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C:M:1

Issue Areas of Organic Wastes

/

Sludge:

State of the art Thermal hydrolysis processes to treat sludge

Food waste and co-digestion:
Biogas plants based on thermal hydrolysis, producing biogas & biofertiliser




Food wastes

C:M:1

Depending on the level of impurity and sources of the products, food waste/OFMSW (organic fraction

of municipal solid waste) feedstock may be required the following pre-treatment technologies for the
purification:

Receiving and manual sorting

Bag opener
Shredders

Screw Cutter
Milling

Rotating Drums
Rotating Trommels
SCreens

Magnetic separators
sterilizer

Pulper

Hydrolyser
Homogenizer



Food Water Treatment and Biogas Production
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Sewage Sludge
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Sewage Water Treatment and Sludge problems
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FROM WASTE TC WORTH USING ADVANCED ANAEROBIC DIGESTION
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“THP” has more than 25 years experience

2000
1989 1994 (large- 2011 2014
(first trials (contract scale (biowaste (China
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C:M:1

Thermal Hydrolysis Globally

I c i\ :} Market Share by installed capacity

ANZ

C and S America

I All other suppliers

N America -
o |
processed annually
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Plant Number

Between 80 and 90 facilities
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Example : Anyang Sewage Wastewater Treatment Plant

® Stetus of Domestic Operaticn
- A . T e SR o b - e . RO e\ -
a@asteyajgg ,r;ggtm{gnt]ant.ﬂrﬂﬂ?ang ‘¥g, ﬂO* ohe/day)
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- 7123Ad - HO-ESH(THP)
- ABEE HBAIRE : 1589
- WHRY - Ho| 25MW

—

’ A871A TRy
237tA B

s~ au|
[ STEE SRS g s
Classification

630 /day (DS 10%)

30.5 days 15.8 days
40.2% 59.3% - Use CAMBI' s excellent technology
and experience of operation
6,110N - w'/day 18,000N - v /day
» Maximize treatment efficiency of
CHs 55% ) CH, 62.8% digester and minimize retention time
Amount of Cake Generated 187 /day (80%) 98.2n' /day (73%)

Moisture Content %
Electricity production (MW) - 1.6 MW

Note) The data is based on current operation performance.




More than 20 vears of continuous operation

‘M =1

The Normal Operation Actual Certificate

1.Plant Operation Start Date

Date of 1 Sept 1995

Operation Year Operation Hours
1995-2014 350 dfy, 24 hid
2011 358 dly, 24 h/d
2. Annual Operation Hours Record
2012 358 dly, 24 h/d
2013 358 dly, 24 h/d
2014 358 dly, 24 h/id
Name of Equipment CambiTHP
3. Trouble Outbreak Situation, if happened
None (only normal N
maintenance) pne

2005: Expansion with additional digester, by Cambi
4. Plant Modification 2006-2007: Expansion with additional THP reactor
land a flashtank, by Cambi.

5. Operating results

company), Hamar, Norway
- Equipmenttype :Cambi Thermal Hydrolysis
- Design capacity : 19 t dry solids (DS)/day
- Actually treated capacity: 11 t dry solids (DS)/day
+ Substance Type : Sewage Sludge
+ Volatile Solid Reduction Rate : 63%

- Name of Project : Hias Wastewater Treatment Plant, Hias IKS (water and waste management

+ Dry Solids concentration in dewatered cake: 38% DS

This is to certify that the above statement is true

May 08, 2015

Thorbjsrn Netteland
Operationg'Managet)

v

May 08, 2015

County Governor of Hedmark

nature)
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NIGG BAY SERFIELD
+ 16,500 metric tons DS/year » 27 500 metric tons DS/year
- 2x 4,000 m * digesters « 6 2,500 m 3digesters . ‘
« 4-reactor CambiTHP + coolers « 2% B6-3 CambiTHP a' I l I -
+ Final product: > 32% DS 2.5 MW electricity, steam for THP A
« Class A cake to agriculture 7 -
HowDON . -
BURNLEY + 40,000 metric tons DSjyear In t e
+ 4,000 matric tons DS/year +3x 6,300 m3digesters
+1%2.250 M3 digesters « 8-ractor CambiTHP
.g:asmdm:fm «4.7 MW electricity + cogen steam
+B2-4 CambiTHP - Blogas (upgraded to natural gas gnd)
« Class A cake to agriculture « Class A cake to agriculture
BRAN SANDS
« 40,000 metric tons DS/year
LEIGH ~8-eactor CambiTHP + coolers
-ummetﬂgtonsosnear Agzwicmntyuogmmm . . . .
e g UK ind full d
+— 109% DS feed to digestors «GHG emissions raduced by 50000 t/year @ In UStry IS U y prlvatlze
«B2-4 CambiTHP
2% 527 KW electricity + steam COTTON VALLEY
«Class A cake to agriculture IZ AN I S D

DAVYHULME

+ 91,000 metric tons DS/year, retrofit
-8X7,400 M3 digesters

+ 4 x 5-reactor CambiITHP

+ 10 MW electricity + THP steam

« Class A cake to agriculture & Inciniration
+ GHG emissions reduced by 32,000 tyear

RINGSEND

+ 60,000 metric tons DS/year
*4x4300m" digesters

* 3 x 4-reactor CambiTHP + coolers
4 MW electricity +steam

» More than 60% VS raduction

» Class A cake to agriculture & drying

FIVE FORDS

+ 18,000 metric tons DS/year
+2% 3,700 m? digesters

+ 2x B4-3 CambITHP

+ Blogas {upgraded to natural gas grid)
« Class A cake to agriculture

MINWORTH

+ 73,000 metric tons DS/year

« 12 digesters with > ao.ooom’

« 3x B6-4 CambITHP

+ 8 MW CHP (cogeneration)

« Class A cake to agriculture

« Final product: >30% DS

750m® /hour blomethane delivered
to the natural gas grid

+2x 3,750 e digesters
CambiTHP
« 1.7 MW and process steam

AFAN

+ 25,000 metric tons DS/year
»2x4000 ¢ digesters
+&-reactor CambiTHP + coolers

+ 2.1 MW electridty + cogen steam
« Final product: > 30% DS

CARDIFF

« 35,000 metric tons DS/year
«2X7,500 m? digesters

» 2 x 3-r8actor CambiTHP + coolers
+32 MW electriaty

« Final product: > 30% DS

") 40,000 metric tons DS/year
+45,100 mdigesters

o «B-reactor o
4.8 MW electricity + cogen steam
« Class A cake to agriculture

¥ LONG REACH
11,300 metric tons DS WAS-only
Secondary sludge hydrolyzed,

+THP steam from waste heat only
»3 MW electricity
« Class A cake to agriculture

= = CROSSNESS

i mixed with raw primary sludge
« Multi-phasad digestion
+ 58,400 metric tons DS/year
¥ . Mostly secondary sludge
.« 6-reactor CambiTHP
‘ -4 MW electricity + cogen steam

« Class A cake to agriculture,
optional iIncineration

« 18,000 metric tons DS/year « 9,600 metric tons DS/year

« Final product: >30% DS
« Class A cake to agriculture

« More than 60% VS reduction

CRAWLEY

. ll}oometrgcmns DS/year
«2x1,940m digesters

« 86-3 CambiTHP

« 1 MW electricity + cogen steam
« Fnal product: 33-36% DS

« Class A cake to agriculture

- On stock exchange
- Shareholders and dividends

- United Utilities (UU) in 2018
- Revenue £ 1750 million (US$2300 million)

- Governed by financial regulator

OFWAT

OFWAT control rates which can be

charged



A e @
Sludge center

<+ |ncreased capacity of existing
digesters by nearly 2.5 times

 Allowed United Utilities to import
and treat sludge from other treat
ment plants in north-west Engla
nd and avoid building a planned
new incinerator.

The digestion plant serves a pop
ulation equivalent of 3million pe




Cambi THP at Blue Plains WWTP
In Washington DC (USA) — 4 million p.e.

/e —

‘-

/ CANCELLED TRADITIONAL DESIGN CAMBI PROCESS
/_/‘-—E — — e . 5 — - _—

e D

AMBI SOLUTION
- PLANNED TRADITIONAL DESIGN . 4digesraditi0na|)

8 digest =174 000 m3 Signed originally - Saved $200 million CAPEX vs traditional

Saved >$20 mill in OPEX/year

Géugrate 13 MW (net 10 @clean, renewable power fror’g”tot*uee1 HP




Cambi THP at Blue Plains WWTP
iWashington DCYUSA) — 4 million p.e.

Cake production
[wet basis]

Old Class B cake
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http://bloomsoil.com/

FIVE CAMBI PLANTS IN BEIJING

4.2 million m3/d = 48,6 m3/s , 6000 t of wet sludge/day

'GAOBEIDIAN WWTP 'GAOANTUN WWTP
5 <z m l 7 . D [ > TR

XIAOHONGMEN WWTP

M ‘
N
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FIVE CAMBI PLANTS IN BEIJING c ‘M .}
4.2 million m3/d = 48,6 m3/s , 6000 t of wet sludge/day = =

WA

< Beijing Drainage Group (BDG)Ior
Huaifang Water Reclamation Plant '
(HWRP) project for winning the |
WA Gold Prize for category Excep
tional Project Execution and Deliv
ery at the International Water As
sociation - World Water Congress
2018 at Tokyo—Japan. (16-21, Se
ptember, 2018)

Waler d-.

'D'b",,f [ ‘

am Lin, the Chairman 6RBDG
group: “The success of this awar
belongs to BDGand Cambi's coop
eration, we thank the two compa
nies for their collaborative effo
ork together”.
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C:M:1}
CAMBI THP PLANTS IN BEIJING with Norwegian Minister (2017.7.10)
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CAMBI Converting food waste to biogas and
fertilizer in 6 cities from Norway to South Korea
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Why thermal hydrolysis? C:M:3

It changes the properties of sludge at a fundamental level

(non-reversible reduction in viscosity)

Minimize or eliminate
spending on digester
upgrades

rowth

= |Improved digestion pe
rformance increases b
logas production

New digestion plants are J = Minimized foaming

Aliowing higher loading
rates to digesters

significantly smaller potential

= Friable, minimum odor
homogenous cake ea
sy to spread on stand
ard agricultural equip
ment

Reduced carbon
otprint

Less Biosolids
exiting plant

Lower energy requirem
ents for downstream pr
ocessing

In addition J

: Sterilizati
Biosolids without reg

\.




C:M:1

Where is CAMBI in awwtp ? (Sludge treatment)

Wastewater-to-Energy System

. Process gas N
I = :0."\/.[3 FiSlO.h‘ -.SI.TE.E'NER.GY. - THP i & Reusedstgam
I o ¢ [
I Purification/ btatural gas, can
compression used for power

ITQ PN |

Anaerobic | I a realll Ol Foshilik I

i digestion —a —
Funher Digestate, n be Used Cambi patented process
~ Separation———as a Soil eAhancement
I steam
CAMBI Solutions CAMBI Thermal Hydrolysis Process

Source: World Resources Institute, 2017
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.
Influence of thermal hydrolysis on overall process CﬁM -3

Higher dry
solids

Dewatering Dewatering

Primary

- ' Higher dry
solids
Thermal Hydrolysis

Iubilisat

Less
digestion

Return
Liquors



C:M:1

Comparison
Conventional _em | Paxameters __|ms _____Cambi
3-6% Digester Feeding DS% 9-12%
20-25 Digester HRT (d) 15-18
Big Digester volume Small
Low Digester Loading rate High
33-37 Digester Temp (°C) 38-42
6.5-7.5 Digester pH 7.5-8.0
30-45% Organic VSR% 50-65%
Low Biogas production High
(m3/tDS)
High Biogas H,S Low
20%-25%-30% Dewatered Cake DS% 30%-35%-40%
Class B (partial) Biosolids hygienization Class A (pathogen Kill)
More Viscosity Less



® [EReellecncy 6of Technelegy

i X Highly-efficient Energy Increased Biogas -
.Dlgestlon Sterilization in Sealed Production B) Redtuceg gllniil

: ilciency W Container a;le Shaie) ewatere udge
= = 2 2
S i £ A = . =
c = o=
D Y, 7] ]
G [ =t sz =
o o ) o
o o o o
: : : =

//A - — =

.z E E Y >

= 5 = =

" S S - = S g

* Increase digestion efficiency * Thermal hydrolysis In - Incum blo-m production - Increase dewatering rate (30%
by using cellular hydrolysis at completely sealed container - by hydr more efficlently DS)
high temperature and pressure - colloot odor-generating ' produ + Lower the amount of final cake
» Reduce investment cost to 1/3ubt es at gas compressor wlthhlﬂhm more than 30%)  drastically (more than 50%)
of that of conventional digester - Remove pathogens with oper + Use final cake as soll
ation at 165 T and 6 bar or conditioner (in USA, Europe,
higher | § ~ etc.)

E‘Account for 87% of the global market including Europe, Americas and China with great efficiency and i
reliability (No. 1 of World THP technology) N

oliue 26



Carbon Footprint (Aecom/MOHURD China study)

Table 2 Carbon Footprint of Sludge Technical Routes

Reference
Number Technical Route

ermal hydrolysis, anaerobic digestion, biogas utilization, heat drying
(10% moisture content), coal substitution (e.g., in a power plant or cement kiln)
2 Anaerobic digestion, biogas utilization, landfill with landfill gas utilization (0]
3 Thermal hydrolysis, anaerobic digestion, biogas utilization, land application 200
-+ Anaerobic digestion, biogas utilization, compost, land application 450
5 Anaerobic digestion, biogas utilization, land application 950
6 Heat drying(10% moisture content), coal substitution 1,300
7 Composting, land application 2,400
8 Heat drying, gasification, energy recovery 4,750
9 Lime stabilization, land application 4,900
10 Heat drying, incineration, heat recovery 5,900
11 Landfill with landfill gas utilization 6,200
12 Anaerobic digestion, biogas utilization, landfill without landfill gas management 6,300
13 Heat drying (65% moisture content), land application 7,600
14 Heat drying (40% moisture content), land application 10,000
15 Landfill without landfill gas management 30,000

() = negative.

= Based on a typical urban wastewater treatment plant treating 100,000 cubic meters/day, producing 80 tons/day of dewatered sludge
with 80% moisture content; carbon footprint indicated as tons of carbon dioxide equivalent/year.

Source: East Asia Department, ADB.
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Impacts on carbon footprint

Highest Volatile
solids destruction

Better dewaterability

Better quality of
product

Less sludge

Less water in
biosolids cake

Less sludge

Less land required
for reuse

More renewable
energy

Less Transport and
downstream proce
ssing

Lower energy
requirements for
thermal systems

Less transport to
land

Less transport

Lowest operating carbon footprint

]
© ® & @ ~
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Optimising sludge drying C:M:1

=3 Need less energy
= ‘ for drying
=
=,
5 More energy from
@ biogas
| =
L
Much greater
0 excess of energy
Raw Digested TH-WAS-only TH-all Digested
Digested
Key: I E)?%%{Jgequww I fEr(r)lrenr%)iloaévatlable Basis: 100 tons dry solids/d
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Summary - Theory

Available for elctricity or
biomethane production

69 MMBTU/d
704 MMBTU/d
Bi 635 MMBTU/d
12gas For drying
0 MMBTU/d
Auxiliary fuel _ o
Available for electricity or
biomethane production
307 MMBTU/
790 MMBTU/d
Biogas 347 MMBTU/d
For drying

6 MMBTU/d
From High P 231 mmBTU/

Grade Heat 95 MMBTU/d For steam

C:M:1

Without thermal hydrolysis
* Nearly all consumed by drier
leaving little for other uses

W|th thermal hydrolysis
Nearly 20% more energy in
biogas

* 45% reduction in drying energy
demand

« Over 4 times more biogas can be
diverted to co-generation



Case Study

To consider:

Electric Energy
or upgrade to
Biomethane

Pathogen free
solids to agri
culture

Dry sludge
using waste
energy from

CHP

Carbon footprint
credits
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THANK YOU FOR YOUR ATTENTION...

CAMBI® THERMAL HYDROLYSIS PROCESS FOR ADVANCED
ANAEROBIC DIGESTION OF SLUDGE AND FOOD WASTE

INCREASED RENEWABLE ENERGY
REDUCED BIOSOLIDS VOLUME
INCREASED BIOSOLIDS QUALITY (CLASS A)
COMPACT ANAEROBIC DIGESTION
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