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Biosolids Production Trend in Europe
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1) Increasingly Strict Environmental Regulation
Traditional wastewater treatment
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Stricter wastewater standards — Secondary Treatment
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Nutrient removal — Chemical Dosing
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Mutrition Facts -1
Valeur Nutritive

Per 1 serving (3oz) / Pour 1 serving (3 oz)
i B S S S e |

Amaasnt % Daily Value
Teneuwr S valewr quotidienne

Calories [ Calories

Fat /Lipides 159
Saturated / saturés 1 g
+Trans / trans 0 g

Cholesterol / Cholestérel 50 mg

Sodium [ Sedium 280 mg

Carbohydrate / Glucides 5 g
Fibre / Fibres0 g

Sugars f SucresO g
Protein f Protéines 139

Vitamin A/ Vitamine A

Vitamin C / Vitamine C
Calcium f Calcium

Iron / Fer

Nutrition Facts-  Secondary
Valeur Nutritive Sludge

Per 1 serving (5.9 o)/ Pour 1 senving (5.902)

I
Armount % Daily Value
Tencur S valeur quotidsenne

Calories / Calories 5190 (21750) kJ/Kg

Fat/Lipides 289 2%

Saturated / saturés 2 g
+Trans /trans 0 g

Cholesterol / Cholestéral 0 mg

Sodium / Sodium 1070 mg

Carbohydrate / Glucides 55 g

Fibre / Fibres 69

Sugars /Sucres0g

Protein / Protéines 5 g

Vitamin A/ Vitaming A

Vitamin C / Vitamine C

Calcium / Calcium

lron S Fer
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Tightening standards also have other impacts
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Overall Energy Balance
between biogas and aeration requirements

Net Energy Balance (MW)
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2) Increasing and migrating populations
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World-wide Biosolids Production

Sludge production [g.h.d]
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Sludge Processing

Wastewater . .
reatment > Sludge Type —>  Thickening
: Pre-treatment :
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3 Artlfmal Meat From Human Feces

Zimmer OB/168/11
by Lori Zi er, OG/16

flad unger News. Foo Fower, Recycled

Would you eat a turd burger?

©  YES!WITH A SIDE OF FRIES PLEASE!

© NO WAY!MC DONALD'S IS BAD ENOUGH!

© NOT SURE, I'D HAYE TO SEE IT UP CLOSE FIRST.

POOP BURGER: Japanese Researcher Creates

B 3%

Japan sdentist synthesizes meat from human feces

Story by Jeff Hughes
Japan scientist synthesizes meat from human feces

It's being called the "poop burger". Japanese scientists have found a way
human feces.

Somehow this feels like a Vonnegut plotline: population boom equals food
waste matter. Absurd yes, but Japanese scientists have actually discover
feces.

Mitsuyuki Ikeda, a researcher from the Okayama Laboratory, has develope
excrement. Tokyo Sewage approached the scientist because of an overal
explore the possible uses of the sewage and Ikeda found that the mud co
55—
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Biosolids Qutlets

Environmental Drivers

Removal of pathogens,

Wastewater Treatment

Biosolids Production

organics, metals etc Biosolids Treatment Other Wastes
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European Biosolids Outlets
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Human sewage used for cereals

by ANTHONY PHILLIPS

Toxic Sewage Sludge in Your Food

Cecember 17 2009 54 285 views + Add to Favorites

Human Waste Used by 200 Million
Farmers, Study Says

asha Eichenseher in Stockholm, Sweden
or Mational Geographic Mews
August 21, 2008

Sludge Happens

Recycling sewage into fertilizer might be making us sick. Why doesn't the EPA give a crap?

—EBy Josh Harkinson Llav /Juns zoog

Did Sewage Sludge Lace the White House Veggie Garden
With Lead?

—Bv Josh Harkinson | Wed Jun. 17, zooo o:25 FLM PDT
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Land availability for biosolids use
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Land availability for biosolids use
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Biosolids in Europe in 2000

Recent E. Coli scare
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Avoid
Minimise

(Re)use

Energy Recovery

Landfill disposal
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Natural Gas [M toe]

3500.0
Global Gas demand
3000.0 - OECD Countries
2500.0 - Non-OECD Countries
e European Union (wo FSU)
2000.0 1
e Former Soviet Union
1500.0 4
1000.0 A
500.0 1
0.0 + . . .
1970 1980 1990 2000 2010

AZCOM



Water Industry
Advanced Anaerobic Digestion

Ultrasonics High Pressure Shear Electric Pulse

Chemical Lysis Medium Pressure Maceration Rapid Decompression

Thermal Hydrolysis Acid Phase Biological Hydrolysis ~ A=COM



Benefits of Advanced Digestion

Smaller Digestion
Plants

Higher biogas
production

Better
dewatering

Advanced |
treated

— — -
T oo

Reduced secondary
emissions




Choice of pre-treatment technology is complex

Energy
generation

Spare

capacity

Liquor
treatment

Different sites will require different solutions...

i
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C0O2 119 g/km (automatic!|

1.4 | Compressor/Turbo

150 ps/5500 rpm

220 Nm/1500-4300 rpm

450 - 500 km range

0-100 km/h 9.8 s

Tele Bmph.uo uk
21 3 km/h Home m Sport Finance Lifestyle Comment Travel

LE 8 YWoe b Podmcs Cetetrimies OuRtuaiies Ween o Earth SCearw

Sciunce Nuws Space Roger Highfield Dinosaurs EvolsSes S

S e NCE

Human waste used to power home:




Biogas yield of wastes relative to sewage sludge

4 R
FOG, Brewery, Energy Crops
L J

: Maize, cheese, glycerol, highw

energy food
L J

N
Molasses, sugar beet, low
energy food, grasses, silage
J

.

7 ) N
Animal mucks and manures,
wheat straw

\ J

1

Biogas yield relative to sludge

2

3
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Calorific Value of Substances

Calorific Value (Gl/kg)







Raw (no digestion)

Energy in ash
1620

Heat and losses
2402

Energy in pure v olatiles
5480

Power Generation 1458

Energy involatile fraction
4880

Energy recovered 1458

By Water Company 0% AZCOM
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800 - phosphate
700 - Super-phosphate 44-
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O | | |
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900

Anhydrous ammonia
800 -
Nitrogen solutions (30%)
700 A
— Urea 44-46% nitrogen

600 -
Ammonium nitrate

Cost [S US/t]
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- World population increasing
 Becoming urbanized
« Changing food habits

* Global demand increased 4.7 million
tones in 3 years (equivalent to USA
consumption)

« 0.6-1.6 kg P/person.year

Demand>

- Peak P predicted at 20357 -
« 50— 100 years of easily mined P remain :
 >70% of all reserves in Morocco

Supply

1 ;*-:
LHIE

§ it it
i

« China imposed P export tax (+110%) v
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Influenced by:
Phosphorus Recovery 3 - Physical parameters

Struvite ©~ « Reactive phosphorous

je / «  WWTP configuration
Z 4000 é

5 « Digestion performance
§ 2000
Volatile solids destruction [%]

PO4 - 6H20

, TREATED
EFFLUENT

o RECYCLE
LINE

Aeration */
Savings ...

* Removes phosphorus and ammonia loads
* Prevents struvite scale formation

* Recovers nutrient value

* Promotes environmental sustainability

* Provides attractive whole-life financial value




< Makes money  $0

Ownership cost
[$/kg struvite recovered]

P recovery 1
P recovery 2
P recovery 3

N recovery 1

N recovery 2

« Market place
» Chemical costs
. » Site impacts
= » Power costs

== No aeration

savings

With Aeration

N\

savings

N\

N\

N\

Struvite sales price (

Ownership cost
[$/kg struvite recovered]

Costs money 2>

= No sales, no aeration savings

No sales with aeration savings
Sales, no aeration savings
Sales with aeration savings

Magnesium chloride cost price

* Nutrient sales price
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Carbon footprint associated with biosolids/WW treatment

Electricity for processing
Gas for drying

?

Lime for processing

1

‘ Polymer for dewatering ]

4 ) 4 )
Scope 2 Scope 3
Direct Power Other, supply
emissions consumption chain
IR ST T
Indirect Cost Indirect Cost
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Influence of Biosolids on Carbon Footprint

Scope 1 Scope 2 Scope 3

1

N,O, CH,

1

Emissions Power Chemicals  Biogas
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Influence of Biosolids on Carbon Footprint

Scope 2

CO.e

Power

AZCOM



Influence of Biosolids on Carbon Footprint

Land Application Power Use

- COZe - COze

Fertilizer Displacement
Carbon sequestration

Fossil Fuel Offset
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What is counted under current methodology

A\uUm




- Which could currently be recognized

« Energy from biogas produced by anaerobic digestion
« Low carbon fuel for burning

- Potential (but not covered under regulation)
« Low carbon fertilizer

- Other
« Carbon sequestration

AZCOM



Opportunities — Biogas

- Based on NGER methodology

kg CO2/kWhr

0.2

0.18
0.16 -
0.14
0.12 A
0.1 -
0.08 H
0.06 H
0.04 -
0.02

0.1848

Every kWhr that biogas
replaces natural gas
reduces carbon footprint
by 0.167 kg CO.-e

0.018

Biogas F

Natural gas

AZCOM



Opportunities — Biosolids Burning

- Based on NGER methodology

kg CO2/kWhr

0.35

0.3 A

0.25 -

0.2 A

0.15 -

0.1 -

0.05 ~

0.318

Coal
Biosolids '

Every kWhr that
biosolids replaces coal

reduces carbon footprint
by 0.312 kg CO.-e

0.006

AZCOM



1100 MW ) 280,000 t COe ) $6.41M
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95 MW [) 265,000t COe E) $6.09M
O\

Biosolids are worth to the power
station in reduced carbon taxes

<

You need <13,000 tDSA biosolids to
> MW generate 5 MW

g

The biosolids are worth approx $25/tDS
to the power station in carbon tax
reductions

AZCOM



Opportunities — Low Carbon Fertilizer

- Fertilizers are large consumers of fossil fuels
1 kg N consumes 10 kWhr energy
1 kg P consumes 10 kWhr energy

62% VS

kg Nitrogen

Nitrogen is worth approx $50.00 10
kWhr/kg N

1.2 kg
CO,e/kWhr

$23.00/t COe

Carbon tax t CO,e kWhr
savings

AZCOM



Opportunities — Low Carbon Fertilizer

- Fertilizers are large consumers of fossil fuels
1 kg N consumes 10 kWhr energy
1 kg P consumes 10 kWhr energy

62% VS

_ ) Phosphorous
Phosphorous is worth 10

approx $13.70 KWhr/kg P

1.2 kg
CO,e/kWhr

$23.00/t CO,e

Carbon tax t CO,e kWhr
savings

AZCOM



Carbon benefits of biosolids use

Digestion of 1 tonne WAS

Digestion of 1 tonne PS

Direct fuel replacement (Raw dried)

Direct fuel replacement (Dig dried)

Carbon Sequestration

Fertilizer Displacement (Limed)

Fertilizer Displacement (Digested)

0

O 2 0 8 1 1.2
Carbon beneflt (t COz-e/t biosolids used)

1.4
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Renewable
Energy
Incentives

Codes of
practice

(SSM in UK)

Nutrient
recovery
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Biosolids in Europe in 2010

Increase in Increase in
energy prices energy price

Renewable
Energy
Incentives

Increase in
fertilizer prices

Increased
awareness of
sustainability

Codes of
practice

Nutrient

recovery
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TTDSA

Conclusions

2002 2003

Increase in Increase in
energy prices energy price

Renewable
Energy
Incentives

Increase in
fertilizer prices

Increased
awareness of
sustainability

Codes of
practice

Nutrient
recovery

el E. Coli scare

closure in

sea disposal stories

Foot & mouth

Contamination disease

Unknown
agricultural
market

[SEGE]
pressures

Cheap
energy

Digestion of 1 tonne WAS

Digestion of 1 tonne PS

Direct fuel replacement (Raw dried)

Direct fuel replacement (Dig dried)

Carbon Sequestration

Fertilizer Displacement (Limed)

Fertilizer Displacement (Digested)

0.2 0.4 0.6 0.8 1 1.2 1.4
Carbon benefit (t CO,-e/t biosolids used)
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Thank you

bill.barber@aecom.com
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