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Background and theory of thermal hydrolysis
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Pressure Cooking C:M:31
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a Approx 330 °F
Q 94 psi
a 20 — 30 minutes
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Pressure Cooking of Sludge C:M:1
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Dewatering

Class B Cake
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Standard thermal hydrolysis C:M:3

-recycling energy

Biogas

Primary -
WAS I _ . I
Dewatering Dewatering Class A Cake
1 Thermal Hydrolysis Anaerobic Digestion 1

Liquors NH; Liquors

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

C:M:3
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0 Rheology is
fundamentally
changed by
processing with heat

A A
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Rheology change is temperature
dependent

C:M:3
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eat Treatment as an Aid to Sludge De-
watering—Ten Years’ Full-Scale Oper-
ation, By C. Lume. Jour. and Proc.,

Relative speeds of filtration of sludges
pnditioned in different ways are as follows:

C:M:3
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Inst. Sew. Purif. (Brit.), Part 1, 5 B Pring S
1951)_ Conditioning Agent Slud:? Sludge !
1 solne me- None 30 1
chanical sludge dewabarmg process over Sulfuric acid ? 100 2
atmospheric drying include non-depend- Aluminum sulfate * 200 10
ence on uncontrollable climatic conditions, Ferric sulfate * 300 15
ability to maintain sludge disposal to Ferric chloride * 400 20
regular schedule in all seasons of the year, Lime* 1,000 80
and small land area requirements. Heat treatment ¢ 6,000 | 1,000
Conditioning of sludge, prior to filtra-
Sludge plate press from 18605 tion, has usus.%ly been %xied. This paper ' Mixed humus and activated sludge.
describes the operation of a plant at Hali- :A" optimum H value.
0 1951, 10 years full-scale fax, England which, over a 10-year perlod . ?i“p““a‘azlgmge'
experience has : r.at -

sludge mixture with hve steam, to tem—

0 Live steam injection at 290 to " eratures from 290° to 370° F. for 0.5 h

370 °F for 30 minutes 3
; ess, lnvolvea the heating of slud
Q Cake dry solids of 48% means of live steam in pressurgs¥e

e Heat exchange apparatus is inco
- jfwrw__ﬂ-ﬂ'ﬂ__,_ﬂ'u R

The average moisture content of the raw
sludge is 951 per cent of the thickened

tal.lon, 89.9 per cent, and of the
the ﬁlters 48 0 per cent.
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Heating sewage sludge

Initial solubilisation of material in bulk phase |

.

Release of polysaccharides from loosely bound extra-cellular
polymers (ECP)

“

Destruction of tightly bound ECP further releasing polysaccharides |

.

Degradation of cell walls causing a collapse of cell turgor pressure
causing cell rupture releasing intracellular proteins and cell wall
debris

.

Polysaccharides interact with each other and also the newly released
proteins to make higher molecular weight Maillard and Andoni

Improving dewaterability

C:M:3
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Improving biogs
production

products which are non-biodegradable

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

What it does C:M:3

Decreases Viscosity

Destroys extracellular
polymers

Increases solubility

Decreases Particle size

Destroys Gordonia-like
and similar organisms

Sterilises sludge

-recycling energy
0 Allows higher loading rates = reduces digestion size

a Improves dewatering

0 Improves dewatering
0 Improves digestion
o Improves digestion

o Destroys foam and minimizes foam potential

a Meets agvanced levels qf treatment ﬂ_
-’ - B v-v-—"!_L‘L.a.r““ M
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Biogas Production Increase C:M:}

ray

o Pre-treatment technology does not increase
the biogas yield
O This is fixed by stoichiometry

/ Gas yield fixed
by stoichiometry

o However, thermal hydrolysis increases
biogas rate
0 Better suited to lower retention times

Biogas production

0 20 day HRT (approx. 25% increased biogas
dependent on sludge type) HRT

o MAD after thermal hydrolysis is actually better
suited at lower HRT

Q Typical energy generation from sludge digestion*
0 90%-+ of 20 day biogas yield within 10 days

HRT o MAD =514 kWhr e/TDS digested
Q Is a further 10 days HRT worth the extra 5 — 2 Acid phase ) = 670 kWhr e/TDS dfgested
10% biogas? 0 Thermal hydrolysis =980 kWhr e/TDS digested

0 Text books do not account for TH * From DECCjﬁjl_JL\
‘ﬁIW W _,\J[T.TL__._ r]‘u-lLr WWT\ ‘_L]-—-l--‘ﬂ\ fA\ N

Typical Mass Balance C:M:1

-recycling energy
Dilutien
Steam Water
Tnthickened 0 2oy
Sludge
Thickening :Ikmls Di ::::lc Deswatering
Yiater: 20000C tyr ‘itev: 55394 tyr Viaber: 8731 tr Yénter: SB007 thr Wiater: 11458 tyr
Shudge Bokds: 10000 #yr Shedge Solids: 9600 ¥ Sludgs Solids: 8801 ¥r  Thudge Solids: S759 Wy Shudge Solds: S04 Fyr
Centrate Centrale
Wabar: 140808 thr Water: 53942
Shudge Solids: 200 Fyr Shudge Solids: 115 Hyr

a Sludge composition of 60:40; primary:WAS; 10,000 metric tonne DS

- \f{’ WPM__ Yy h-!TTL-_,_WTM_MuF‘(LLM—J—ﬂ‘“AMﬁ ~
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i CWM:1
Typical Energy Balance L
OkW Elc';vt;Geneum
TE:u-e-highgmﬂehmt 516 KW
~ —— * Combustan Losses
Anmt?qlf‘gm || High Grade Heat D v Gende Hear
Co-
0 10,000 metric tonnes DS T
o Sludge composition of i
. 2888 kW
60:40; primary:WAS
0 Processing all primary and 506 kW
WAS Avallabiliry Lossss
o IC Engine
tooutlets
S741 kW S626 kW 5626 kW 2251 kW - 2206 kW
gnut:icgemm Centrate e } Centrate
115 kW 45 kW
- ‘ﬁfﬁjw"'ﬁ'\"‘*‘h__ﬂhﬂ_jl-—-._WTMWMVFMQJJ“ﬂ\*AMﬂ )

Influence on thermal systems cé“.g',g

Evaporated
Water: 1.09 tonnes

Evaporated Evaporated
Water: 2.85 tonnes Water: 2.107 tonnes
Water: 0.15 tonnes Water: 0.111 tonnes Water: 1.147 tonnes Water: 0.057 tonnes
Water: 3 tonnes Sludge Solids: 1 tonnes \Shl’azler: 2s.211.§ t400m61e;s?' Sludge Solids: 0.663 tonnes Sludge Solids: 0.565 tonnes Sludge Solids: 0.565 ton
Sludge Solids: 1 tonnes udge Solids: 0.663 tonnes .
9 2 =
= z ; 5 Drying (I
¢] % Drying g
) 2 )
< E} 2
=z 7 @
’ mCpDeltaT: 184.366 kWhr c red to Bi mCpDeltaT: 95.354 kWhr
Converted to biogas mCpDeltaT: 249.375 kWhr Converted to Biogas Latent Heat: 1325.385 kWhr 0_23‘5,%:“30 10848 Latent Heat: 685.493 kWhr
0 tonmes & Latent Heat: 1792.729 kWhr ~ 0.338 tonnes
Energy Required Energy Required
Energy Required
: : MAD TH + MAD
No digestion
O Less cake to dry O Even less cake to dry

O Which also has less water in it
per unit volume

O 60%+ less energy required than
raw

O 50% less energy required than
digested

O 25% less energy required
than raw
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Cambi thermal hydrolysis and carbon footprint C:M:i

-recycling energy

0 Thermal hydrolysis of sewage sludge has been found to provide greatest
carbon footprint savings regardless of endpoint of sludge
a Increased production of renewable energy
O Better volatile solids destruction resulting in less biosolids downstream for
transport and further processing
0 Better dewatering which further reduces biosolids for downstream processing.
Also significant reduction in fossil fuel requirements for downstream drying

a Higher dewaterability increases energy content in cake which provides greater
energy recovery benefit in downstream incineration, whilst improved volatile
solids destruction reduces the quantity of material which needs to be
incinerated

0 Higher grade of biosolids means more landbank is opened up which reduces
transport of biosolids

a Higher loading rates in digestion so less material used in construction which
reduces embodied carbon impact

» Jvﬂﬂfhmwh, ST e TN e A

Cambi thermal hydrolysis and carbon footprint cé!':g
Example: 100 t DS/d

Benefits

Contnbaons
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Smallest Contributions to carbon impact Greatest benefits to carbon impact

M TTTL P Parlronn Al A, A
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AR
Cambi thermal hydrolysis and carbon footprint c,:c,‘!l'g
Example: 100 t DS/d
- Lowest carb
§4°m footprint for
'_g:mo” application
¥ moen Factm} m i l g A
- ‘ﬁfﬁﬂﬂ*_ TN ] Ty’ ﬁ\'ﬁuﬁ{ L-h“ J el ‘:E]'J\‘m\"‘—_l[ llJ_L__ M_J_ﬂ\_.f\._.d_._,_r ~

CambiTHP™ C:M:1

THE ENERGY EFFICIENT AND RELIABLE STEAM EXPLOSION PROCESS SINCE 1996  -recycling energy

V

104 OF Crigaster

215°F 330 °F 206 °F

Pulper

Feactors  Flash tank

m""h_._b' 0 T T AL B S WE:I M\J'\-—mﬁ““‘ﬂ‘n.A...-—lﬁ_‘: -~

Steam boiler

PR
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Cambi Plant Sizes CM:1
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B — 2 (2 m3 reactor) B — 6 (6 m3 reactor) B — 12 (12 m3 reactor)

Small size projects Medium-large size projects Extra large size projects
- Standardised package unit - Standardised package unit - custom-made
- pre-assembled & pre-tested - Pre-assembled skids - on-site construction

- containerized unit

5—20 tDS/day 20 -80tDS/day 60 — 500 tDS/day

C:M:¥

-recycling energy

Thermal Hydrolysis Market

10
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CAMBI experience

a Since 1995 Cambi have built 40 plants and have
16 plants under construction, in 21 countries

0 Total capacity to treat sludge and food waste
from >53 mill. people, 1.55 million tons DS/year

a Multiple repeat customers

a 2 plants owned and operated by Veolia Water
0 Bruxelles Nord
0 Seafield Edinburgh

a European Biosolids Conference 15 — 16
November, 2016

C:M:}

-recycling energy

Veolia invests £14m+ in
thermal hydrolysis at
Edinburgh WwWT
treatment facility

tontsize © @ | Print  Emal

Veolla has invested over £14 million on thermal hydrolysis
technology at its Seafield Waste Water Treatment faciiity in
Edinburgh.

Tha pracass will Relp produce over 100 laanes per day ofmemsl

nd
2 v sisage

€ I greiniral

registration wit SEFA and ot

2ping and feld nolifcs: nsge mformaticn and cross.

&

Thermal Hydrolysis Market

By plant number

Other Other
o Other AT i Other __
3% 1% 7%
Other \‘:"\\:‘ OthEI’ —
3% ~ 4%
Other___
6%

3% S

-recycling energy
By capacity
Other Other Other  Other
~0%___ 0% A% 5%

C:M:3

11
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CAMBI SERVES A POPULATION OF MORE THAN e .ip\J:§
50 MILLION PEOPLE WORLD WIDE ecydiing onergy

BEWING WASHINGTON DC

e KR
S
LONDON SINGAPORE
: =

_-—-*'. ! (o ! :1'[7» i

SEOUL — DUBLIN — OSLO — BRUSSELS — ATHENS
SANTIAGO DE CHILE — EDINBURGH — CARDIFF — AND 20+ OTHER CITIES
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Cambi THP® IN UK 8

. B
C.M:1
-recycling energy
Water Industry has strict financial

lator - OFWAT

CambiTHP® treats >30% of UK'’s sewage
sludge.

Standard unit operation

Minworth STW, Birmingham (2016),
-4 Sevem Trent Water

>30% DS — 22% DS today
e grealy reduced

Ilegaledwlmsasx 0 Grid

Mﬂ&mﬁ “"‘“jL A s Y

Highest renewable energy
producers in UK Water Industry
Site Pre-treatment
1 |Pavyhulme Thermal Hydrolysis
2 [Minworth Thermal Hydrolysis*
3 |Great Billing EH
4 [Mogden None
5 JAvonmouth EH
6 [Bran Sands Thermal Hydrolysis
7 [Cardiff East Thermal Hydrolysis
g [Howdon Thermal Hydrolysis
g [Longreach Thermal Hydrolysis
10 [Stoke Bardolph Co-digestion
* Cambi recently awarded contract to upgrade
from MAD to thermal hydrolysis

& -
- CM:1

-recycling energy

13
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Blue Plains

dcé

Ageing
Curing
Screening
Composting

except dry solids

Biosolids exceeds composting
requirements for all parameters

Better product qualitites when
compared with composted biosolids

BLCPM

Further

processing

=
a2
-
»
~

GOOD SOIL,™

BETTER EARTH.

0 280 — 300 tDS/d processed
VS destruction 62 — 65%

u]

u]
a
u]
a

(]

9 MWe generation

Cake dewatering on belt press 32% DS
Poly consumption approx. 14 Ibs/TDS
Energy for thermal hydrolysis met by co-

gen plant

Ongoing work to make biosolids products

C:M:3

-recycling energy

Davyhulme — United Ultilities

operation

Key performance parameters from a years

Parameter

Thickening Polymer GG
usage
Dewatering polymer kg/tds
usage

Throughput tds/day

Specific BONER K\Wh/tds
consumption
Renewable energy WRVWVIGTite ()
performance

Cake dry solids % DS

Specific  methane WN[FEIIT S
production

Specific LIGREER Nm3/tds
production
Sludge
status
Biogas utilisation to [
boilers

Volatile solids V8
destruction rate

CHP Biogas use %

Product

Pass/Fail

Units Target Measured o
value PM

Fimeas

B

initially

UU have optimised gas
utilisation reducing the gas
used as fuel in the boilers
below 4% (target 8%)

12%

United
P Utilities
sﬁ\,ﬁg i T BMEnthg

Srpipaiies
tEARET] if

I —

Energy generation per tds

treated sl

outperformed expectations
peaking at 920KWh/tds

udge has

<10.0 5.96
<10.0 8.07
275 225
197 152
800 Up to 920
>28.5 31.3
>257 259
400 400
Enhanced Enhanced
8 4.1
60 58 — 64
91.2 94.3

o St T, JTTL ) YE

jm
m
o

@
i - L
LN e
it |

o

w

w

PIRNDNRR R
J‘"‘I\f«‘v‘h"j!w“f
[ —
s e ey

‘Cambi Periormance.

g

Yt

gl

Energy neutral —

approximately 96% energy
self sufficient at times
neutral. We also power

f
UU’s data centre and site \' e arbea Il A —
vehicles - . ] ..Lj' nd '""-H\I'

UU are

Slide:

AM:Y

-recycling energy

s

We have seen good gas
production >400Nm?3/tds sludge
treated. With septic sludge periods
removed - 413Nm3/tds average
and peak 445Nm3

Thaglies
i

-

Highest producer of
renewable energy
from sludge in UK

9-10 MWe
generated

Richard Lancaster, UU

14
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C:M:%
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Future Developments

Standard thermal hydrolysis C:M:i
Biogas recycling energy

T

Primary - >
I #. i # * # z
WAS ;
Dewatering Dewatering Class A Cake
1 Thermal Hydrolysis Anaerobic Digestion 1
Liquors NH; Liquors

- \f{’ WPM__ Yy h-!TTL-_,_WTM_MuF‘(LLM—J—ﬂ‘“AMﬁ ~
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WAS only thermal hydrolysis C:M:31

. -recycling energy
Biogas

Primary I
Thickening THP % s st
WAS _ ] l

Dewatering Dewatering Biosolids Caks

Thermal Hydrolysis Anaerobic Digestion

Liquors NH; Liquors

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

AR
WAS only thermal hydrolysis cr:q‘!'é

O Lower capex and steam consumption than full Cambi
O Contributes to digester heating/less cooling required
O Integrates will with CHP to make system run completely on waste heat

O Where there is no need for Class A biosolids:
O Upgrade digester VS loading by about 30% and avoids digester construction

O 80% of the dewatering benefit for 50% capex

- \f{’ WPM__ Yy h-!TTL-_,_WTM_MuF‘(LLM—J—ﬂ‘“AMﬁ ~
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Typical Energy Balance — full THP € :M:3

-recycling energy
1080 kKW
OkW Electrictry Generation
TE:u'e-highgpuiehmt 516 KW
- —— * Combustan Losses
Anmt?qlf‘gm || High Grade Heat D v Gende Hear
Co-
. eration
0 10,000 metric tonnes DS shant
o Sludge composition of i
. 2888 kW
60:40; primary:WAS
0 Processing all primary and 506 kW
WAS Avallabiliry Lossss
o IC Engine

STAT kW 5626 kW 5626 kW 2251 kW 2206 kW
Unthickened N
Sludge Centrate b Cenl:nm

3T, ST I ARALN Pt Al liA A

Typical Energy Balance — WAS only THP C M =3

-recycling energy
1030 kW
402 kW Electricity Generstion
Excess high grade heat 498 KW
" Combustion Losses
7KW
Ama:-vm  High Grade Hear Lo Gradle Heat
Cc-
0 10,000 metric tonnes DS Boile gt
0 Sludge composition of i S
60:40; primary:WAS
o Processing all primary and 228 kW Bioges [y 478 KW
Avallabllity Losses
WAS
0 IC Engine
: Blosolids
Thicken: Thezfm.l. Dewaterin, Cile
N i lﬂﬂ'm Hydrolysis Hm“m“
STTKW 2389 KW
Tnthickened A
Sll:xdle Cenrar - PCem:ﬂm

Mo T ey P et Al A A

17
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Intermittent Thermal Hydrolysis C:M:3
Biogas [ITH P] Biogas -re

Class A Cake

Primary
WAS
Dewatering Dewatering
Anaerobic Digestion Thermal Hydrolysis Anaerobic Digestion
Liquors NH; Liquors

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

n neration THP - Summary of performan Thames Water -
Second Generatio Summary of performance by Thames Wate cim:j
-recycling energy
WAS only THP | I-THP
vsR B 44% 59% 55% 65% .
Gas Yield scf/TDS 13183 17656 16372 19561 ?ggltsbs g
Gas yield MMBTU/TDS 7.37 9.89 9.18 10.95 :
Elec Efficiency % 15.30% 20.60% 19.10% 22.80%  Primary  60%
(gross) 0
Elec Efficiency (net) [0 12.30% 14.40% 12.90% 16.60% WAS 40%
Electrical Output MWhr/TDS 0.72 0.97 0.90 1.07
upport Fuel MWhr/TDS - 0.28 - -
Digester volume ~ [EIINES 12,236,400 3,775,200 6,930,000 7,656,000
THPSize - 100% 40% 60%
De.""aterab"'ty %DS 21130 32\45 28135 34\ 48? ‘:m:;"‘"’
(min/max)
=<} INNOVATION
- \k’W.—M_‘Jj -!TTL__‘-WTM_MpF‘(L—L_M_J_ﬂ_mAM o
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Biogas

Primary

WAS

Thickening Dewatering

Anaerobic Digestion

el SolidStream

SolidStream”

S

SolidStream”

THERMAL
TREATMENT UNIT

Barometric egg

High DS Cake

Dewatering

Thermal Hydrolysis
Liquors NH; Liquors
b, T VY
Liquors
N : _ -3
SolidStream — Process description C.M:1

SolidStream”

L~

0 Dewatered, digested sludge is fed to
SolidStream process at 16% DS

O Sludge is treated at high Temp & Pressure in
pumpless process

O Hydrolysed sludge is dewatered at elevated
temperature
(220 °F; drops to 185>°F with polymer)

O Dry sludge cake is cooled with air

0 Cooling air is scrubbed to remove odor
components

O Dewatering centrate & process gas are
returned for biogas production

0 No cooler required. Hot centrate heats up
input sludge to digester temperature

0 Can dewater to 35% DS with no polymer

O Plant is approximately 40% smaller
compared to standard thermal hydrolysis

-recycling energy

19
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¥ AmperVerband C:M:31

SolidStream” -recycling energy

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

i

SolidStream”

C:M:3

-recycling energy

AmperVerband

05100 t US/DS; 83% VS
0 14 tDS.d

0O 62% primary, 38% WAS
O MAD 22 day HRT

0 50% VSR

020 —23% DS cake

0 14,330 wet ton/year

3T T Y o o Ao, A

20
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s

SolidStream”

SolidStream™

s

C:M:3

-recycling energy

e ‘ﬁf W"M__ _,\J h-TTL__.__WTM,Mu#‘!—L—L\M—Aﬂ\J\"ﬁ —

.
L )
.e®

SolidStream”

Demonstration plant in AmperVerband creiqlwgl:g
. /?

Base Case, conventional
SolidStream”

5100 t US DS/yr

5> 83%VS
e
62% Primary pw— -
- VSR = 50%
38% Secondary ) 20 - 23% DS
14 330 t/yr Cake

To WWTP inlet

- \f{’ WPM__ Yy h-!TTL-_,_WTM_MuF‘(LLM—J—ﬂ‘“AMﬁ ~
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-4l

Demonstration plant in AmperVerband

SolidStream”

SolidStream case,

actual numbers 2016

,—) +61% Biogas

5100 t USDS/yr

—
— > 83%VS

_—
62% Primary

38% Secondary

Input Dry %

tons x 0.9
Output
=Wet tons

> xﬁ»ﬁf%ajmh_ STTTL ey T Y A e g A A

SolidStream

- !

To WWTP inlet

COD rich centrate

Ned

SolidStrea

C:M:3

-recycling energy

m-

VSR <75%
53% VS

Approx 40% DS
4 330 t/yr Cake

70% reduced wet ton cake
61% increased biogas
High quality cake

o . .
et Biosolids
SolidStream”

Different to thermally hydrolyzed

cake

biosolids

PR AN PN &5 B v T A AT B

No odor

CiM:i

-recycling energy

Very crumbly — falls apart on squeezing

Further drying n storage

[N

22
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C:M:%

-recycling energy

Conclusions

Conclusions CM:3
-recycling ene
a Thermal hydrolysis is a mature process T

o Standard technology — business as usual
0 Multiple suppliers

0 Cambi processes over 30% of the UK sludge market — driver is
financial

0 Main market for TH is to process all sludge prior to digestion however
other applications are gaining traction

0 Partial THP and intermittent to reduce steam demand

O SolidStream, 40+% DS cake, 75% VSR

0 Option for existing digestion plants which have sufficient digestion capacity
rather than need to increase capacity or reduce digestion requirement

0 Ongoing research with different materials and configurations

- \f{’ WPM__ Yy h-!TTL-_,_WTM_MuF‘(LLM—J—ﬂ‘“AMﬁ ~
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Thank you:

bill.barber@cambi.com

Water Research 104 {2016

CWM:1

-recycling energy

Contents lists available at ScienceDirect

Water Research

journal homepage: www.elsevier.com/locate/watres

Review

Thermal hydrolysis for sewage treatment: A critical review

W.P.F. Barber

Cambi, Inc., 5 Great Valley Parkway, Suite 210, Malvern, PA, 19335, United States

ARTIELE 1

NFO A

BSTRACT

@ CrossMark

Article history:
Received 1 June 2016
Accepted 28 July 2016
Available online 30 Jul

A review concerning the development and applicability of sewage sludge thermal hydrolysis especially
prior to anaerabic digestion is presented. Thermal hydrolysis has praven to be a st
making sewage sludge more amenable to anaerobic digestion. Currently there are 75
operation or planning, spanning several continents with the first installation in 1995. The reported
honafite af thermal hudealucic ralate tas increaced dissction lnadine rate dus o

y 2016

ul approach to
acilities either in
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