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Ol= Ol=X2lAldl AE 2414 lisHE
T = -1Td —-2/1— =210
<0|= StX 2| A4 o Tk 5! of &3t RA U ET >
(5F$): MMT CO2 Eq.)
T2 1990 2005 2015 2016 2017 2018 2019
CH4 14.7 11.2 13.0 12.7 12.3 12.2 12.1
treatement 13.5 10.0 11.2 10.9 10.5 10.4 10.3
effluent 1.2 1.2 1.8 1.8 1.8 1.8 1.8
N20 18.3 22.5 24.9 25.3 25.8 25.6 25.9
treatement 13.6 17.7 19.5 19.9 20.4 20.3 20.6
effluent 4.7 4.8 5.4 5.4 5.4 53 5.3
22 CH4 HHEZF (kt) &Ha:liii HIZ (%)
Ao}z A1 2H (A) 232 5.0 48.1
Y kA A12H (B) 36 0.9 7.5
T4 @718 A" (O) 134 3.3 27.7
PSS A D) 51 02 L <HSZ W SYTF AL 0E Y opats}
% ot R4 (B) 72 1.8 15.0
By 482 12.1 100
72 N20 HiE2f (kt) FJSTHHC?)Z‘; HIS (%)
Aotz Al AH] 3 0.9 3.5
% 271 A" 66 19.6 76.1
Y @8 Ax" 0 0.0 0
=4 ol RS 18 5.3 20.4
By 87 25.8 100
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Net Zero Energy 3%} &2

Net-Zero-Energy.
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Better Buildings, Better Plants Program -US DOE

< Better Plants : Q|4 X| 28/

Change in electrical energy use (kWh)

o= =
S Of 3 DOEO|| o HX| Bz dar 210
> OSAWAE 104 CHH| M3 AMES 27%
2, E9| ot Xe|of ARE= HE
36% H&
1,000,000
LT 3 B % 3 2k
- - o
=1,000,000
-2,000,000
3,000,000
Overall Change in Electricity Use from CY 2010to CY 2016: -27%
-4,000,000
5,000,000

Wastewater Collection  Wastewater Treatment Central Support Facilities
and Dispasal

Raw Water Pumping Drinking Water

Treatment

Drinking Water Re-
Pumping and
Distribution

< OSAWA T & AtE EZH2010 CHH| 2016H) >

Average Change in

A O E L 1T = Hi
= A 5= Z20HO 2 &N FO
> BREOZ G7 o 7% B4, BT a2 Cryd
FE2 720 7t &2 &2 ofHX| gt
%
Energy Footprint
# Primary Metals (441 TBtu)
@ Chernicals (238 TBtu)
i Transportation
; . Eauipment (129 TBty)
L
? . Paper (126 TBtu)
E i . # Food (59 TBtu)
£  Indlustrial Machinery (21 Ttu)
§ %9 OEIectlricaI Equipment,
] Appliances, and
i Components (21 TBtu)
i # Plastics and Rubber
Products (11 TBtu)
1% ® Wastewater Treatment (1 TBtu)
0%
0 5 100 150 200 250 300 350

<Better Plants 5

EH
=

Number of Plants

3o 7|28
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r-ﬂ ENERGY STAR®

Energy Star Program (1) - US EPA &2 PortfolioManager-

>

% SleXe|A|de A% 2007E £ E O X|AEF HFO| LB E| O Portfolio Manager = 2 12 0f
O[5l Of| A X| A+ W7t 3 HIX[OLH S X| &

L)

> O|HX| AH[&=%| =22 7ts
> SN 2| Al 2| Portfolio Manager 24 = LHE

- Ea
- EBZRYSY
- R En 49 AL T (BODS)
- Ml BR MBS A Q T2HBODS)
. )\-|7:" O ol O 2k

= TTHTT S

=  Fixed film, trickle filtration $5

- YT BYRLS

NERGY STA

ey



PN ENERGY STAR®

Energy Star Program(2) - US EPA &2 Portfoliolanager®

< Sl 2| Al 22| portfolio Manager
» US EPA Portfolio Manager for Wastewater Treatment Plant

Y -= 0.8944X, + 0.4510X, — 0.1943X, — 0.4280X, — 0.3256X, + 0.1774X, + 15.8741

Y O X| A8,

X, B 98 x, 2UBOD, X, B BOD, X, 7FE8, X. trickle filtraton 92, X, AL M AH 82

> O X =920 =

10 ( Make Commitment )

Statement of e —— . 2

Energy Performance % :
Boston, MA 02119 + Portfolio Manager
Portfolio Manager Building ID: 2643616 Assess Performance . —{ - 1-100 Energy Star Scores
& Set Goals + Benchmarking guidance

The energy use of this building has been measured and compared to other similar buildings using the
Environmental Protection Agency’s (EPA’s) Energy Performance Scale of 1-100, with 1 being the least energy
efficient and 100 the most energy efficient. For more information, visit energystar.gov/benchmark.

Create
Action Plan

2
2
ﬂlis:nniﬂin': 2
v >
m
Recognize Implement
i = Achievements Action Plan

Least Efficient Average Most Efficient

This building uses N/A kBiu per square foot per year * £ ildings with a score of
75 or higher may qualify

*Based on Source energy intensity for the 12 month ending December 2010
. perodendng for EPA’s ENERGY STAR.

Evaluate

Progress « Portfolio Manager
=
s H
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EU ENERWATER =X E

% StEMEAEe X 22/d HI1E fot Z
X| & otz 20153 3EEEH 38t XS

S

pi=

= NE2 I8l 'H2020" ME

> 38 15HA|, 3CHA|, 5EHA|9] Of L4 X| AH|0j| O|X|= Zt KPI(Key Performance Indicator)S 73
S AESED oKX 28X HIHE 25 WTEI(Water Treatment Energy Index)S 7H'Z

> ofXM2|AlE 5070 St 2|A 20 AlH HESHK 7EHA(A B, C D E F G=Z 87

Stage 2:
Stage 1: Primary Stage 3: Stage 4:
Pre-treatment treatment Secondary treatment  Tertiary treatment

| | k
| — |

Grit Biological

Advanced

Tertiary treatment Tt

Screens chamber Primary sed. ‘treatmentl sed.
4&1@ RGH — —* Treated
5243 = effluent
o,
%\\ Large s
Wastewater items -
influent
Sludge processing (thickening, dewatering)
|
|
Stage 6: II?BJEE Siudge Energy (biogas, efc.) i Stage 5:
Return q stabilization i o— Sludge
liquors \ treatment
treatment Sludge processing (thickening, dewatering)
v i
Sludge disposal or re-use i
v

Stage 7:Odour treatment

<oteX2|A| 2ol 2EHA K2|Sd THAI>

Class A if
Class B if
Class C if
Class D if
Class E if
Class F if
Class G if

Company: ETRA
Auditor: Mirko D'Antoni  Date: 26/01/2016  WWTP: T_48

Country: Italy City: Tezze

Flow: 15,447.5 m?/day
Energy used: 5,797.78 kWh/d, 0.37 kWh/m?

€ 1SWTEI<15
D 1.5<WTEI<2

E 2<WTEI<25

o

<EU oStXelAl2el ofHX| =&

Size: 100,000 PE

WTEI< 0.5
0.5=WTEI<1
1<WTEI<15
1.5<WTEI<2
2 <WTEI<25
25 <WTEI<3
3 < WTEI

g 7t Ol[Al>

18



Q= Ol KA LXK B

of| LA x| & Z =t

Agitator
Circulation

Aerobic zone
(Nitrification)

Inflow from primary
settlement tank,

Anaerobic Aerobic/anoxic tank
tank (Nitrification/dinitrification)

Diffuser | Aerobic zone(Nitrification)
plate

by air buoyancy

Anoxic zone
(denitrification)

(Section of Aerobic/anoxic tank)

TR

- Generate both aerobic and anoxic zone in
the same tank by adjusting the volume of
air flow for simultaneous nitrification and

Anoxic zone (dinitrofication)
(Side of Aerobic/anoxic tank)

Sludge with
further less

water content |\

i :
Dehydrator which can further reduce water
content of dehydrated sludge by low power

usage.

more than 20% compared with an ordinary
advanced wastewater treatment method by
eliminating asitator and circulation pump

<211} (Novel-advanced) St=X{ 2| &t
. EOI |:||-07<|_Ho1|k| AfAZ xI—l% -5” EM El-x|E|-O| |.
~ Ol Ol
ANES U It

Power generation

is required

Qo A]>

4=
O{X|= ghAlo 2 7| =1 2 N 2| A|A B L} 20%0]|

by most of waste heat
<IN SheX 2| Fe| of| L X XFRid AZFA| A >
LA O A EFA al o o o
. - ZXNgrEd BV A HES 0|8 AHEH
enerator
o - == >
DA AEZ M E010 2H7IA HIEE 50% 25
Not Supplée al fuel
required ity
Sludge incinerator which can ger;erate the power
required for its operation and no supplemental fuel 19



IV-1.

Ok

>

>

SotrXe|Al 22 o I—‘IJEI-’-“-|=|I A=Y
2 FEARRL O K| AHE

Ol LA X AFE O Bl K| =
AKX 28] 2|2 EE

330 MdAl29 My Xia

R

o A E e

ot
-
M
1x
Ot
2
ot

Y = 6.384+0.734X, + 0.167X, — 0.159X, — 0.433X, +0.112X. — 0.020X + 4.3E-6X, + 0.125X,q

Y- |n(Oi|7HE-| = A|-_Q_Et)

X,:In(2E T FUSHEE, X, In(+BOD), X, In(7Z= BOD), X, In(7t&S2),

Xs In(infTN*infTP), X, In(effTN*effTP), X, 2SI X2 M &, X, B0 £

P2l A2 2

2zt £0I2E

o 0.197 32.229 0.000
In(EE T 7St 0.011 67.312 0.000
In(B 72 BODSk) 0.053 2.649 0.008
In(Eo ¢ FBoD&Sk) 0.029 -5.080 0.000
In(PEHT FUSIZ /A 2 0.044 -10.184 0.000
In(Bad FLINXTP &) 0.033 4.380 0.000
In(Bo YdFINXTP &) 0.010 2711 0.007
A3 Z2HEE 0.000 3.265 0.001
ERalSE 0.045 2.770 0.006

A8A =+ 0.931

+HE 2EA= 0.930

20
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« AMEo ARE fUYXzEd 2%

100% -

90% -

80% -

70% -

60% -

50% -

40% - m >=75%tile
30% - m 50<=&<75%tile
20% - 1 25<=&<50%tile
10% - . 1 <25%tile

0% w w T x x
& & &

X X X X
0\<>~/ Q\\/ 0\s/ 0\<>~/ 0\s/ 0\Q/ 0\" [%
$ & § N S S S
Q Q Q Q Q
S Y S o o o o
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012 CHP AlH| OIH2IR BRpg

Number of Sites

5 WISCONSIN 33
3 I

Powered by Bing
© DSAT for MSFT, GeoNames, Navteq

> 3070 = & 133702| ot+=X2[HO| cHPE 2 Y2 Sl 243MWE A AHSHH O|F 190MwW(TT | 2]
78%)= HIO| @7t A E 2850 A LIHX| HIO| 7t A A 0| Q= 22%= LNG 52 AtES

X}=: net-zero-energy wwtps (2018)



111-9. HABAMZE Ol 2l &9 Net Zero Energy Aldl(2]

OflAX] ot ZY A|A™ 28w 328% V
OflLI K| HOF ZEHA|AB(32.8%)>VFDs(27.2%)>HVAC(17.8%)

CHP @i2t & OfLqX| =i 6,715 MMBtu
s WWTP-3 S41f Of[L{%| AH|2E0| 58.6% XHX|

SHEEYI A AZE o4 X| MizF 572 557 kWh
EfQ2H 2 A| ARL 917+ Of| L X] AHAFZF 210,036 kWh
REZ = 23.3% M2t It
Solar PV Q d ok gt |
e 2% gaf(kw) S HYl AL < EfE U™ A|AH
Q12F 0| X]

A2 (kWh)

?10= SH(17.1%)> EfLE (6.2%)
EEOs
18.1%

=2 Eful>EfQLY

\.) NZE = ' 7|= CHP(58% O|4}) > EEOs > RE

EEOs + CHP + RE = 100% >> NET ZERO ENERGY 0| ==

Xt DOE, Energy Positive Water Resource Recovery Workshop Report (2015) 24
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AU SO A X| X[ AKX =

Combined Heat and Power
Partnership(CHPP)

LH-&
ARG K| o] F=HEH|(RPS)
MYSH M=
(PTC, production Tax Credit)
ITC(Investment of Tac Credit)

Ho

|8 CHPPEXZ

SAEF 7|8 4T A HO| 20X M4
ST 20t X AHY A =7] Hoto| oz
(co-digestion)

R S ENEELS

Hl

=L O AR ZFEXIAIE MY
M =2 FA

L

o

A2 2]
=

2 A2 CWSRFE &
of &4

SN A2 =9 x| 2

U.S. 2030 Food Loss and Waste

Reduction Goal (50% by 2030)
led by USDA& EPA

25



I11-6. O|= &J|d A91Xx9] SAI= MYlJ| Co-digestion

oot

7|

0%
b
fuj
o

< EPAOM= SAE A27|Q 37X S Z431517| flot wote = RIEN= S
HHO| 2 7tA Of A X|=t0f| ==
<« M= 227]9| co-digestiong =Tt StXE|A|EE2 HIO| 72 A LtEE Z(TH 300%

StAE

> SRS N AAEZ ZAE SN AH0A SA42 22 7]|2| co-digestions S0l HFO| 27tA 4k
= HA7|1, Y =R (tipping fees)E S =42 22 = U0 2H HH| FX0| 24E&= F
S A7|MoZ =gt
1= o -1 — S o

< St=K 2| A4 Q| co-digestion HFO| 2 7FA Of| LA K|S At >

CMSA__| _EBMUD | Hill Canyon | _Sheboygan | West Lafayette

co-digestion2 %+
4ol @ Tha A E%* S 60% 100% O 4 250% 150-300% 40%

CHP

CHP CHP CHP
ICE CHP CHP
HFO| 2 7tA ALE: ICE ICE ool 2 E H
He = Oro| A 2 E{ HI oro| A2 E{ Hl
Haly E-|E‘:||1 2y 2oy tO|3 2 H tO| 15l cNG
™A A|A KA HX
o L |' '" O” -I | 60% 128% 80-85% 90% 16-18% 27%

Eo

26



l1I-17. EU POWERSTEP () POWERSTEP

< StEXNEIAE 378 TAo et SEXQ £F 82 MSSHH o|HX| 21 M E o X| 4
A2 =0 XZHOZ energy-positive?t St-XZAM ©H 28

> Energy-Positive St=XE|A|H 24
. 1xf HEXOM 7t B2 Bt FE5H0]
|

0Z
)
>
=
c
ol
2
T
e

O - L1 L

. HF2 X (Main stream)Oﬂ*‘I O1|1—J|7(| HAY A MA Hel 7|

o JHAHE HiO|7tAC| ERTHA Bl IO H X 2N 28X X0, SHTLNS STt HH 5)
b

T EL e 7|§7H 4

—_

C - EXTRACTION N-REMOVAL POST-TREATMENT

ENERGY EFFICIENCY + ENERGY EFFICIENCY +++ Raw wastewater
RENEWABLE ENERGY + RENEWABLE ENERGY +++

A A 100% C

Average State-of-the-art Powerstep
WWTP WWTP WWTP

ENERGY NEUTRAL/POSITIVE

10% Excess sludge

UPTO 80%
PRIMARY SLUDGE

N-REMOVAL POWER TO GAS

+80-150% Power

DEWATERING ANAEROBIC DIGESTION

CHP HEAT TO POWER
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Ref: https://cordis.europa.eu/result/rcn/198426_en.html (accessed: 2018. 8.29)
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