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Hydrothermal Carbonization TOTAL: 6,951

Hydrothermal Carbonization and 
Wastes TOTAL: 2,362

HYDROTHERMAL CARBONIZATION: AS 
CENTRAL STRATEGY FOR BIOMASS 

WASTE TREATMENT



Biomass waste: problem or resource?
Sewage biosolids Food waste

Lignocellulosic waste Swine manure



Process water 
(PW)Thermochemical process

T = 180 – 250 ºC
t = 5 – 60 min

Autogenerated pressure 
> 40% moisture content

Gas

Biomass wastes

Hydrochar (HC)





Renewable energy

Activated carbon

Catalytic support

Hydrochar

Process 

water

Anaerobic digestion

Phosphorus fertilizer

Liquid irrigation fertilizer

Dark fermentation

Aqueous phase reforming

Soil amendment



 

 

ARQUIMEA AGROTECH 

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

Hydrothermal carbonization of swine 
manure in a continuous flow pilot plant



Name
1 Feed tank
2 Feed tank agitator 
3 Feed pump  
4 Reactor
5 Decompression valve
6 Hydrocyclone
7 Water collection tank
8 Compressor
9 Centrifugal pump
10 IBC agitator
11 Storage IBC
12 Cooler
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Hydrochar

Element content (g/kg) Heavy metals (mg/kg)

FC (%) 14.4 (0.9) Al 0.5 (0.2) Cr 7.2 (0.5)

VM (%) 75.5 (0.3) Ca 15.4 (1.0) Cu 64.6 (4.9)

Ash (%) 10.0 (0.6) Fe 1.0 (0.0) Ni 4.9 (0.8)

C (%) 44.5 (0.8) K 4.0 (1.0) Pb 1.1 (0.3)

N (%) 1.4 (0.1) Mg 2.5 (0.5) Si 0.5 (0.3)

S (%) 0.5 (0.1) Na 1.2 (0.4) Zn 313.3 (8.2)

HHV (MJ/kg) 17.7 (0.7) P 6.7 (2.2)

Characterization of dehydrated swine manure (d.b .)



T (ºC) SM HC-180 HC-210 HC-230 HC-250

Yield (wt.%) - 71.8 52.4 46.2 22.7

C (wt.%) 45.0 47.1 50.4 51.5 51.7

N (wt.%) 1.4 0.8 1.6 1.4 1.2

S (wt.%) 0.5 0.3 0.4 0.3 0.4

Ash (wt.%) 10.5 3.5 3.7 3.9 3.9

HHV (MJ/kg) 18.5 18.8 20.3 20.7 20.9

Hydrochar
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Main characteristics of hydrochar



N
 (

g
/L

)

T(ºC)

C
O

D
, T

O
C

  (
g

/L
) 

T(ºC)

P
  (

m
g

/L
)

T(ºC)

Process

water

PW180 PW210 PW230 PW250

SCOD (g/L) 6.5 10.2 11.0 12.6

TOC (g/L) 3.5 6.1 7.2 11.0

PO4-P (mg/L) 60.0 68.8 73.0 99.5

TN (mg/L) 173.0 267.0 294.0 338.8

NH4-N (mg L) 98.0 98.0 168.0 185.6

Main characteristics of process water
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17225
Graded thermally 

treated and densified 

biomass fuels 

S

NOX
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Fouling
Slagging
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< 3 < 0.5 < 75 < 20 > 17

Hydrochar as solid biofuel

EU 2015/2099

(mg kg-1) HC-C

Cd < 3

Cr < 150

Cu 100

Ni < 90

Pb < 150

Zn < 800

Hydrochar as soil 
amendment



Phase Time (d) PW/G (on a COD basis)

Startup 1 – 17 0/100

I 18 – 33 10/90

II 34 – 60 20/80

III 61 – 87 30/70

IV 88 – 100 40/60

V 101 – 117 50/50

VI 118 – 124 60/40

VII 125 – 145 75/25

UASB 
Mesophilic Conditions

Anaerobic digestion of process water



Process water

Hydrochar

Sludge-based adsorbents by hydrothermal carbonization and activation processes

Boiler

Table 1. Optimum conditions for nutrient recovery in PW 

Hydrochar (HC)

Process water (PW / PW-A)

Mg : PO4 : NH4

1.3 : 1 : 1

pH=9 (NaOH)

MgCl2

(NH4)Mg(PO4)· 6H2O

Struvite

NH4
+

PO4
3-

Mg2+

Biomass wastes

HCl

RESULTS

HTC

1. Main nutrients such as P, N

and Mg were recovered

from PW as struvite.

2. Hydrochar were characterized according to ISO/TS

17225-8 to determine its potential as solid biofuel.
SS

10 wt.%

SM

5 wt.%

FW

8 wt.% • HHV > 17 MJ/kg

• VM < 75%

• N < 3%

• S < 0.5%

Table 2. Combustion properties of suitable hydrochar on ISO/TS 17225-8

Phosphorous recovery
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Swine manure

Swine lagoon
Pump

Centrifuge

dewatering

Compost

1 2

Dissolved air 

flotation thickener
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reactor

Effluent9
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landfill7
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4 6

Centrifuge

dewatering

8

Typical swine manure management



NEW STRATEGY FOR 
VALORIZATION SWINE MANURE

Mixing tank
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https://wastevalue.es/



Hydrochar/Bio-oil

Process water

Nutrient 

recovery

Recirculation 

to HTC

Struvite

Nutrient depleted PW 

Process water

Fertilizers

Wastewater 

treatment plant
• Biogas

• Biohydrogen

Energy

production

• Anaerobic digestion

• Dark Fermentation

Energy

production

• VFA
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