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rEIEw ) ) A: SUBSTITUTION
Taking the “Waste™ out of B: REGENERATION
“Wastewater” for Human Water C: REDUCTION

Security and Ecosystem Sustainability

UC' WEX Centel" Grant et al (2012) Science 337(6095) 681-686 0
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CLOSING THE WATER PROCESSING CYCLE

(*) OCWD’s MF
- Backwash

Primary
Treatment

Injection
Micmﬁlgaﬁon (] Reverse Osmosis UV/H,0,

OCWD < Water Reuse Plant




3/13-3780

Rosso and Stenstrom (2005) Wat. Res. 39
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ENERGY FOOTPRINT
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Chemicals Pumping

Other Dewatering

Digestion

49%

Aeration

N—
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Many forms of energy in WW

EFFLUENT

PRIMARY . ACTIVATED
SETTLER SLUDGE

THICKENING
= Kinetic Energy I
= Caloric Energy
3 Potential Energy DIGESTER
=8 Thermal Energy
= Electric Energy

EXHAUST

RESIDUES

DEWATERING

UC| WEX Centel" Adapted from Wett (2016) IWA/WEF WWTmod 0
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BALANCE

ANAEROBIC
DIGESTER
SETTLING SETTLING

AERATION Jeavruenr
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BIOGAS
ENEGY
RECOVERY

ENERGY DEMAND
REDUCTION IS
NECESSARY TO
CLOSE THIS GAP




Energy Intensity in Water Reuse

Sobhani and Rosso (2011) WEFTEC Proc.
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Energy Footprint
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INCREASING WATER QUALITY
NORMALIZED METRICS DO NOT NECESSARILY REFLECT ACTUAL IMPACT




INFORMATION IS POWER

Rosso et al (2012) Wat. Practice Technol.
#units power efficiency time in operation

Information  Modelling Difficulty Margin for DEF:]
Available Nature to Gather Improvement Availability

Very

Power bill Cumulative Easy Small
common

Power by unit Static Moderate Moderate Rare

Power by
Time-of-use Dynamic Difficult Large Very rare
(TOU)
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Water-Energy-Efficiency

Energy Footprint (kWh/m?3)

20 0.14 0.1
Low TDS (<500 mg/L) > 2.3

2.0 014 1.0 0.2
Moderate TDS (500-1500 mg/L) .
with 80% recovery | 72710 > 3.5
Moderate TDS (500-1500 mg/L) S e it CF .
with 95% recovery gll s

2.0 014 14 0.2
High TDS (1500-3000 mg/L) -]: > 3.9
with 80% recovery :

. 2.0 014 14 0.5 0.2
High TDS (1500-3000 mg/L) 00| > 4.4
with 95% recovery | o
GW Pumping |Primary BWRO| Water Conditioning
Pre-treatment Secondary RO  Brine Crystalization

SWRO with 700km
Conveyance and 700 m Lift 4.0 1.8 2.4 s
(without RO energy recovery) | ==
SWRO with 700km 3.0 1.8 2.4
Conveyance and 700 m Lift _ > 7.2
(with RO energy recovery) % 0980 .8 "y

Thermal SW Desalination — li >19.2~22.2
with 700km Conveyance -

and 700 m Lift Coastal SW Desalination 700km Water Conveyance 700m Water Lift




BIG CHALLENGES

WATER RESEARCH 81 (2015) 113—123

Available online at www.sciencedirect.com

ScienceDirect

N WATER

journal homepage: www.elsevier.com/locate/watres

The difference between energy consumption and
energy cost: Modelling energy tariff structures for
water resource recovery facilities

CrossMark

-
s

IS ENERGY INTENSITY A GOOD INDICATOR?
WHAT ABOUT POWER DENSITY?

SHOULD THE OVERALL ENERGY COST BE THE METRIC?
THE ADVENT OF RELIABLE AMMONIA SENSORS
REAL-TIME AERATION EFFICIENCY MONITORING



PROCESS ANALYSIS AND AUDITS
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The cost of inefficient primaries

Biogas production with and without primary settling

Gori et al (2013) Wat. Sci. Technol.
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GAS SENSORS ARE MORE THAN HOT AIR
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Real-Time Off-Gas Analysis

- These analyzers provide
measurements necessary for
aeration efficiency improvement
and aeration energy savings

- Gas analyzers can provide real-
time measurement of aeration
energy

- No fouling issues

UCI WEX Center Leu et al (2009) Wat. Environ. Res.
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Specific Power Drawn from Blowers
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eFP, Energy Used per Volume Treated a
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VARIATION RELATIVE TO AVERAGE

Activated Sludge Process:
Diurnal Dynamics

3.0
1 (a) Input
2.5
2.0 [NH,-N]
. ym— [BOD,]
N\
1.5 1 P N /

ey Average 4 7~ @ S\ —wwwwepgmwE¥sTecocoottttTTCC
1.0 £ - ﬁ%
‘t ---------- [

8 AM 12 PM 4 PM 8 PM

IMPORTANCE OF PROCESS DYNAMICS: POWER vs. ENERGY
POWER DEMAND CHARGES: kW and kVAR

12 AM



TREATMENT vs. CARBON FOOTPRINT

18,000

N20 Emissions (w/Data Range as Bars)
16,000 - -

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Trade-off between carbon emission and effluent quality of activated
sludge processes under seasonal variations of wastewater temperature
and mean cell retention time

I: THE LEVEL OF TREATMENT
TAILORED TO THE END-USE
MUST ALWAYS BE MAINTAINED g
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UCI WEX Center Neethling et al (2011) Proc. WEFTEC
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THE ELEPHANT IN THE COUNTRY

. '
» The majority of ww is treated by few plants ===
\1 » Most of them use pure oxygen (HPOAS)
* Near the end of their useful life
« Effluent not suitable for reclamation/reuse
 What should we do?
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The Power of Foulin
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Energy consumption (kWh/1000m?)

M. Garrido-Baserba et al. / Water Research 111 (2017) 127—-139

EPDM Disc .
n:12; R2=0.77

S

Eq.: Y=EXP(0.0335)*In(X+1)+4.129)

Ceramic Disc
n:12; R2=0.74

Eq.: Y=EXP(0.0395)*In(X+1)+5.335)

200 —

75 mm EPDM Tube
n:12; R2=0.75

Eq.: Y=EXP(0.0609)*In(X+1)+4.493)
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50mm EPDM Tube
n: 12; R2=0.84

Eq.: Y=EXP(0.0363)*In(X+1)+4.798)
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100 — —
n: 12; R2=0.64 n: 12; R2 =0.81
Eq.: Y=EXP(0.0721)*In(X+1)+4.910) | Eq.: Y=EXP(0.0327)*In(X+1)+4.979)
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MANAGEMEN'N

SOLUTIONS

PROCESS
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EQUIPMENT
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