeD=> ¢’ =
4y, i=1

%8 k aplBpog
n aveéaptnTwv

A N2 ;
_ Z ( y. — V. ) — HeTaBANTWY
, ! ! i debopévo

EWC N

i(yi - Ao _Iélxil _"'_léjxii _----_ﬁkxik )2



MovteAo ypappLKNE aAtvépopunonc

(BeAtiotomoinon xwplc meploplopovc) (1)

mn

Minimize D = e

Bo, B, Br : e =

=1

=2 Wi
1=]

& Z[yi — (Bo +,5’1332'1 & i +Bk1?,-k)]2
i=]



EAaxlotomoinon: n peptkn mapaywyoc tou > (Y- Y’)? we npocg
BOkat B1 eivat pnbdev

lustafAntiaveéaprnryn

6(2[(yi_lélxi _Bo)z}j

] By o A

a(yi—ﬂlfi—ﬂof}o@i{a(yi—ﬂlxi—ﬂgf,8(y—ﬂ§i—ﬂo) —0s
5ﬂ0 a(yi _IBXi _:Bo) 5,30

20— Bx— ) (D=0

=0

N

i=1

:||M:
[uay

o/ ol op
ox Of oX
T.y.

ot _aited ., el
ox  0J oX OX




(BeAtloTOoMOlNON XWPLC TIEPLOPLOLLOUC)

210 akpotato Ba pndevidovtat OAoL oL pepLKoL
oPAYywWYoL,

LETABANTEC: OL CUVTEAEOTEC MAALVOPOUNONG

(2)

[OD s R s

——'3 =“2E (yi_ﬂo_ﬁlmil"‘”'“ﬂxi =0
“6 - J&:BI-",Bk i=] ﬁk k)
[ OD ] e A
| —— -_-._2§ - . — : ‘o=
198 | Bo. B yeer Bk fe] T Bk%k)mw =0




EMopéVWE KataAyw O0TO TMAPAKATW oUOTNHA
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Y€ UNTPWikn popodn opilovral (4)

"Y1
Y2

bynd

y=XB+¢€
"1z
L
X = .
Ll T
mﬂoq
B
: € =




Emopevwe kataAnyw oto mapakatw cvotnpa (Mays and Tung,

1992) (5)
Kyloy s pey il QMM f = Ly Ly y K R .
In matrix form, the normal equations (6.3.12) can be expressed as

XTX)B=Xx"Ty (6.3.13)

in which Tair'ldicates the trzmSpgse of a matri_x or a vector. Equziti‘on. (6.3.13) can be
solved for 3 to obtain the following, matl}gm'at_ickal expression of the ordinary least

square regression coefficients, _#

(6.3.14)

in wh;ch ﬂ_= (,50,,6’1’,..., Ok)” . The (X*X)~! is a square symmetric (k + 1) X
.(k + 1) matrix whose inverse always exists if the independent variables are linearly
1nc]1ependent; that is, no.column Of the X matrix is a linear combination.of-the other
COIumns. . g ’ ) ) ”
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YuvteAeotnc R? (mpooappoopEvou)

NpoBAnua umtep-eknaidevonc r umtoekmnodevonc



H Zratotkn otnv NaAwdpounon aglomoleital yLo To UTTOAOYLOUO TOU
OUVTEAEOTN YPAMMLIKAC CUOXETLONC TOU Pearson (r) kal to ouvteAeotn
npoodloplopov (R?)

°p cov ariance( X,y )

Jvar x4Jvar y

EKTIUNGM .
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MeéEtpo nmou ammotipa to Baduo
OUYKEVTPWONG TWV CNUELWV TOU
SLaypappotoc SLaomopac yupw ano
NV evBeia tnC MaAwvdpopnonc

LUVTEAECTNG XUOXETION T
(TTLI0 CWOTA YPAUULIKNAG)
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O ouvteAeotng anodotikotntac (n npoodlopiopou) R? (Nash and Sutcliffe, 1970)
opiletal we n adaipeon amno tn povada tou abpoiopatog tng dtadopdc Twv
TETPAYWVWYV HETAED TWV UTIOAOYLOUEVWV KOLL TWV TTAPATNPOVUUEVWY SESOUEVWV TTIPOC
N Sloomopad Twv mapatnpoupevwy deopevwy (Krause et al. 2005):

MoAAEC aveEapTNTEC
pnetaBAntéc X
(rtoAAQITAn YPALULLKA <
naAwvdépounon)

35S — ~ \2 N Toootnta mou HETPAEL TNV EAAeLPN TpOcapUOYNG LETAEY
e Z( Yi =Y ) TWV UTTOAOYLOMEVWV KOLL TIAPOTNPOU LEVWY TTAPATNPHOEWV

S = Z( Y. — y)Z TO OALKO ABPOLOUA TWV TETPAYWVWYV TNG OIMOCGTACNG TNG
W 4 | e€aptnUEVNC HETAPBANTAC Ao TN KECT TLUN TNC.
Q)

O aplOuntAC Tou AGyou MPENEL va ivoarl
ONMOVTLKA LLKPOTEPOC OLTIO TOV
TIOLPOLVOLOLO T




Ioapadstypo e@apuoyng

EmiAoyn kAiong muBueva:

KOTa To duvatov tou edadouc:
VOOLLULLKA TtaAlvépounon yia tov
POCSLOPLOUO TNC HEONC KALONC TOU
edadouc
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Mn ypappkn taAtvoépopnon
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BonOntikéc petafhntée  Yi = % H X T X
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YuvteAeotnc R? (mpooappoopEvou)

NpoBAnua umtep-eknaidevonc r umtoekmnodevonc



(@) undertraining (b) balanced approach (c) overtraining

Figure 1: Fitting the best curve for polynomial regression



ATO TOV OPLOUO TOU CUVTEAECTH TMPOoSLOPLOOY TIPOKUTITEL OTL I TIPOCONKI UG ETUTTAE-
OV QVEEAPTNTNC HETAPANTHC 0dnyel TAVTOTE OTNV aUENC TOU MTOCOOTOU TNC HETABANTO-
TNTOC TNC €EapTNHEVNC LETABANTIC TTOL TPOCdLOPLlETAL IO TIC AVEEAPTNTEC, ETIOLEVWIC
oe avénon tou cuvieheatr) mpoodlopiopol. QoToco, KaBe emuUTAEoV QveEdpTnTn HETO-
PANTY) pewwvel Katd évav Touc Padpouc seheuBepiac™’. Tuvenwe Oa mpémnel va amotunOel
o€ ToLo PaBpo n avEnan TN TLUUC TOU CUVTEAEOTH TPOCHLOPLOROY EIVaL ONUOVTLKY WOTE
va dukatohoyel TV anwhela evoc Pabpov eAevBepiac. H mpoaBikn molwv avetaptnTwy
MeTaPAnTwv pmopel va odnynioel oe avfnon g TLUNC Tou R? mou waotooo Sev Ba EXEL
atia 610TL 0 aplBpog Twy avetdptnTwy petafAntwy Ba eival moAu vihnAog o oxeon e To
peyeBoc Tou delypartoc. MNa to Adyo autod TOAD cuxvd Ypnolpomoleital o dlopBwpévoc
ouvteAeotn¢ mpoodloplopou (adjusted coefficient of determination) R? (adjusted R-
Square) mou Aapdavet utoln Tou TNV anwAela Twv Padpwv eAevBepiac kat uvtoloyileTal
QaTo TN OYEON:

_ ss. /(n—1 -1
Rrogo /TN g gy 07 e g ey P (7.11)
SSiot /ln—p—1) n-p-1 n—-p—1

drou n to péyeboc Tou Selypoarog® kat p o aplOpOC Twy avefdpTNTWY PETAPANTWY.

Namadomnoulog kot Mmotl{wpng, 2015



Ektiunpuevo Movtelo MaAwvdpounonc

Y =by +b X; +b, X, +b3 X5 +..... + b X

Smov 1Y = mooPledfs ioa tiun e Y

0y = EKTIUNON NG OTAOEP AS TG IV OUNCTIG

D, = ekTiunon v ovviedsor nlng maAivop ounong

0, = EKTIUNOT] TOL CUVTEAEOT 1 2 NS TXALVAD OUNONG
Dy = EKTIHNOT] TOU OV VTEAEOT 1] 311G TAAIVAD OUTIONG
D, = exTiunon tov ovvielsor N K e maAivdp ounong

K = ap10uoc twv aveEoptntwv LETOPANT @V




Entimedo avtidpaonc yla Eva LovtEAO
rntoAAamANC naAtvdépopnonc mpwtng taénc, dvo
aveEAPTNTWY LETAPANTWVY

Slide 13-56



*  Modelling of demand
Q=1(X. X,. X5........ X, tu
Linear: Q=a,+a;X;+a,X,+a; X5+ ......4qa. X, +u
Logarithmic: InQ=b,+b;InX,+ b,InX, + b;InX,+ ...... +b InX +u
Semi-logarithmic: Q= ¢, + ¢,InX, + ¢,InX, + ¢;InX5+ ... +c InX_ +u
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YriomtpoBAnua Yépevonc

* MpoBAedn mMAnBuopuou

* Mé&on nuepnola

 Méyiotn wptata (‘n HEYLOTN NUEPNOLA OE
e€WTEPLKO LOPOAYWYELD) KOl HOVLIHN pon YL
oWANVEC, mMpoooXn OXL YEVIKA otn AYI
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EIxfApa 5.4.1. MeraBoAn TG napoxiq eig kKUplov dywyov G8peloews
HEYAANg Siopnxaviknig néAews (12).

-37% , .
glALd p.o. +39% 65L& u.o.8wplv
2X10 BhpEv
Méon ﬁuepnodaa f
4 1.5X10 ;
- A = &1
™
E 1.0X10
.g 3 -39% ; //
a 0.5X10 KupLaxn 4
2 7
0 L

MEGOVUKTLO MednuBpla
foa

Ixnpa 5.4.2. XapakmpioTtikai yeraBolal USatokavaAdoswg
HIKp@V un Biopnxavikav moAswy (12).

(TTapBeviadng, 1981)



NEQTEPEZ ANTINHWEI2



A) oAGTIKY) TEPOGEYYLON



AIAX A2TIKQN YAPO2Y2THMATQN
EIZATQIMH



ZUVLOTWOEG OLOTLKOU USATIKOU CUCTAMOTOC

AcTtikd LSpavAKA Epya

O Ydpeutka épya (ubpodotnon,
Siktua dravounc)

O Anoxeteutika £pya (OpBpta,

AoTiki rteploxn

Yépodopéag
Motapog
Xelpappog

Alpvn

Odhacoa
Aywyog aveneep-
yQaoTou VEPOU
Aywyocg U6pevong
Aywyog Avpdtwy
Aywyog eneéep-
YOOUEVWY AUpATWY
Aywyoc opBpiwy
AvtAlooTdoio
Eykatdotaon enefep-
yaociag vepou
Eykatdotaon enegep-
yaotag Avpdtwy

akdBopta)

A. Koutooyiavvng & A. Evotpatiabng, Ewoaywyr ota aotika vdpaulika Epya




AOTLKO OLKTL O

Alovopung vepou LdpevONC

e KAelotol aywyol umo riieon
e KukAknC SLATOUAC

* JIXNUOATLOMOC BpOXwV

ATLOXETEVOELC

« KukAwkol aywyol pe
eA\eVOepN eTLPAVELDL

* [lavtopoiko

* XwpLoTO:
— OuBpilwv (LeydaAeg SlaTopEg,

1N Hoviun por)
— AxkaBdptwv



ATIOYXETEVOELC

Ouppiwv (blaieimouvaoag pong)
AkaBaptwv (cuvexouc ponc)

[TovTopOoLKO

YOPAUALKN aVOLKTWV oywywV (e eAeVBepN
eTILPAVELD), OUEPA KATA TTPOTLUNGCN KUKALKWV
Ay WY wWV



ALKTUO OUBpLwV: ATTOKEVTPWTLKO




ALKTUO OKABAPTWV: ZUYKEVTPWTLKO

S

[\(Ewpmﬁg OUMEKTIPOC aKOBapTWY.

Eykaraataor emel epyagia g AUPATWY.



Yyqpa 2.1  Thames Tideway Tunnel, aAliog yvooto mg "super sewer
stink hole" oto Aovdivo.

Akpatog, 2022: Mavtopolkd cuoTnua
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a.
- Owoboprny

@ N w;

ObooTpuwpa
Nelobpduio
Nepidpatn npoxknniou
Npoximeo

Yopoppon

- Kataxdpudog owhivag anoyetcuons
- Opidvuior owhAves anoxitrvong

9.- Kevepixd ppedno ehéyyou
10.- 15wwmief) ouvSeon navioppoixd

13.-Navioppoixd aywyds Sixtdou
anoxttevang

16.- @pcana vbpoouloyng
17.-Eupuownt Sanésou



Ouppra: okeelc

Amtootpadyylon Aekavnc amopponc o€ GUCLKEC CUVONKEC:
vOpoypadkd SikTuo, Ttou mepAapBaveL To KUpLO USATOPEL LA
Kol TANBwpa amod cupBarlovia pEUATA KOL LLOYOYKELEC,
TIANUUUPLKN G OTTOKAELOTLKA PONC

ATIOXETELON QOTIKAC AEKAVNG: dLatipnon Tou KUpLou
vdatopelpatoC we GuokoU amodEKTN,

H KOLTOLGKEUT] SIKTUOU opufplwv og pLla AoTIKA TTEPLOXN ocSrwe'L
otn ustwon TOU XpOVOoU omopponq TwV ouPplwv Kal Kot
OUVETIELN otny au&r]or] NG TTAPOXNC OTOV TEALKO ATTOOEKTN
(epyaoiec amod katavtn mPOC avavin).

H ootk udpoAoyLkn Aekadvn, 0To CUVOAO TNC, KOl TO AVAVTH
LN OLOTIKOTIOLNMEVO TUAMO TNC LEAETWVTOL WCE EVIALO cUCTNUAL.



Awaxeipion Aotikou Nepou

* MaAla avtiAnyn:

— Siktua Udpevonc/amoxetevonc akabapTwv/dikTua
oLPBplwV KoL EvTova TPOTOLNHEVO UOATOPEUATAL.

— AUTOVOUN LEMOVWHEVN MEAETN
* Neotepn avtiAnyn:
— JUOTNULKN TIPOOEYYLON
— AvakUkAwaon
— TIOLPAYWYN EVEPYELOC
— ToANaTTAEC Asttoupyiec (.. mapko avapuxnc),
— dlaxeiplon tng ZAtnong



AAAGZovtag ToOV POAO TWV UTTOSOUWV: HLOL KATOVERNHEVD
TIPOCEYYLON OTN SLaXELPLON ALOTIKOU VEPOU

Napko 1| AVTUTANPEUPLKO; Yépodopog i Asapevn;

‘Blue Green Solutions for reduced
Impact of CC and urbanisation

IO - B

EEE S

OAoKANPWHEVEC AUGELS OOV EKUETAAAEUON TWV UTIOYELWVY
MITAE KOt TIPAOWVEC UTIOS OUES vdatwv OxL amAd we Evav
XPNOLHOTMOLOUVTAL YL TN LOaTIKO MOPO AAAG KL WG Eva
HELWON TWV TANUHUPLKWVY TpOTO anoBrikeuong vepou Kat
EMUTTWOEWY KL TNV augnon EvEpyELQS (KaL Xpriong TOUG wg
TWV OLKOCUOTN LKWV ATE!)

UTINPECLWV.

Avpa i Nopog;

Metaoxnuatilovtag ta anopAnta o
nopouc. Movada Enséepyaoiag
Avpdrtwv n
*  povada mapaywync EVEPYELRC
*  EPYOOTAOLO MAPAYWYIS
Atnacpdrwy;
EPYOOTACLO Mapaywyng EVEPyou
avBpaxa;

MapkomouAog,

Awaxeiplon AotikoU Nepou:

Mua StadopeTIK) HaTLA OTLC UTTOO
OMEC KOL TG UTINPECLEG AOTIKOU VE
pou



B) AvBeKTuKOTHTOL



Y& potUALKOG
OXeSLAOMOG
2tn HeAETn
MAnpn
Asttoupyia

AvOeKTiKOTNTQ

YSpoUALKOG
OXESLAOMOG

(ko) oe
ouvOnKeg
QLOTOXIEG



AvBekTIKOTNTA

H avBektikotnTta opiletol we «o Babudc otov omoio 1o cuotnua
eAaXLOTOTOLEL TO HEYEDOC KL TN SLApKELA TNG aoTo)Xiag (katd tn SlapKeELa
Tou opilovta oxeSLOCUOU) TOU OTOV UTIOKELTOL O€ EEQUPETIKEC oLUVONKEC (KN

KQLVOVLKEG)
* Eueliia * O MAEOVAOHOC OO TV
H eveliia opiletal we n aAAn mAeupa avagpepeTal
EVOWMUOATWHEVN duvatotnta otov Baduo
TOU OUOTAMATOC yLa EMUKAAUTITOHEVNG
npocapuoyn n Aettoupyiag og eva
EMOVOPYAVWOTN £T0L WOTE OUOTNMOL TIOU ETILTPETIEL
va Statnpet amodektd 0To oUoTNHO va AANAZEL
enineda anddoong dtav ETILTPETIOVTAC OE (WTLKEG
UTTOKELTOL OE TLIOAAQTIAEC AeLtoupyleg va
(SLadopETIKEC) CUVONKEC cuvextotouv (Watt agvw
dopTWOoNC NIPONYOUHEVWG TTEPLTTAL

Seith N. Mugume, Kegong Diao, Maryam Astaraie-Imani, Guangtao

I { ’
otoweia avaAloppoavouv
Fu, Raziyeh Farmani, David Butler; Enhancing resilience in urban water [ 4 ’
systems for future cities. Water Supply 1 December 2015; 15 (6): 1343- VE E q AE lto U pv lE q

1352. doi: https://doi.org/10.2166/ws.2015.098



https://doi.org/10.2166/ws.2015.098

gveliéia

avOekTiKOTNTA

TTAEOVOLOLOG



AvOBekTikOTNTA 0€ OlkTLUA LOPELONC

Eveliéia

AvTtiKataotoon Kplolwv
aywywv

KAelota Siktua

AvTAiec epedpLKEC-
ouvdeopoAoyia avtAlwyv

Meilwon anwAewwv

Awaxeiplon {ntnong (my. 2¢
Aewpubplia)

TIAEOVOLGLOG

e AU&non xwpnTIKOTNTOC
defapevnc/ dvo de€apevec

e MapaAAnAotl aywyoiParallel
pipes

* ZeXwWPLOTO OikTUO
nupoofeonc



Baolkec apyec yia avénon
avOektikotnTOaC 0€ STV OB PLWV

Agopevon tneC amopponc otnv nyn /Uelwon

6Onong

[MEPLOPLOMOC KOl LELWON TIALPOXWV OLLYUNG
(puokec AVoeLg, ppaypoTo avAoXEONC

KOTOVELLNUEVOL)

Enteéepyacio cuAAeyopevou vepoU amopponc

AwnBnon Tng amopponc Kol emavadopTLon ToU
UTTOYELOU vepoO/enavaxpnotuonomcn
(KUKALKE) LKOVOLLOL) o Sl oo LS, o Sl el 50

https://do g/lO 1080/1573062X 2018 1457166

chrome-

xtension://efaidnbmnnnibpcajpcglclefindmkaj/https://mycourses.ntua.gr/course
PSTGR1039/document/Diaxeirish_Astikou_Nerou_Technologies_Makropoulos

s/
.pdf



AvBekTIKOTNTA O€ SIKTU A OTTOXETEVONC

* Melwon 6inBnonc:
— AmtoouUvdeon opOdwV ATTO TO ATTOXETEUTIKO HLKTUO
— Nepata MNelobpopla
— Texvntol vuypotormol
* Melwon aunc:
— Texvntol vypotormol
— Teyvika epya 610dgvong
— Qpaypoto avacyxeonc ToAATAA KOTOVEUNMEVA
— Amokataotoon vdATOPEUUATWY



Alley with impermeahle pavement and pb:qy‘,ﬂ?aiil;a

Alley incarporating green alloyprinciples — ——— = — =

= —
=) S T N

Mpoteivetal 0AoL ot te(ddpopoL Kal ta mapka otnv EAAAdSa va kataokeualovtal oto
HUEAAOV e Slamepatd Kol avaKAQOTIKA UALKA WOTE va amoppodAtal To VEPO TN Bpoxn¢
Kol va avakAATtol n Beppotnta otnv atpoodatpa. Oa cupPAaAouv GNUAVTLIKA 0TNV
OVAOXEON TWV MANUUUPWYV TO XELMWVA KAl 0TN Helwon tng Beppokpaaciag tou
nieptBarrovtoc to kadokaipt. Ot Spaoelc aUTEC BeATLwWVOUV TO KALMO TOTILKA OAAGL
TLOMEG HLKPEC Spaoel BeAtiwvouv To KAlpa taykoopta.  (Mavtokpatopag, 2020)



MNapadeypo Asukwolac ... (wvn
npootaclog

e 2tn {Wvn MPOooTAcLlOC TOU TTOTAUOU OTLC TIEPLOXEC
TwV ANpwv AaKatapeLac, 2TpofoAou Kot
AEUKWOLOC EXEL KATOOKEVOAOTEL TO PAMULKO
Mapko tou lMedlaiov to omoio MANUUUPLlEL OE
KATOLOL TUAMOTA Tou otnv MAnpupuUpa 20etiac. H
KOTOLOKEU ) TOU TapLevTnpa Tapoooou oTo
aVAVTN OPLO TOU TUAHATOC EVOLADEPOVTOC
NMPOOPEPEL CNUAVTILKA TTPOCTOCLO OTLC KATAVTN
TIEPLOXEC, TO EMUMESO TNC OMoLaC avEaveTal 000
neyoAutepoC eivat o SLaBeoLpoc OyKoc ylo
anoBnkevon vepou Kata thv nepiodo mpv tnv
evapén Twv BpoxomTwWoEwV.



https://vimeo.com/174936098?ref=fb-
share&1

S gl



