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Sewage biosolids Food waste

Biomass waste: problem or resource?

Lignocellulosic waste Swine manure
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Biomass wastes

k. | Hydrochar (HC)

Process water
Thermochemical process (PW)
T =180 — 250 °C
t=5-60 min
Autogenerated pressure
> 40%0 moisture content

Gas
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Biomass waste
Hydrolysis
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— ~ . } 7 N
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Process
water
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Activated carbon

Liquid irrigation fertilizer

T 12
Catalytic support - S

.' Aqueous phase reforming
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Dark fermentation

Soil amendment
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Hydrothermal carbonization of swine

manure in a continuous flow pilot plant

Description Name
ST01,03 Stirrer
LALO1 Level sensor
TKO1 Feed tank
P01 Feed pump
VB01,03,04 Block Valve

TT01,03,05,07,09 Internal thermocouple
TT02,04,06,08,10 External thermocouple
RO1 HTC reactor

PSV01,02 Safety pressure valve
VNO01,02,03,04 Control Valve
H01,02 Heat exchanger
VAO01,02 Isolation Valve
CLo1 Cyclone
TK02 Process water tank

PSVO1
L 1T 184 m A
0 06 10 @ =
T T T T T :
01 03 05 07 09 - p———
RO1 VNO4
i = e
VNO1 ', VNO2 F, VN03F 2
i ! &i" " VAO1
"1 VA02

CLO1

Universidad Autdénoma

|
UAI I de Madrid

= =

ARQUIMEA AGROTECH

PID
EngaTech

www.pidengtech.com

Total solids content 5%
Stainless steel tube R=6 cm

Reactor divided into 5 zones:
2 for preheating and 3 for reaction

Residence time: 45 min
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Name

Feed tank

Feed tank agitator
Feed pump

Reactor
Decompression valve
Hydrocyclone

Water collection tank
Compressor
Centrifugal pump
IBC agitator

Storage IBC

Cooler

OO NOUVPA,WNR

(SRS
N = O

|
U j Universidad Autdénoma
de Madrid
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FC (%) 14.4 (0.9)

VM (%) 75.5(0.3)
Ash (%) 10.0 (0.6)

C (%) 44.5(0.8)

N (%) 1.4 (0.1)
S (%) 0.5(0.1)

SCVAWIIEE 17.7 (0.7)

Hydrochar

Element content (g/kg)

Al 0.5(0.2)
Ca 15.4 (1.0)
Fe 1.0 (0.0)

K 4.0 (1.0)
Mg 2.5 (0.5)
Na 1.2 (0.4)
P 6.7 (2.2)

Characterization of dehydrated swine manure (d.b .)

Heavy metals (mg/kg)

Cr
Cu
Ni
Pb
Si
Zn

7.2 (0.5)
64.6 (4.9)
4.9 (0.8)
1.1 (0.3)
0.5(0.3)
313.3(8.2)
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T (°C)

Hydrochar

Yield (wt.%)
C (wt.%)
N (wt.%)
S (wt.%)
Ash (wt.%)
HHV (MJ/kg)

Hydrochar yield
(%)

Main characteristics of hydrochar
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Main characteristics of process water

6.5 10.2 11.0

SCOD (g/L) 12.6
TOC (g/L) 3.5 6.1 7.2 11.0
PO,-P (mg/L) 60.0 68.8 73.0 99.5
TN (mg/L) 173.0 267.0 294.0 338.8
NH,-N (mg L) 98.0 98.0 168.0 185.6
N -
S % ~
S £ 3
I~
) Q. 2
Process S
water T(°C)

7(°C) T(°C)
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Sulfur distribution (%)
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Fate of Sulfur
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Hydrochar as soil
amendment

Eurcpean
Commission

EU 2015/2099

Hydrochar as solid biofuel

[SQ17225

Graded thermally
treated and densified
biomass fuels

(mg kg™) HC-C

N S VM Ash HHV

(%) (%) (%) (%) (MJ/kg)
<3 <0b <75 <20 >17
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__Phase | Time (d) | PW/G (on a COD basis

Anaerobic digestion of process water — 0/100
18-33 10/90
'- 34 -60 20/80
l UASE 61-87 30;70
Mesophilic Conditions 582100 40/60
. 101 -117 50/50
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‘ Phosphorous recovery

Mg : PO,: NH,
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Intensity (Counts)

Phosphorous
recovery
Precipitate Commercial Struvite
from process water .
from HTC at 250 °C (NH4)MgPO4 6H20
600
3,000 Nutrient (g/kg)  Solid &
y N 93.3 ‘
] P 164.4 t '
K 5.5
Mineral metals (g/kg) —_
2,000 1 Ca 73.2 ,,E 400 .
Mg ! 123.8 {fmm 3
‘ ‘ RS 4.1 e
[Heavy metals (mg/kg) g
cd 2.4 5
1,000 - Cr 32.2 2200 -
Cu 2.9
Ni 6.4
2V Mo s -
LJ Si 91.2 W
0 _ TN ll | II.AJA‘ p...IJ\LM VRN SO SRR Zn 271.2 0+ ; . . : .
10 30 50 70 10 30 50 70

20 20
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- Typical swine manure management

Swine manure Centrifuge

| dewatering

oo O e

Swine lagoon Fump Compost
Centrifuge
[Zl Coagulant dewatering
e
\1_2
Solids to
A landfill
[9] — Effluent
NDN

Dissolved air
flotation thickener reactor
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Mixing tank
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Biomass Gas
Waste
—
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HTc exchanger Flash tank Pump
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M Filter press Strll\llte
- Pelletizer crystallization
Boiler
Hydrochar

NEW STRATEGY FOR
VALORIZATION SWINE MANURE

pellet

A

Solid biofuel
Activated carbon
Soil amendment
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Process water

Anaerobic digestion
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Wastewater
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* Biohydrogen
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