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What Will be Discussed?

 Energy Issues & Wastewater Treatment
» Digester Feed
= Sources
= Preparation
» Digester Operation
= Gas Production
« Combined Heat and Power
= Gas Cleanup
= Power Production
* Heat Recovery
 Case Studies
« New WEF/WERF/EPA Solids Manual
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» Electric use for centralized W&WW treatment
accounts for 3.0%" of US electricity use

= $4 billion annually, 25-30% of total plant O&M
Cost™

e Direct US GHG Emissions (2006)™ - Municipal WW
treatment-

= 0.4 % of total GHG emissions

= 3.0% of total anthropogenic Methane (CH,) and
2.2% of total Nitrous Oxide (N,O) emissions

= CH,:16 Tg CO, eq., N,O: 8.1 Tg CO, eq.

 Estimated US GHG Emissions (2006) from electricity
generation for centralized W&WW treatment: 69.8 Tg
CO, eq. ™ (1.2% of total US GHG emissions)

Electric Power Research Institute (EPRI)
Energy Star Program
Inventory of Greenhouse Gas Emissions and Sinks: 1990 — 2006, EPA, 2008
*  EPRI estimate & Inventory of Greenhouse Gas Emissions and Sinks: 1990 — 2006, EPA, 2008
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Energy Used Iin Wastewater
Treatment

Aeration - 52 %

Sludge
processing - 30%

Misc. - 3% PUMpINg RAS
umping - -
pumping -
12 % 3 04

Figures shown are typical for activated sludge
plants, which use approximately 1200 kWh/MG
treated.
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Solids Handling

 Improved digester heating and
mixing

« New dewatering equipment

 Improved methods of drying
(including using anaerobic digester
gas)

* Increased recycle (land application
and recycled products)
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OCSD Biosolids Management — February 2009 Update
Product Locations and Contractors

39% Compost

Synagro - South Kern
250 tons/day, 70 trucks/week

35% Synthetic Coal

EnerTech - Rialto
225 tons/day, 63 trucks/week

4% Compost

Synagro - AZ Soils
25 tons/day, T trucksiweek

Estimated In-County Use _
Biosolids-Compost Fail-Safe Backups

~125 tons/day (Synagro) Farmland Biosolids
Synagro - Maricopa

Fail-Safe Backup
Farmland Biosolids

EnerTech-Terra Renewal - vuma 22% Farmland Biosolids

Landfill Tule Ranch - Dateland
2008 Performance Report
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Recycling Sites Distance Distribution Load Haul
(miles) (%) (tons/day) |(trucks/wk)
Dateland 335 22% 143 40
Arizona Soils 270 4% 25 7
South Kern Organics 160 39% 250 70
EnerTech 55 35% 225 63
Total 643 100

@

RESEARCH & DEVELOPMENT

= J Building a scientific foundation for sound environmental decisions




Net Carbon Footprint for

All Sites
Total
Recycling Sites Emissions TOC TOC Net CFP
kgCO2Eq/yr | % of dry solids | kgCO2Eq/yr | kgCO2Eq/yr

Dateland 9.18E+06 7.02E+06 2.16E+06
Arizona Soils 1.29E+06 1.23E+06 6.66E+04

South Kern
Organics 7.67E+06 1.23E+07 -4.61E+06
Enertech 2.37E+06 1.10E+07 -8.67E+06
Total 2.05E+07 3.16E+07 -1.10E+07
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Anaerobic Digestion

CH,, CQO,

Courtesy of R Dale Richwine, MWH
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Products of Anaerobic
Digestion

* Yields gases and
residues

e Gases used to make
heat, electricity or fuel

 Produce Methanol
(being done in Utah in
large scale from pig
manure fermentation).

e Residues used to make
fertilizer

Courtesy of Mike Moore, OCSD
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Why Anaerobic Digestion and Wastes are
an Opportunity in California?

« 36 Million TPY disposed
e Potential to reduce GHGs

 Reduces reliance on landfills
* Alternatives to natural gas

* Helps achieve 33% threshold of renewable energy by
2020

 Low Carbon Fuel Standard (10% reduction in carbon
intensity by 2020)

* 15% of waste stream is food waste - high value
feedstock for digesters

Courtesy of Michael Moore, OCSD
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Types of Anaerobic Digester feedstock

Crop Residue

Food Processk

Eﬂ EE ] & .:..
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RECOVERING & USING ENERGY FROM
WWTP RESIDUALS

Engineering Rules of

Thumb for Considering
CHP at a WWTF

+ Atypical WWTF processes 100 gallons
per day of wastewater for every person
served.

« Approximately 1.0 cubic foot (ft3) of
digester gas can be produced by an
anaerobic digester per person per day.
This volume of gas can provide
approximately 2.2 watts of power
generation.

* The heating value of the biogas
produced by anaerobic digesters is
approximately 600 British thermal units
per cubic foot (Btu/ft3).

+ For each 4.5 million gallons per day
processed by a WWTF with anaerobic
digestion, the generated biogas can
produce approximately 100 kilowatts
(kW) of electricity and 12.5 million Btu
(MMBtu) of thermal energy.

e To sell back to the grid
as green power.

e To operate pumps and
blowers used
throughout the
treatment process.

e To maintain optimal
digester temperatures,
dry the biosolids, and
provide space heating
for the WWTF.
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US Wastewater Treatment Facilities (WWTFs) with

Anaerobic Digestion & Off Gas Utilization

e # WWTFs in USA iIs 16,583

e #WWTFs in USA treating a
wastewater flow >5 MGD is 1,066 or
~ 6 % of total number

= # of these with anaerobic
digesters is 544

= # of facilities with anaerobic
digesters that utilize biogas is 106

Source: 2004 Clean Watersheds Needs Survey
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POTW anaerobic digester gas utilization for
combined heat and/or power (CHP)

If all 544 facilities install CHP:

e 340 MW of clean electricity generation,

« 2.3 million metric tons of CO, offset annually,
e Equivalent to cutting em|SS|ons from 430,000
cars

Significant opportunities for savings in
energy costs

* Opportunities and Benefits of Combined Heat and Power at Wastewater
Treatment Facilities, Combined Heat and Power Partnership, EPA 2006
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e ~50% POTWs >1 MGD have
anaerobic digesters

« ~95 9% of sewage treated, however,

has its solids treated by anaerobic
digesters

« Randomly interviewed 32 facilities

» 21 have installed cogeneration
(66 %)

* 5 use methane for heat only
» 6 flare methane (20 %)

USEPA-Region 9, 2008
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Wastewater Plant
Diagram

Influent

Preliminary  Primary Secondary
Treatment Treaitmem Treatment

= Effluent

Solids
Processing Central Power
5] Generation System
00@9‘1 Engines
Solids Solids Digesters

Reuse Dewatering
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Anaerobic Digestion

-~

Simplified Process Summary
Hydrolysis Acid Formation ~ Methane Formation

Insolut_)le | Solub!e | Orggnic Methane
Organics Organics Acids CO,

Biological Acid Producers  Methane Producers
(Extra-cellular Enzymes)
or
Physical
(Heat & Pressu re) Steve Arant, "Recent Advances in Biosolids Stabilization Case Histories,”

WEF/AWWA/CWEA Joint Residuals and Biosolids Management Conference
and Exhibition, February 19-22, 2003, Baltimore, Maryland USA
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Requirements for Anaerobic
Digestion

* biodegradability
* moisture contentand particle size
Feedstock et

* presence of inhibitory or toxic compounds

¢ temperature

Process e retentiontime
. s e organic loading rates
Cond|t|0n5 * chemical environment (pH, volatile fatty acids,

ammonia, etc.)
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Typical Operational and Design
Criteria for Thermophilic
Anaerobic Digestion as compared
to Mesophilic Digestion

Criterion Mesophilic Thermophilic
Typical SRT 15 to 20 days 8 to 12 days
Minimum Design SRT 12 days 4.5 to 6 days

Operating Temperature

35to 39 degrees C
(95 to 102 degrees F)

50 to 58 degrees C
(122 to 136 degrees F)

Feedstock Concentration

3 to 6 percent total solids

4.5 to 6.5 percent total solids

Digesting Sludge
Concentration

1.5 to 4 percent total solids

2.5 to 4.5 percent total solids

VS Loading

0.1 to 0.15 1b VS/cubic

0.2 to 0.4 1b VS/cubic foot/day

foot/day
Volatile Fatty Acid <200 mg/1 400 to 1200 mg/L
Concentrations (total as acetic
acid)
pH 6.8 to 7.2 7.0t0 7.7
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Typical Properties of Primary and Waste
Activated Sludges

Total dry solids (%) 9-9 0.8-1.2
Volatile fraction (%) 60-80 59-88
Ether Extract 7-35 5-12
Protein (% of TS) 20-30 32-41
Nitrogen 170 1.5-4 2.4-50

[N, % of TS)

Phosphorous (P20s5, % 0.8-2.8 2.8-11
of TS)
pH 5-8 6.5-8.0
Alkalinity (mg/L as 500-1500 580-1100
CaCOs3)
Organic Acids (mg/L as 200-2000 1100-1700
HAG)
Energy Content (kJ/kg 23000-29000 19000-23000
TS)
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Wastewater Treatment Sludge Heating Value
Material (Btu per pound of dry solids)
Fine Screenings 9.000
Grit 4.000
Grease and Scum 16,700
Dewatered Raw Biosolids 10,300
Chemical Precipitated Biosolids

Dewatered Digested Biosolids

Source:
NBP 2005,
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Comparing Gas Production
Capabilities of Different
Sources

Food waste has THREE TIMES
the methane potential as biosolids!

e (Cattle manure= 25m? gas/ton
e Biosolids= 120 m® gas/ton
e Food waste= 376 m* gas/ton

From USEPA-Region 9 & EBMUD
RESEARCH & DEVELOPMENT
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Schematic of EBMUD Food —Waste
Recycling Process

Food Waste
Rock Trap/

Paddle
_ Finisher

e |

T Land
Application
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Food Waste vs. Wastewater Solids Comparison

Parameter Food Waste [Wastewater Solids
Pulp

[Volatile Solids in Feed (%) 85-90 70-80
[Volatile Solids Loading (1bs/ft3-day) 0.60 + 0.20 max
ICOD Loading (Ibs/ft3-day) 125+ 0.06-0.30
Total Solid Fed (%) 10+ 4
[Volatile Solids Reduction (%) 80 56
Hydraulic Detention Time (days) 10 15
[Methane Gas Produced (meter®/ton) 367 120
Gas Produced (liters/liter of feed) 58 17
Biosolids Produced (lbs/Ibs fed) 0.28 0.55

Diverting food waste from landfills prevents uncontrolled emissions of methane. Only 2.5% of food waste

Is recycled nationwide, and the principal technology is composting which produces volatile organic compounds

and consumes energy. In California, approximately 137 wastewater treatment plants have anaerobic digesters,
with an estimated excess capacity of 15-30% . Anaerobic Digestion of Food Waste funded by EPA-R9-WST-06-004.
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Schafer, P et al,

2008

Examples of Organizations Using
Grease for Fuel/Energy

Agency/Organization

Summary Description of Process or System
Utilized

City of Riverside, California
Wastewater Treatment Plant (WWTP)

Accepting trucked brown grease for co-
digestion with wastewater sludge. Gas used
in cogeneration engines.

City of Lincoln, Nebraska - Theresa
St. WWTP

Accepting trucked grease and related wastes
for co-digestion with wastewater sludge. Gas
used in cogeneration engines,

East Bay Municipal Utility District,
Oakland California. Main WWTP

Accepting trucked grease and related wastes
for co-digestion with wastewater sludge. Gas
used in cogeneration engines. Also, a pilot
plant for biodiesel production from grease has
operated at the EBMUD plant site.

Covanta Energy. Carver,
Massachusetts

Trucked grease/FOG materials used as fuel
for solid waste to energy plant in
Massachusetts.

City of Oxnard, California WWTP

Accepts trucked brown grease for co-
digestion with wastewater sludge. Gas used
in cogeneration engines.

City of Millbrae, California WWTP

Started accepting trucked grease m 2007 for
co-digestion with wastewater sludge.
Privatized system by Chevron Energy
Solutions mncludes cogeneration engine using
digester gas.
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Plant ——»

Influent

Waste Minimization /
Conditioning Technologies

Prima Secondary Treatment
Headworks y ry
Treatment
Plant
Effluent
, Solids Handling
v X <«--
PS to Activated W !—':'S to
Digestion Sludge Digestion _.» Dewatering/

Courtesy of Tom

_________________________________________________________________________ Disposal
¢ Cannibal® ¢ Thermal Hydrolysis ¢ AcidJ'En_zymatic
¢ Ozonation ¢ Homogenization/ Hydrolysis _ _
. . Extreme Pressure ¢ Phased Digestion
¢ Chemical Uncoupling -
¢ Extended Aerati Release ¢ Thermophilic
xtended Aeration ¢ Focused Pulse Digestion
Electricity ¢ ATAD-2" Gen.

¢ Sonication

Kutcher of CH2M Hill
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« Solubilize sludge solids and lyse cells,
thereby increasing the rate of
degradation

 Render the non-degradable organic
fraction degradable, thereby increasing
the extent of degradation

« Ultimately result in the generation of
less residuals to further manage
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* High pressure-high temperature
process: thermal hydrolysis of
dewatered sludge under pressure
using live steam.

 Hydrolyzed and pasteurized ==« ‘
sludge digested at greater VSL Yy = &
(smaller vessels). (e el
 Three systems:
» Cambi® Thermal Hydrolysis

RESEARCH & DEVELOPMENT
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RDP -Cambi

4 ]

1 Frgssuae inﬁrgactor is
. reduced to si.
Solids are dewatered « Steam is returnepd to Pre-Heat
To~15%
__— T~
I—)‘ —]
Reactor
Pre-Heat Flash
Tank Tank
—
~—
2
Sc;lids mixed wi::dh 5’ I
return steam an Reactor pressure is
Water, so about 12% 5 I Steam ra'i'-iﬂ'yt retlﬁan?d,HaShilz'lg
Solids are heated by solids to the flash tank.
direct steam addition to F,'L?S{L'Peg causes cells to
320°F and 90 psi for « Steam is returned to
45 minutes Pre-Heat
« Class A time v. temp. » Hydrolyzed solids have reduce
* Organic compounds are viscosit
solubilized
8-10 % solids
digester feed
Methane at 100=F

*Class A biosolids
* Reduced volume
« >35% solids
+ 60 V.S, destruction ¢
1

Dewaterin Anaerobic | gpe; ¢.0.D. conversion
30-37%D Digester . 503 reduction in digester volume
- increased gas production

« foaming eliminated

Slide courtesy of Dru Whtilock, CH2MHIill & WERF
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Parameter Mesophilic | CAMBI +
AD Meso AD
Digester Feed (%TS) 4-6 12-15
VSLR (kg VS/m3/d) 1.5 3.5
VS Destruction (%) 40-55 55-65
Pathogen content Class B Class A
Dewatered Cake TS (%) 20-25 30-35
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 Macerate sludge to homogenize

* |ncrease pressure (12 Bar) with PC
oump

* high pressure mixer, flow into
disintegration nozzle.

* As the flow exits the nozzle, cavitation — wissewwir- o
occurs rupturing cell structure

e Sludge can be passed through system
three times before discharge to the &=
digesters. S i

nnnnn
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Biogas production cf’lb VS des

Site Name Before | After | % inc | Before | After | % inc
Wiesbaden Biebrich 32% 38% 20.0% 25.1 247 | -1.7%
Taunusstein 32% 44% 38.9% 22.6 208 | -7.8%
Ingelheim 36% 49% 34.1% 17.0 17.7 4.4%
Gimsheim 45% 54% 19.9% 14.7 143 | -3.1%
Miinchwilen 32% 43% 32.0% 20.2 19.1 -5.3%
Rosedale WWTP 51% 62% 21.6% 18.2 179 | -1.8%
Average 38.1% | 48.3% | 27.7% 19.6 19.1 | -2.6%

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




DS after dewatering %
Site Name
Before After % increase

Wiesbaden Biebrich 31 36 16.1%
Taunusstemn 31 36 16.1%
Ingelheim 28 34 21.4%
Ginsheim 20 234 17.0%
Miinchwilen 22 26.4 20.0%
Rosedale WWTP 18.5 22.2 20.0%
Average 25.1 29.7 18.4%
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400
350

300

250

200 —#— Untreated sludge

150

-l Medium space disc
100

—e— Narrow space disc
50

Acc gas production (ml CH4/g VS)

0,0 20,0 40,0 60,0 80,0

Time {(days)

Specific methane production of biological excess sludge (DS content
5.7%, VS content 3.7%) treated with the Krima disperser narrow spaced
disc and medium spaced disc respectively

Anna Maria Sundin, DISINTEGRATION OF SLUDGE - A WAY OF OPTIMIZING ANAEROBIC DIGESTION,
Procs 13th European Biosolids & Organic Resources Conference & Workshop, www.european-biosolids.com
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Micro-Sludge Process Flow
Diagram

COURSE
FILTER CHEMICAL GAS/LIQUID
CONDITIONING SEPARATOR
TANK
—— | FINE
> AILTER CELL DISRUPTER
_ HIGH SHEAR MIXER _ T0D ANAERDBIC
..J.'m “"  DICESTER
TODRKY
] k. ™ —
ARAEROINE r r
=kl g =2
CHEMICAL ROTARY LOBE PUMP -
FEED PUMP -
=D
g Ml.l.;!t
BSFATER
CALETIC

Rob Stephenson et al, “FULL SCALE AND LABORATORY SCALE RESULTS FROM THE TRIAL OF
MICROSLUDGE AT THE JOINT WATER POLLUTION CONTROL PLANT AT LOS ANGELES COUNTY, “
WEF/AWWA Joint Residuals and Biosolids Management Conference 2007
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Summary of Sludge Pre-Treatment

Pre-treatment Option
Ultrasound

Thermal hydrolysis

Acid Phase Digestion

MicroSludge + Acid Phase
Digestion

MicroSludge + Co-digestion of
WAS + PS

MicroSludge + WAS Only
Digestion

Build More Digesters for 30 Day
HRT

Options at JIWPCP

Result
No material change in VSr or gas production

Concerns over high odour potential, pressure
vessels

No improvement in VSr or gas production at lab
scale

20% improvement in VSr or gas production at lab
scale

16% increase in VSr or gas production at lab and
commercial scales

16% improvement in VSr or gas production at lab
scale

Increase in VSr and gas production at lab scale
by 16%

RESEARCH & DEVELOPMENT

Current Status at JWPCP
Tested
Not tested

Tested

Tested

Tested

Tested

Under consideration to increase
HRT
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ACID
Manure | Cow Manure
Digester
(AMD)
Daft GT Feed Sludge From AMD
Sludge Sludge
Digester P | Digester
#2 —»To Belt Press
Digester Feed Sludge
#1
Common To Centrifuge
Sludge Digester or Belt Press
Feed #4 G

Loop

—
Digester
#7 |

Digester
Fred Soroushian and Ufuk Erdal & Eliza Jane Whitman, ADVANCED DIGESTION TECHNOLOGIES
IMPLEMENTATION AT INLAND EMPIRE UTILITIES AGENCY AND ENHANCED BIOGAS GENERATION,

Procs. RESIDUALS AND BIOSOLIDS MANAGEMENT CONFERENCE 2006 #6
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Study Results

Parameter Units Single Phase Single Phase Two Phase Two Phase Three Phase
Meso Thermo MES_CI-MESD MESCI_-Th ermo Mesq-Therma
Jan 99 - Sep. 99 Oct 92 — Dec. 08 Acid-Gas Acid-Gas Acid-Gas
hiar. 00 - Jun. 00 May 03 - Dec. 03 Jan. 053 - May 03
Acid Phase Loading Rate IbVS/ci-d N/A N/A 0.84 0.79 0.92
Loading Rate IbV5/ci-d 0.09 0.06 0.20 0.26 0.29
Acid Phase HRT d N/A A 3.0 2.7 24
Total HRT d 31.8 a1 269 19.3 215
Acid Phase VSR Yo NIA N/A 172 15.9 182
Overall VSR Yo 4.5 a1 257 53.7 38.5
Specific Gas Yield cfilb VS 156 149 153 18.2 142
reduced
Digested Biosolids NHa-N mg/L 1,600 1,610 1,520 1,410 1,600
Digested Biosolids Alkalinity mg/L 5,730 5,620 5,430 5,050 5,700
BFP Feed TS Yo 294 N/A 2.61 2.38 2.55
BFP Solids In dry ton/d 24 INYA, 234 27.3 26.8
BFP Solids Capture Yo 88 IN/A 99 94 94
BFP Cake TS Yo 175 N/A 18.2 19.1 19.0
Ibvd 909 N/A 876 895 806
Polymer Usage
Ibton solids 16.8 N/A 15 13 12
BFP Loading Rate /st 1.95 M/A 218 218 21

MR Mot Reported; M/A - Mot Applicable
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Digester Mixing Systems

o

HOTTOM DIFFUSER Fop -
A. DIFFUSER GAS MIXING SYSTEM £. MECHANICAL PADDLE
MIXING SYSTEM

— (43 COMPRESSOR

ALCESS
PLATFORM

F. EXTERMAL DRAFT TUBE
MIXING SYSTEM

WOTOR AMD
GEAREGR

WIKXER MPELLER

C. CONTROL DRAFT TUBE
MIXING 5YSTEM MIXING SYSTEM

[ == £| UIDEE DECHARGE
=il = L] IDGE WITHDRAN

-

D. BUBBLE GUM GAS S

MIXING SYSTEM H. PUMPED RECIRCULATION
After D. Parry for WEF/WERF/EPA MIXING 5TSTEM

Solids Manual, March 2009
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Discussion of Different Mixing

Technologies

Mixing System
Description

Advantages

Disadvantages

External Pump
Circulation Involves
mstallation of large pumps
and piping to provide
physical turn-over rate of
=16/day

Simple, reliable, measurable
pumping technology

Easily maintained, nothing
mside digester to maintain
other than piping

Low foaming potential

Most applicable to smaller (<50 ft
diameter) digesters

Moderate energy efficiency

Potential for dead spots (moderate
muixing effectiveness)

Large pumps and piping require more
space than gas system

Dynamic Mixing

A vanation of external
pump circulation. Mixing
energy 1s provided by
specially designed and
placed nozzles.

Siumple, reliable, pump mixing
May be adapted to larger (=50
ft) diameter digesters

Easily mamntained. nothing
mside digester to maintain
other than piping

Low foaming potential

Rapid re-suspension of settled
solids after shutdown

Smaller pumps and piping
Lower energy consumption
than conventional pump
circulation

Swtable for varving tank levels.

Natural vortex surface motion
draws floating solids down to
reduce matting.

Muxing must be evaluated by tracer
testing

Limuted installations in the US.
External nozzle adjustment (Jet Mix™
system)

Kenneth D. Fonda, SHAKEN OR STIRRED: DIGESTER MIXING DESIGN AND OPERATION SUCCESS
STORIES, WEF/AWWA Joint Residuals and Biosolids Management Conference 2007
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Discussion of Different Mixing
Technologies

Mixing System

Description Advantages Disadvantages
Mechanical Draft Tube High mixing effectiveness Some models have experienced shaft
Mixing High energy efficiency seal and main bearing failures
High vol_l,u_ne; low head Single manufacturer Crane removal required
pump mixing system responstbility Careful vertical alignment required

with submerged impeller
in a draft tube draws
liquid m from the bottom
or top and promotes a
rolling action. Primarily
for fixed cover digesters,
but may be adapted for
certain types of floating
cover digesters.

Accessible equipment

Low foaming potential
Flexible operation (forward or
raverse)

May qualify for energy
conservation rebates from
electric utility company to
offset construction costs

Internal dratt tube muxing with
tloating cover requures internal tube
to have telescopic operation

Unable to see problems with nuxing

Unconfined Gas Mixing
Mixing energy 1s
provided by the velocity
gradient obtained from
gas bubbles as they rise
within the digester.
Digester gas 15
recirculated and
discharged through
ndividual gas lances or
fixed floor mounted
Spargers .

Lances can be pulled for
maintenance

Lances can have individual
purge systems

Flexibility to modify mixing
pattern

Potential for ragging

Miximg etficiency effected by depth
of submergence

Unable to see problems

Potential for surface debris
accumulation

Potential for foaming

Handling flammable gases
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Discussion of Different Mixing

Technologies

Mixing System ) . ]
Description Advantages Disadvantages
Bubble Gun Gas High nuxing effectiveness All working parts, except
Mixing High energy efficiency compressor are inside digester

Is a varation of the
confined gas mixing
system that utilizes large
bubbles the same size as
the tube. The bubbles are
released into the tube
force the Liquid column
above the bubble to the
surface in a piston action
and drawing liquid 1

High local velocity gradients
and good bottom scour

Unit responsibility for bubble
g systems

Compressor redundancy can
be provided

Flexibility to vary mixing
pattern and mtensity
Performance guarantee
available, tracer data

(includes sludge heat exchangers)
Subject to ragging, pluggmg, and
corrosion

Unable to see or troubleshoot
effectively

Requires digester dewatering for
major maintenance

?u%? the bottom of the supporting backup
’ Internal tubes may be heated
to be used as a prunary or
supplemental digester heating
system.
S

Confined Gas Mixing
Mixing energy 1s
provided by the velocity
gradient created by gas
bubbles as they rise
within a tube in the
digester. As the gas
bubbles accelerate
towards the surface and
expand under lower
pressure, flud 15 pumped
from the bottom at the
same rate if leaves the
top. Digester gas 1s
recirculated and
discharged through
ndividual gas lances or
spargers mounted below
the confined tube.

Confined gas systems provide
greater local velocity
gradients, better bottom
scouring, and higher mixing
effectiveness compared fo
unconfined

Lances can be pulled for
mainfenance

Lances and spargers both can
have reliable individual purge
systems

Spargers may be made from
stainless steel for longer
lasting equipment

Unit responsibility for lance
or sparger systems
Compressor redundancy can
be provided

Exceptional flexibility to vary
mixing pattern and mtensity

Potential for foaming

Handling of flammable gases
Unable to see problems

Potential for ragging

Works best when all discharge at
same level
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Typical Concentration Ranges for
Anaerobic Digester Gas

CONSTITUENT FERCEMTAGE
Methane 40 - 65
Carbon Dioxide 30 -55
Nitrogen 1-5

Oxygen 0.1-1
Ammonia 0.1-1
Hydrogen =0.2

Hydrogen Sulfide =0.2
Siloxanes =0.01

Source:

Characterization of the Installed Costs of Prime Movers using
Gaseous Opportunity Fuels. Prepared for: Energy Efficiency and
Renewable Energy US Department of Energy Washington DC, and
Oak Ridge National Laboratory Oak Ridge, TH. Prepared by: Resource
Dynamics Corp., McLean, VA, www.rdcnet.com, September 2007.
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Biogas Treatment for
Beneficial Use

Low c
H,5 Pressure Moisture Siloxane  Particulate R Oa ’ggﬁ P"BS&}W e
Reduction Compression Reduction Reduction Reduction eduction Compression

Use

Blower

Heat Exchanger ‘ Aca Particulate
Iron and Separator Carbon Filter

Heat Exchanger
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Problems with Siloxane

LA b 8
The sand-like material is SiO2 produced through oxidation (burning) of
the volatized siloxanes contained in the digester gas. Figure shows
siloxane deposition on boiler tubes.
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Damage from H,S &
Siloxane
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Treating Digester Gas with
Activated Carbon

Plant Gas flow Installation Technology details and
efficiencies
Alvardo WWTF, Union City, | 17000 m3/day One unit, 820kg media. Use gas | Protect Gas Engines
CA(Slezak er al, 2002) (600 300 scild) COMpPression,
condenser/moisture removal,
reheating, and particle filter
Annacis Island, Vancouver, | 45000m3/day One unit with 500kg media. Protect Gas Engines
BC iSlezak er al, 2002) (1,589 000 sciid) Treats 800m3 gas/kg media). Treaiment involves outlet

lUse gas compression,

concentration of Smg/ma3

condenser/moisture removal, (survey data)
reheating, and particle filter
Bergen County Utility, Little 8150-32600 ma/day Implemented full scale: 2 vessels | Gas engine and OCR

Ferry, NJ (Tower, 2003h)

(287,800 - 1,151,000
sciid)

operating senes (plus 1 on
standby), 3600lb media each
(FMG). 3 different types of media

in layers

catalyst protection. Inlet 2-
4ppm, reduced to non-
detectable Imits, HZ25 was
also consistently <1ppm in
pilot tests (Liang et al,
2002)
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Combined Heat and
Power

e Definition: Utilizing equipment
to simultaneously generate
electricity and heat using
anaerobic digester biogas

Typical CHP System Configuration at WWTFs

e Steam or Hotwater [y Digester Heatingy

Space Heating

unit

H-:-t E-:ha st
¥ mic n:-tu I:-Ine SEnErAt I
Fus Cell
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Energy Recovery from
Digester Gas using Bollers

Eotler
Digester (Production of
Gas Steam or Hot
Water)

Natural Gas
Supplement
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Energy Recovery from
Digester Gas using Engine
Generators

Heat Recovery i

Heat Exchanger | To Heating
Svstem

Heat Recovery

I_" Silencer

Engine Exhanst
! 4] Engne Jacket

Water

Gas Engine

Oenerator

Electrical Outpat

Digaster Gas
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Digester
a3

Energy Recovery from
Digester Gas from a
Microturbine Unit

Fuel
System

Heat Recovery Water Return
Heat Recovery
Heat Exchanger
Air To Heating Svstem
1 """"""" [ Digital
pumlpi  Gas Turbine H‘ Generator H- Power =P Electricity
i-r-.-.-‘-1-1-1-.-l'l-I'.: --------------------- 1 Cmt[ﬂl

Turbogenerator
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Table 1. Comparison of Capacity and Efficiency for CHP Technologies

CHP Technology

Capacity

Electrical Efficiency

Internal-combustion engine

100 to 4000 kW

30% to 42%

Gas turbine 1000 to 4600 kW 25% to 38%
Microturbine 70 to 250 kW 24% to 26%
Stirling engine 55 kW 29%

Fuel cells

200 to 300 kW

38% to 42%

CHP = combined heat and power.

Table 2. Comparison of Emissions of CHP Technologies

CHP Technology NOx Emissions (g/kWh) CO Emissions (g/kWh)
Rich-burn engines ~ 9 ~ 9
Lean-burn engines 0.8t 1.3 3.41t07.4

Gas turbine 0.14 0.14

Fuel cell ~ () ~0

CHP = combined heat and power.
MNOx = nitrogen oxides.
CO = carbon monoxide.
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ELECTRIC & THERMAL ENERGY POTENTIAL

WITH CHP FOR TYPICALLY SIZED

DIGESTER: MESOPHILIC

NoCHP | Microturbine | Fuel Cell EL‘:;’“;;LD
system CHP CHP Engine CHP

Total POTW Flow (MGD) 9.1 9.1 8.1 9.1
Heat Fequiremsent for Sludze (Btu/'day) 5,148 750 5,148 730 5,148 7350 5,148,750
Wall Heat Transfer (Bfu/day) 341,727 541,727 541,727 541,727
Floor Heat Transfer (Btu/'dav) 507 869 507,869 507,869 507,869
Foof Heat Transfer (Bru/davy) 326,231 326,231 326,231 326,231
Total Dhgester Heat Load (Btu/dav) 6,524 577 6,524 5377 6,524 577 6,524 577
Heat Required for Digester Heat Load*
(Btu/day) 8,155,711
Eeat Potential of Gas (Biu/'dav) 54,370,300 54 370, 800 54,370,800 =4, 370,800
%% of Gas Uszad for Dhzester Heat Load
(Btu/dav) 15.0%
Amount of Gas Flared*~ (Btu/'day) 46,215,079
Electric Efficiency 0.28 0.43 0.30
Power to Heat Fatio 0.6l 1.95 0.64
Electric Production (Btu/day) 15,123,824 23,379,444 16,311,240
Electric Production (EW) 186 186 199
Heat Recovery (Bru/day) 24,957,089 11,989 458 15,456,313
Additional Heat Available**= (Btu/day) 15,422,512 = 464,882 18,961,736
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ESTIMATED CAPITAL COSTS

FOR THREE CHP SYSTEMS

AT WASTEWATER TREATMENT FACILITIES

CHE System Type

Capital Cost 126 KW Internal

it el Bl é’ggﬂ:mm
Cost par KW st per KW Cost per KW

Cost (5] (&KW Cost (5] (KW Cost () (EEW)
Cram- e 3143000 $1,035 [ 51,200,000 1000 | 683000 3044

Fuel Treatment and

Comprassion $202.000 51,603 5194000 S647 | 5360000 51E
switchgear & Controls 519,500 3155 $37,600 $325 | 5123000 3118
Haat Facovery 326,000 3204 $21,200 77 §100,000 o=
Total Equipment Costs | 5380 500 83,000 [ 51514 500 S5 040 | 51270 (00 1207
Consultng and Desipn 523,200 3186 $125,000 $4L7 | S1500000 5142
[nstallaton 311=.=0] P05 3457000 21,523 | 5604500 5370
Permuits & Inspecton 20,750 571 223,000 353 $23,000 24
Contmgency 2% 326,903 3114 5106,080 334 | 5102823 w27
Tatal Project Costs 504,953 s4.484 [ 51217 500 57426 | %1161 415 31 039

(&
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Case Study

So. Cal.
Edison
Electric

Grid

Generated
By Districts’
Facilities

12 MW

From "The Power of Digester Gas: A Technology Review from Micro to Megawatts,"
Mark McDannel, Los Angeles County Sanitation Districts, WEFTEC, October 16, 2007
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FACILITY POWER PRODUCTION NET POWER

TECHNOLOGY/ (FUEL) PRODUCED
Joint WPCP CC Gas Turbine(Digester Gas) 22 MW
Valencia WRP IC Engine (Digester Gas) 400 kW
Puente Hills LF Steam Boiler/Turbine (LFG) 46 MW
Palos Verdes LF Steam Boiler/Turbine (LFG) 4 MW
Spadra LF Steam Boiler/Turbine (LFG) 8 MW
Puente Hills LF Gas Turbine (standby) (LFG) 0 MW
Calabasas Landfill Capstone Microturbines (LFG) 250 kW
Lancaster WRP Ingersoll-Rand Microturbine (DG) 225 kW
Palmdale WRP Molten Carbonate Fuel Cell (DG) 225 kw
Puente Hills LF IC Engine (LFG) 6 MW

(2005)
TOTAL BIOGAS GENERATION 87 MW
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Power Generation Cost
Summary Comparison
for Different Approaches

Installed | Operating Power

Cost Cost Production Cost*
($/kW) | ($/kWh) ($/kWh)
Gas Turbines |$2,000 $0.010 $0.04

IC Engines | $1,700 $0.015 | $0.04

Microturbines |$3,000 $0.016 $0.06

Fuel Cell 48,500 $0.035  |$0.16

*10 year write down @5%
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o Albert Lee, MN
* Flow 2.82 MGD
* Fuel Type — Digester gas

* Prime Mover — (4) 30 kW Capstone
microturbines

* Energy savings — 800,000 kWh/yr
(30%)

= |nstalled Cost - $250k

= Annual energy savings - $40-$60k

» Simple payback -4-6 years

* Year installed 2003
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Water Environment
Federation®

‘Water Environment Research Foundation
Cellaboration. Innovation. Results.

UPDATE
SOLIDS PROCESSING DESIGN AND
MANAGEMENT MANUAL




Easy to update on CDs / online

Best management, technical
practices emphasis

Operator and Designer perspectives

Neutral on bioenergy sources
(thermal and biological)

Case studies, lessons learned,
example designs

Dated and location-specified cost
estimates

Cross-referenced
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GLOSSARY OF TERMS (to be provided)

CHAPTERS

1. Introduction (Pramanik)

2. General Considerations for Planning of Solids Projects (Shea, Moore & Stevens)
3. Greenhouse Gas and Establishing Your Carbon Footprint (Baroldi & Cheng)
4. Public Involvement (Beecher)

5. Solids Production and Characterization (Gellner)

6. Design Approach (Forbes)

7. Conveyance (Sadick)

8. Chemical Conditioning (Laraway, Cassell & Senss)

9. Thickening (Gillette)

10. Waste Minimization (Tsang)

11. Anaerobic Digestion (Parry)

12. Aerobic Digestion (Bizier et al)

13. Dewatering (Essner & Koch)

14. Composting (Williams, Todd)

15. Alkaline Treatment (Smith)

16. Disinfection and Stabilization Considerations (Naylor & Smith)
17. Thermal Drying (Santha)

18. Thermal Oxidation and Energy Recovery (Dominak)

19. Other Thermal Processes (Chilson)

20. Transport and Storage (Williams, Lisa)

21. Management of Odors (Easter)

22. Sidestreams from Solids Treatment Processes (Benisch)

23. Instrumentation and Monitoring (Ekster & Lagrange)

24. Land Application & Product Distribution (Moss)

25. Landfill Management Systems (Sullivan)

26. Emerging Technologies (Tsang)

27. Treatment and Utilization of Green Gas (Schettler)
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3. Greenhouse Gas and Establishing
Your Carbon Footprint
Layne Baroldi, Orange County Sanitation District
Stephanie Cheng, East Bay Municipal Utilities District

10. waste Minimization
K. Richard Tsang, CDM

11. Anaerobic Digestion
David L. Parry, CDM

27. Treatment and Utilization of Green Gas
Jim Schettler, Brown and Caldwell
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