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Ethanol
produced

Penicillin
produced

Weight or cell
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Time i >

{a) A primary metabolite, such as ethanol from (b) A ¥ such as
yeast, has a production curve that lags only from mold, begins to be produced only after
slightly behind the line showing cell growth. the logarithmic growth phase of the cell
(trophophase) is completed. The main pro-
duction of the secondary metabolite occurs
during the stationary phase of cell growth
(idiophase).
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(Solid Substrate Fermentation)

Protein-enriched animal feed
Bioremediation substances
Biopesticides

Single-cell protein from waste products
Enzymes

Surfactants

Enthanol

Biogas

Microbial polysaccharides

Secondary metabolites (eg. Antibiotics)
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Cheese Making

(a) The milk has been coagulated by the action of rennin (<) The curd is milled to allow even more drainage of
(forming curd) and is inoculated with ripening bacteria whey and is compressed into blocks for extended
for flavor and acidity. Here the workers are cutting the ripening. The longer the ripening period, the more
curd into slabs. acidic (sharper) the cheese.

efficient draining of whey.
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Making Grape Wine

e Sulfite is added 6 Result is pressed
to kill undesirable to separate solids
¢ O

Grapes are yeasts and bacteria from wine o Wine is clarified in

°¢ tested and g l o Yeast settling vats

inoculum
@ is added

5 Fermentation
crushed and occurs
destemmed

©) wine is filtered

e Wine is aged @ Wine is bottled
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Pseudomonas fluorescens

Bacillus thuringiensis

e

Gram-positive, spore-forming soil bacterium

Produce insecticidal crystal
"/ |proteins (5-endotoxins)
|during sporulation

Most Bt strains can
synthesise more than
one crystal, which may
be formed by different
Cry toxins
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aeE et SR ) T
[ PA3EE [ 2 Y (Septic Tank)

, [THE SEPTIC TANEK SYSTEM
Char 1r Is and How 11 Works

Soptir tank Tretem -
wrastewater treatment system,
o | vsvally small, mtilizing & settling tank
% '." and & wastewater distibution system.
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— HE5T EEREIRY — Y[ Bacillus sp.
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Combtion Burning & decay
63 1 m

PE_“‘m M %

Oceans Fossil fuel use Wood products & fusbwood  Terrestrial vegetation
. .
l T conat -
_____ % __olll
TGS DOST G - E
Rock Fossil fuels
Contribution Bz Absp rbed
(source) sink)

Burning fossil fuels 6.3
Land use change 1.6
Enhanced 3.0
Ocean-atmosphere 1.7
Total 7.9 4.7
Balance 3.2
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U.S. Crude Oil Imports ~ Automotive Fuel
(>200 billion gal in 2004; >$200 billion in 2005)

Source: U.S. Department of Energy, Energy Information Administration; modified

Paperboard

0
= 37.5%

Textiles
2.8%

 Rubber -
- & leather

> 70%
LIGNOCELLULOSE

4% Glass and Metals (S8
, ; ] 4.4% e
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ETHANOL

Lignocellulose to Ethanol
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BioDiesel (B20)
15% Ethanol Gasoline
10% Ethanol Gasoline

Brazil currently burns E85

in many vehicles. There are
no technology barriers to
expanding the level of ethanol
in automotive fuel.

Brazil and The U.S. Lead Fuel Ethanol Use

2004 World Ethancl Production
(Al grades, million galions, from F.O. Lich)

1ol Production 3989 | Ealy

3,535 | Australla

Japan

Faklstan

Swaden

Russia Prilippines

South Afca 10 | Sousn Karea

UK. 06 | Cuatemala
Brazit AT Graded) Zaudl Arabia cuba
Spain Ecuadar
Tratard Mexico

Limised Sustes (Fuel Grade) Garmany Micaragua

Ukraina & Mauntus

Canada 51 | ZImtabwe
Falard =3 | Kernya

Indonesia Swartand

Argening Canems




BRAZIL: ETHANOL PRODUCTION

18.000
BEGINING FALL: OIL PRICES ¥ EXTERNAL
16.000 EACTORS

3
14.000
o {

12.000 N

10.000

8.000 HYDROUS
6.000
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Alcohol Vehicles Sales in Brazil

T
2001 2002 (Jan-July)




Expenses for Gasoline and Gasohol by County: 1992

nited States Total
$1,967 494,000
(from sample data)
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Alternatives for Fuel
Ethanol Usage

POTENTIAL USAGE
DIESOHOL
® blends from E3 to E15 — experimental stage

FUEL CELL —research stage
DI Otto Engines (neat / blend) — research stage
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B4 F 27 5p Bt — butanol-acetone
TR — PR

o FUR[: BB ~ =F (B A4 %)

o TA7E: AIB4 Clostridium acetobutylicum ([ *
Chaim Azriel Weizmann #+19165 Tg’] —_ZR )

o HEEEPAII )

butanol
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Soluble Acids, Alcohols,
& Meutral Compounds
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7 Clostridium butyricum, 3828 Chlorella pyrenoidosa

m ELEERE V]

= F IR PR

40



Ferredoxin H,
Hydrogenase

Ferredoxin 2H*
(oxy)
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1 pgFEE: CuS+20, —— CuSO,

2. I Vi
4FeS,+150, +2 H,0 2 Fe,(SO,); + 2 H,S0,

CuS + Fe,(SO,); CuSO, + 2 Fe(SO,) + S
3. %6 CuSO,, Fijsi7 S Pkl

Perlman’s Laws of Applied Microbiology

e The microorganism is always right, your friend,
and a sensitive partner.

e There are no stupid microorganisms.
e Microorganisms can and will do anything.

e Microorganisms are smarter, Wiser, more
energetic than chemist, engineers, and others.

e |f you take care of your microbial friends, they
will take care of your future.

---- David Perlman, 1980 ----
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