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» Manage peer-
reviewed research to
deliver timely,

actionable results

» Convene experts
and support
research to
accelerate the
adoption of new
water technologies

» Serve as a research hub
for the water quality
community (utilities,
policy makers,
consultants, universities,
and industry)

» 35-40 reports
published annually
that are housed in an
online, searchable
database
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WE&RF Subscribers
are MWCOG
Members:

= AlexRenew

= Arlington County
= DC Water
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How much Electricity is used Annually,
Nationwide by the Water Sector?

22.3 -30 billion Wh/year electric power used by WRRFs
39 billion Wh/year electric power for drinking water

Top Electric Power Using Sectors

Chemicals 5.21

0.6% from
wastewater
1.4% from

drinking water

Forest products 3.74
Food and beverage 2.26
Water and Wastewater combined 2.0

Iron and Steel 1.66
Transportation equipment 1.50
Petroleum refining 1.47
Plastics 1.40




How Energy is Used for Wastewater Treatment

source: EPRI 2013; WERF 2014

Clarifiers
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Pumping
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How Energy is Used for Drinking Water
Treatment & Supply

source: EPRI 2013;
Energy End Uses

M In Plant Pumping
B Raw Water Pumping
W Water Treatment

M Finished Water Pumping

Pumping uses 84%
of the Energy!




A Decade of Energy Research for
the Water Sector
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What is the Nationwide Potential to Recover
Energy from the Wastewater Sector?

 There is more energy in wastewater than is needed for
treatment — about 5X more

e Total energy potential is851 trillion BTU/year.

ydraulic




What is the Estimated Potential for Biogas
Production Nationwide?
For thermal energy recovery from WRRFs?

« Nationwide volumetric biogas production
potential.

e 113 billion cubic ft/year.
e 67.8 trillion BTUs/year

 Thermal energy estimated at 691 trillion
BTUs/year.

e Recoverable heat from 17 major cities is
potentially 412 trillion BTU per year.
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et 16196 MJ/d
1 #le N
isinfect
Bigfogical Reactors!
d Final Clarifiers 51.188 MJ/d

31% of influent chemical energy remains in dewatered biosolids.
33% of influent chemical energy converted to digester gas.

Supplemental Carbon for BNR requires significant energy to produce
(2.3 times energy in per COD energy out).
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A Guide to Net-zero Energy Solutions for WRRFs

Electric Power Demand Typical vs. Best Practice
Electric Intensity (kWh/MG)

BOD-removal only (35% reduction)

% 697 M Typical
37% red\) M Best-Practice

Nitrification

—

BNR

—

40% red.)
38% red.)

ENR

—

N1 M1 Gl F1 B1

MBR 5,676

(50% red.)

0O 1,000 2,000 3,000 4,000 5,000 6,000

« 40% average reduction from typical operations to best practices
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Energy Recovery Potential By Adding
Emerging Technologies

Facility Process (Anaerobic Digestion with CHP Before Best | Electric Primary

for Biosolids Management) Practices Neutral | Energy
Neutral

BOD removal only with CEPT, THP and Co- 85% 139% 139%

digestion added

Nitrification with CEPT, THP, Codigestion and 110% 110%

Sidestream deammonification

BNR with CEPT, fermenter, THP, Co-digestion 13% 61% 61%

ENR with CEPT, fermenter, THP, Co-digestion 49% 39%
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What is Short-cut Nitrogen Removal?

e Reduces nitrogen while using less energy and
supplemental carbon

e Established as sidestream treatment

* Emerging research for mainstream treatment

* Includes two process types:

Mitritation Denitritation

— Nitritation — Denitritation NHe 3 N0, 3 NG INO; > NO> N0 3 N,
. e . AOE | NGB I A
— Partial Nitritation - Anammox Ptk

= Deammonification LSRN i SRR
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Potential Energy Savings and Short-Cut
Nitrogen Removal

M Conventional Nitrification f Denitrification
M Deammonification

e

[EH

Fed

[

Energy Demand (kW- Carbon Demand (kg
hr/kg Ammonia-Nitrogen COD/kg Total Nitrogen
Removed) Removed)

Figure 1: Energy and carbon demand comparison for
nitrogen removal using deammonification and
conventional nitrification/denitrification
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Short Cut Nitrogen Pioneers in
Chesapeake Bay Watershed
AD Digestate Sidestream Process
e AlexRenew— SHARON®
 DCWater— Blue Plains - DEMON®
e HRSD - James River — ANITA™ Mox
— York River— DEMON"®

Cyclone used for
mainstream
deammonification

Close up view of
ANITA™ Mox biofilm
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WRRF “Energy Solutions” Results,

Next Steps, and Research Needs

v Consistent use of Best Practices can reduce energy
demand by 40% but it cannot achieve energy neutral

v' Maximize carbon management for energy recovery or
reuse. Improving primary treatment/solids capture had the
greatest positive impact of those evaluated

v Further enhance Anaerobic Digestion with CHP using co-
digestion to produce more biogas for energy recovery

v Investigate the potential for heat recovery from wastewater
and heat reuse opportunities

v' Advance short-cut nitrogen treatment development and
Implementation as low energy alternative treatment process

v Develop processes to recover remaining energy from
dewatered biosolids
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What can Drinking Water Utilities do to
Recover Renewable Energy?

» Solar, wind, hydro (micro hydro)
and geothermal power
» WE&REF collaboration
with Water RF to expane
a tool for planning |
level decision-making

gelcatece

OQUEETl ENERGYur

18



Drinking Water Energy Solutions
and Next Steps

**Reduce Non-revenue Water Losses
> Use of Best-Practices

» Strategic Energy Management Planning
(Energy Roadmap, Gap-Analysis)

» Equipment improvements and energy efficient
pump systems

» Partner with electric utility for best rates and
demand management strategy
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Questions? Comments?

i(\llum Pejhe -
Difdetor of Sere |aI FQJ—*
ademes@werfor%

————

“Lauren Fillmore —
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