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2.2·108 t MSW year-1 

≈ 10% lignocellulosic biomass

25% landfill

28% energy 

valorization     

47 % composting 

and recycling     
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Lignin Polysaccharides

Lignin Monomers Sugars

Hydrolysis

CH2

COOH

CH2

CH2

Dehydration

Decarboxylation 

CO2

H2O
Condensation

Aromatization

Non-condensable gases

Hidrochar (HC)

Process water (PW)

H2O, CO2

T = 180 – 250 ºC

t = 5 – 120 min 
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Urban Pruning Waste

Characteristics UPW

Moisture (%) 4.76 ± 0.2

C (%) 46.9 ± 1.1

H (%) 6.1  ± 0.4

N (%) 0.9 ± 0.1

S (%) 0.4 ± 0.2

O* (%) 40.6 ± 0.1

Volatile matter  (d.b.%) 76.5 ± 0.1

Ash (d.b.%) 5.1 ± 0.1

Fixed carbon (d.b.%) 18.4 ± 0.1

HHV (MJ kg-1) 19.7 ± 0.1

H/C 1.55

O/C 0.65

NPK 0.9/0.1/0.5

Ca (mg g-1) 10.13

Al (mg g-1) 0.12

Na (mg g-1) 0.03

Mg (mg g-1) 0.77

Fe (mg g-1) 0.10

K (mg g-1) 4.86

P (mg g-1) 0.93
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𝑈𝑃𝑊 20%𝑤𝑒𝑖𝑔ℎ𝑡 + 𝐻2𝑂 (80% 𝑤𝑒𝑖𝑔ℎ𝑡)

Hidrochar (HC)

Process wáter (PW)

Urban Pruning Waste

T = 180 – 210 – 230 ºC

t = 60 min



biorefinery

Biorefinery

Bioeconomy

Circular Economy

Bioresidues

Raw Material

Transformation processesNew products

Productive sector 

CO2

Matter

Energy
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BIO3 program 

context
Objective 3

Hydrothermal 

carbonization of biowaste

Objective 7

Anaerobic digestion of 

process water from 

hydrothermal 

carbonization
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Materials and methods

HTC reactor Anaerobic digestion Thermogravimetric 

analysis (TGA)
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Energy and elemental analysis 
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𝐸𝑛𝑒𝑟𝑔𝑦𝑦𝑖𝑒𝑙𝑑 𝑀𝐽 𝑘𝑔−1 = 𝐻𝐻𝑉𝐻𝐶 · 𝑌𝐻𝐶

𝑯𝑯𝑽 𝑴𝑱 𝒌𝒈−𝟏 = 𝟎, 𝟑𝟒𝟗𝟏 · %𝑪+ 𝟏, 𝟏𝟕𝟖𝟑 · %𝑯+ 𝟎, 𝟏𝟎𝟎𝟓 · %𝑺 − 𝟎, 𝟎𝟏𝟓𝟏 · %𝑵− 𝟎, 𝟎𝟐𝟏𝟏 · %𝑨𝒔𝒉

𝐻𝐶𝑦𝑖𝑒𝑙𝑑 =
𝑀𝐻𝐶

𝑀𝑈𝑃𝑊
· 100%

𝐶𝑎𝑟𝑏𝑜𝑛 (%) =
%𝐶𝐻𝐶
%𝐶𝑈𝑃𝑊

· 100%
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Energy and elemental analysis 
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Volatile matter < 75%



0

1

2

3

UPW HC180 HC210 HC230

N
it

ro
g

en
 a

n
d

 S
u

lf
u

r 
(%

)

% N

% S

Limit %N

Limit %S

Urban Bioeconomy: from Biowaste to Biofuels 

and Bioproducts of Industrial Interest

Nitrogen and Sulfur content 
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Proximal analysis 

UPW HC180 HC210 HC230
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Proximal analysis 

ቇ𝐴𝑙𝑘𝑎𝑙𝑖 𝑘𝑔 𝐺𝐽−1 =
1 · 106

𝐻𝐻𝑉 𝑘𝐽 𝑘𝑔−1
·
%𝐴𝑠ℎ

100
· (
%𝐾2𝑂 +%𝑁𝑎2𝑂

100

5 – 35%Ash content

UPW HC180 HC210 HC230

Alkali(kg GJ-1) 0.30 0.09 0.07 0.07
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Thermogravimetric and differential TG profiles
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volatile matter, 
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Thermogravimetric and differential TG profiles
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𝑪𝑪𝑰 (𝒎𝒊𝒏−𝟐 · º𝑪−𝟑) =
൫𝒅 Τ𝒘 𝒅𝒕)𝒎𝒂𝒙 − (𝒅 Τ𝒘 𝒅𝒕)𝒎𝒆𝒂𝒏

𝑻𝒊
𝟐 · 𝑻𝒃

𝒁𝒊 =
൫𝒅 Τ𝒘 𝒅𝒕)𝒎𝒂𝒙

𝒕𝒊 · 𝒕𝒎𝒂𝒙
𝑯𝒋 =

൫𝒅 Τ𝒘 𝒅𝒕)𝒎𝒂𝒙

𝒕𝒃 · 𝒕𝒎𝒂𝒙· ∆𝒕 Τ𝟏 𝟐

UPW HC180 HC210 HC230

Ti (ºC) 239 242 251 254

Tm (ºC) 326 325 318 313 

Tb (ºC) 533 528 528 536

CCI·10-7 (min-2 ºC-3) 7.8 8.0 8.4 9.6

Zi (% min3) 8.6 10.6 11.4 11.6

Hj (% min4) 0.2 0.3 0.4 0.4

HC stability in 

the combustion 



Process water characteristics

PW180 PW210 PW230

pH 3.5 ± 0.1 3.4 ± 0.1 3.5 ± 0.1 

COD (g L-1) 51.1 ± 1.3 39.3 ± 0.5 44.9 ± 2.4

TOC (g L-1) 21.1 ± 0.1 17.0 ± 0.1 18.4 ± 0.1 

TAGV (g L-1) 1.5 ± 0.0 0.9 ± 0.0 0.2 ± 0.0

TS (g L-1) 30.7 ± 0.3 19.3 ± 0.3 21.6 ± 0.4

VS (g L-1)  27.0 ± 0.4 16.1 ± 0.2 18.5 ± 0.3
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Process water characteristics Biomethane potential test

15 g VS L−1 granular 

anaerobic sludge

7.5 g VS L−1 substrate

ISR = 2
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✓ pH (7.5 – 7.8)

✓ Alkalinity (> 2.5 g CaCO3 L-1)

✓ Total ammonia nitrogen (1700 mg L-1< inhibition values)

Adequate for the AD process 
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Elimination 

64% 

29 – 30%
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Propionic 

inhibition          

> 900 mg 
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Cumulative methane yield

326 mL 

CH4 g
-1 VS

ሿ𝐺(𝑡) = 𝐺𝑚𝑎𝑥 [1 − 𝑒𝑥𝑝 (− 𝑘 · 𝑡)

First order equation

Modified Gompertz equation 

ቃ𝐺 𝑡 = 𝐺𝑚𝑎𝑥 · 𝑒𝑥𝑝[−𝑒𝑥𝑝 (
𝜇

𝐺𝑚𝑎𝑥
· ( 𝜆 − 𝑡) · 𝑒1 + 1)

76 mL CH4 

g-1 VS
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Recalcitrant compounds
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Energy recovery

HC CH4
Energy 

Input (MJ 

t-1
feddstock)

Energy Output (MJ t-1
feddstock)

HTC 

reactor 
Energy HC Energy CH4 Total output 

HTC180 1311 3627 1414 5041

HTC210 1819 3315 2295 5610

HTC230 1662 3348 2734 6082



✓ The HC presents better physicochemical properties than the raw material like higher carbon content (50 – 57%), HHV

values (21 – 25 MJ kg−1) and low ash (< 5%), nitrogen (< 1.3%) and sulfur (< 0.2%).

✓ The HCs show high stability that together with low ash content prevent fouling and slagging in the boilers.

✓ The AD of the PW at low temperatures have higher organic matter elimination yields (up to 65%), while the higher

temperatures affect negatively the removal of organic compound due the high recalcitrant organic compounds content.

✓ The energy balance shows the possibility of integrating these two processes with high energy recovery yields (91 – 94%).

✓ The energy obtain for the combustion of HCs and methane is 3 times greater than the energy required to carry out the

entire proposed process

✓ Coupling thermochemical and biological processes (HTC + AD) could open new avenues to produce renewable energy

with higher energy recovery's and higher organic matter removal and promote the development of a circular economy with

zero waste.

Urban Bioeconomy: from Biowaste to Biofuels 

and Bioproducts of Industrial Interest

Conclusions
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Thank you

“The earth is a fine                                

place and worth 

fighting for” Ernest 

Hemingwag


