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Tnv niepiodo 2012 — 2014, 1600 wc Texvikn Yrtootnpen otnv EYA EMMEPAA 600 Kol w¢ 2TeEAEXN
¢ Opadoc YrmootnplEng TeEALKwY AtkatoUXwv ATTOHOKPUOUEVWY Kol NnolwTtikwyv Meploywv
(Task Force) tng kevtpikng vrtnpeoiag tnc MOA, elxa e EVTOTILOEL TO €€NC «TIPOPANLLOY:

YWHAEZ KATANAAQZEIZ ENEPTEIAZ 2TIZ YNOAOMEZ AIAXEIPIZHZ AYMATQN
(Baoel Twv BewpnTtikwv TLHWYV oxediaong) —
AAYNAMIA XPHMATOAOTHZHZ APAZEQN/EPTQN ME AMITQZ ENEPTEIAKEZ NAPAMETPOYZ

OTO TAQLLOLO QUTO EMPETIE Va «armodelfoupe» TNV avaykn xpnuatodotnong/emAeELpotnTog
OXETIKWV SpAcewV/Epywv, N ENMILGUAAKTLIKOTNTO TWV TIEPLOCOTEPWYV EUTAEKOLLEVWV NTAV
LEYAAN, Tapolo avta peca amo duo Mpoypappata tov Yrnoupyeiovu ECWTEPLKWV 0 GTOXOC
EMETELXON o€ peyalo Babuo:

- T0 MPWTOo BApa £ywve péoa ano to Mpoypappa AINOAHMOZ | (2018) kaw ev cuvexeia
- to Npdypapupa ANTQNHE TPITZHE (2020).
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Awaxelplon Evepyelac - ot 3+1 PaoLKEC KATNYOPLEC

Energy Management Falls Infto 3
Basic Categories

Energy Efficiency Meiwon
Use less energy fora KOTOVOALOKOMEVNG

given process EVEPYELOC LEOW
KaAUTEPNC AsLToupyiag,
Slaxeiplong
TOoU €€OMALOHOU

, Demand Management
ALoXeLpLON  Control demand to

¢ {ntnonc reduce energy cost

~NSowne

Demand Resource

Management Recovery \
AvAKTNOoN EVEPYELOC

«EOWTEPLKA» (TT.X.

Resource Recovery , :
BloaEpLo, eVAANAKTEC,

Recover waste energy to

, , offset purchased energy ubpootpofLiol)
MpoocOnKn EMapKwV
o CEEWTEPLKWVY» TINYWV YuvoLaxeiplon /
ANET??{%& evépyelag (O/B, - GAAWV OPYOVLKWY EYAAY"EZ
rhit eroatonentn | TP OVELLOYEVVATPLEG KATT) aroBAftwv/i\vog Jrle s —

TOY YNOYPIrEIQY EXQTERPIKON
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AELTOUPYLKA KOOTN OTLC EEA
N CULLLLETOXN TNC EvEpyELlac oTa AELTOUPYLKA KOOTN

EvOelktikn €ival n eumelpia amo tn Meppavia (lowg n xwpo Qe TNV IO ApTLA
nopakoAovOnon EEA otnv EE) mou O&eiyvel otL to Evepyewako Kootoc
QVTUTPOOWTIEVEL EWC Kal To 35% Tou oUVOALKOU KOOTOUC Asttoupyiag (otolxela
TpLV Tov oAepo otnv Oukpavia).
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Evepyelakn katavaAlwon otic EEA -1

ATto petpnoelc os 10.200 EEA otn Mepuavia:
H ouvoAwkn katavalwon eveépyelag avepxetal o 4,4 TWh/€toc
=~ 35 kWh/(lcodUvapo Katowo oxedtaopou kot Etoc) 1 0,4 kWh/m?3

= 0,7 % TG OUVOALKAC KATAVAAWONG EVEPYELAC OoTNn Meppavia.

>TIc HMA n KatavaAloKOUEVN EVEPYELO OTN Slaxelplon vepoU Kot AUATWV
eKTLHATOL LETAED 3-4% TNC OUVOALKN G EVEPYELAC TNE XWPOLG,

EVW OVEPXETAL O £WC KOl To 60% TWV CUVOALKWY AELTOUPYLKWY SATTAVWY TWV
Hovadwyv eneéepyacioc udATWY Kot AUMATWV.

To mANBo¢ Twv dnuoocwwy EEA otic HMA umtoAoyiletal og tavw amo 16.000
Hovadec, evw ol LOLwTIKEC povadecg urtoloyilovtal og 23.000 nepimnovu (o€
Blopnxovieg, CUYKPOTAMATO KATOLKLWVY KTA).

OL povadec nooLpou vepou eival mepimou 60.000.
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Evepyelakn katavaAwon otic EEA - 2

Avtiotowya 6ebopéva kat otn Notia Kopéga:

=~ 0,29 kWh/m?3

= 2,353 kWh/kg BOD removal

= 0,5 % TNC oUVOALKNC KatavaAwong evépyelag otn Notia Kopea

= 0,8 % aflomoinon evepyelac (AMNE kat e€otkovopnon) otig EEA

Electricity Electric Use
[Capacity (m® Nurppgrof Consumption r Flow
pacity (m:/d) Facilities P %
(kwh) (kwh/m?’)
3.000u  |s00~1000 53 10683210 126
1000~5000 102 71014710 118
30.000 x |5000~10000 47 59632253 0.72
10,000 ~50,000 8 331990571 ~  0.62
300.000 «k (50,000~ 100000 23 325614887 = 0.83
100,000 ~ 500000 33 863,180,857 ~  0.46
o OTEAMIA 3.000.000 k. [500,000 ~ 14 847,361,345 0.26 EYAKYHEZ
AAAHAETTYHY T'IA
THN AYTOAIOIKHZH EIAIKH YNHPEZIA

AIAXEIPIEHI KAl EQAPMOIHI
2020 20023 |y whtpiouutuy oy
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Evepyelakn katavaAwon otic EEA - 3

Table 2 Various key performance indicators (in addition to kWh/m® shown in Table 1) reported in the literature for different

WWTPs
KPI Studied facilities Specific energy Remarks References
consumption
kWh/PE year  Rzeszow (Poland) 48.2 400 k PE advanced WWTP Maston (2017)
Kronso (Poland) 59.1 117 k PE advanced WWTP Trojanowicz (2016)
Slupsk (Poland) 16 250 k PE BNR WWTP Zaborowska et al.
(2017)
Bochum-Olbachtal 23 213 k PE WWTP before Marner et al. (2016)
(Germany) modifications
Bochum-Olbachtal 12 213 k PE WWTP after Marner et al. (2016)
(Germany) modifications
16 Austrian WWTPs 284 16 Austrian WWTPs, PE = 100 k Haslinger et al. (2016)
7 Austrian WWTPs 33.6 7 Austrian WWTPs, 50-100 k PE Haslinger et al. (2016)
55 Austrian WWTPs 36.8 55 Austrian WWTPs, 20-50 kK PE  Haslinger et al. (2016)
24 Austrian WWTPs 48.2 24 Austrian WWTPs, 10-50 kK PE  Haslinger et al. (2016)
Burg (Germany) 15.3 120 k PE, Conventional WWTP Torregrossa et al.
(2018)
Stuttgart-Miihl hausen 41.5 1200 k PE advanced WWTP Zettl (2015)
(Germany)
kWhikg Rzeszow (Poland) 0.49-0.68 400 k PE advanced WWTP Maston (2017)
C()Drcm.cr\'cd
43 WWTPs in developed 0.69 43 WWTPs, = 100 k PE Longo et al. (2016)
countries
35 WWTPs in developed .82 35 WWTPs, 50-100 k PE Longo et al. (2016)
countries
89 WWTPs in developed 1.02 89 WWTPs, 10-50 k PE Longo et al. (2016)
couniries
Changi WRP (Singapore) 1.88 800 km“/day BNR WWTP Yeshi (2015)
177 WWTPs in Valencia 1.68 400 km*/day (mean treated volume Herndndez-Sancho
region (Spain) of the sample) etal. (2011)
Jurong (Singapore) 0.58 990 k PE advanced WWTP NEWRI (2009)
Beijing Gaobeidian (China) (.75 2.4 million PE advanced WWTP Gans et al. (2007)
kWh/kg Rzeszow (Poland) 1.03-1.57 400 k PE advanced WWTP Maston (2017)
B{)Drcmcr\'cd
Slupsk (Poland) 0.75 250 k PE BNR WWTP Zaborowska et al.

(2017)
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Table 1-2
Summary of Electricity Consumption Projections for Water Supply and Wastewater

Treatment
Approx. %
Year 2000 2005 2010 2015 2020 2050  Increase
2000-2050
Public Supply and Treatment — Million kWh
Public Water Supply 30,632 31,910 33240 34648 36,079 45660 50/
POTWSs 21,008 24512 24,895 25277 26,039 29,820 50 (...)
Private Supply and Treatment — Million kWh
Domestic Supply 894 930 965 1,001 1,038 1,274 50 To 2020, 2 6i1¢ avipwrtot b¢ev gixov
Commercial Supply 476 499 525 553 581 780) 50 npooBaor) o€ aoPaALS, MO0 VEPO,
Industrial Supply 3,341 3,793 4,236 4,731 5284 10,255 200 Ko 3,6 ‘?“'. bev ste(av np oaBa?n 2s
UTTNPEOCIEC AMTOXETEVONC AULATWV.
Mining Supply 490 509 528 548 569 713 50
Irrigation Su 23607 25639 27,909 30453 33314 60,646 150 , , ,
= iutid TouAayiotov, 2 i¢ avdpwrot rtivouv
1,047 1. 1,144 1,192 1.51 ’ y ’
Livestock Supply - s 095 ? . - VEPO UOAUGUEVO UE TEPITTWUOTO KOl
Privately Operated % 3
Wastewater 42,012 49025 49790 50555 52,078 59,641 50 2,3 16 bev €xouv npooBaon oe
Treatment (see note) Baowkég untnpeoieg vyLewviig.
Total Electricity 123,450, 137,864 143,182 148910 156,174 210,299 100

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 POTWs, 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.
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Evepyelakn katavaAlwon otic EEA -1
kata puedodo enebepyaoioc

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

Treatment Plant Size

Unit Electricity Consumption

kWhi/million gallons (kWh/chbic meter) ¢

million gallons/day Tricklin Activated Advanced ‘iﬂt::tzl::;:r
(cubic meters per day) Filter g Sludge Wastewater | o tment
Treatment Nitrification
1 MM gal/day
25.000 (3,785 m*/d) 1.811(0.479) | 2,236 (0.591) | 2,596 (0.686) | 2,951 (0.780)
5 MM gal/day
115.000 K (18,925 m/d) 978 (0.258) | 1,369 (0.362) | 1,573 (0.418) | 1,926 (0.509)
10 MM gal/day
240.000 w« (37,850 m/d) 852 (0.225) | 1,203 (0.318) | 1,408 (0.372) | 1,791 (0.473)
20 MM gal/day
470.000 t | (75,700 m’/d) 750 (0.198) | 1,114 (0.294) | 1,303 (0.344) | 1,676 (0.443)
50 MM gal/day
1.150.000 | (159 250 msc) 687 (0.182) | 1,051 (0.278) | 1,216 (0.321) | 1,588 (0.423)
2.250. 100 MM gal/day
i 000 w (378,500 m*/d) 673 (0.177) | 1,028 (0.272) | 1,188 (0.314) | 1,558 (0.412)
Source: EPRI[1]
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Evepyelakn katavaAwon otic EEA - 2
kata puedodo enebepyaoioc

Mé£6060og Evepyou tAUog
0.46 kWh/m3 (Australia)
0.269 kWh/m3 (China)
0.33-0.60 kWh/m3 (USA)
0.30-1.89 kWh/m3 (Japan)

M£B6060¢g O¢etdwrikng tadpou (emipavelakdg agplopog o€ opl{ovtio agova)
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)

YN Zwykamoupn katavaiwon 0.72—0.92 kWh/m3 ywa tnv napaywyr oxed0ov mocLpou Vepou EYAI\:\YHE}:
amno tnv eneéepyaoia.
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Evepyelakn katavaAwon otic EEA - 3
kata puedodo enebepyaocioc & vrtouovada EEN

Table B.3 Relative Energy Use Projections for a 20 MGD Plant 470.000 1k

Advanced without Advanced with
Trickling Filtration | Activated Sludge Nitrification Nitrification
N .| Aeration .| Aeration .| Aeration .
IR 0,/ Ly oy 1,
Trickling filters | 30% | (yiffused ain) | 207 | (diffused ain) | F0%° | (diffused airy | SO0
Dissolved air 3 Mssolved air a Dissolved air a Biological a
flotation 20% flotation 13% flotation 13% nitrification 20%
We e i i i ‘ed ai
astewater 20% Alnac_rlnhu. 129 All1a§rpblu 10% Dlssq]\r ed air 10%,
pumping digestion digestion flotation
Anaerobic e | Wastewater ae | Wastewater o | Anaerobic o
digestion 14% pumping 11% pumping 10% digestion 10%
Lights & a Lights & a Filter feed a Wastewater a
Buildings 8% Buildings v pumping 6% pumping 8%
Lights & o Filter feed
Ty g o ) oy
Buildings 5% pumping %
Lights & 0
Buildings 4%

{ Based on data in Burton 1996)

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

AAAHAETTYHE T'TA

Activated sludge 55%
Primary P.5. Clarifier 10%
Heating 7%
Solids dewatering T%
Raw wastewater pumping 5%
Secondary Clarifiers RAS 4%0
oy EOTPAMMA : : (Based on data in California Energy Commission 1994) EYA&Y"EZ

THN AYTOAIOIKHXH

AIAXEIPIEHI KAl EQAPMOIHI
2020 2023 TOY YMNOYPrEIQY EXQTEPIKON

EIAIKH YNHPEEZIA




Evepyelakn katavaAlwon otic EEA -4

Table 1 Specific energy consumption and main energy consumers in WWTPs

References Specific Contributions Remarks
energy - N .
consumption Aeration  Sludge Pumping  Other
(KWh/m*) (%) treatment (%) (%)
(%)

Gans et al. (2007) 026 57 5 - 38 24 million PE advanced WWTP in China
(Beijing)

Mouri et al. (2006) 0.3 T7 7 11 7 WWTP in Iran (Tabriz) after upgrades

Panepinto et al 0.3 51 20 - 20 2.7 million PE(615 I;mlfdu_v) advanced WWTP

(2016) in Italy (Turin)

Jomasson (2007) 0.30 70 13 4 13 Benchmarking study on modern WWTPs in
Austria

Jonasson (2007) 0.32 57 13 9 21 250 k PE modern WWTP in Austria (Strass)

Mizuta and 0.3z 46 31 18 5 81 km"m.u}' conventional WWTP in Japan

Shimada (2010) {MNorthern Kumarmoto)

Gu et al. (2017) 037-16 &l 12 12 16 Avernge MBR treatment systems located in
Singapore

Wang et al. 043 - - - - 38 km™/day WWTP US (Sheboygan)

(2016)

NEWRI (200%) 045 - - - - 990 k PE modern WWTP in Singapore
(Jurong), receiving industrial (406 of
influent) wastewater with higher COD

Jonasson (2007) 048 48 14 9 29 500 k PE conventional WWTP in Sweden
(Stockholm)

Zaborowska et al.  0.48 53 - an 17 250 k PE advanced WWTP in Poland (Slupsk)

(2M7)
Trojanowice 0.67-1.11 - - - - 117 kK PE WWTP in Poland ( Kronso)
(2016)

Maslon (2017) 0.87 - - - - 400 k PE advanced WWTP in Poland
(Rzeszow)

Yeshi (2015) 0.89 13 9 24 54 800 km'*fday modern WWTP in Singapore
(Changi), (approx. half of the energy
consumption is non-process related due to
considerations to meet the environmental
requirements

NEWRI (2009) - 50 30 15 5 GWRC reported data for a typical conventional
WWTP

Aymerich et al. - 42 31 20 7 115K FPE (18 I:mlfdu}') WWTP in Spain

(2015) (Girona), advanced hological removal system

L B = B " - e i
[IPOTPAMMA HC‘:‘.I'I.'IL]I:H.,S and 53 12 35 Benchmarking study on 14 Portuguese WWTPs E YA v nEz
4 Catarino (2017)

ANATITYZHX KAI

ANAHAETTYHZ T'TA Marmer et al. - &7 11
THN AYTOAIOIKHXH

2020 2023

th
—
=1

Estimated average energy distnbution of

, - i o P EIAIKH YNHPEZIA

(2016) WWTPs in Germany AIAXEIPIEHI KAl EDAPMOTIHI
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Evepyelakn katavalwon otic EEA -5
kata urtouovada EEN

ar Juity Thick ening Lighting and W astemater
1% Belt Prags Duildings Fumping Soleens
Anaerobic 3% &% 12% 1%

Crigestion |
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rit Bemoral
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Chlorination
1%

R eturn
Sludge__
Pumping
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Muote: Farthis pie chart, "Aeration” inzludes adivated sludge aeration in addition to dissohred air
flotation thidiening processes.
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Evepyelakn katavaAlwon otic EEA -6
kata urtouovada EEN

< Energy Consumption in sewage treatment with AS Process

Screens Notia Kopéa

\ 0.0% Grit

1.4%
Wastewater Pumping

14.3% = ‘—‘

Clarifiers
3.2%

Lighting & Buildings
8.1%

Aeration k

54.1%

Chlorination

0.3%  Belt Press
3.9%

Anaerobic Digestion

/ 14.2%

Electricity Requirements for Activated Sludge Wastewater
EYARYMNEX

Derived from data from the Water Environment Energy Conservation Task Force Energy Conservation in Wastewater Treatment

Return Sludge Pumping
0.5%
Gravity Thickening
0.1%
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[ToloL elvall oL oTOYOL ;

KUploL otoyoL:

- Melwon tng KatavaAwong evépyelag otnv EEA (Stadikaoieg/Aettoupyia)

- AUEnON NG «ECWTEPLKAY Ttapaywync/avaktnong evépyelag (va yivel n EEA katd to duvatod
autoduvapn evepyelaka, m.x. aflonoinon Bloaepiov, evaAldkteg, udpootpofLAol)

AcutepeLOVTEG GTOXOL:

- BeAtiwon tng moldtnTag EKPONG

- ZtaBepormoinon tn¢ Stepyaociog

NopaAAnAoL octoxoL:

- Melwon twv anattiocewyv (HETpa HElWONC TNG KATOVOAWONCG VEPOU, UELWON TIOPOOLTLKWY
glopowv ota diktua)

- Eykataotaon «efwtepikwv» mnywv AME (P/B, avepoyevvntple¢ KAT) Kol e€€taon
Yuvllaxeiptong aAAAwWV opyavikwy amoBANTwv Kot LAUoG Twv EEA
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[Mapadeypo otoxwv otn eppavio Kal ToooTkomolnon

Energy evidence (example) Status Quo 9 Target valle ldeal value A target value
Total specific energy consumption perp.e. 21 Khipe. a 36 BWhipe. a 28 kWhipe. a -15 kWwh/p.e a
Specific energy consumption aerated basin per pe. 33 KWhipe. a 23 Bwhipe. a 18 kKWhipe. a -10 kWh/p.e a
Degree of Qas reuse 96 % 95 % 99 % + 42 %
Degree of gas conversion
to power f electricity 0 % 30 % 31 % + 30 o
Specific gas production per
kg 055 intake 370 I/kg 055 440 kg 055 475 kg 055 + 80 I’kg 0S5
Degree of independent supply Heat 97 % 97 % 98 % 0%

Electricity 0 % 49 % 62 % + 49 %
’ L]
Ormovu:

- Target Value: peta oo aviutpoowneuTko delypa EEA
- ldeal Value: pe Baon povieAa amo EEA mou Aettoupyouv BswpnTikd
LOQVLKA KOLL LE TOL OTIOLOL OUCLOOTLKA YiVETOL N LEAETN KAl O OXESLACUOC

EYARVNEX
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Napadelypa otoxwv otnv EAAGda kal moocoTikomotlnon

Amo €peuva og 11 EEA tou eAadikol xwpou (armo tic 300+ povadec), pkpnc (6.000
k), peocatac (100.000 k) kat peyaAng Sduvopikotntag (4.000.000 wk, WutdaAAela),
OUUTIEPOLLVOULLE TOL EENC:

H mpaypatikn katavalwon Eenepva katd 20-50% tnv Bswpntikn (Baosl povteAwv
le epdaon otn BloAoyikn Babuida/oeplopnog Kot tn ypoppn tAVog).

JupBatikéc EEA Ba pmopoucav va KoAUPouv eowteplkd (LE xprion Tou
napayopevou Bloaepiov) 1o 43-74% TNC KATAVOALOKOUEVNC EVEPYELOC OLEPLOLLOU
Kall emeéepyaoiac LAVOC (Baotkol katavaAwTEC evepyeLag pLac EEA).

To Moocooto KatavAAwoNG evepyelag otn PBloAoylkn Babuidba oto cuotnua tou
TIOLPOTETOLUEVOU QEPLOMOU KupalveTol HeTOEL 60-82%, HE TOV QAEPLOMO VA
amoteAel 10 29-75% TNG GUVOAIKAG KaTtavAAwong. Avtiotol o, T TTOCOOTA TOU
oupBatikol cuotipatog sival 53-68% ko 26-57%.

Ta mooootd KatavaAwong evepyelac tng Olaxeiptong LAUOC ylo To ocuoTnua
TIOLPOLTETAUEVOU OLEPLOMOU KOl TO CUMPBATIKG cUoTtnpa sival 2-7% kat 6-18% ertl
TNG OUVOALKAC KaTavAAwonG, avtiotoLya.

Ou eTtRolec damaveg pioc peoaioc povadac (100.000 L.K.) yla TOV QLEPLOMO KAl TNV
LAU avépyovtal o€ 25 kW/person.yr.
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AuvaTtotnTeC
(oo tnv atlohoynon otn lepuavia)

Average results of all executed studies

[up) |
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L

[KWh/(PE*a)]
Now

=y
=
1

specific el. consumption

[}
1

=10.000 10.000 - 20.000 50.000 -100.000 =100.000

nominal capacity [PE]

‘ W az-iz state VTP Oreference value @ideal value |

yio EEA < 10.000 LK. MUITOPOUUE va
ETUTUXOUME €wg Kot 20% peiwon oto
deiktn kWh/m3/€toc.

100
a0
g0
70
G0
a0
40
30
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10

Degree of self supply [*%]

Average results of all executed studies

=10.000 10.000 - 50.000 50.000 - 100.000 =100.000
Nomina capacity [PE]

| Welectricity azdiz Qelectricity opt. @Heat asdis OHeat opt. ‘

ylto. EEA < 10.000 «k 6ev €XOUUE Kol
Suvatotnta self supply (adpolv bev
EXOUUE Epyo OMwC Ywveuon W0oc-
napaywyn Broaegpiou KAT).

* Juvblayeiplton aAAwv opyavikwv arnoBAntwv/iAvoc
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KUpLeC euKaLPLEC VIOl LELWON EVEPYELAKOU KOOTOUC - 1

1. Melwon Tmnapaoltikwy €&lopowv oto OLKTuo amoxetevong, apa peilwon
Aeltoupyioc aviAlwy oto SiKTuo Kat Pelwon TOU OYKOU TWV AUUATWY TIOU TIPETTEL
va Staxelptotovv otnv EEA.  EmutAéov, pmopel va umdpxelt ocuvdeon NG
Aswtoupylac twv A/I oe oxéon HE TOv KUKAO TOUC, TNV Xpnon invert, ta
EVEPYELOKA OedopEvVa TOUC KOl TOV OVTIOTOLXO «OUVTIOVIOMO» HE tnv EEA
(neiwon poptou, e€opdAuvon apoxnc KAT).

2. Emkevipwon otov aeplopo (mou armoteAel mMAEov Tou 50% TNG EVEPYELAKNG
damavng ot EEA — mapatetapévou aegplopoy, O6nA. TN CUVIPUTTLKN
nmAsoPnodia twv EEA otnv EAAAda). AkpBAc¢ katd to duvatov pETpnon Tou
SlaAeAUUEVOU oﬁuyévou (AO) kat NH4. Avtopatiopog oto SCADA, wote
avaAoya HE TNV TIUA AO/NH4 va TipoocappoleTal }\sttoupvta (otpodéEc) tou
eMLPaAVELAKOU OLEpLOTr]pOL N tou duontRpa otV TEPLTTWON unonuxLaq
6Laxu0r]q M.x. EMITUYXAVETOL eﬁomovounon 20% o0TNV KATOVOAWGCN EVEPYELOG
ne petwon tou AO oto tedeutalo tunpa tng de€apevic og 0.5 mg/L (oo to 1-3

mg/L).
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KUpLeC eUKALPLEC VIOl LELWON EVEPYELAKOU KOOTOUC - 2

3. Opbn O6loxelpon toUu €EOMALOHOU OTOV QEPLOMO Tu.X. KaBaplopoc/aAlayn
Staxutnpwv otov mubueva g defapevng aeplopov (to mote, Ba pmopei va
TIPOKUTITEL QO Tn OUOoYETLon amnodoonc/katavalwoncg/nAwkioc eéomAtopou
KATT). ETUTAEOV ETUTUYXOQVETOL E£YKALPOC EVIOTILOUOC/TpOBAePn PAaBwv Kal
oUVEXNG AELlToupyia Twv utodopwv (aflomoinon evepyelakwv SeSopevwy).

XapaKTNPLOTLKO ypadnuaL:

Aeration Tanks
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KUpLEC EVUKOLPLEC VLol LELWON EVEPYELAKOU KOOTOUC - 3

4. BeéAtotn/ohokAnpwpévn  Otaxeipton twv  Stabéolpwv  TNywv/mapoxwv
EVEPYELOC, OTOV O TIAPOXOC EVEPYELAC £PAPUOTEL KALLOKWTN TIHOAOynon /Kot
uTtAPXEL Suvatotnta AAANG NyNGS evepyelag (puotko agplo, «eEwteptkec» AlME,
«ECWTEPLKN» Ttapaywyn Bloagpiou KTA)

XapaKTNPLOTLKO ypadnuaL:
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KUpLec eukalplec ylo LELWON EVEPYELAKOU KOOTOUC - 4

5. Juoyxetiloupe tnv evepyelakn {Ntnon (A/X & EEA) pe ti¢ Stoakupdvoelc tou
TIHoAoyiou (moapoxou pevpatog, duolkoU oaepiou KAM) Kol To €l6oC Twv

SlaBgopwv ArE.
Nopadetypo mwc aAAdlel To TLpoAoyLo otic HMA:
20¢ A’urr'] N nepiodo
ELVAL KaL O
QEPLOMOC TWV
15¢ AUHATWYV o€
E mARpn Asttoupyia
-
w 10¢
§ 5.36¢/kWh — /— 5.36¢/kWh
oS¢
2.70¢/kWh
HEEREERERR
1 10 12 7 9 12
AM AM Noon PM PM Midnight

| JIEOTPAMMA s b « Energy cost changes with the time of day EYA&XHEZ

AAAHAETTYHE T'TA .
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyelakwy OedopeVWY - 1

Itadia/NepnTwoELg

JUOYETLOMOC TNG EVEPYELAKNC KATAVAAWONG TwV povadwy pe tnv anodoon (BOD, N, P, molotnta LAUOG
KTA), Ko Ta KaBoplopéva OpLa eKporG (n amodoaon va 0TOXEVEL O QUTA KoL OXL oTnV eniteuén vPnAwv
arnobdo6oewv, mou ouvnBwc eival evepyofdpal)

ZUOXETLOMOG TNG EVEPYELAKNG KOTAVAAWONG TWV HOVASWV Kal TnG amddoong Kat e AAAEG AP APETPOUG
(DO, NH4, pH, Beppuokpacia, MLSS, 60 kTA)

JUOXETLOMOC TNE EVEPYELAKNG KATAVAAWONG TWV HOVASWV Kal TG amodoong e TNV MOAaLOTNTA TOUG, Ta
KOOTN CUVTAPNONG KAL avTLKaTAoTaon (amooBeon autwy)

ALepelVLON YL TO OV KATTOLEG LOVASEC OUUDEPEL Va eEUTINPETOUVTAL EVEPYELAKA Kat amod AME
(dwtoBoAtaikd, avepoyevvntpLeg, yatoBeppia, udpootpofiloug KTA)

Alepelivion TG MePLMTTWONG EPAPHOYNG XWVELONG LAVOG KAl ECWTEPLKNAC AP Oy WY G/KatavaAwong
evépyelag (mapaywyn Bloaspiou, eVAAAAKTEC KTA)

Alepelvion TG mepimtwong Kataokeung de€apevic e€loopponnong wote va eEopaAUVOEL n Tuxov
gvepyoBopa uPnAn Slakupavon TG MoPoxn¢ (Kat n amaitnon UMoSopwY ULKPOTEPNC LYV OG)
ALepelVLON YLOL TO OV KATTOLEG LOVASEG CUUDEPEL VO AELTOUPYOUV UE HLKPOTEPN LOXU (inverter
TUNUOTLKA) O€ MIEPLOXEG UE UPNAEG SLAKUUAVOELG TTIOPOXWV (TOUPLOTLKEG, Pe UPNAEC BPOXOMTWOELG KTA)

EEA

Alepelivion/IuoXETIOUOC AOS00NG KOL EVEPYELAKNG KATAVAAWONG LETAEL pHovadwy (m.X. KAeiotlpo
avadeuTnpwyv Otav AeLtoupyouv oL puaonTnpeg, armodoon/evepyelakr KatavaAwan BLoAOYLKAG
Babuidag kot mapayouevng LAUOG)
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLaKwY OEOOUEVWY - 2

ZtadLa/ MepLnTwoELC

AroTOmwaon S1appowv Kot TAPACLTIKWY ELOPOWY, GUGKETLOOC SOmaVWY GUVTAPNGNG I OMOKATAGTOONG KOl
Aiktwa  |evepyelaknc emPBapuvonc (amwAelec n mpooBeteg mapoyEe, xpnon inverter, aAhayn e LoYUOG TwV
QMOLTOUPEVWV UTIOSOUWY, ETNPEAOHUOS TwV OXETL{OpEVWY povadwy enetepyaatac)

JUOYETIOHOG ToLOTNTaC/Uypastas LAUog, TPOMOU XPNoNG AUTNG (OVTIGTOLYE TOLOTIKES AMALTATELC),

AU¢  |amattoupevng evépyetag mayuvang/adudatwang, domavwy PeTadopas (amootasn Kat 0ykoc, BAoEL TpOmou
xpnon¢/6tadeonc kat uypaotac) KTA

ZUGXETLOMOC TNG EVEPYELAKNC KOTAVOAWONG TwV HOVASWVY e TV anodoan tng EEA kat Twv A/Z, kot TV
TLHoAOYLOKR TIOALTLKR TOU TIOPOXOU NAEKTPLKOU PEUOTOC KAt T duvarotnta dAMwv mnywv eVEPYELAS (Guatkou
aeptov, AME kTA)

Mapoxog
pEUHATOC

Kowo |EvatoBntomoinon tou kowvou, e€otkovopnan, pelwan KaravaAwaong, emavaypnoLUonoinon, weeg atyung KTA
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLakwyY OEOOUEVWY - 3

Opportunities

Use of oversized available digesters (more efficient digester
volume utilization)

Improve in nutrient balance (C:N:P), keep a reasonable mix
of minerals (Na, K, Mg, Mn) = stable and reliable anaerobic
digestion, good fertilizer quality of digestate

Improvements in fluid dynamics of solid aggregated wastes.

Compensation of seasonal variability in sludge production.
Better conditions for acidification and dilution with manure.
Increase in biogas production (by balancing the C:N ratio

and the biodegradability of sludge only digestion).
Acceleration of methane production rates

IMPOTPAMMA
ANATITYZHXZ KAI

ANAHAETTYHZ T'TA
THN AYTOAIOIKHXH

Crawford and Sandino, 2010

Shen et al., 2015

Braun et al., 2002

Braun et al., 2002

Crawford and Sandino, 2010

Shen et al., 2015; Awe et al.,
2016

Kim et al,, 2016

Criticalities

Additional facilities requirement (waste collection
and treatment line, mixers, pipelines), retrofitting
of existing WWTP

Risk of digestion instability due to high variability
of co-digestion feedstock properties
(composition and volume) and related pH
fluctuations

Risk of digestion inhibition due to inhibitory
substances which could be generated during AD
process (@ammonia)

Risk of digester overloading, especially with FOG
and food waste

Shen et al., 2015

Shen et al., 2015

Shen et al., 2015

Shen et al., 2015
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyelakwy OeSopEVWY - 4

E€okovopnon evépyelag otov Agplopo tng BloAoyiknc faduidac.

« Oxygen Transfer Rate and o Factor with Different Plant Layouts
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@ The effect of diffuser ageing outweighs the increase in performance due to process 3
e oe 9 L B EYARYINEXZ
A AT KL .\ upgrade (from conventional to N-only and NDN). \
THN AYTOAIOIKHZH o EIAIKH YNIHPEEIA
AIAXEIPIEHI KAl EOQAPMOTHI

2020 2023 TOY YNOYPrEIQY EXOTEPIKON



EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLaKkwY OEOOUEVWY - 5

E€owkovopunon evépyelag otov Aeplopo pe €leyxo tou A.O. / Appwviac.

@ Concept : use aerobic zone ammonia concentration to determine DO setpoint
— Minimize airflow/energy & lowers DO return to anoxic/anaerobic zones
@ Use online analyzer to measure ammonia at the last aerobic cell

a o —_ _ B m SSap
b Influent 1 Parshall 1000 1 | I e 7K

Influent > s * pump Station ’E ﬂ » Flumes ’w A >U {tl I{u J >@
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Rectangular  Anaerobic 4 Stage BNR Secondary
Primary Tanks Clarifiers
Clarifiers

Screens Grit Removal
Channel

BFP Filtrate v v
GT Filtrate Grit Primary
Filter Backwash Sludge
(PS)

< South Durham Water Reclamation Facility > WAS

-
@ Case Study - South Durham WRF (US)
- Problem : Poor DO control using one air control valve for a pair of aeration tanks

- Solution : Zone DO control. Two zones per tank

- Capital cost : ~$500,000 :
ANATTTYZiD KAT A | - Annual savings : ~$100,000 - $120,000 == Simple Payback :5 years ) EVA Y NEZ

AAAHAETTYHE T'TA "
EIAIKH YNHPEZLIA
AIAXEIPIEHI KAl EDAPMOTHI
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLakwY OEOOUEVWY - 6

E€owkovopnon evépyelag otn daxeipion tng IAVog (Notia Kopga).

w Effect of Digestion Efficiency

10

B/C
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Sewage Treated (m3d)

<Digestion Efficiency 27%> <Digestion Efficiency 45%>

Sewage Treated (m%d)

Note) 27% is average digestion efficiencies of 24 sewage treatment facilities in Korea

(o At 27% of digestion efficiency, there was no facility with B/C ratio over 1.0.

@ At 45% of digestion efficiency, B/C ratio exceeds 1.0 at wastewater treatment capacity over 410,000 m3/d.
@ Increase in digestion efficiency raise B/C ratio due to the biogas production increase and reduction in ,_
ananrres B ‘ | sludge cake production. | EVA Y NEZ

AAAHAETTYHE T'TA
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLakwy OEOOUEVWY - 7

E€owkovopnon evépyelag otn daxeipion tng IAVog (Notia Kopga).

« Effect of Final Disposal Cost
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Note 1) Anaerobic digestion efficiency was assumed to be 45% at all treatment facilities
Note 2) Final disposal cost

Carbonization : 116,000 won/ cake ton Incineration  : 87,000 won/cake ton
Drying : 100,000 won/cake ton Solidification : 63,000 won/cake ton
Average : 91,000 won/cake ton
: z = = g 2 3
e g @ With average final disposal cost, the treatment capacity with B/C ratio 1.0 reduces to 270,000 m*/d. EYA&Y" EX
Wuliatatiey ; @ Final disposal cost largely affects on B/C.
THN AYTOAIOIKHZH EIAIKH YNIHPEEIA

AIAXEIPIEHI KAl EQAPMOIHI
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonC evepyeLOKwWY OEOOUEVWY - 8

E€owkovopnon evépyelag otn daxeipion tng IAVog (Notia Kopga).

« Effect of Final Disposal Methods
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AARHAETTYHE Tia (SESREREEE @ AD installation is more economical at the facility using carbonization as the final sludge disposal option.
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EpapuoyEC €€0LKOVOLLNONC EVEPYELAC LEOW
avaAuonc evepyeLakwy OEOOUEVWY - 9
Mia turikn edbappoyn acontrpwv kataypadnc evepyelokwyv dedopevwy:
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AIR

i I 3 —~_ |9
4—-& ;

OVERFLOW TRASH

Aepilondc/duontripeg
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NH4)

SECONDARY < glely
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SLUDGE DRYER  ° Y
HPOFPAMA ye s DIGESTION / EYAAYH Ez
ANATITYZHE KAI | AV ng — -
AAAHAETTYHS TIA znpavon lAUOC

THN AYTOAIOIKHXH 1 ’ v .
Y 0o: (GUGXEthn ue TOGOGTA vaao.lac) AIAXEIPIEHI KAl EDAPMOTHI

TOY YNOYPIrEIQY EXQTERPIKON

EIAIKH YNHPEEZIA




Emopeva Bripata

YuAloyn otolxelwv (HeTpNTWV/OeSOUEVWV KATAVAAWONC EVEPYELAC KATT) AItO Ta £pyal
nou xpnuatodotnOnkav amno ta npoypappata OINOAHMOZ | kat ANTQNHZ TPITZHZ,
Kol emeéepyacio TouG oto TAQLCLO TOU €AEYXOU — TIEPLOPLOMOU TNG EVEPYELOKNAG

KatovaAwong tTwv EEA, aAAd kat Twv povadwyv enetepyaciog OGOV veEpOU, KaBwG
Kol TV SIKTU WV QUTWV.
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