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Water Is energy, and vice versa

UCI Water-Energy Nexus Center

In the U.S. 40% of water is used for power generation, so the
power used for water has already water in it

e.g., 1kWh of coal power (=one 40W light bulb for 1d) requires
25 gallons of water; then when we use that kWh for water

pumping or freatment the nexus closes
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ENERGY MODELING




. Information and Improvement .

UCI Water-Energy Nex

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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Select Main
Energy
Components
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Calculate EFP Calculate EFP
Based on Water and Based on
Process Equipment
Characteristics Inventory

Compare
Results

Compare
with other
WWTPs
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SECONDARY
SEDIMENTATION

ANAEROBIC
DIGESTION

mbCOD,SN

COD flow

Energy contributions

BIOGAS PROCESSING
AND ENERGY RECOVERY
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PROCESS ENERGY BALANCE

PRIMARY SECONDARY
SEDIMENTATION | SEDIMENTATION

ACTIVATED | ANAEROBIC OTHER
SLUDGE DIGESTER | EQUIPMENT

UCI Water-Energy Nexus Center

BIOGAS
ENERGY

RECOVERY

ENERGY DEMAND
REDUCTION IS
THE ONLY WAY

TO CLOSE
THIS DEFICIT
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Potential for energy recovery from municipal wastewater

Rosso and Stenstrom (2008) Chemosphere 70 1468-1475



Case Study: s
Energy vs. Product Water Quality
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~ Case Study:
Energy vs. Product Water Quality

~ucl Water-Energy Nexus Center

18,000
N20 Emissions (w/Data Range as Bars)\

16,000

= 14,000
S
= 12,000

i Biosolids Hauling and CH4 Emissions \
Aeratlon\ g \

Pumping/
Mixing\

N
O 10,000
o
8,000
6,000 [0
4,000
2,000

Cogeneration\\

Neethling et al (2011) Proc. WEFTEC




~ Water-Energy-Efficiency
Case study on maximum water recovery E&

~ucl Water-Energy Nexus Center

99% water recovery Pesalination
Zero Liquid Discharge (from

waste to commodity)

Current 40MGD pilot in

construction

Minimum energy usage
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Concentrate Water | Pellet Reactor  Micro Secondary RO o Reservoir
N\ Filtration ~ (BWRO or SWRO)

ks« Distribution System

Concentrate Water|  prine | On-Site Brine
Pellet Concentration Crystallisation




ENVIRONMENTAL
PROCESS
LAB

Low TDS (<500 mg/L)

Moderate TDS (500-1500 mg/L)
with 80% recovery 3.5

Moderate TDS (500-1500 mg/L) : 0.14 1.0 0.3 0.2
with 95% recovery

3.8

High TDS (1500-3000 mg/L) ; ' | 3.9
with 80% recovery :

High TDS (1500-3000 mg/L)
with 95% recovery f

GW Pumping |Primary BWRO| Water Conditioning
Pre-treatment Secondary RO  Brine Crystalization

2.0

SWRO with 700km
Conveyance and 700 m Lift 4.0 1.8 2.4
(without RO energy recovery)

SWRO with 700km 3.0 5
Conveyance and 700 m Lift 7.2
(with RO energy recovery)

15.0~18.0

Thermal SW Desalination | | ->19.2~22.2
with 700km Conveyance | |
and 700 m Lift Coastal SW Desalination 700km Water Conveyance 700m Water Lift




Im p‘me an y mic:
__Costs and Carbon Footprint

UCI Water-Energy Nexus Center
|

Monday  Tuesday Wednesday Thursday Friday Saturday  Sunday

8 a.m. — noon,
weekdays except holidays*

Noon -6 p.m.,
weekdays except holidays*

6 p.m.— 1 p.m.,
weekdays except holidays*

0.07 USD/kWh Summer Season

~3.2X

M p.m.-8am.,
weekdays and all dayon  0.04 SD/kWh

weekends, including holidays

Monday  Tuesday Wednesday Thursday Friday Saturday  Sunday

8a.m.-9 p.m,,

weekdays except holidays* 0.06 USD/kWh

9p.m.-8a. o ~ o
weekdays ar?dn;II dai :)nn 0.04 USD/kWh 1.5x Winter Season

weekends, including holidays

Don’t forget the power demand charges!
- On-Peak: Highest Energy Charge Mid-Peak: Medium Energy Charge Off-Peak: Lower Energy Charge

Time of Use (TOU-8) rate schedule
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. Carbon Output Rate (kgcq,/ kWh) .

UCI Water-Energy Nexus Center

| = 0063 keco/ KWh yuclear < 0.664 kgoo/kWh  URLER S 4

~0.015 kg,,/kWh Y40 Natural Gas Imported Power

100%
80%
/
w | |

/

Power Distribution (%)

)

12 AM 4 AM 8 AM 12 PM 4 PM 8 PM 12 AM
Diurnal power distribution in the State of California and

related power sources (SCE, 2010)
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2,025kWh/MG
Sobhani and Rosso (2011) WEFTEC Proc. A

I Treatment at 12 AM
B Treatment at 8 AM
Treatment at 2 PM

N
o
o

845kWh/MG

w
o
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605kVXhI MG

(kg CO2/MGefflyent)
H

N
o
o

302kWh/MG

il
AOP

Water Reuse is a crucial component of the current and future water portfolio
and more energy-efficient technology can enhance its applicability

Energy Footprint (Triangles)
(KWh/MG effluent)

Equivalent Carbon Footprint (Bar Chart)




AERATION MODELING AND ENERGY

FOOTPRINT ANALYSIS
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_ AERATION & ENERGY FOOTPRINT

UCI Water-Energy Nexus Center

x < Lighting and Misc. :
UV Disinfection 39 Screening
(]

4% 0%  Aerated Grit Removal

1%

Primary Clarifiers
1%

AnaerobicDigestion

Filtration Aeration
49%
2%

Chemical Addition
3%
Secondary Clarifiers -
1%

Figure 1. Estimated power usage for a typical 20MGD activated

sludge facility performing wastewater treatment with nitrogen
removal in the United States (MOP32, 2009).

Aeration cost = 45-75% of plant energy (w/o influent/effluent pumping)
Rosso and Stenstrom (2005) Wat. Res. 39: 3773-3780
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Fouling Cleaning

STANDARD AERATION EFFICIENCY

New Used Cleaned

M Fine-pore i Turbines M Coarse-bubble ™ Surface aerator

After Stenstrom and Rosso (2008)
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BHP, .. ~ (Air Flow, Pressure Drop?©-283)
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- Automated Off- :
v e - Oxygen transfer
efficiency (OTE, %)
— Measured once per
vACUUm eron hour comparing
HOGD reference air to off-

OO(! OoOlo = gas
O'o 0% 00 950

g - Off-gas flux and
temperature

O

| 1)1

Maintenance = SssssEIEEEE ST
frequency (2 = .
weeks) to
replace

media and

collect data

(4-20 mA -
signal) & -



Simi Valley Plant

24h dynamic energy analysis
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OTR(kg/d)

Simi Valley Plant

24h dynamic energy analysis

Oxygen ] ] ] | ]

12000 Demand /—f

Y <7 7 — 20000
8000 — ’ / ‘Y
Oxygen

4000 — Wastage — 10000

. Oxygen i

Deficiency 0
4 AM 8 AM 12 PM 4 PM 8 PM 12 AM

DYNAMIC ENERGY ANALYSIS

IDENTIFIES DEFICIENCIES AND
MARGINS FOR IMPROVEMENT

(p/al) ¥10



Fouling Factor

_ aFSOTE _ SOTE, SOTE(t)
aSOTE  SOTE_ SOTE(O)

New Diffuser
aFSOTE;

~ o Ljsed Diffuser
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DWP DWP(t)

used

DWP_~ DWP(0)
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- Used Diffuser

L

New Diffuser
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Predicted Air Flux (SCFM/ft?)
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VARIATION RELATIVE TO AVERAGE

Activated Sludge Process:
Diurnal Dynamics

| (a) Input

4 AM 8 AM 12 PM 4 PM 8 PM 12 AM



VARIATION RELATIVE TO AVERAGE

Activated Sludge Process:
Diurnal Dynamics

1 (b) Process Parameters

m Oxygen Requirements

12 AM



Activated Sludge Process:
Diurnal Dynamics

Cost of Purchased Energy

71 (c) Output

/ Associated Greenhouse
Gas Emission

Average

VARIATION RELATIVE TO AVERAGE
o

4 AM 8 AM 12 PM 4 PM 8 PM 12 AM

FLOW EQUALIZATION (WHEN APPLICABLE) CAN DO WONDERS
SIDESTREAM LOAD (IF NOT TREATED) SHOULD NOT BE RETURNED AT PEAKS
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CONCLUSIONS




= Step 1: Energy Benchmarking

= Step 2: Energy Footprint Modeling

= Aeration, fouling, and your power bill

= Caveat: uncertain inputs may be key to

accurate and realistic modeling (e.g., aeration
efficiency)
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