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Alaxeiplon EvepyeLag
oL 3 BACLKEG KATNYOPLEG

Energy Management Falls Into 3
Basic Categories

Demand Management
Control demand to
reduce energy cost

Energy Efficiency
Use less energy for a
given process

Alaxeiplon Ntaxeipton
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Demand
Management

Resource Recovery
Recover waste energy to
offset purchased energy

AvAKTnon
EVEPYELOG
(r.x. BloaégpLo)



AELTOUPYLKA KOOTN OTLC EEA
N CULLULETOXN TNC EVEPYELOC OTOL AELTOUPYLKA KOOTN

EvOelktikn elva n epmelpia amo tn Meppovia (lowcg n xwpo YE TNV TILo
aptia rapakoAovBbnon EEA otnv EE) mou belyvel otL to Evepyelako
KOoTtoC aviutpoowrneVel €we Kol To 35% Ttou OUVOALKOU KOOTOUG
AeLtoupylog.
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Evepyelakn katavaiwaon otic EEA

Amo petpnoelg os 10.200 EEA otn leppavia:

H ouvoAwkn katavalwon evépyelac avepyetat o 4,4 TWh/£toc

~ 35 kWh/(loodUvapo Katoko oxedtaopou kat Etog) 1 0,4 kWh/m?
= 0,7 % TNC CUVOALKNG KATAVAAWONC EVEPYELAC O0TN Eppavia.

2tic HMA n katavaAlokopevn eveépyeLla otn dlaxeiplon vepou Kat
AUHATWYV EKTLHATOL LETAEY 3-4% TNC CUVOALKAC EVEPYELOC TNG XWPAC,
EVW OVEPXETAL O EWC KOl TO 60% TWV CUVOALKWYV AELTOUPYLKWY
darmavwyv Twv povadwy enetepyacioc vOATWVY Kot AUMATWV.

To mANBo¢ Twv dnuoocwwv EEA otic HMA umoAoyiletal o€ mavw oo
16.000 povadecg, evw ol LOLwTLKEC povadec urtoAoyilovtal og 23.000
nepinou (o€ Blopnyavieg, cuykpOTAHATO KATOLKLWY KTA). Ot povadeg
OOV vVepoU eival repinov 60.000.



Table 1-2

Summary of Electricity Consumption Projections for Water Supply and Wastewater

Treatment
’ Approx. %
Yoar 2000 2005 2010 2015 2020 2050 | Increase
| , i
\ Public Supply and Treatment — Million kWh |
Public Water Supply | 30,632 31910 33240, 34648 36079 45660 50
POTWs 21006 24512 24,895 25.277§ 26039 29820 50
Private Supply and Treatment — Million kWh
Domestic Supply 894 930 9651 1001 1,038 1.274§ so;
Commercial Supply 476 499 525, 563 581 780 so[
Industrial Supply 33e1| 3793 4236  4731] 5284 10255 200
Mining Supply 490 509 528, 548 569 713 50
;ln'lgotion Supply 23.6071 25639 27,909 30453 33.314] 60646[ 1so§
Livestock Supply 992 1,047 1095{ 1,144 1,194‘ 1510 50
éPrlvately Operated ] \ [ ‘
Wastewater 42,012 49025 49790 50555 52,078 59,641 50|
Treatment (see note) | | | |
Total Electricity 123450/ 137,864 143182 148910/ 156,174 210,299 100;5

Note: It was not possible to make electricity consumption projections for privately operated wastewater treatment
facihities (see Chapter 3). The figure shown here is a surrogate representing twice the clectricity consumption of
POTWs. This estimate was used because there are about 50 percent more privately operated wastewater treatment
facilities in the U S, as POTWSs, and their unit electricity consumption is estimated to be about 50 percent greater
than that of POTWSs because of loss of economies of scale and different treatment regimens.



Table 3-1
Unit Electricity Consumption for Wastewater Treatment by Size of Plant

25.000 wk

115.000 wk

240.000 w«

470.000

1.150.000 wk

2.250.000 w

Treatment Plant Size

Unit Electricity Consumption

kWh/million gallons (kWh/cubic meter) *

million gallonsiday Trickling Activated Advanced \'?::tz:::t:r
(cubic meters per day) . Wastewater
Filter Sludge Treatment Treatment
Nitrification
;3“;;"593';{%3}3" 1,811 (0.479) | 2,236 (0.591) | 2,506 (0.686) | 2,951 (0.780)
f‘ﬂé’"&"ﬁﬂ?ﬁ? 978 (0.258) | 1,369 (0.362) | 1.573 (0.416) | 1,926 (0.509)
;3‘]?'“;“5“'&9;'{%3}? 852 (0.225) | 1,203 (0.318) | 1.408 (0.372) | 1,791 (0.473)
ffﬁ'“_:',g“ugﬁ'{%a}? 750 (0.198) | 1,114 (0.294) | 1,303 (0.344) | 1.676 (0.443)
?PEE“E“E%EA‘L?E 687 (0.182) | 1,051 (0.278) | 1.216 (0.321) | 1,588 (0.423)
100 MM gal/day 673 (0.177) | 1,028 (0.272) | 1,188 (0.314) | 1,558 (0.412)

(378,500 m*/d)

Source: EPRI[1]




Table B.3 Relative Energy Use Projections for a 20 MGD Plant 470.000 wk

Advanced without Advanced with
Trickling Filtration | Activated Sludge Nitrification Nitrification
- Aeration Aeration Aeration
gl N iz i i i,
Trickling filters | 30% | yitfusedair) | 207 | (diffusedain | 497 | (diffusedain | 3%
Dissolved air a Dissolved air a Dissolved air a Biological a
flotation 20% flotation 13% flotation 13% nitrification 20%
Wastewater ar | Anaerobic ar | Anaerohic o | Dissolved air a
pumping 20% digestion 12% digestion 10% flotation 10%
Anaerobic o | Wastewater os | Wastewater os | Anaerobic 0
digestion 14% pumping 11% pumping 10% digestion 10%
Lights & a Lights & a Filter feed a Wastewater a
Buildings 8% Buildings 2% pumping 6% pumping 8%
Lights & o Filter feed
e i : 24
Buildings % pumping 3%
Lights & o
Buildings 4%

(Based on data in Burton 1996)

Table B.4 Relative Energy Use at a 7.5 MGD Secondary Plant 175.000 wk

Activated sludge 35%
Primary P.S. Clarifier 10%
Heating 7%
Solids dewatering T%
Raw wastewater pumping 5%
Secondary Clarifiers RAS 4%

(Based on data in California Energy Commission 1994)



Evepyelakn katavalwon otic EEA dteBvwce - 1

M£00bdog EvepyoU LAUOG
0.46 kWh/m3 (Australia)
0.269 kWh/m3 (China)
0.33-0.60 kWh/m3 (USA)
0.30-1.89 kWh/m3 (Japan)

Me£Bobdoc OéeldbwtiknNe Tadpou (enmidpaveLaKOC AEPLOUOC OE
opllovtLo asova)

0.5-1.0 kWh/m3 (Australia)
0.302 kWh/m3 (China)
0.43-2.07 kWh/m3 (Japan)
0.41 kWh/m3 (Taiwan)
0.49 kWh/m3 (New Zealand)
0.45-0.75 kWh/m3 (Hungary)

2Tn Zykamoupn koatavaAwon 0.72—0.92 kWh/m3 yia tnv mapaywyn
oXeOOV TTOCLOU VEPOU Ao tTnV EMeepyaoia.




Evepyelakn katavalwon ot EEA dteBvwce - 2
turtikn dtaomopa kota urtopuovada EEN

Agplopoc — to HOT SPOT

Gravity Thickening Lighting and Wi astenuater
1% Belt Press Buildings Fumping Soreens
Anaerobic 3% G 12% 19,
Cigestion rit Femoval

11% 1%

Chlorination
1%

Feturn
Sludge
Fumping
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Clarifiars
3%
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Muote: Forthis pie chart, "Aeration” includes adivatad sludge aeration in addition te diesoheed air
flotation thickening processes,




Mool elvall oL oTO)OL ;

KUplotl otoyol

— Meilwon NS KaTavAAwoNC EVEPYELOLC
— AUEnon «EOWTEPLKA» TNC TIOPAYWYNC EVEPYELOC

(vau yivet n EEA katd to duvatd autoduvopn EVEPYELAKA, TL.X.
aélomoinon Bloaepiou, AME)

AgUTEPEVOVTEC GTOXOL

— BeAtiwon tng molotnTog EKPONG
— 2taBepomoinon tn¢ diepyaoiog



Napadelypa otoxwv otn MNeppovia Ko

TTOCOTLKOTIOLNON

P o~
Energy evidence (example) Status Quo )/arget valA /deal valux
Total specific energy consumption per p.e. a1 KWhip.e. a 35 KWhipe. a 28 KWhipe. a
Specific energy consumption aerated basin per p.e. J3 KMWhip.e. a 23 KWhipe. a 18 K¥vhip.e. a
Degree of Qas reuse a6 % 93 % 99 %
Degree of gas conversion
to power / electricity 0 % 30 % 31 %
Specific gas production per
kg 055 intake 370 I#/kg 055 480 1&g oSS 475 kg 055
Degree of independent supply Heat 97 % 97 % 98 %
Electricity 0 % 49 % 55 %
S S
[/
Ormnou:

- Target Value: petd amo aviutpoowneuTiko deiypa EEA
- ldeal Value: pe Baon povteAa amo EEA mou Asttoupyouv Bewpntikd
OaVIKA KOl UE TOL Omola OUCLOOTIKA YiveTal n HEAETN Kol O

OXEOLOLOUOC



Napadelypa otoxwyv otnv EAAada kait
noootLKomoilnon - 1

Amo €peuva o€ 11 EEA tou eAAabLkoU xwpou (aro tic epimou 300 povadec),
ukpns (6.000 k), pecaiog (100.000 k) kot HEYAANG OSUVOULKOTNTOC
(4.000.000 k, WutaAAela), cupTEPOLLVOULE TA EENC:

- H npaypatikn katavalwon &emepva katd 20-50% tnv Bewpntikn (Baoel
HOVTEAWV HE €udaon otn ProAoykn Pabuida/aeplopoc Kot tn ypauun
LAVOC).

- ZupBatikéc EEA Ba pmopoloav va KaAUPouv ecwTepLKA (HLE Xprion Tou
napayopevou PBloaegpiov) 10 43-74% TNG KATAVOALOKOUEVNG EVEPYELOG
aepLopoU Kal enetepyaciac LAUog (rmou amoteloUv Kal Toug Baockoug
KOTOVAAWTEC eVEPYELOC pLag EEA)

- To mooootd katavaAwong evepyelog otn PBroloyiky Babuida oto
oUOTNUO TOU MOPOTETOUEVOU OEPLOMOU KupaiveTal peTtaty 60-82%, ue
TOV OEPLOUO va amoteAel to 29-75% tNG OUVOALKNG KOTAVAAWONG.
Avtiotolxa, Ta TOCOOTA TOU GUMBATIKOU cuotRpatog sival 53-68% kal
26-57%.



Napadelypa otoxwyv otnv EAAada kait
NoooTLKOTIOLNON - 2

Ta mooootd KatavaAwong evepyelag tnc Olaxeiptong tAvog yla To
oUOTNUO TIAPOTETAUEVOU AEPLOUOU KoL TO CUMBATIKO ovoTtnpa sival 2-
7% Kol 6-18% emi TnC CUVOALKAC KATOVAAWONG, avTioToLya.

Ol etolec darmaveg pia peoatiac povadog (100.000 L.K.) yia ToV aEPLOUO
Kol TNV LAV aveépyovtal o€ 25 kW/person.yr.
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AuTO pag deiyvel otL .. yia EEA < 10.0000t.K. LITOPOUE VA ETUTUXOUE
£wc Kot 20% peiwon oto deiktn kWh/m3ftoc.

AuTO pag deiyvel otL yia duvaplkotnteg < 10.000 k dev €xoupe Kapia
duvatotnta self supply (adou dev €xoupue Epya OMwWE XwveUOn LAVOG-
napaywyn Bloaepiov kAm).

H miieon yla evepyelakn «xoAtvaywynon» gival tblaitepn €dw AoLmov.



KUpLlec euKalpleg yLa Lelwon evepyeLakoU
Kootouc - 1

Melwon mapaotikwyv €Llcpowv o0To SIKTUO ATTOXETEUONG, Apa
Lelwon Aetoupyiag avtALwY oto SLKTUO Kal HELWON TOU OYKOU
TWV AUMATWYV TIOU TIPETEL VoL SLaxelplotouv otnv EEA.

Emikeévipwon otov agplopo (mou amoteAel mAgov tou 50% tNC
evepyelakng darmavng ot EEA — mapatetapevou agplopou,
onA. tn ouvtputtikn mAsoPndia twv EEA otnv EAAadQ).
AkplBic kata to Ouvatov pETPNON Tou OLaAEAUPUEVOU
otuyovou (AO). Avtopatiopog oto SCADA, wote avaloya pe
v Tt AO va mpooappoletal n Asttovpyia (otpodEg) tou
emipavelakol oEPLOTAPA N Tou duoNTAPO OTNV TEPLUTTWON
urtoPpuyxtacg dtaxvong. M.x. emtvyyavetat e€okovounon 20%
oTNV KAToVAAwoN eVEPYELAC HE Helwon tou AO oto teAeutaio
Tunpa tng de€apevnc os 0.5 mg/L (amo to 1-3 mg/L).



KUpLlec euKalpleg yLa Lelwon evepyeLakoU
KOOTOUC - 2

3. Opbn Slaxeipton tou €€OMALOUOU OTOV QEPLOUO TL.X. KAOAPLOUOC
Stayxutnpwv otov muBueva tng defapevnc agplopol (to mote Oa
LLTTOPEL va TIPOKUTITEL ATtO TN CUOYETLON anodoonc/Katavaiwong)

XapaKTNPLOTIKO ypadnua:

Aeration Tanks
Cleaned
| WYV
1,500
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KUpLlec euKalpleg yLa Lelwon evepyeLakoU
KOOTOUC - 3

4, BEATLOTN/OAOKANPWUEVN Sdlaxelplon TWV SdlaBcoipwv
TINYWV/TIAPOXWV EVEPYELAC, OTAV O TIAPOXOC evepyelag edpapuolel
KALLOKWTN THoAdynon n/kat umdapxet duvatotnta AAANG Tnyng
evepyeLac (buolko aeplo, AMNE, ecwtepikn mapaywyn Bloaepiou KTA)
XapaKTNPLOTIKO ypadnua:

700 1 Stop Electric Blowers and
s On-Peak Off-Peak
Start Engine Blowers
" W/' v v ‘\‘Y.\ - IKWH 3AE_[KWH
500 -\ /,-/
Sap0 { T TCTommoommmm e e B ———————
= Average On-Peak Demand — 437kW
=
E 300 [
= e e D \%‘v:v‘*‘ + v
500 . Optimum On-Peak Demand — 265kW
Problem: Stopping electric blowers 10 minutes
100 - after On-Peak period began. ~$20,000/Year in
excess demand charges
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KUpLlec euKalpleg yLa Lelwon evepyeLakoU
KOOTOUC - 4
5. OEAOUUE VO OUCYXETLOOUUE TNV E€vepyelakn (ATNoON ME TIC
SLOKUMAVOELG TOU TLHoAoyiou (.. Ttng AEH) o€ pla Tumkn peEpaL.
Noapadetypo mwc aAAaleL To TLHoAOyLo otic HIMA:

Autn tn nepiodo

20¢ glval kot o
OLEPLOUOC TWV
15¢ Avpdtwyv oe
é nAnpn Asttoupyia
X~
@ 10¢
c
e 5.36¢/kWh —\ e 5.36¢/kWh
oS¢
2.70¢/kWh
HEEEEE N
1 10 12 7 9 12
AM AM Noon PM PM Midnight

 Energy cost changes with the time of day



KUpLleC euKaLpLleC yLA LELWON EVEPYELOKOU
KOOTOUC - 5

Codamin 1 z 3 +

Average daily Average daily
influent BOD effluent BOD or
(Ivday) CBOD db'day)

E lectric use Average daily
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KUpLleC euKaLpLleC yLA LELWON EVEPYELOKOU
KOOTOUC - 6

Figure 5 WIWTP Efficiency Benchm arks
Treatment Type Rty bl G kbl BOD
Extended Air <38 <20
Conventional Activated ‘1 .
Sludge '
Sequential Batch <18 < 1f
Feactar
Dxidation Ditch <2 < 1.6
Trickling Filter 0.5 < 0.4
Lagoon™ 2 vatp 07 - 162" 21- 1247
Cantact Stabilization®
@ vmntp) 2.0- 36 2365
Fotating Biological
Contactar (2 vte) 0.6- 2.F 06 - 507

¥ Entire range ofvaluesincluded due to small number of plank in category. Mose effident plants hawve 1 moer
WEF=



Edappuoyec e€olkovopnonc EVEPyELOC LECW
avaAvonc evepyelakwyv dedopevwy - 1

JUOXETIOMOG TNG EVEPYELOKNG KATOVAAWONG TWV Hovadwv pe tnv anddoon (BOD, N, P, mototnta IAUOG KTA), Kal
Ta KaBoplopEva Opla kpong (n amodoon va 0TOXEVEL O€ AUTA Kal OXL otV emiteuén uPnAwv anodOcewv, Tou
ouvnBwc elvat evepyofopa)

JUOXETIOMOG TNG EVEPYELOKNG KATAVAAWONG TWV HovAadwv Kol Tng amodoong Kol pe aAeg apapetpouc (DO,
NH4, pH, Beppokpaaia, MLSS, 6o KTA)

JUOXETIOMOG TNG EVEPYELOKNG KATAVAAWONG TWV HoVASWV Kol TNS amodoaong e TNV MAAALOTNTA TOUC, To KOOTN
OUVTHPNONG KAl avTIKaTaotaon (amooBeon autwy)

Atepelvion yla To av KAmoleg povadeg oupdépet va eEunnpetouvtal evepyetaka kot ano AlME (dwrtofoAtaika,
QVELLOYEVVATPLEC, yaloBepuia KTA)

EEA Alepelvion TnS MepmTwong epappoyng Xwveuong INUOG Kol ECWTEPLKAC APAYWYNG/KATAVAAWGCNG EVEPYELAS
(mapaywyn Bloagpiov)

Alepelvion TNE MEPMTWONG KATAOKEUNG Se€apevng e€Llooppomnong wote va eEoaAuvOeL n Tuxov evepyofopa
v nAn dtakupaveon TG mapoxne (kat n anaitnon vrtodopwv HKPOTEPNG LoxVOG)

Alepelvion yLo TO oV KATIOLEC LOVASEC CUUDEPEL VA AELTOUPYOUV E ULKPOTEPN LOXU (1) TUNUATIKA) OE TIEPLOYEG
He UPNAEC SLAKUUAVOELG TAPOXWY (TOUPLOTIKEC, UE UPNAEG BPOXOMTWOELG KTA)

Alepelvion/ZuoXETIONOC AOS00NC KOLL EVEPYELAKAC KATAVAAWGNG HeTAEV povadwy (T.x. KAeiolpo
avodeutnpwv otav Aettoupyoulv oL puontrpeg, anodoon/evepyelakn Katavaiwaon Blodoyiknc Babuidoc kat
TiopayOpEeVNG LAUOC)




Edappuoyec e€olkovopnonc EVEPyELOC LECW
avaAvonc evepyelakwyv dedopevwy - 2

Anotumuwon SLoppowv KL MALPOOLTIKWY ELTPOWY, CUGKETLOHOC OAMAVIWY GUVTANGNG N MOKATAGTANC KOl
Aiktua |evepyetakne emBapuvon (amwAeteg n tpoaBeTec mapoye, aAayn TG LoXUOC TwV OMATOUUEVWY UTOSOHWY,
EMNPEQOLOC TV OYETL{OUEVWY Hovadwy enetepyaotag)

TUOYETIONOC motoTnTac/uypastoc Uoc, Tpmou XpRone autne (avTioTOLyEC MOLOTIKES AMALTAOEL),
IO [amatoUpevnc evepyelac mayuvanc/adudatwong, domavwy eTadopag (amootaon kat oykog, BaoeL tpomou
ypnong/6uabeanc kot uypaotag) kTA

Mapoyo¢ |ZuoxeTiopog Tne evepyelaknc karavahwone twy povadwy e Ty anodoan tne EEA kat twv A/, kattny
peUpOTog [TioAoyLaK MOALTLKT TOU TtolpOXOU NAEKTPLKOU peUpaToC K th duvatotnta awy rtnywv evepyetag (AME kTh)

Kowo [EuatoBntomolnan tou kowou, e€oLkovopnan, Helwon KaTavaAweng, EmavaypnoLuonolnen, Wpee ayung KT




Edappuoyec e€olkovopnonc EVEPyELOC LECW
avaAvoncg evepyelakwyv dedopevwy - 3

Miot TUTILK] OUOXETLON METAEU TNCG EVEPYELAKNG KATAVOAWONC
(amoutovpevou oéuyovou) pe tnv amodoon (BODS5) kat pio oepd
Boolkwv MopapETpWY (Beppokpaoiac kot nAtkiac/mototntog LIAUoC):

1-8 l 1 LI | | ] | LI LI IR AL I ] 1 [ ]
=]
o 1.6 i
g 14
13}
T 12k
8 1.0
@ 'l .
® sl 30°C
= (.8 A
%’ : 20C
5 06 10°C Domeslic Waslewaler * -
§ 04l : ~ COD/BODs = 1.6 - 2.0
& o2k TSS/BODs = 0.8-12
= L1 11 5.1 'R TR A W |

i1t
0.4 06 1.0152 3 4567810 1520 3040

SRT, days .
Figure 1 Oxygen consumption ratios for carbonaceous
oxygen demand. From U.S. EPA. 1989.

Figure 1 shows that at higher temperatures the oxygen demand per removed BODs is
increased. The figure also shows that for a higher sludge retention time (SRT. as
defined in Chapter 2.3.3). the oxygen demand per removed BODs is higher. This is a
result of the endogenous respiration, which the method implicitly considers. If the SRT
is higher F/M is lower, which increases the endogenous respiration and therefore
increases the oxygen demand per amount of BODs removed.

e
controller

Airflow Airflow
s.p. controller

Airflow
measurement
— Blower

Figure 10 DO cascade control. In the figure. s.p. is set-point.

The main advantage with DO cascade control is when using non-linear valves. for
example butterfly valves. When using non-linear valves and DO cascade control. the
non-linear characteristic of the valve is counteracted. This is possible since the control is
made in two steps where the airflow controller keeps track of the airflow — if a too big
jump in valve opening is made the controller will correct for this. The disadvantage of
DO cascade control is that it requires airflow meters. which might be expensive.
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Edappuoyec e€olkovopnonc EVEPyELOC LECW
avaAuvuong evepyelokwv dedopevwy - 4

Mia tumikn edapuoyn alobntipwv Kotaypadpnc EVEPYELOKWV
dedopevwy:

n¢ Stepyaoiog

Napaywyn evépyelag
— MPOG ECWTEPLKN
KatavaAwon otn

Y povada



[potewopeva Brpata - 1

MpoomaBela  ywa «mpowBnon» [MpookAnong (otn Vvea
MNpoypappatikn Mepiodo 2014-2020) mou Ba adopd otov
ENEYXO — TIEPLOPLOMO TNG EVEPYELAKNG KaTavaAwong (Heiwaon
KALLOTIKAC aAAayng) twv EEA maveAhadika.  Xpeldletol
npoooxn Kabwc to 6Ao BEpa amtetal tn¢ Asttoupylag amo to
Dopca/Awatovyo kot tiBevtal B€pata emAeélpotTnToC.
2JTOXEVUEVN ETUKOVWVIO LE OpLOpEVOUC Aettoupyouc EEA (m.y.
oplopevec AEYA otic MNepidpépeleg Autikng EAAadag, 2tepedc
EAAGSOC) yLa eyKATAOTAON METPNTWV KATOUVAAWGONG EVEPYELOC
— mapakoAolOnon Kat €Aeyxo. 2TOXOC N TEXVOYVWOLA KoL N
ocuvayn ZupBaoncg umnpeoiac.

Me TNV E€VOWHATWON TOU €LOIKOU KPLTNPLOU EVEPYELOKNAC
KatavaAwong otic peAetonpoodopec twv EEA (mBavotata pe
Baputnta 15%) Ba mpéemel va yivouv emnikolvwviec pe Qopeig
kat Ymoyndloug Avadoyouc ylwa ouvepyaoia otn ¢paon tng
nposToLpaciag Kat uTtoBoAnc npoodopwv.



[Mpotewvopeva Brpata - 2

4. Alepevvnon SuvaTtoTATWV KoL TIPOOTITIKWY CUUUETOXNG OE
EPELVNTLKA Ttpoypappata e partners: AEYA, AEl, staupelec KA.
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