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The difference in
osmotic pressure

Z Ao — g between fresh water
‘;‘L:;fl?g.., | Py i SN T e and seawater is

3, * | : ' o equivalent to 240 m of
hydraulic head. In
theory, a current
flowing at 1 m3/s could
produce 1 MW of
electricity.
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Lipids,
Hemicellulose,
Bioactives,
Nutraceuticals,
Pectin,
Starch, Extraction/Processing
Phytochemicals,
Phenols,
Banoparticles,

Biodisel, b A N/
Activated carbon - ‘ =3 Agroindustry Charcoal,
Waste Pyrolysis Bio oil,

Gases
Biogas (CH4. H2),

Volatile fatty acids Anaerobic digestion

CH4.

BIOWASTE Gasification Syngas (CO, H2)

Sugars
Bioethanol/Butanol
Enzymes Fermentation
Biohydrogen
Bioplastics (PHA/PHB)

Incineration Heat

Hydrothermal carbonization Charcoal
Electricity Microbial Fuel Cell

Biodiesel Transesterification

Archana Jain, Surendra Sarsaiya, Mukesh Kumar Awasthi, Ranjan Singh, Rishabh Rajput, Umesh C. Mishra, Jishuang Chen, Jingshan Shi; Bioenergy and bio-products FOFO\\>>>
V/4

from bio-waste and its associated modern circular economy: Current research trends, challenges, and future outlooks; Fuel 307 (2022) 121859
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Biomasa

En 2019, el area sembrada de
cultivos agricolas y forestales en el pais

superd los 5 MILLONES

La produccién agrico(lj: o 1 O O O O M W e l e

en 2019 alcanzo las

3 3 MILLONES
= B detoneladas. Value estimated by Farid Chejne

La produccion pecuaria llego
en 2019 alos MILLONES

de toneladas

Contamos con un potencial
de biomasa residual vegetal

superiora4 M|LLONES

de toneladas ano.

Misidon de sabios 2020
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Area of commercial forest plantations
established in the Colombian Caribbean region

Atlantico La Guajira Research
(2.206 ha) (701 ha)
Sucre

(5.626 ha) *i\‘

Example: Using only the “entresacas” in the
Colombian Caribbean and with a rotation of 25

e years and available area close to 3,000 ha, the
biomass production will be between 65,000 and
130,000 tons/year

Cesar
(9.606 ha)

Bolivar
(11.858 ha)

Value estimated by Sergio Orrego

-

Magdalena
(15.218 ha)

538,762 hectares of forest plantations for

commercial purposes. 16‘30 MW
81,356 ha (15%) are located in the
Caribbean region

400-800 MW
Source: prepared from the Ministry of Agriculture (2022) e le

Value estimated by Farid Chejne
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Distributed generation from biomass in Colombia (projects)

Department Capacity gap Project number Capacity [MW]
0,03
11,5
2,25
21,5
15,0
72,7
I Total 122,

Values gotten by Carlos Mario Ceballos
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Diagram illustrating the process that

can be felt near a campfire
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1. Evaporation

Water

[ﬁsmn the fire!

2. Torrefaction

Light compounds,
extractives

3. Pyrolysis

Crude pyrolysis
oil

4, Gasification

Syngas

5. Combustion of Vapors

D e

Torrefaction

Pyrolysis
vapors

vapors

= 100-200°C 225-300°C 300-650°C 700-850 °C 450-2000 °C
£ solid: Dried wood Solid: Roasted wood Solid: Charcoal Solid: Ash CO,, CO, H,0
= : . H H «1i H .
3 Vapor: Water Vapor: Water, volatile organics Vapor: Light organlcs, heavy Vapor: Syngas (CO, CO,, H,.
& organics CH,, H,0)

Endothermic; Endothermic; Endothermic for fast pyrolysis, Endothermicif water is Exothermic;
c Evaporation; Hemicellulose and amorphous | exothermic for slow pyrolysis; oxidizing agent, exothermic if Consumption of oxygen;
-% External heat penetrates cellulose decomposition, Light Solid, liquid, and vapor oxygen is oxidizing agent; Requires ignition at high
S particle extractives evaporation, reactions; Volatilization of carbon, temperatures and/or pressures
g Intermolecular dehydration Cellulose decomposition, hydrogen, and oxygen in char;

reactions;
Mass density decreases;
Volatile organics can combust

Lignin decomposition;
Mass density decreases;
Volatile organics can combust

Gasification of volatile pyrolysis
oil;
Syngas can combust

Time & Temperature

roro I
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Mass-energy-economic comparison of second-generation
bio- fuels generated via thermochemical conversion processes
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Sexto
Xiaolei Zhang, Essential scientific mapping of the value chain of thermochemically converted second-generation bio-fuels, Green Chem., 2016, 18, 5086— FO ro>>(m
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2500

S

2000 'y
Pyrolysis / Combustion

o

= 1500 /

E FAST PROCESSES NEAR
= EQUILIBRIUM

“éi 1000

2

Constant Volume Adiabafic Flame

800 DC+
{ /i‘“ Gasification
500 /

REACTIONS CONTROLLED BY
KINETICS

o 02 04 06 08 1 12 14 16 18 2
1/9

Torrefaction

Combustion > 1500 °C, Gasification 600 = 1400 °C, Fast Pyrolysis 350 = 600 °C,
Torrefaction: 220 - 300 °C

Sexto
Manuel Garcia-Pérez, WSU, USA F0r0>><m

Nos une la energia
de los colombianos




Wi
vi 5 UNIVERSIDAD

Yty NACIONAL
1‘3&‘ -U DE COLOMBIA

Operation conditions
A A-B | S U R E

Alliance for Biomass and sustainability
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Research

Torrefaction
290°C, 10-60 min
0% gas, 80%solig

Residence time

Slow pyrolysis

450°C, 10-30sec
75% liquid, 12%

char, 13%gas

o M. Sharifzadeh, M. Sadeqgzadeh and M. Guo et
0-05 = 0-5 C/S al./ Progress in Energy and Combustion Science

71 (2019) 1-80

= 5-100 °C/s

" Fast pyrolysis ™
/ 500-550°C,1-2sec
\ 75%liquid, 12%
. char,13%gas

Gasification
750-900° C, <<1 sec
20% gas, 80%solid

>
Temperature
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PYROLYSIS: heating
process without oxygen

Biomass

Biochar
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Path from biomass to becoming biochar
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HC miolar ratls

i LA nx k1 4 5 4 0oy 4.k na |
CWC modlar ratino

Sexto B
Rosie Wood, Ondrej Masek, Valentina Erastova;Biochars at the molecular level. Part 1 — Insights into the Foro>x l '

molecular structures within biochars. Nos une la energia
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Adsorbent

Modern
Application

Biochar
Activation
* Physical -
o Cheamical Additives

* Microwave
* Process condition

* Prtide size
» Types of feedstock

Soil

Amendment

Anil Kumar Sakhiya, Abhijeet Anand, Priyanka Kaushal; Production, activation, and Foro
applications of biochar in recent times; Production, activation, and applications of

biochar in recent times Nos une la ene
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Bio-oil upgrading Cracking for obtaining
chemical blocks

e /

iquid fuels

@
]

HDO process

Combustion (Upgradmg)

Fotografia tomada: Laboratorio de ciencias de la energia, Facultad de Minas, Medellin, Antioquia, Colombia.

PhD thesis of Raiza Manrique, UNAL

Foro Xm
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BIO-OIL Production

Water C,-C, light molecules (10-22 wt. %) Anhydrosugars (10-20 wt. %)
330w ¥ Acetol Hydroxyacetaldehyde  Acetic Acid  Formic Acid Levoglucosan Cellabiosan
(5-9 wt. %) (1-14 wt. %) (2-6wt.%) (Lesslwt. %) 0 N
N T G o) o Co L]
[ \ i S . _ 0
)k/GH Dﬂf OH HJL"DH i . ! . KHJS 1: Humins (3-7 wt. %)
GH OH o]
Mono- phenols (1-5 wt. %) and mono-furans (around 1 wt. %)
: rfural !
Phenol Guaiacol Cresol Surivand Eugencl Fu 2(5H)-Furanone
bwd) 205wy (14w {:4:,!,&, mf:'::_'t y oz %I (0208wt %
ﬂEHl
/ H:ﬂ A , .- CHs H'j':D l\ OCH; jjv (_7) &
ﬂm,ﬁj (
Pyrolytic lignin (15-27 wt. %) Hybrid Oligomers (11-18 wt. %)

Sexto B
Manuel Garcia-Pérez, WSU, USA Foro | l '
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Hydrotreatment process

H
| Stirrer controller c H4
H 5 . H, inlet Gas Dutlet_’ c02
N> coO
I | CH;
Autoclave c3 H 8

Thermocouple

Stirrer
Heater

Initial pressure: 1100 psi
3 Catalyst: PNNL

Stabilization

100-300°C

Carbonyl and
carboxyl groups

Deoxygenation

350-400°C

Cracking and
HDO occur

PhD thesis of Raiza Manrique, UNAL
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Gasification: Oxidation process
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7. Hydrogen

] ‘ 6. Syngas
1. Coal & cleant

Biomass 8. Power

9. Carbon Dioxide

3. Oxygen ~ .. 5.Gasifier

: B
T o =i auyily 12. Chemicals

4. Solid Byproducts

NETL implements this effort as part of DOE’s Advanced Energy Systems Program. FO ro | l '
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Milestones in the Development of gasification

1788 1920 1931 1997
Rabert Gardner: First Carl von Linde: Cryogenic Lurgi: Pressurized Fist commercial
Gasification Patent separation of air, fully moving bed process gasification plant in US
continuous gasification process
1659
Thomas Shirley: 1801 1926 1974
Discovered gas Fourcroy: Water Winkler fluidized Arab oil embargo renewed
from coal mine gas shift reaction gasifier gasification interest
0—0—0—0-0—00—0 09 o O >
1739 1792 1861 1945 - 1974 2001
Dean Clayton: Murdoe: First use | | Siemens gasifier: Post-war “oil glut”™ Advanced gasification
Distilled coal in a of coal gas for First successful unit biomass renewable
closed vessel interior lighting SNergy projects

roro I
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Products from Syngas

Waxes Olefins AxB V. S)UTR B
Diesel Gasoline U
.\ / MTBE
Mixed o) Acetic Acid
Alcohols Fischer-Tropsch c
|
(@]
Djj Formaldehyde % E
y =|O
S ¥ Ee
@ =1
- 2|3
o7 Cu/znO zeolites ,
) Isosynthesis Syngas ‘ > Olefins
I-C, < » Methanol Gasoline
ThO, or ZrO, I \o MTO
o: % MTG
H,0 < &
WGS o
Purify DME
M100
NH N, over Fe/FeO M85
3 ‘(KZO, ALO, Ca0) & 2 Aldehydes DMFC

Alcohols

Sexto
Spath, P. L., & Dayton, D. C. (2003). Preliminary Screening — Technical and Economic Assessment of Synthesis Gas to FO ro>><m
Fuels and Chemicals with Emphasis on the Potential for Biomass-Derived Syngas. http://www.osti.gov/bridge 7
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Slurry storage tank

Bio Syncrude gasification flow process diagram

s
Buffer tank

Heating

: Steam generator
section

Glycol
Methanol

[ 1

\

Purified water

Process water =@

&
>

<<
>
<

Natural gas

Flare

-2~ Combustion air

NaOH-Dosage

= -a— Process water
Scrubber Condensate
I ' Separator separator g
_°—[. Hot gas cleaning

Carlos Mario Ceballos, KIT Institute, Germany

» \Waste water
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IAYEA laboratory, universiaaa
acional de Colombia
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Mobile laboratory, Universidad de la Guajira
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Fotografia tomada: Universidad de la Guajira, laboratorio movil gasificacion downdraft.
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o) 500

T

)

= oo gasification

300
200

Visor de temperatura
/ Quemador\ 100

0
0 50 100 150 200 250 300

Sistema de limpieza

f o

t [min]

9,0%

8,0%

7,0%

v / 6,0%
Motor Blower

5,0%
\Reactor DD ' H 2

4,0%

20kW N o

1,0%

%V/V

0,0%
515 615 715 815 915 1015

PhD thesis of Robert Macias, UNAL Tl
oo [T
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Energy Management System (EMS)
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Gasifier-Machine

Research
Sun power 1 storage generador Red I
| Power _—
| . “ ﬁ | Control signal —— =
| - i c1- Local controller i
; t e  CL: i
: S

e |

Power demand

Sexto B
PhD thesis of Albert Deluque, UNAL Foro>x l '
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TeCh n Ology I nteg ratiOrl PhD Tesis of Carlos Mario Ceballos lTStaluranI l

Mool Upgraded O Adsorption -
OH | % Carbon Sequestration
68 | o=
OH S
High value Biooil
compounds
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Biochar
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=
U
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Biogas Electricity

Electricity
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REDUCTION

Gasification Heating

Green zones

Project: “Esquema hibrido de poligeneracion (Termoquimico - Bioldgico) para la sustitucion de fésiles a partir de residuos organicos” (contrato ICETEX 2022-0666) de la convocatoria 890 del
Ministerio de Ciencias, innovacion y tecnologia del gobierno nacional.
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4. Use of waste
heat for power
generation.



Organic Rankine Cycle-ORC

William John Macquorn Rankine,
Escocés, Fisico e Ingeniero(5 Julio 1820 -

24 Diciembre 1872).

wturbine
—

AR UL A
A N
A\ ‘“" e

e == -C;,_“.- _ Qin
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https://www.ideegreen.it/orc-ciclo-rankine-31439.html

ORC for low power plant
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20 40 60 80 PhD thesis of Fredy Vélez, Spain
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Heat waste- Power generation integration.
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5. Final remark



Representation of the circular economy

i
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A. Abadias Llamas- N. J. Bartie- M. Heibeck - M. Stelter - M. A.
Reuter; Simulation-Based Exergy Analysis of Large Circular
Economy Systems: Zinc Production Coupled to CdTe Photovoltaic
Module Life Cycle; Journal of Sustainable Metallurgy
https://doi.org/10.1007/s40831-019-00255-5

PhD Tesis of Carlos Mario Ceballos

This entropy creation means that resources, which
include materials, minerals, metals, energy
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It is important

Hard engineering: high-level
technology.

Soft engineering: advanced mathematical
modelling.

Basic science: generating new efficient processes
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‘Gracias!

Agradezco al Ministerio de Ciencias, innovacion y tecnologia
del gobierno nacional por la finaciacion del proyecto
“Esquema hibrido de poligeneracion (Termoquimico -
Biologico) para la sustitucion de fdsiles a partir de residuos
organicos” (contrato ICETEX 2022-0666) de la convocatoria
890 del Ministerio de Ciencias, innovacion y tecnologia del
gobierno nacional.
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