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BIOCONVERSIA ENERGETICA A
DESEURILOR INDUSTRIEI
ALIMENTARE

Producerea biocombustibililor:
biogaz, bioetanol, biodiesel,
biohidrogen




RECICLAREA prin BIOCONVERSIE

* Reciclarea deseurilor - metoda curenta pt.:
- prevenirea declinului factorilor de mediu
- satisfacerea cererilor marite de materii prime.

+ Bioconversia (bioreciclarea) = reutilizarea
deseurilor organice in vederea obftinerii de noi
produse, prin intermediul utilizarii proceselor
microbiene.

» Bioconversia deseurilor industriei alimentare:

- producerea de energie,

- transformarea deseurilor in materii prime pentru
obtinerea de produse cu valoare de piata.
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BIOENERGIE

* Producerea de bioenergie = producerea
combustibililor (metan, hidrogen, etanol)
prin fermentare, din materii prime
regenerabile.

* Biocombustibili:

- Biogaz (biometan)
- Bioetanol

- Biodiesel

- Biohidrogen
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CE SUNT BIOCOMBUSTIBILITI ?

» Combustibili obtinuti din materii prime de
natura biologica

+ Combustibili obtinuti din materii prime
regenerabile
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Harta emisiilor mondiale de CO,

- prodducion da 62" imlllons o onaes)
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Fig. 2 World CO emission map
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Ciclul CO, in biocombustibili

Les cultures sont finement puis traitees afi

energetiques moulues ... de liberer les

comme |e mais ... sucres contenus
dans la plante.

Bioethanol

Le CO, emis est

ensuite reabsorbé utilise comme Ces sucres sont
par les plantes, carburant dans ensuite transformes;
3 £ aj i les voitures. en bioéthanol ...
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Solar Energy +
Carbon Dioxida

Ciclul CO, in
biocombustibili
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FIGURE E51 Life Cycle Global Warming Pollution Relative to Gasoline
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Figure 1.1 Greenhouse gas emissions from production
and utilisation of biofuels.

Outputs: greenhouse gas emissions
e.g. CO, CH,, N,O

Crop growth,
feedstock
provision

Feedstock
transport
and pre-

processing

Feedstock Biofuel

Conversion distribution
to biofuel and use

Inputs: fossil fuels, chemicals, manufacture of equipment. land
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Randamente ale biocombustibililor

M |/ha bioethanol
M |/ha biodiesel

U Glha bioethanol
O GJ/ha biodiesel

Litrestha

Figure 2.1 Biofuel yields in terms of volume and energy per hectare for selected ethanol and biodiesel feedstock.

The data are based on currently available sugar, starch and oil feedstocks converted into liguid fuels using conventional
technology and show basic gross output (ie without energy costs for production). For comparison, data have been
included for lignocellulose feedstocks: short rotation coppice (SRC) converted to bioethanol (UK SRC EtOH)

and also to synthetic diesel converted by Fischer-Tropsch (UK SRC FT) (see Section 3.5.2 for details of process).
(Adapted from IEA 2004).
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Biocombustibili conventionali
(Generatia I)

First generation {conventional) biofuels

Biufuelt',rpe Specific names | Biomass feedstock | Production process

Conventional Hydraolisis &

Sugar bee t, grains - :
bioethanol Sugar beet, grains fermentation

Bioethanol

il crops (rape, soia,
sunflower)

Cold pressing/extraction

Biodiesel from Ol crops (rape, sola, |Cold pressingfextraction

Biodiesel Energy crops sunflower) '_'.1:r=|r tE!r'ITI stion

Biodiesel fromm w Waste/cooking/frying

Biodiesel (FAME, FIuIEE.J oilfanimal fat

Biogas Upgraded biogas (WWet) biomass

ngestion
| Bio-ETBE | Bioethanol Chemical synthesis
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Biocombustibili de generatia a IT-a

Second generation biofuels

Biofuel type

Specific names

Biomass feedstock

Production process

Bioethanol

Cellulosic bioethanol

Lignocellulosic material

Advanced hydrolysis &
fermentation

Synthetic
biofuels

Biomass-to-liquids
(BTL)
Fischer-Ttropsch (FT)
diesel
Sythetic hiodiesel
Biormethanol
Heawvier (mixed)
alcohols
Biodimetylether
(Bio-DME)

Lignocellulosic material

Gasification & synthesis

Biodiesel

Hydro-treated
biodiesel

vegetable oils and
anirmal fat

Hydro-treatment

Biogas

SHNG (Synthetic
Matural Gas)

Lignocellulosic material

Gasification & synthesis

Biohydrogen

Lignocellulosic material

Gasification & synthesis
or biological process
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Routes to Make a Biofuel, adapted from Huber et al. [2006].

Biomass Feedstocks
Cellulosic Biomass
(wood, wood wastes,
corn stover, switch
grass, agricultural
waste, straw, etc.)
Chemical Structure:
cellulose,
hemicellulose, lignin

T Corn Stover
Bagasse T

Corn —————»

Sugarcane

>
Water-gas shift lydrogen

Gasoline

» Syn-gas

e

Gasification

* Methanol
MeOH Synthesis

T Oklfine

CO + HZ

I Steam-Reforming

» Bio-oils

» (Sugars, Acids,
Aldehydes,
Aromatics)

Fast Pyrolysis

Liquefaction

{

Lignin
{coumaryl,
coniferyl and
sinapyl alcohols)

(Xylose)

\

Corn

Grain C6 Sugars

(Glucose, Fructose)

\
Sucrose (90%)

Glucose (10 %)

Fischer-Tropsch Synthesis

* Alkanes (Diesel Fuel)

» Aromatics, hydrocarbons (Gasoline)

deoxygenati
Hydiodeaiygenation Aromatics, light alkanes, (Gasoline)

Zeolite Upgrading
» Direct Use (Blend with Diesel)

Emulsions

> : :
Hydrodeoxygenation Alkyl benzenes, paraffins (Gasoline)

_ » Aromatics, coke (Gasoline)
Zeolite upgrading

C5 Sugars —— Furfural
Dehydration

wSugars
r

\

Triglycerides

» Alkyl esters (Bio-diesel)

Transesterification
» C,-C,, Alkanes/Alkenes

b

(Vegetable

Zeolite/Pyrolysis

Qils, Algae)

' - -
Hydrodeoxygenation C1Z Cia n-Alkanes

S

._ "
Blending/Direct Use Direct Use

» Cg-C,; n-Alkanes, Alcohols
Aqu. Phase Proc.

» MTHF (Methyltetrahydrofuran)

Hydrogenation

*» | evulinic Esters

—» MTHF
Hydrogenation

———— Levulinic
Dehydralmn Acid

\

Esterification

Butanol

* Ethanol,

» C,-C; n-Alkanes

All Sugars APD/H

» Aromatics, alkanes, coke

Zeolite
» Hydrogen

\ J Aqueous or S.C. Reforming

Key: Black - Chemical Conversion
Green - Biological Conversion

Blue - Both Chemical & Biological (




Huile vegétale

Colza

A\

Extraction

\

FPurification

A4

Huile purifiée

Biocombustibili -
scheme generale de obtinere

Plantes
‘sucrees”

Betterave, canne a sucre

Y
Extraction

Matiere
lignocellulosique

Herbe, bois

Pre-traitement

FPlantes
‘amylacées”

Mais, ble, patate douce

A \/
Hydrolyse Gazeification

\/ v

v

Esterification

v

Biodiesel

- Fermentation Purification

v v

Distillation Synthése
Déshydratation catalytique

v v

Bioethanol Biométhanol
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Bioetanol - generatia a II-a

Hemicellulose

Cellulose
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Romania - distributia terenurilor

O Agriculture

B Forests

[ Built area

B Roads and railroads
W Wet lands

(] Other surfaces
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Romania - distributia terenurilor agricole

0 Arable land EPastures [Hayfields N Vineyards and orchards
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Country

AT
BE
DE
DK
EL
ES
Fl
FR
E
T
NL
PT
SE
UK
BG
cz
EE
HU
LT
LV
PL
RO
SK
S|

Needed area
(ha)
130
130

1500
80
40

2100

120

1200
30
80

150
450
240
180
1
160
18
0
12
10
520
130
120
14

Arable land Meeded share of

(1000 ha)
1400
820
11800
2300
2700
13300
2200
18400
1100
8000
910
2000
2700
5900
3500
3100
1100
4900
2900
2900
14100
9900
1500
170

arable land
9%
16%
13%
4%
1%
16%
5%
6%
3%
1%
16%
23%
9%
3%
0%
6%
2%
0%
0%
0%
4%
1%
8%
8%

Set aside land Needed share of

(1000 ha)
107
24
1137
213
30
1329
177
1469
29
231
16
80
264
567
293
70
220
215
300
443
130
500
29
10

set aside land
120%
537%
133%
38%
119%
159%
65%
8%
101%
33%
910%
L67%
90%
34%
0%
224%
8%
0%
4%
2%
402%
2T%
408%
137 %

EU15
EU+10+2
EU15+10+2

6400
1000
7400

73500
44100
118000

8.7%
2.2%
6.3%

5693
2210
7803

113%
45%
94 %




BIOGAZ

Tabelul 6.1. Substraturi utilizabile pentru digestia anaeroba [49]

Substratul

SU=
(%]

SOU**
[26STU]

Raport
C/N

Randament
in biogaz

(m” CHyke SOU]

Dejectu de pasar

Dejectu de porcine
Glicerina bruta (biodiesel)
Cartofi putreziti

Trifo

Srot de mere

Graunte epuizate

Paine (resturi)

Melasa

Zer

Srot de semunte de rapita
Resturi verzi

Namolurn flotate (grasinu)
Conput mntestinal
Continut stomacal de rumegatoare (presat)
Macinatura animala
Grasime (de la separatoare)
Iarba

15

5—1

25
20

92
60 =175
5-—24
12 -15
20—45
8 —25
35-70
21-123

* - substanta uscata; ** - substanta organica uscata
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]

T7—85
90 —93
19

02-04
02-03
0,69 — 0,72
05-06
04-05
03-04
0,6 0.7
0,7-10,75
0.3
05-0.6
0,58 — 0,62
02-06
0.6—0.8
02-03
0.6—0,7
05-08
0.7 (1,0)
045-0.5




BIOGAZ

"T high-moleculare substances | | Ha GO; .
_ polysaccharides, fat, protein | [GH.+BO-_,J Loi]

- ik
l enzZymes T

“

liquified monomeres and polymeres methanogenic bacteria
_ monosaccharides, fatty acids, amino acids | T T )

hydrolysis

methanogenesis

,'.. )
acidifing bacteria - \

[ aceti{.: acid :I H,, CO,

.y

I e[l |
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- ~ |aceticacid | _ —— 't~ T
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fatty acids | ~ .
alcohols ~ /fatty acids
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1\ —

Figura 6.1. Etapele degradarii anaerobe a deseurilor organice [51]

L

acetogenesis
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BIOGAZ

Tabelul 6.2. Randamentul specific in biogaz al principalelor
componente ale substratului [53]

Randament in CH, CO- Putere calorica

gaz [L'’ke SOU] [%0 vol] [%0 vol] [EW&Wh/ke SOTU]
Glucide 790 50 50 4.0
Lipide 1250 68 32 49
Proteine 700 71 29 8.0

Tabelul 6.3. Evaluarea reziduurilor organice si subproduselor in vederea utilizarii lor
in digestia anaeroba [54]

Comportare
excelenta buna slaba

Material Observatii

Materiale de origine vegetald provenite din agricultura

Paie 51 alte reziduur fibroase X necesitd tocare sau macinare

necesita tocare; pot contine nisip. pietris;
pot spuma

Scurgert de la insilozare pot rezulta mcarcar: mari de CCO
Resturi de la recoltare . necesita tocare; pot contine nisip, pietris:
Deseuri din industria alimentard

Hrana expirata g necesita dezambalare costisitoare

Aluat, restur1 din panificatie 2 necesitd lichefiere (diluare)

Zer nu necesita pretratare

Reziduuri de la conserve s1
hrana congelata

Reziduuri de la fabricarea
sucurilor de fructe

Material verde. recolte, siloz

necesita dezambalare costisitoare

se recomanda tocarea




BIOGAZ

----------------}

solids biofilters
solids separation separation

mixing-and |
buffering tank hydrolysis

/

#—
biogas-

[ |
|><“ |><‘ utilisation

methanogenesis e

:’ Q sludge concentration
effluent % '

-

advanced effluent treament
aeration sludge drying

Figura 6.4. Instalatie de digestie anaerobd in doud trepte [33]
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INTEGRARE BIOGAZ - BIOETANOL

BIOGAS FUEL UNIT
(ANAEROBIC DIGESTER)

.-_-_
_
ter produces 100%

Jairy [ fe iur CLOSED LOGP nergy to operate the

H |r|[1| nlant.
produces manure to 4
create bio-methane ’. ‘

Cellulosic BioMass
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' | for [u-:'l
DAIRY / .. ETHANGL
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Fthanol plant prod

used by the 11 Iy




BIOGAZ 1 n'ﬁ

1“:" "_1 —_— ﬂ

B Biogas

O Matural gas
O Total

1B

-1l

18851996 1097 1998 (1999 #2000~ 2007 2002 200352004

—.Consumul de metan pentru propulsia vehiculelor in Suedia
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BIOETANOL

Production en 2002 | Préwisions pour 2006

Figura 6.7. Productia mondiald de bioetanol in 2002 (1 0° L/an) [66]
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BIOETANOL

+ Bioetanol din
trestie de
zahar, porumb si
cereale: Brazilia,
SUA, Franta.

* Productia de
etanol din
porumb gi
cereale - Tnca
necompetitiva
raportat la
prefurile actuale
ale benzinei si
motorineil.

USA Brazii JEU [JChina [Olindia [ Other

Figura 6.8. Repartizarea productiei mondiale de bioetanol in 2004 [67, 68]
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BIOETANOL

Factorii care dezavantajeaza valorificarea
deseurilor ind. alimentare la bioetanol:

dispersia ridicata a punctelor de generare;
caracterul sezonier al productiei;

variabilitate ridicata a compozitiei si a
caracteristicilor deseurilor;

necesitatea unor surse suplimentare de azot si de
nutrienti (costuri suplimentare);

conc. redusa in zaharuri (~4%), insuficientd pentru
recuperarea economica a bioetanolului;

concurenta puternicd cu piafa stabild a subproduselor
care asigurd un profit mai ridicat in valorificarea
deseurilor.
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BIOETANOL

Zerul - materia prima acceptabila pentru
producerea pe scara larga a bioetanolului.

Productia totala de zer rezultata prin
prelucrarea laptelui = 82.10° tone/an.

Princ. comp. al zerului = lactoza (peste 70%
din continutul de SU a zerului)

Producerea bioetanolului din zer:

- fermentatie cu pretratare enzimatica.

- fermentatie fdrd pretratare enzimatica.
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BIOETANOL - procedeul Carbery

Concentrat proteic
la atomizare

1 — ultrafiltrare

2 — fermentare f\

3 — separare drojdie T >
800 moiz 4 — distilare \
3,9—4,2% ‘\J)
etanol h
:><f—’>\l | 4

I %
Permeat q
(lactoza) ) ) 2

AN

AN
AN
N
Drojdie Drojdie recuperata \U

> Apa
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-8 BIOETANOL IRLANDA
9 Carbery - Maxol
|

DESHIDRATARE
pe site moleculare

LUA DRSS SN o
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BIODIESEL

- RME (rapeseed methyl ester - ester metilic al uleiului de rapitad):

- PME (purely [vegetable] methyl ester - ester metilic al uleiurilor
vegetale pure);

- FME (fat methyl ester - ester metilic al grasimilor din produse
vegetale si animale).
[EN 14214; DIN E 51606]
Tipuri curente:
- B100 - necesita modificari la motor

- B20 - standard comun - utilizabil in motoarele Diesl obisnuite
- B2 - marketing de imagine
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BIODIESEL

World Biodiesel Production 1991-2005

1991
11993
1l 1995
W 1997

1999

| 2001
@M 2003
2005
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BIODIESEL

European Biodiesel Growth by Country

o

Germany France Italy
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BIODIESEL

U.S. Biodiesel Consumption 2004-2010

Source: Emerging Markets "conservative" scenario using NBB figures
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BIODIESEL

H

|
H-C-0O0CR,

|
H-C-OOCR, +

|
H-C-00CR;

|

H

3 CH,0H 3 R, CO0CH,

Vegetable oils Recycled Greases

|
Dilute Acid
Esterification |
+ 4
Methanol + KOH 3 Transesterification
. i T
! | .

Methanol Crude Glycerin

recovery - |
J *
-

Glycerin

: Refining
refining e el

Glycerin

Crude biodiesel

_ Sulfuric acid +
methanol

Biodiesel
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BIODIESEL
MATERII PRIME:

» Uleiuri virgine

* Uleiuri vegetale uzate
* Grasimi animale
* Namoluri municipale

Depolimerizare termica deseuri

Tabelul 6.10. Materii prime, productie posibila si prefuri
pentru biodiesel in Canada [99]
Productie potentiala de

Materia prima biodiesel in 2007 — 2010
10° L

Cost previzionat
biodiesel
/L

Cost materie primai
[c/1b]

Sen

Unsoare galbena
Canola
So1a
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ArERImag o
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il ? E— ] :
] b (_‘\;l_ A Bio-Diesel
-

L B By Biodiesel -

A .I""IEI e HMI Kontrg
H¥ Dy KBt

=% o F procedeul la
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. . |
Glycerine/Ha0/ MEOH T}_

Utilitias
Steam; Doler Fead Water Pump
Hat O Mot Oil Pumsp
Water: Wash Waler Pump

Glycering
- Utility
H:z0 Glycerine HEL Pump

_(’-_}I. |

Biomass
Com

Sugar Beets

Wheat

soy Beans
Sugar Cane |

Cassava |

Palm Fruit Bio-Diesel 2 Bio-Diesel

Process ] | Gylcerine

Rendered Stock
Vegetable |

Refining & - . .
Soy Qil 1 Light NaOH/N: MeOH
Soap Stock | ol
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BIODIESEL - productie integrata

Eey action VI
Bee keeping
(trelliferous use

Key action I
Fape crop technology

of rape crop)

Fﬂl,

.

Key action ¥V
Arimal breeding

Key action II

1] expeller
(decertralized system)

L1

Key action V1I
Esterification
sub products use

Key action III
01l esterification
(decentralized system)

J L

Key action [V
Biofuel use in Diesel
enizines that equipped

agriculltiral tractors

animal fodd er,
oil meal, oil cake

Key action VIII
Etrvir otu eit
m critornng
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BIODIESEL - productie integrata

Digester eflluent -
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F
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e
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1o synthesize Biodiese) Filling station
Smithfield truck
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BIODIESEL - perfectionarea procesului

S Trargpagberificption Process
Rodisesl Haré

Do rwel Aracbon Process
et DR S T P
Euarigrs 105 00 SO0 D g ™ il

FAME = 885N bfers snnh process
FABE = #AF sfe wEEn EFocEss

L e T LR )

Figura 6.15. Instalatie de transesterificare a grdsimilor echipatd cu amestecdtoare cu
forfecare ridicata montate in-line [36, 106]
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BIODIESEL - perfectionarea procesului

Biodiesel Conversion Using Ultrasonication (1 Tank) Biodiesel Conversion Using Ultrasconication
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Figura 6.16. Utilizarea ultrasunetelor in procesul de obtinere a biodieselului [107]
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BIODIESEL - perfectionarea procesului

- f .

Figura 6.17. Microreactor cu canale pentru producerea biodieselului [111]
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BIOHIDROGENUL
* METODE DE OBTINERE:

- fermentarea anaeroba a deseurilor organice cu
obtinere directa de hidrogen;

- fermentarea anaeroba a deseurilor organice cu
obtinere de metan, urmata de conversia
catalitica a acesuia cu vapori de apa cu
formare de hidrogen si dioxid de carbon;

- fotosinteza.
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BIOHIDROGENUL

Tabelul 6.11. Costuri comparative la producerea hidrogenului in instalafii
Ja scard micd (100 1000w’ Hyh) [115]

Tehnologia f['q:;ﬂt Emisii dsE CO,
|E m H:| |kg.-"m H:|

Reformarea cu abur a gazulwi natural 032 0.8
Electroliza apet cu electricitate conventionala 023 1.8
Electroliza cu electricitate _saraca” i CO, 0.27-036

Productie biologici din biomasa (estimare) 0,21

Reformarea cu abur a biometanulus 032

Electroliza ape1 cu energie eoliana 0,25

Electroliza HEE‘i cn celule fotovoltaice 205
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BIOHIDROGENUL

+ Reactia globala de conversie a glucozei:
CH,,O,+2H,0 = 2CH, -COOH +2CO, +4H,

* Microorganismele termofile sunt capabile
sa utilizeze o gama larga de deseuri
organice:

- sucul de trestie de zahar,

- pulpa pe porumb,

- reziduurile de la fabricarea branzei tofu,
- zerul si zara,

- paiele de orez,

- reziduurile de la prepararea cheagului.
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BIOHIDROGENUL - probleme

* Laborator - culturi pure
» Industrial - culturi mixte stabilizate

» Bacteriile metanogene consuma rapid H,
convertindu-| la CH,

* Degradarea se opreste la acetat si H, (din
considerente termodinamice)

» Sunt generate cantitati importante de
acetat care trebuiesc valorificate
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BIOHIDROGENUL - solutii

» Decuplarea proceselor de fermentare:

CO, ., gasseparation Fuel cell
>

Biomass Gas
distribution

H2 Acatate m M

GlucsssFruciss mld

Hydrogen reactor: biomass—# organic acids + CO, + H,
Methane reactor:  organic acids B CO, +CH,

mil; == Hz: -®= CHs; glecose; —® - fructose; acetate

Figura 6.18. Obtinerea de H> si CHy prin fermentarea in doud trepte a deseurilor
organice [123]
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BIOHIDROGENUL - solutii

+ Imbogatirea in situ a baceriilor generatoare de
H, (tratament termic dnscon’rmuu)

Hydhogen

sl [ lf R

C 1=
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-
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Figura 6.19. Instalatie experimentald pentru producerea hidrogenului [125]
a — schema instalatiei; b — productia de hidrogen [mol/h] in functie de concentratia
initialda a substratului: A — zaharozd,; B — lapte degresat uscat, C — deseuri alimentare
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BIOHIDROGENUL - solutii

* Fermentarea alcalina (pH = 7,5 - 11)

sklicrobial fermentetion + HZ
hindgut *Hy consumption m Acalate

shleth are fammetion Ethanocil

rectum

midguk *H,, production
« Alkaline pH (8-11)
Tima (h)

Figura 6.20. Reprezentarea schematicd a Figura 6.21. Fermentarea alcalind
tractului intestinal al gandacului Blaberus a glucozei cu extract de Periplenata
Juscus americana
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BIOHIDROGENUL - solutii

» Cuplarea fermentarii termofile cu fermentarea
fotoheterotrofa (bacterii purpurii):

2CH, —COO™ + 8H,0 —Seregelumnod o AHCO; +2H" +8H,

Gas separator Gas separator

Biomass

sugars

Thermophilic Photoheterotrophic
fermentation fermentation
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BIOHIDROGENUL - solutii

» Cuplarea fermentarii termofile cu fermentarea
fotoheterotrofa (bacterii purpurii

1 [ 2 1 ! = ..'-\.\__. ; 1 : _.I- -
& - Gas Production fmi) _'
4— Ac Concentration (mh) -~ = =
—v— Oplical Density () i j ;!

Q0 (860 nm)

Figura 6.23. Obtinerea hidrogenului prin fermentare fotoheterotrofa [128, 129]

a — Fotobioreactor continuu,; b — Evolutia in timp a parameftrilor in sistem,
1 — pompa recirculare gaz; 2 — colector gaz; 3 — vase de presiune; 4 — valva de suprapresiune; controler

de debit; 6 — condensator de vapori de apa.
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BIOCONVERSIA DESEURILOR
LA ACIZI ORGANICI

+ ACIDUL ACETIC
- Productie SUA 1995: 2,12.10° kg
- Pret de piata: 0,84 $/kg

- Utilizare - agent ecologic si necoroziv de
dezghetare pentru:
* Piste aeroport
» Poduri
» Sosele strategice

- Pret agent de dezghetare obtinut prin sinteza
chimica din mat. prime petroliere: > 1 $/kg

Lucian Gavrila - DEPOLUAREA EFLUENTILOR DIN INDUSTRIA ALIMENTARA S| BIOTEHNOLOGII 54




BIOCONVERSIA DESEURILOR
LA ACIZI ORGANICI

- ACIDUL PROPIONIC

- Conservant pentru alimente si furaje
- Preturi:

- Obtinut petrochimic: 1,0 $/kg

- Obtinut prin fermentare: 4,4 $/kg

- Creste cerinta consumatorilor pentru aditivi
naturali in produsele alimentare
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BIOCONVERSIA DESEURILOR
LA ACIZI ORGANICI

- ACIDUL BUTIRIC

- Utilizat in sinteza medicamentelor pentru
» Cancer colorectal
* Hemoglobinopatii
- Pretul acidului obtinut petrochimic: 1,21 $/kg
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BIOCONVERSIA DESEURILOR
LA ACIZI ORGANICI

» Directii prioritare de cercetare:

- Valorificarea biomasei lignocelulozice
rezultata la prelucrarea primara a produselor
agricole si in industria alimentara (~10° t/an)

- Procedee de biodegradare cu microorganisme /
fungii imobilizate pe suport de hidrogeluri
polimerice:

- Viabilitate crescuta a microorganismelor
» Eficienta mai ridicata a bioproceselor.
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Net Energy
Balance *

Reduction in
Greenhouse
Gas Emissions

Cost (per gallon)

Gallons/Acre

Current L.5
Production
(gallons/year)

Availability

Gasoline

Bad

A non-renewable fossil fuel
produced by refining crude
oil; emits large quanities of
O, upon combustion.

Mone
(1 gallon produces
19 |bs of CO )

$3.10

79 billion

114,974 stations

Biodiesel

Good

A renewable alternative to
petroleum diesel produced
from animal fat or vegetable
oil.

$2.90 average

Varies by feedstock
Rapeseed: 127

75 million

1,485 Stations

Corn-derived
Ethanol

Transitional

The main source of ethanol
in the LLS But growing com
iz enengy-intensive and
requires large amaunts of
fertilizer made with fossil
fual,

$2.55 (E8S5)

328

4.9 hillion

1,133 E-85

Cellulosic
Ethanol

Potentially Great

Production results in the
same ethanol that corn
produces, but the
feedstocks, especially
SwitChigrass, are inexpen-
sive and easy to grow and
the process of refining them
is environmentally friendly,

2.62

$2.55 (E85)

Varies by feedstock
Switchgrass: 1000

{no current production
at commercial scale)

1,133 (EBS)
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HOW BIOFUELS MEASURE UP

The case for biofuels isn't cul and dried. Their appetite for agricultural land and the modest savings on greenhouse gas emissions they offer call their benefits into question

miafuel yields of
selected ethanol and
bindiesel fndsbdu
Percentage of agricultural land BIOFTHANGL & “"’;’;‘;’:’Jﬂ‘,‘;
needed to replace 10 per cent of

transport fuel with biofuel

WORLD

Potential reduction in greenhouse gas
emissions, by feedstack type
(blue bar shows estimated range)
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