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“PFL Biomass conversion

DRY
BIOMASS

WET
BIOMASS

MARINE
BIOMASS

RESOURCES

CONVERSION

HEAT

POWER "

BIOFUELS | ﬁ
Sk |
IE, "

DEMANDS



https://farm-energy.extension.org/sites/default/files/w/1/14/Switchgrass.jpg
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* Identify the suitable conversion routes 8}
for various types of biomass ’

e Describe and compare the various/

| -

conversion pathways

e Mention the advantages, drawbacks and i
challenges related to biofuels
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EPFL
The use of biomass for bioenergy competes with food supply ?
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EPF

- Competition food/energy

ﬂ‘?

Biomuss 4.6% Biomax 6.0%

Theoretically harvestable = _-""'— N D = 5.4 times the primary
2900 EJ/yr T energy demand

R oY ‘
Sustainably exploitable e D = 0.5 times the primary

S

270 EJ/yr energy demand

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY



="t Competition food/energy
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=PFL Competition food/energy : only for edible ressources

EDIBLE

* Wood [- Agricultural products

 Agricultural co-products * Industry co-products

* Energy crops * Organic waste

= Algae
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“PFL Biomass conversion

WET BIOMASS qg FIRST GENERATION

« Edible products >| BIOFUELS @‘

« Starch
* Sugar

 Animal fats

RESOURCES CONVERSION DEMANDS



EPF
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- Biomass
conversion

Ethanol fuel production in Brazilian
biorefineries

12

tuong-van.nguyen®@epfl.ch

Tuong-Van Nguyen —



“PFL Biomass conversion

= Biomass

« Wood

* Agricultural co—products-

* Energy crops

* Industry co-products
s < BIOFUELS
* Organic waste ‘ k
i

SECOND GENERATIO

RESOURCES CONVERSION DEMANDS


https://farm-energy.extension.org/sites/default/files/w/1/14/Switchgrass.jpg
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"L Biomass
conversion

Dimethylether (DME) production
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“PFL Biomass conversion

THIRD GENERATION BIOFUELS ‘

g

RESOURCES CONVERSION DEMANDS
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Combustion
- biomass to heat/power
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=PFL Combustion

= Biomass

 Agricultural co-products

* Energy crops

COMBUSTION

RESOURCES DEMANDS



EP-L Combustion

= The “old” way (prehistoric times)

=ISTATLGE
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=PFL Combustion
POWER GENERATION:

= The “modern” way RANKINE CYCLE (n =40%)

Steam Turbne Generator

HEAT SUPPLY:
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=PFL Combustion

= Air pollution issues

NO/NO,

PM
Cco
PAH
SO,
HClI
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=PrL Gasification

A North-Korean truck with gasification
(2014)

A German car with gasification (1946)
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=PrL Gasification

= Biomass

o A
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=PFL Gasification depends on the temperature

= Gasification = “staged” oxidation

A =0,/C
| Oxidation (A > 1)
Gasification :"
N 0<A<1])
g Drying Temperature
L 2 W N
7 | | I 77 | /77 [
100 200 400 1200 2400



=PrL Gasification

= The “old” way

llDry!’ —I— “Wet”

biomass
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Gasification

At L DS

95
Syngas
(CO+H,+CH,)

Gas combustion

Biofuel /heat
(transportation)
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https://notrehistoire.imgix.net/photos/K/f/KfwK8V8LS3zwjbK3C35gg4ynVWBcEnZAufQQFLTg.jpeg?dpr=3&fm=jpg&sharp=9&w=770&s=541a5d467ff6226e805c8085e96e82fa

=PrL Gasification

POWER GENERATION:
nlsANKINE CYCLE

= The Guessing power plant (Austria)

GAS GENERATION:

i %
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https://sites.google.com/site/accessbiomasscleanpower/insurance-products/biomass-gasification-technology/%EB%B0%94%EC%9D%B4%EC%98%A4%EB%A7%A4%EC%8A%A4%20%EA%B0%80%EC%8A%A4%ED%99%94_600.png?attredirects=0

=PFL Production of synthetic natural gas (SNG)

Example: Common wood to SNG route

SNG
Wood . P Methane -
—| Drying —| Gasification |—|Gas clean-up |— . —[CO,-removal
synthesis —
Hzo(")l H,0(v)/0, residualsandl H,0(v) H20(|)1 2
condensates

0=—10.5 kJ/molyp0q

CH1 350063 + 0.3475H,0 *7 =192 0.51125CH, + 0.48875CO,

Process superstructure

T
. SNG
Compression -
Utility and heat recovery system SNG
treatment T

______

H0(v)

ical absorption

N _ _
) — I crrprnrra VR e ll Physical absorption I ||| seealwes)
ndirectly A gasdeaning : X
I Air rying ! steambiown I [eydone fiter, | 1| (selexol wash) I; ! Stepw;s;?;‘:dbed |
oo [ : - || gasification | {scrubber, guard bed); 1 = | s N
od | i I I

|
H |
: | ! Pressure swing
= P | — 1 — f— 1= 1| absorption
I ! Directiyhested, )1 Hotgasdeaning )i © Mintemallycooled )1 L )
|| Steamdrying | Pyrolysis Il steamjoxygen- || !|(cyclonefilter, | || fluidised bed I
\ ] \ blown gasification \wdyﬁctreament) : \ methanation ( \
______ — —— ————— || Polymeric
Drying Thermal pretreatment ification Gas deaning = Methane synthesis l 1| membranes
Synthesis preparation l L J
residuals and condensates €0, and condensates: condensates S - T -~
Q* 0] 1H, . .upgrading i
Oimport or cryogenic HOl) . o . i@,
production on-site g Blectrolysis Compression e
S —
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=PFL Synthetic Natural Gas Production efficiency

28

Some (non-optimised) scenarios for conventional SNG

production:
1300 T T T T T T T T T
. . oo . 1200 | asification comiusten \\
indirectly heated gasification & PSA 1100 —
fumes process pinch point Process streams
1000 - Steam network ——— 4
producer.gas Mech. power -
. 900 & fumes
alr
i, DI .
depleted streams " )
lo* (800-900°C) (€COpCHyHy ) B0 e N methanation
| o
= steam(gas)) |
Wood P Methane SNG SNG st "
—| Gasification — . ; — e o RIS
synthesis upgrading j00 LB codpowat -
0 05 1 1.5 2 25 3 35 4 45 5 55 6
Q[Mw]
input: 20 MW wood
FICFB CFB
(torr) (pM) (pM, SA) (pGM) (pGM, hot)
Consumption Wood 100% 100% 100% 100% 100%
Biodiesel 1.6% 1.8% 1.8% 0.1% -
Electricity 0.5% - - 0.9% -
Production SNG 721%  67.5% 67.8%  74.0% 74.0% DA
Electricity - 2.6% 3.3% - 1.6% FEDERALE DE LAUSANNE
Overall efficiency 70.7& 68.8% 69.8% 73.2% 75.6%

57 /87



=PFL Long term electricity storage by converting electricity to fuel

Power to gas concept

Electricity form the grid

SUN 4.7 TWhe = 13 PJsnc
max O.SO@Ne/kWSNG avero
CO2 H20 N I, [ catalytic | fumes.r\
Jrumes "2 | Electrolysis =  combustion ~co,
ar l {
NUTRIENTS -
1 00 PJ l". foranue R l Q (300-400°C ||:|:IJ_=,<_|||_.,||_., )
Wil s Tl G o e el e
o) HoWo, wdmeond] wow won] 72-85 PJ
Carbon source +18%
WOOD

Natural Gas  COZ2 (pure)
O=— mo
CH1.3500.63 + 0.3475H20 AH=—10.5 kJ/molyood

— 0.51125CH4 + 0.48875CO:
+4 H, > + CH4 -CO2 +2H20
AE* + 4H,0 _% CO, +4H, - CH, + 2H,0
+202 ACH4;
Storage as transportation fuel Ne = LAV _ 85%
AET

Gassner, M., and F. Maréchal. Energy 33, no. 2 (2008) 189-198.
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=P~L Combined heat, fuel and sequestration from biomass

Swiss Energy System
Sk ™ Comwten 0 Peowiac 71 b B louodaer

w Excess in summer

/

J
ot W e My ey A e o b (e

W IPESE
Industrial Process
and Energy Systems
Engineering

2C(H20) + 4H2 -> 2CH4 + 2H20

WOOD

100 MW

Summer

Electricity

145 MW

Winter

th, dry

th, dry

H2

128 MW,

2C(H20) -> CH4 + CO2

170 MW SNG

38 MW Useful heat

37 MW Waste heat

CO2 + 4H2 -> CH4 + 2H20

Sequestration/storage
Negative emissions : 108 kg CO, avoided / MWh wood

67.5 MW SNG

Fuel

Fuel

15.7 MW Useful heat (200 °r) M

16.8 MW Waste heat

1.4 MW net electricity

s
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=PFL Pyrolysis

= Biomass
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https://farm-energy.extension.org/sites/default/files/w/1/14/Switchgrass.jpg

=PFL Pyrolysis
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A modern oven with a pyrolytic mode Plenty of tires to treat (2019)
(2019)
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=PFL Pyrolysis

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY

Thermal decomposition

e |nert environment

(no H,0, no O,)
* Fast (s to hr)
High heating rate

A=0,/C
Oxidation (A > 1)
Gasification i’
(0< A< 1) i
Pyrolysis
(A =0)
Temperature
| I | Z | /4 R
I I [ 77 | 77 "
100 200 400 1200



=PFL Pyrolysis
PRODUCT
SEPARATION

Vet Gas
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Typical pyrolysis process

4 Heat:21 GJ

11 kg CO; | 5.42
Exhaust N tEI2 tGJt Exhaust Gas CO |6.56
Y CH, | 0.035
T T Recycle CoHa | 0.142
Carrier Gas
H, 0.588
13kg CsHs | 0.152
NH;z | 0.0121
Process
Electricity """
67 GJ
v Feed Handling and . Gas Clean-Up and
100 GJ > Drying Pyrolysis > Steam Cycle > Oil Recovery — 599kg
100 kg Wood ; Bio-Oil
‘: T C,H,0, 5.93
C3HsO, 7.31
Char Combustion [€— C/HgO, | 0.61
< CgH1003 3.80
16kg Char CH,0, 3.41
CioH120; | 16.36
Combustion Air CeHeO 0.46
Ash
C;Hg 2.27
CsH,0, 18.98
CeHs 0.77
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EPFL Biomethanation

4 HEAT

POWER n ‘
: ( “§iin, | BIOFUELS ‘

BIOMETHANATIO 15
.E%-

RESOURCES CONVERSION DEMANDS



EPFL Biomethanation

..n,...

JIVMANTY ANY

N

NO

Biogastaaget Amanda (2019)

A Swiss Cattle (2019)
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EPFL Biomethanation

= A “well-observed” phenomenon — the classic use “small-scale”
 Developing countries (1-5 kg per day)

Electricity /heat

Anaerobic reactor
(biomethanation)

D) (B0 2 )
Biogas
(50% CO,+ 50%CH,)

Fertilizers or gasification
Digestate + H>0 X

0
a

=z
)
%]
&
w
>
z
O
)
>—
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&
w
=
w
(=2
o
S
w
=
=
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https://www.climatetechwiki.org/sites/climatetechwiki.org/files/images/teaser/biogas_for_cooking_teaser.jpg
http://1.bp.blogspot.com/-XkxaE9hVpoU/TjIdb2qXKCI/AAAAAAAADF8/0R3BNSLn054/s1600/IMG_2503.JPG

EPFL Biomethanation

= The “more advanced’ use
* The Swedish case — a success story? ADDITIONAL

,—-------------------~

: PRQCESSES
BIOMETHANATION 1 6. e 5_7‘.,/’ :
. R I {'x"} “— ] » I
Biogas formation ! - i
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E —4----------
= { l
- 1 I | .
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EPFL Biomethanation

= Transformation by micro-organisms

« Anaerobic environment (no O,)

A=0,/C
* Slow (weeks) R o/
e pH =16.5-75 e Oxidation (A > 1)
Gasification
| Pyrolysis

Temperature
| | /4 R
| | /77 [

20 60 2400
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=p-L Fermentation FERMENTATION
= Biomass 3CH20 — 2 CZHSOH + 2 C02
Ethanol : 26.8 MJ /kg JHEAT

WET P RO
BIOMASS 1B ’>‘| BIOFUELS ‘

Residues (CH,0)

S
15-20 MJ/kg

RESOURCES CONVERSION DEMANDS



EPFL Fermentation

Ethanol samples (2019)
C,H.OH

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY



EPFL
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Fermentation

Pretreatment Fermentation

(1)

m oM

Sugas

B ! - A

Sugar Best Sucrow = - AN

Sugarcans = p unese anc —‘-.}' Clucose .

N / froctace S Frocwse |C "a*:'l‘,%;/?

Y N '«\ '

" Com \ " ] —
o Starch yelralyss N P £
Wheat - ang chaink of Eneyrme: > Glucuse - [\. T

4o . / \
Badey g uoase makecle amy 238 / ermentation %, |
\ Potata.... }\ bl )
A l P \ " "'. A
Codlubese o lydrohsis rar
- ang chain of zlicose |70 T Vo Glucoss . |
. melecules eell ulas D v
Ligno- mellulaze A 1 L
Cellubosic % s

Hemicellnones :'T'__r
Buamaes vOralyas

\ = brarchad chaing . .
- - szyme:

meds of Ihemit.d l.lldI*///

A —
\ Rrlosz |0 o A CaHsOM
Y . # & e \ -
N Ambinoss ?\ 'l“"\'_.r' "
Glucose
LM anrese...

% wylose, araninece
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EPFL Fermentation

Pretreatment = breaking down big molecules

Barley grains (C¢H100s), + H,O — (C;,H,,04;) and other sugars  Malted barley
type of biomass) with

steaping

.

SN~ TN }

B ME-409 ENERGY CONVERSION AND REN



EPFL Fermentation

Fermentation = converting maltose and other sugars into ethanol

Fermentation

|
c
[5
>
>
a0
=
c
@
=
o0
c
o
3
=

Wort
r\
0
> AR D
T gentey -
lj C,H,,0,; + H,O + invertase — 2 C,H;,04
Yeast
maltose glucose

C¢H,,04 — 2 C,H,OH + 2 CO,
glucose ethanol
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EPFL Fermentation a

CO2 for negative emissions ?

\lent Gas
PRETREATMENT FERMENTATION
Breaking down biomass A Generating ethanol
Bomass /’-Fe:r;\l:li:n-- \
& f "
S A
o D 4 |' 1 :
: I I I
3 I 1 - i
< %= : ): I
2 I\ I \ ll Distillation
2 N g e/ N — v
% ‘ Ethanol (30-40%)
Z Sold 3
S Residues
% Go to gasification 7
<



=PFL

Biorefineries

AT SRCOR R SV TOW

 — S |
combined heat & power

|

50
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=PFL Life cycle performance
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= Biomass
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Controversial uses

Stockholm's rabbits burned to keep Sweden heated

The hodies of thousznds of wild rabhits culled ezch vear fram Stockholm's
parks are being used Lo fuel o heating plant i eenltral Sweden

Huw aboul taat?
Hews » Worlkd News o
Burcpe s Sweldon =

I Haw Anst That?

Six theusand buanning wors klled las! yoar Peois SETTY MACES
By Allan Eall
ACAFMEST 13 O 2000 Pictures of the day

Arime rghts axivists Fare claimec thet demestic pets are 050 o2ing
rounded upg ewd indneraled.

“Thoss who sLpaon 98 culling ¢f mabbits think its 9o0¢ 19 use ke sodies
o 3 goond Gause, Bulil el ke U puwer comgay s bying W o e
awmals inic an indusy rather than 12ak at the man preoem,” sac Amna Graat bolts oF
Johowmazzon of tho Loz oly for the Fratection of 'Wild Robbis: Ez-ming
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=PFL Take-home message

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY

Two main types of biomass conversion: thermochemical, biological

Products: electricity, heat, fuels, chemicals and sequestrated CO2 (negative
emissions)

Combustion = conventional way (dry); Gasification & pyrolysis (dry/wet) =
well-known, but need improvement

Biomethanation & Fermentation = well-known, but technological/scale limits

Biomass challenges — food, biogenic carbon, technologies, environmental impact
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