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Waste-derived Biochar for Sustainable Development
O Biochar:
— O Atype of partially combusted biomass

O A promising and carbon-negative solution
O Engineered biochar:
O Contribute to at least 11 of 17 Sustainable Development

: International Biochar |
. : Biochar applied for Initiative (IBI) launched Global biochar | —
Reported the existence of water pollutant the first Biochar market expected to Reach carbon
Amazonian dark earths adsorption Certification Program reach 3.3 billion USD neutrality
Historical 19thto20th 544 2009 2012 2013 2018 By 2025 2030 2050
century
| ; |
Pyrogenic ‘Biochar’ introduced as Biochar served as a | IPCC acknowledged Biochar as an
carbonaceous a concept for carbon carbon-based catalyst biochar as one of the integrated solution for
material for soil storage, with increasing for water treatment | Negative Emission Sustainable
application or scientific interest e R EEE B B b Technologies (NETs) Development Goals
energy storage S EEEE M (SDGs)
2Zero 3Good 6Clean TAffordable LRBLLEGIS 9Industry, 11Sustainable FVAEERETETNS Climate i 17 Partnerships
hunger = healthand = waterand and clean [RWGTOELT I BT TS cities and consumption cti for the
wellbeing  sanitation  energy economic | and communities JEEEGT]

growth infrastructure
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111,113,115 [ 122 [18.1-132 14.1-143 | 176-178

6a-6b [[92,9495 [ 16 [ 14 145
Cottbtie | m51 140, 14¢
- Waste valorization as Biochar production Biochar application for End-use treatment/
biochar feedstock water pollution control re-utilization of biochar

He, M., Xu, Z., Hou, D., Gao, B., Cao, X., Ok, Y. S., Rinklebe, J., Bolan, N.S., & Tsang, D. C. W.* (2022). Waste-derived biochar for water
pollution control and sustainable development. Nature Reviews Earth & Environment, 3, 444-460.

Engineered Biochar — Feedstock Properties @ B S

O Feedstocks: J 2
————[0 Major composition:

* G, H, and O for biochar carbon structure and Feedstock

Element
functional groups —
Sawdust
— Oxygen
O Other elements: i LRl S
e Alkali and alkaline earth metals (AAEMs): Rige straw G
. . ilicon
facilitate deoxygenation S ot
. . — Potassium
* Fe: metal chelation, redox activity, electron Algae ot
. . alcium
mediation, sorption, etc. Water .
o o i odium
* S: catalytic degradation hyacinth —L
. q ) | = Nitrogen
* Si: metal sorption Litter -
2 . Phosphate
* N:redox reaction or sorption Sludge ~——
. .. . Sulfur
* P: metal ion precipitation Manure
'— lron

He, M., Xu, Z., Hou, D., Gao, B., Cao, X., Ok, Y. S., Rinklebe, J., Bolan, N. S., & Tsang, D. C. W.* (2022). Waste-derived biochar for water

pollution control and sustainable development. Nature Reviews Earth & Environment, 3, 444-460.
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Engineered Biochar — Pyrolysis Temperature B oo

O Increase pyrolysirtempefatu(

—B-Carbon:
e From aliphatic and amorphous to aromatic and graphitic
O Other elements:

e From mineral salts to oxides or even elemental form

b c
Reactive moieties Application
Carbon surface  Sorption, carbon stability
Pyrolysis temperature O-moiety Nutrient recycling, metal chelation, redox activity

i electron mediation, sorption, catalytic degradation
Low == High

Carbon defects  Redox activity, catalytic degradation

Aliphatic-C Aromatic-C
| OH- Precipitati
Hydroxyl Carboxyl  Quinone recipitation
Co, Precipitation
Polymer Si Crystal Si Aromatic-C Electron mediation, catalytic degradation
Mn mineral Redox activity
& | N ling, h
KCl  K,CO, K,07K,0, a mineral urrfenr recyc fng cation exchange
NH,/NO,~ Nutrient recycling
Ca(OH) CaCo Ca0 Doped N Catalytic degradation
2 3
-NH,/NH,* FPyridinic-N PO > Nutrient recycling, precipitation
-
Pyrrolic-N Graphitic-N 50" Precipitation
Fe(OH), FeO Doped 5 Catalytic degradation
Fe,O Fe M i ivi iati
14 . etal chelation, redox activity, electron mediation,
Fe hydroxide sorption
Fe{0) Redox activity, electron mediation, catalytic degradation

He, M., Xu, Z., Hou, D., Gao, B., Cao, X., Ok, Y. S., Rinklebe, J., Bolan, N.S.,; & Tsang, D. C. W.* (2022). Waste-derived biochar for water .

pollution control and sustainable development. Nature Reviews Earth & Environment, 3, 444-460.

Engineered Biochar —Typical Reactors B B e

/
(b) (c)

Feedstocks

i Volatiles

Biochar

Fixed Bed Earthen Kiln Rotary Kiln
. Small-scal ducti » Traditional method _ ) _
mafl-scaie production - Difficult to control with long  *  Simple design and operation

* Poor heat & mass transfer

residence time Low heat efficiency

(d) (e) (H
-_

-+ * \olatiles

i Feedstocks

Volatiles

Feedstocks Volatiles
Feedstocks é_ﬁ . i
L -
Biochar
N,
Fluidized Bed Auger Reactor Spouted Bed

. . _ _ * Good heat transfer with gas-
* Good heat transfer with gas-solid « Adjustable pyrolysis speed solid uniformity

uniformity with good heat transfer . Feasible for irregular shape
« Complex operation and expensive « Complex design «  Low biochar yield

Zhu, X., Labianca, C., He, M., Luo, Z., Wu, C,, You, S., & Tsang, D. C. W.* (2022). Life-cycle assessment of pyrolysis processes for 6
sustainable production of biochar from agro-residues. Bioresource Technology, 360, 127601.
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Biochar —A Net Carbon Management Strategy (1)

= = “// Biochar, e

Bio-oil, Syngas
Secondary / .
e ———— agro-residues Power plant

e

1
Energy 1
O Pyrolysis of biomass ‘ J
O Produce & customize fit-for- y Pyrolysis plant ™\
purpose engineered biochar
O Co-generation of renewable ~ Primary " * ‘ Powes grid
agro-residues Life cycle assessment Biochar
energy
Biochar as an alternative energy source
(a) ‘lllt)i‘:scl Emission Dicsel  Emission Eleetricity  Emission ‘\‘\
- t . t ! t i
L [ + 1 i I "
Agro-residues, .
T Collecti Transp i Pretreatment !
i Electricity = -.ﬂ-ﬁ‘_ Construction i
\ ’ Bio-oil === Electricity ,
i l Syngas i é
Iu\ Emission Emission "
Neeo 7Tt MuctialFlow == EncrgyFlow - - Emission i
Zhu, X., Labianca, C., He, M., Luo, Z., Wu, C,, You, S., & Tsang, D. C. W.* (2022). Life-cycle assessment of pyrolysis processes for 7

sustainable production of biochar from agro-residues. Bioresource Technology, 360, 127601.

Biochar—A Net Carbon Management Strategy (2) & Er ey
e— iochar as a soil amendment

+“Diesel  Emission Diesel  Emission Electricity Emission B &

;) ) i ' t 1 4 v

———————____________ H H 1 | [
+ [ 4 | § 1

Agro-residues

Collecti Transy y g
Biochar +— Construction

Trxnsy === Electricity

====+  Emission

t t I Bio-oil
H : ] Synga
Carbon sequestration Diesel  Emission
Increase crop yield
Reduce fertilizer usage T "
Reduce N.O emission 0
| H '
. Electricity Emission |

b ’
v
.

‘
« = Material Flow ===+ Energy Flow ===+ Emission ==-s Environmental benefits

(©) A

e 3 1A ~
, Diesel  Emission Diesel  Emission Electricity  Emission Y
’ ]
' 1 1 : t : t .
) + I + 1 3 1 |
Agro-residucs 1 H
: Collecti T P !
! H
! ]
i
. I :
i ;
Biochar z ]
L . . Chemical PR |
+ Washing, dryi — +—— Chemical |
' - activation 1
I
T | | + I + 1 !
i i I
Vi i H ! i i
1 Electricity | Emission Electricity Emission Electricity Emission [
: ? i
[
| )
]

v
\ ‘
. ’

——+ Material Flow  ===¢ Energy Flow ===+ Emission _~

Zhu, X., Labianca, C., He, M., Luo, Z., Wu, C,, You, S., & Tsang, D. C. W.* (2022). Life-cycle assessment of pyrolysis processes for 8
sustainable production of biochar from agro-residues. Bioresource Technology, 360, 127601.




Generation of Food Waste Digestate R ey
& . — .. [lHecricty
Anaerobic| Biogas __l-_l_e_?_t__lj?_c_(_)_‘_’_e_l_._}{_
digestion
Food waste
— _,l_] _’& Fertilizer/land application

—» P Composting and compost additive

| — Dewaterlng

v
I l — [ — Hydrochar/biochar production ‘

Liquid Solid T -

. =
digestate digestate — Energy application =
Hydrothermal
Process/Pyrolysis

Dutta, S., He, M., Xiong, X., & Tsang, D. C. W.* (2021). Sustainable management and recycling of food waste anaerobic digestate:
A review. Bioresource Technology, 341, 125915.
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Hydrothermal Carbonization for Wet Biomass R

e Temperature

Waste Biomass Hydrothermal e Duration i
(wet) Carbonization | * Pressure
o Catalyst i

180-250°C Hydrochar Bench-scale

2-10 MPa Hydrothermal

Reactor

— P

v' Carbon neutrality

* No pre-drying

* Nutrient recovery

* Carbon stabilization
v Energy densification
v Easy handling

* Volume reduction

* Better dewaterability

e Sanitation ]
v' Organic pollutants decomposition, etc. e

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T,, Masék, 0., & Tsang, D..C. W.*(2022). Catalytic co-hydrothermal carbonization of food 10
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]

Industry-scale
Hydrothermal
Reactor




THE HONG KOt

Multifunctional Hydrochar R TR Unavssrry

Property Surface Pore Functional  Fixed Heat

area structure group carbon value N

i & & Hydrochar

1. Solid hydrochar as biofuel 1 — iﬁ
2. Modified hydrochar as carbon-rich materials: e ! ‘ nal materials for
Porous materials; Hybrid carbon materials; HTC . lysis/remediation

HTC p ) N-doped carbon materials

\%}5\ )
Temperature = ] *
amendment/
Time 1. Chemical activation with bases/acids slow-release fertiliser
Catalyst 2. Physical activation with soft/hard templates ﬁ:— o
== Energy rééﬁygﬁfsolidfuel

Oopn

e -
Recycling process water to AD

.  Adsorbent Sﬂ ~ Energy
Application - Catalyst o yierial | amendment | storage

Cao, Y., He, M., Dutta, S., Luo, G., Zhang, S., & Tsang, D. C. W.* (2021
sustainable production of hydrochar and aromatics. Re e & Sustainable Energy Reviews, 152, 111722,

Dutta, S., He, M., Xiong, X., & Tsang, D. C. W.* (2021). Sustainable management and recycling of food waste anaerobic digestate:
A review. Bioresource Technology, 341, 125915.
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Digestate-derived Hydrochar PoLvTECENC UNaveRsTY
/.
Feedstock HTC conditions HHV [MJ/kg] Ash content [wt.%] Reference
Raw feedstock 15.2 26.3
FZ?i::;ite 180 °C; 60 min 133 450 (Zhggif; al,
e 200 °C; 60 min 13 54.0
Raw feedstock 14.4 36.7
Sewage sludge 250 °C; 30 min (2.5% loading rate) 154 51.2 (Aragon-Bricefio,
digestate 250 °C; 30 min (10% loading rate) 15.8 48.4 2020)
L 250 C 230 min 3Q%Joadingrate) [ S 165 & D485 - _ _ _ _ _ _ .. ___._.__ ]
. Food waste Raw feedstock 13.2 30.5 [
(R . . . Our study
| digestate 250 C; 120 min (10% loading rate) 13.9 47.7 |

Conceptual structure:

Digestate or sludge biomass Poor energy performance because:

* High moisture content
.« Less recalcitrant carbon
Cellilegs . « Less degradable bacterial cells

AAEMs Lipid

N

Transition
metal —,
L * Nutrient & protein-rich
Lignin * Highashcontent

Protein Hemicellulose (e I o i — = T e e -

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Maéék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food 12
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]




Co-HTC of Food Waste Digestate and Wet Yard Waste R e

—’—/’/

Composition (wt.%0)

Feedstock HTC conditions HHV [MJ/kg] Ash content [wt.%0] Reference
Food waste Raw feedstock 13.2 30.5
digestate 250 °C; 120 min (10% loading rate) 13.9 47.7
Raw feedstock 16.7 12.6 Our study
Yard waste . . .
|l _ 250 ;120 min (J0% Joadingrate) 8 2 200 & 220 _ _ | _ _ _ _ _ ______ ]
i FWD+YW (1:1) 250 °C; 120 min (10% loading rate) 18.9 33.4 I

Improvement by co-HTC with lignocellulosic biomass is limited

* Interlock bulking particles m——

* Energy barrierWon Energy value

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Mas'ék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food i3
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]

Role of Lignin:
g * Solid particle bridging Ash content
’

Catalytic Co-HTC for Energy Recovery Bl havmrs
—//’/ !"‘ ________ -‘}
I Lower pH I
= Mineral acld cid I -
- - neral acid or organic a I- N |:
Food waste digestate 1 I
(FWD) . |:> : [I - - | 1
i 1 Higher pressure :
| [ -,
h V
N e e e -
Hydrochar Solid fuel
. 4 | .
L
Process water Nufrient recovery
Ifé'nh'anﬁ&p_onmii:aEJ_
|:> ! ‘ - == '
: Higher 0/C ratio
Oxidant or ethanol __‘U - = --,

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Mas'ék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food 14
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]
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Energy Properties of Catalytic Co-HTC Hydrochar Ty

DTGn  DTGumean CCI [ |HHV
Sample . . 5 9 a2 Ry (103) 501 - o- Energy Densification — - Energy Recovery
(% min") (% min) (107 % min” C") LS 106
o Y 2 -15
FWD DI 8.6 12 L] 22 93 40 q o S
\ I~ 7/
YW DI 114 1.8 | 9.6 19 _— AN ST s S
Mix_DI 9.6 e B 38 96 2 . PN, o Blosg
Mix_Acetic 9 16 | 5.9 93 230 A / /g otioE| 8
Mix_Citric 9.2 1.8 15 | B2 |S L e d — o g " gl <
Mix_Citric/H,0, 9 2 B 16.2 129 |£ 3 >l P
I 20 N 2 @
Mix_Ethanol 8.4 14 B 29 8.5 o
Mix_0.1 M HCI 9.8 16 B 62 103 0510702
Mix_0.1 M HC/H,0, 9 16 B a2 96 10
[ Mix 0.5MHCI 15.6 .3 2 | iz |
Mix_0.1 M HNO; 13.6 16 B |54 17.3
. 0 00 00
Mix_0.5 M HNO3 7.6 1.4 D 2.2 6.8 3 5 & 2 2 g 3 5 8 0 & &
D‘ ;I .EI § 6‘ IN g I IN T % %
2 = = < X £ O 2% 25 s
w s i = = g I g —« w0
= 2' b= 2 2 X 9 9
= Sa! X X
2 3 ] =2 g
z
CCI: Comprehensive combustion index Acid-catalytic HTC:
R,,: Combustion stability index Combustion performance
Energy recovery & HHV
He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Masék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food 15
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]
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Operating Pressure of Catalytic Co-HTC Hydrochar Bt TECHICUNIVERSITY
b) (1:3
1S5 —
First 5 min of Holding Stage | Ramping Tempemture
Last 5 min of Holding Stage stage = -Mix DI Mix_0.5 MHCI
15 Mix_Citric Mix_0.5 MENO; 1300
12+ 7] -
& ]
g 1 = g
= 4.6631Pa | [/ | [ 395 \Pa F g
- O | 1 ]
8 A ﬁ 0 {200 E
£ e T - 24
= 1.773MPa | g | g
- : 8 (-
& 61 £ o5 g
s 034 MPa & ~
g- 1 .»__.;-_.HHII--Illl-ll-l---l-lllw
3. 3 't
0- =
0 ! : . 0

a8 8 @& 4 £ & 3 Cd g g 0 50 100 150
EI Eu gu i' % E g = g = E E Time (min)
5 2 85 & = S = &4
ﬁl = ﬁl E §I o e Saturation pressure of water at 250 °C = 4.0 MPa
ﬁl Sl * Thermal decomposition:

 Citric acid = CO, (175-250 °C)
« HNO; 2> NO,

/—

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Masék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food is
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]
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Carbon Balance of Catalytic Co-HTC Hydrochar R TICRaC Ry
_ __—____“6 Loss C in Hydrochar
a) Inorganic C in PW Organic C in PW
100 — —]
| | _ " |[ | Labile carbon
= ] —> Gaseous products (e.g., CO,, VOCs)
%’ 1 —> Higher pressure but higher C loss
S 60-
= — ~|  YW_DI:3.6%Closs
8 4o - Mix_DI: 18.0% C loss
S 20_: Bl —H A Mix_Citric: 74.0% C loss
L — Mix_0.5 M HCI: 2.4% C loss
O T 17T 71 17T 17 ™17 ™17 ™17 7T 17T 7T 17T 7T 17T T T
55338 £ £806 T 0T A0S
B = N3 I O ==
gl E| §| il 2' % E s % = E E
= s i = ><I ; I g — [Te}
= 2' = x =2 X S S =
s = fjl = s & —_—

|

He, M., Zhu, X., Dutta, S., Khanal, S. K., Lee, K. T, Maéék, 0., & Tsang, D. C. W.* (2022). Catalytic co-hydrothermal carbonization of food 17
waste digestate and yard waste for energy application and nutrient recovery. Bioresource Technology, 344, 126395. [Journal Cover]
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Acid Pretreatment & Co-HTC

Acid !3
m HHV;TG-FTIR-MS;TG-DSC;

P + Acid pretreatment  Co-hydrothermal

.’(
|"' L ] ° I'I ! carbonization
\ " '_.' .: =

Food waste digestate

Fuel potential evaluation

Food waste 1 M HCl solution; 8 h Washed by DI water Co-HTC with wet
digestate 1-3 times Dried at 60 °C yard waste

Acid demineralization = Lower ash content 2> Improve energy performance

Zhu, X., He, M., Xu, Z,, Luo, Z., Gao, B., Ruan, R., Wang,-€-H., Wong, K.-H., & Tsang, D. C. W.* (2022). Combined acid pretreatment

and co-hydrothermal carbonization to enhance energy recovery from food waste digestate. Energy Conversion and Management, 18
266, 115855.




Acid Pretreatment for Enhanced Energy Recovery B R v

o 0 100 — 27 o v
(a) o HCFWDLWW=1:1 100 ® WD {b) _‘ ’J '—J s :|Ash
HC-FWD2:WW=1:1 . wWwW et L — = :
® HO-FWDI:WW=1:1 ® HC-FWD L___| [ I:l-\
® HC-FWDLWW=1:2 ® HC-WW 80 b b L 424 N
® HC-FWDLWW=1:3 25 ® HC-FWDIWW=1:1 L F (8]
. L =
totl |l R SR
2 —, 418 S
Zaff | =
- ' 415
20 i‘
[
100 <412
- 0 )] 1 1 1 1 1 1 1 1 1 1
. % A jhﬂ{%l 1 e ) ’_?.‘;\‘, ; ::-:-“‘; a o < 5 o 2 oy o 7 4 7
¢ = e.-\“r \\,\*‘* 37“ .o'“; \-o"‘? 3"‘?
One time of acid pretreatment Repeat 2-3 times of acid pretreatment
e Remove ash e Hinder dehydration & decarboxylation
* Promote depolymerization * Remove dissolved carbon

- Effectively increase carbon content > A decrease of carbon content

3 times of acid pretreatment + co-HTC
- HC-FWD3:WW-=1:1 (HHV = 25.8 MJ kg1;~3-fold of HC-FWD)__

Zhu, X., He, M., Xu, Z., Luo, Z., Gao, B., Ruan, R., Wang,C.-H., Wong, K.-H., & Tsang, D. C. W.* (2022). Combined acid pretreatment

and co-hydrothermal carbonization to enhance energy recovery from food waste digestate. Energy Conversion and Management, 19
266, 115855.
@Tﬂlmm
POLYTECHNK: LINTVERSITY
Wil g

Acid Pretreated Hydrochar—Evolved Gas Analysis
- ‘///

(b)HC-FWD:WW=1:1

C-H stretching at 500 °C
e Abundant combustible

organics
e Contributor of combustion o
process "
]
£
EI 04 J'\l"‘-._
= |']\-"|‘-\
,: s
0000
1000 1500 !
Wavenumber icm'' )
i) |- e Pnes e
J|
APwoiwwerad 0 ify 0 A
. FWDRWW=1:1
_‘__E | FWD2ZWW=1:1 H d
Bl pworwwsi g A o A
Peak at 300-400 °C o JpE—— A
e L Ok DY J A o A P —
e Decomposition of cellulose A
from yard waste W ¥
o i . ;'1‘1 i 4]
mlm |4‘--- 2000 5 ':i_:‘ m.|:5lll 4000 500 1000 1500 E‘n:a:lmumhi:lt:lm y 3000 3500 4000
—

Zhu, X., He, M., Xu, Z., Luo, Z., Gao, B., Ruan, R., Wang,C.-H., Wong, K.-H., & Tsang, D. C. W.* (2022). Combined acid pretreatment

and co-hydrothermal carbonization to enhance energy recovery from food waste digestate. Energy Conversion and Management,
266, 115855.
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L] L3 o o
Acid Pretreated Hydrochar— Combustion Kinetics AmaLxe
——
Combustion kinetic parameters of the hydrochar.
(kJ mol ) i HC-FWD HC-WW HC-FWD: HC-FWD1: HC-FWD2: HC-FWD3: HC-FWD1: HC-FWD1:
WW = 1:1 WW = 1:1 WW = 1:1 WW = 1:1 WW = 1:2 Ww = 1:3

FWO 0.1 129.61 80.03 141.68 87.82 81.77 63.93 41.48 38.22
0.2 138.00 108.14 124.57 155.66 108.14 100.11 124.58 116.44
0.3 138.51 106.42 136.31 131.22 107.75 101.55 128.51 112.57
0.4 130.88 108.87 143.93 120.30 108.16 102.61 121.58 109.34
0.5 133.85 112.42 128.94 121.39 112.53 106.29 123.08 111.08
0.6 144.43 117.01 117.65 126.74 116.16 109.51 125.08 112.33
0.7 154.96 120.78 109.98 128.62 115.69 110.00 123.19 111.95
0.8 169.09 125.45 107.07 125.54 115.95 111.23 121.40 113.26
0.9 163.88 128.70 119.26 119.59 120.35 113.09 120.12 11298

KAS 0.1 121.51 71.06 133.05 78.94 73.07 55.32 33.08 29,22
0.2 128.47 97.53 114.50 145.35 97.84 89.82 114.35 105.91
0.3 128.46 95.21 125.78 120.28 96.82 90.63 117.64 101.42
0.4 120.51 97.13 133.05 108.81 96.66 91.14 11017 97.68
0.5 123.22 100.21 T17:7L 109.45 100.57 94,37 111.24 98.97
0.6 133.59 104.42 106.07 114.46 103.85 97.22 112.89 99.84
0.7 143.87 107.86 98.02 116.00 103.07 97.37 110.66 99.08
0.8 157.61 112.24 94.75 112.55 102.97 98.23 108.44 99.97

0.9 106.15 -l 05,90 99004 106.65 99,23
Average (E,) 1 1

Lower E,~> Less energy required to start combustion

—_

Zhu, X., He, M., Xu, Z., Luo, Z., Gao, B., Ruan, R., Wang,C.-H., Wong, K.-H., & Tsang, D. C. W.* (2022). Combined acid pretreatment

and co-hydrothermal carbonization to enhance energy recovery from food waste digestate. Energy Conversion and Management, 2%
266, 115855.

= Z @mmm
HTC Process Water Recirculation wREIAR
Process water ot catalytic HTC process:
~ ¢ High concentration of intermediates
* Residual catalyst
Hydrochar
No PW recirculation
Q  Yard waste e e B
7 T e S Q  Anaerobic digestate parophiic
Anaerobic digestate Yard waste ©

\——

HCI solution \

———
- o e m=

Q Hydrochar

I
|
|
!
|
I
!
|
[
|

OQ) With PW recirculation
Q

Nutrients Cellulose Qo / L
D : Hydmphilic:
Ligni Hydrothermal 1 1
\ /7 carbonization 1 I
T oo e b i - 250°C; 2 h & ]
I 1
1 1
1 I
Supplement Recirculation I 1
water/HCI solution | I

Process water
He, M., Cao, Y., Xu, Z., You, S., Ruan, R., Gao, B., W@K.—H., & Tsang, D. C. W.*(2022). Process water recirculation for catalytic

hydrothermal carbonization of anaerobic digestate: Water-Energy-Nutrient Nexus. Bioresource Technology, 361, 127694.




Possible Key Pathways of HTC Process for FWD REIAR
__ e e e e = 1
: T — Process water |
6 I
!

A

*{ Protein

] Hydrdlysis[
|

ac

Amino

ids

] [ Melanoidins ];

L4
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Intermediates Accumulation by Process Water Recirculation ™™
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Process Water Recirculation for Nutrient Recovery wRaIAR
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Accumul_aiéa_ca could precipitate with phosphate ion — Ca-P deposit (apatite phosphorus)
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Increase the recirculation cycles:
Achieve > 93% P recovery
- Ca-P deposit (e.g., hydroxyapatite, a slow-release fertilizer)
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POLYTRECHANE: UINTVERSITY
WRETIS

Partnership for Successful Application

<>

Academia and advisory institution
Investigate, analyse and educate
biochar production and application

|

Primary stakeholders:

- U@
m ¢ National and regional government
oA *Financi incentives. intititon aMA&s  ° Globalinstitutions
= Non-financial = Establish o Q
P policy standards and e * Financial markets

o

5 classification Biomass supplier

« Frovidefedlack g -racesiomasio  Secondary stakeholders:
DE.L'E e!'nlala . neutr I'I"IE*E‘[I pr LIEIiDI'I . . . . .
advisary insttution requirements * Academia and advisory institutions
e Biomass supplier
Financial mark i
« Carbon tradiely e Biochar producers
sk e Biochar users

imestment

Producer - &F_

* Select proper technology and equipment
* Produce and deliver biochar products —
* Monitor material flow and energy

consumption for carbon credits
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Take-home Messages

* Biochar performance in the climate-energy-carbon nexus is governed by
~ its properties:-engineered by feedstocks and production conditions

* Pyrolyzing waste biomass (e.g., food waste) into biochar as an alternative
energy source is a promising technology for net carbon management

e Sustainable management of FWD is essential to close the resource loop
and actualize circular economy

* Acid catalytic co-HTC of FWD with wet lignocellulosic biomass (e.g., wet
yard waste) exhibited overall superior energy recovery and combustion
performance with minimal carbon loss

e Combining acid pretreatment and co-HTC can enhance the fuel properties
with enhanced thermal stability and pyrolysis gas products

» Recirculating HTC process water could valorize Ca-rich FwWb-into

multifunctional hydrochWnd nutrient recovery
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