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CLEANER PRODUCTION ECO-TECHNOLOGIES

RESOURCE RECOVERY

water — solid waste — gas

Key topics:
* nutrient cycle, removal of micropollutants, disinfection

« constructed wetlands, waste stabilization ponds, photobioreactors
* source separation, solid waste management
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* Reuse of water

. Biorecove1ry of nutrients, minerals and metals
* Bioenergy (H,, CH,, electricity)

+ Nanomaterials and chemicals
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Fuels and energy
- Biogas (methane)
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- Bioelectricity

Chemistry
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- Nutrients and minerals - Biopolymers and
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- Nanomaterials
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http://wiki.biomine.skelleftea.se/wiki/index.php/Image:Irrigated_heap_drippers2.JPG

Sustainable development/
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http://www.switchurbanwater.eu/
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Utilisation of biogas
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Bioethanol

General outline of lignocellulose-
based bioethanol production
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Lignocellulosic biomass material
used for bioethanol production

Primary crop or product Biomass residue

Corn Corn stover, cob, etc.
Sugarcane Bagasse, barbojo?
Grain (wheat, barley etc.) Straw

Rice Rice straw, hulls, etc.
Green Coffee Husks (wet or dry)

Softwood (spruce, pine, etc.)

Hardwood (willow, aspen,
etc.)

Energy Crops (switch grass
etc.)




It’s Not Just About Ethanol !
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Most types of chemical produced from
petroleum can be produced from cereals

Biomass 1
Ethanol |
Bio-diesel |
Acetone
Butanol

Furfural

Solvents

Organic acids
Sugars

PHE

Plastics ol A

Cellulose

Fibres

Wide range

Corn oil
Germ oil

Many of these can be produced through bioprocessing (fermentation) of the g\rﬁﬁﬁ
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Low water content biomass, High water content biomass,
high (corn) or low (residues) value produced in eco-technologies
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Various monomers
and nutrients/metals

l l |

CO/H, Various monomers

e.g. Fisher-tropsch Specific processes, Mixed microbial
often using GMO'’s culture bioconversions
Biodiesel, Bioethanol, Bioenergy,
Biopolymers C4-chemicals Biochemicals,

Biomaterials



Renewable raw materials from eco-technologies
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Existing situation in Bwaise Il — Kampala,
Uganda (Alex Katikuzi)
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Challenge in Feacal sludge management

Storage, transport, treatment and safe
disposal of sludge!

Faecal sludge

storage ad collection Faecal sludge Uncontrolled use
transport

or disposal

-—.'1II-I

Soil conditioning
and fertilisation




Existing Ecosan toilets in peri-urban Kampala

Waste stream
separation

Collection of
excreta for reuse

Katukiza et al. 2010 Science of The Total Environment 409(1), 52-62.
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Production of syngas
from cokes:

C T H0— CO+H,
from natural gas:

CH, + H,0 - CO +3 H,



Introduction

Purification of synthesis gas currently performed in
chemical catalytic shift converters

CO+H,0—->CO,+H, (AGY = - 20 kJ/mol)

Disadvantages: high T, high P, sensitive for H,S

and relative high exit CO concentration



Introduction

Therefore interest in a biological alternative:

- Phototrophic organisms convert CO to H,

- Thermophilic CO converting bacteria

(Hydrogenogens)

Key enzymes: CODH and hyd

rogenases

widespreac

' 1n nature



Biological CO conversion

Biological water-gas shift reaction

« Photosynthetic bacteria:
— Rhodobacter sp.
— Rhodopseudomonas gelatinosa
— Rhodospirillum rubrum

e Methanogens:
— Methanosarcina barkeri

e Chemoheterotroph:
— Citrobacter sp.

« Carboxydotrophic (chemoautotroph)
— Carboxydothermus hydrogenoformans
— Carboxydobrachium pacificum



CO conversion pathways
CO+H,0  —H,+CO,
CO+3H, — CH, + H,0
4CO+2H,0 —»CH,+3CO,

4CO+2H,0 — CH,COOH + 2 CO,



CO conversion by anaerobic granular sludge

At 55°C

H, production

Sipma et al., 2003, FEMS Microbiol. Ecol. 44, 271-277



Specific CO converting microorganism
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The biogas-fuel cell chain

A holistic appraoch

Correlation of fuel

Quality of the
yield & plant design?

output?

Where to

process ?

implement the

Biomass Biomass | Fuel
Resource #l Fermentation Upgrading

Fuel Cell for
Heat & Power
Generation

What kind
of input?

Which
components to
separate?

Sopine_concnmi_ﬁ &
legislative barriers?

Which type
of FC?

Energy
Consumer




Fuel cell overview

Why high temperature fuel cells ?

Resaarch for Succass

Low Temperature FC < ¢+ — High temperature FC
FC-Typ PEFC AFC PAFC MCFC ITSOFC SOFC
Gas comp.  Temp.°C 80 100 200 650 800 1000
H> F F F F F F
CH4, CnHmM IG poison IG IG/F F F
CO» [€; poison IG React. (€] (€]
CcO poison  poison poison E = =
(<50ppm) (<500ppm)
H.S, COS nd poison  poison poison poison poison
(<50ppm) | (<0.5ppm) (<1.0ppm)
NH3 poison F poison F F F

Analysis on siloxanes, halides, tar, dust, and other contaminants are missing!!!

F....Fuel, IG.... Inert gas, React. ....... Takes part in electrode reaction



Naturalgas

Alternative

Alternative _
Bio-Fuels Industrial Fuels
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Closing Energy Cycle — role of

HotModule



Owschlag, Germany,
2.200 h operation
(Industrial research
center, Seaborne GmbH)

Pinto, Spain, 2.000 hours
operation (Waste
treatment plant, Urbaser)

Linz, Austria, 1.500
hours operation (Waste

water treatment plant in
Asten, Linz AG)

Nitra, Slowak Republic, 2.400
hours in operation in first cycle,
over 3.300 hours in the 2nd
(Agricultural Biogas plant at
Uni Nitra) and 3.600h in the
third cycle




Biomass

Biogas upgrading




Principles of biogas upgrading

Removal of hydrogen sulphide

Gas type H2 CH4 | CnHm | CO2 | N2 (6{0)
Vol% | Vol%

NH3

Others

Biogas from

Siloxane,

agricultural Oxigen

biogas plants

Waste water gas | - 65 - 35 - - 1000 ({100 Siloxane,
Oxigen

“Landfill gas - 50-60 | - 40-50 | - - 0-50 |- Aromates,
Chlor comp.,
Siloxanes

Biomass-

Dust, Teer

gasification (3000ppm)
Fossil
Natural gas - 193 |49 |1 111 |- 1 |E | Inert gas

1 Jensen, J.K, Jensen, A.B.: Biogas and natural gas — fuel mixture for the future, 1* World Conference and Exhibition on Biomass for Energy and Industry,

Sevilla, 2000
2 Christenson, T.H., Cossu, R., Stegmann, R.: Landfilling of Waste, Biogas, E&FN Spon, London 1996
3 Kivisaari, T., Bjérmbom, P., Sylwan, C.: Studies of Biomass MCFC Systems, Journal of Power Sources, 104 (2002) p. 114-124




Principles of biogas upgrading

Removal of hydrogen sulphide

» Physical — Chemical Methods

Biofilter
Bioscrubber

A

» Biotechnological Methods

> High efficiency _ Biotrickling filter

» Lower investment costs
» Lead to savings on energy
» Avoid catalysts

» Avoid formation of secondary contaminants



Biotrickling filter concept

Removal of hydrogen sulphide

qir liquid recirculation » Microorganisms to degrade H,S:
l bacteria genus Thiobacillus
N
v Common bacteria.
inert packing v They do not oxidise CH,

with biomass v" Their carbon source is CO,.

A
v They obtain energy for growth from
oxidising inorganic sulphur substrates.
v 1) H,S + 0.5 0, — S + H,0
drain water,
acids/ bases, H,S+20,+20H - S0, + 2H,0

nutrients



Biotrickling filter concept

Pilot plants PROFACIOR

- O

T
= Research for Succass




Principles of biogas upgrading

Siloxanes — problems in sewage and landfill gas




Silicon containing compounds

Linear and cyclic siloxanes

A
HyC——Si——O——Si——CHj HyC—Si—O ‘Si o T CHs
CH3 CH3 CH3 CH3 CH3
hexamethyldisiloxane (L2) octamethyltrisiloxane (L3)
Hac\ CHj
H3C\Si/o\s//CH3 HC  CHy
' \/
O/ \ — Si\
CHg O HsC O O CHs
HyC /O_SI ch// I\o/s\l\cHg HC \' TI\CHa
TNy 0 HsC CH, o) 0
H3C/ \ / : \ /
o— octamethylcyclotetrasiloxane (D4) Si g
\CH H3C// \O/ \ \CH
3 3
CHs HyC CHs

hexamethylcyclotrisiloxane (D3) decamethylcyclopentasiloxane (D5)



Book about the Results of the
EU-granted EFFECTIVE Project

Steven Trogisch, Wolfgang E. Baaske )

Biogas Powered
Fuel Cells

Case Studies
for their Implementation

With contributions from:

Loreto Daza (Ciemat)

Jan Gadus (Univ. of Nitra)

Joachim Hoffmann (MTU CFC Solutions)
Mogens Hedegaard (Seaborne)

Jesus Gil Diez (Urbaser)

Peter Berger (MTU CFC Solutions)

Piet Lens (Univ. of Wageningen)

Knut Stahl (RWE)

and many more......

ISBN 3-85487-626-2



Hard cover book

The integration of Biomass
Fermentation and Fuel Cells

yi' % o (FC) technology creates a

Publishing

new and interdisciplinary
— - resear(;h area. This book
cross-links scientists of all
Mrmmﬁ:‘::;‘“‘m flelds concerned with
Biomass Fermentation, Fuel
Upgrading and Fuel Cells at
European and World level.



http://www.iwapublishing.com/template.cfm?name=home
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