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What is Bioenergy and biohydrogen

Hydrogenium: Hydro 

& genes: water 

component

Unsur hidrogen dapat membentuk senyawa dengan hampir seluruh 

elemen, sebagai contoh adalah air dan senyawa organik. Hidrogen 

berperan penting dalam kimia asam-basa, banyak reaksi kimia 

melibatkan pertukaran proton diantara larutan senyawa, dan dari studi 

energetik dan ikatannya atom hidrogen berperan penting dalam 

perkembangan mekanik-kuatum. Hidrogen merupakan energi karier 

yang sangat kuat bahkan bentuk tritiumnya dapat menghasilkan energi 

ledakan, yang dikenal dengan bom atom (Voet dan Voet, 1995).
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Hydrogen and its application

ENEA Concept
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State of the Art: Research on biohydrogen

Physical Method for Energy recovery Biological Method for Energy recovery

Waste Water

The combustion energy of the
organic compound contained
in the waste water from a food
factory:

Equal to 0.054 M of Glucose/per 1 Liter

Combustion of 0.054 mol glucose

Energy to evaporate
i Liter of water

150 kJ

2260 kJ
-)

-2110 kJ

The combustion energy of
biological products per 1 Liter

Utilization of microorganisms
*yeast, bacteria*

Conversion to ethanol by yeast 148 kJ

Conversion to methane gas by methanogen 145 kJ

Conversion to hydrogen by photosynthetic bacterium 186 kJ

Miyake et al, 1998
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Promising substrates: Lignocellulosic Biomass

KEY-POINT

BIOMASSES

INDONESIA YESS!!!
•TERESTRIA BIOMASS

•MARINE BIOMASS

1. PALM OIL 

2. COCNUT 

3. SOYBEAN DAN PEANUTS

4. JATROPHA

5. SUGAR CANE AND GRASSES

6. FOREST BIOMASS

7. WASTES (AGRICULTURE, FORESTRY,

DOMESTIC, MUNICIPAL, FEEDSTOCK)

8. MARINE BIOMASS

9. MICROBES

Energy Sources
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Biological Process for Biodelignification
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Conversion

Processes

USES

Fuels:

– Ethanol

– Renewable Diesel

– Hydrogen

Power:

– Electricity

– Heat

Chemicals

– Plastics

– Solvents

– Chemical Intermediates

– Phenolics

– Adhesives

– Furfural

– Fatty acids

– Acetic Acid

– Carbon black

– Paints

– Dyes, Pigments, and Ink

– Detergents

– Etc.

Food and Feed

- Enzymatic Fermentation

- Gas/liquid Fermentation

- Acid Hydrolysis/Fermentation

- Gasification

- Combustion

- Co-firing

Biomass

Feedstock

– Trees 

– Grasses

– Agricultural Crops

– Agricultural Residues

– Animal Wastes

– Municipal Solid Waste

The New Industrial Biorefinery
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PURPOSES AND OBJECTIVES

The works purposes are bioproduction of carrier energy 

hydrogen from the agriculture and plantation waste

Objectives of the works:

1. Utilization of lignocellulosic biomass for fermentation

substrate.

2. Photofermentation strategy for hydrogen conversion 

from hydrolysate treated lignocellulosic biomass

3. Culture collection of microbes which is involved in

bioproduction hydrogen

4. Data base
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LIGNOCELLULOSIC BIOMASS
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STRATEGIES

TEBU/BAGASE
H2O + CO2  XXX + O2

Sun

Storage of Energy:
Carbohydrate
Lipid
Protein
Vitamin
Others compounds

Photosynthetic
organisms
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THREE GROUP OF MICROBES WHICH COULD 

BE AGENT FOR BIOPRODUCTION HYDROGEN

• MICROALGAE : Cyanobacteria
and others

• PHOTOSYNTHETIC BACTERIA: 
Rhodobium, Rhodobacter, 
Rhodococcus

Photosynthetic organisms:

Non-Photosynthetic organisms:

• ANAEROBIC 

BACTERIA: Enterobacter

& Clostridium
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PROCEDURES

CyanobacteriumH2

H2
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Photofermentation Cyanobacteria cultivation

Gas separator Gas separator

CO2

Gas-Mixture

Gas-Mixture

O2

LIGHT

Single/consortium

of microbes

Waste organic

Biomass
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Component of lignocellulosic biomass

Cellulosic biomass Cellulose Hemicellulose Lignin Ash

Bagass 41 24 18 2

Straw 35 35 6 8

Empty Fruit Bunch 

Palm Oil

40-55 20-35 25-30 0.2-2.0

(%)
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Hydrolyses results of lignocellulosic 

biomasses

Method Efficiency Highest hydrolysate (% 

total sugar obtained)

Chemically process

Dilluted acid 

High concentration 

acid

5 – 30 % BAGASS (30 %)

70 90 % Husk (90 %)

Biological method           

Consortium fungus

Single fungi

10 – 50% BAGASS (50 %)

1-10 % Husk sterile (10 %)
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Biodeliginification by local fungus

a. 4 RALS F
b. 4RALS G 
c. BGS-BPPG
d. K+t1
e. SKM2 CKIT
f. SKM2 Orange 

a
b

c
d

e
f

Khamir

FUNGUS XYLANASE MANNANASE

CELLULA

SE HUSK

SUGAR 

CANE GRASS

Palm oil 1 (b) +++ + ++ + + -

Palm oil 2 (a) + + - + + +

Decay 

woods(d) ++ + - + + +

Vegetables + +

Enzymes activities of the isolated strain
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Gambar 4. Fermentatif reaktor untuk produksi hidrogen

Keterangan: 1;kultur, 2;bidang cahaya, 3;sumber cahaya, 4; magnet stirer, 5; 

elektroda pH, 6; kontrol pH, 7; pompa pelistalik, 8; larutan pengontrol pH, 9;

tempat sampling, 10; kok 3 arah, 11; kontrol temperatur, 12; NaCl padat, 13;

gas outlet, 14; gelas silinder

Reactors
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Hydrogen production

Glucose 1% H2 production

(mmol/day/Lite

r culture)

H2 production

(mol/mol 

glucose)

efficiencies 

(%)

Rhodobium marinum

(Reference)

1,9244

0,4800

7,8

1,94

64,95

16,20

SANUR 

CONSORTIA

(local strains)

0,1137

2,0355

0,46

8,2356

3,84

68,70
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CONCLUSION REMARKS

• 1. Lignocellulosic biomasses are available for 

photofermentation substrates of energy production

• 2. Local consortium photosynthetic microbes are capable 

for hydrogen conversion comparable to the reference 

bacteria.

• 3. Culture collection for energy purposes

20

WHAT SHOULD DO?

Research on:

Feedstocks and Co-products

Cellulosic Technologies

Sustainable Harvesting

Incentives for:

Production

Consumption

Infrastructure

Education for:

Policymakers

Universities

Farmers

Environmental Groups

Health Organizations
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(brackish area)

Port 

River nearshore area

Swimming Beach

Sea sediment

Scale bars; 10 mm

Scenedesmus sp.Chlorophyte * Chlorophyte *
Chlorophyte *

Chlorophyte *Chlorophyte *

Diatom*

Diatom*

Chromophyte*

Chromophyte*

Chromophyte*Dinoflagellate*

*unidentified

*?

Dinoflagellate*

Diatom*
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Dominant Algae
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They call Beauty, we call 
Biodiversity algae
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CHLOROPHYTES

Scale bar : 10 mm
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Strategies for collecting microalgae from natural 

environments

• 1. Selection of media (nutrient)

• 2. Consideration of the sampling area and   

material 

• 3. Enrich sample 

• 4. Isolation (important and most barrier)

• 5. Identification 

• 6. Cultivation and maintenance the culture 
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sample wash

Inoculate

Cell is picked up

by capillary

micropipette

24 wells plate

Equipment for capillary 

micropipette isolation

Isolation technique: by capillary  

micropipette

rubber tube

Fresh medium
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Isolates Prediction Carbon content

1. Green algae C16-C32

2. Cyanobacteria

A C18-C24

B C14-C22

C C18-C25

D C14-C18

E C18-C24

F C17-C23

G C18-C24

H C14-C18

I C12-C20

J C16-C22

Consensus base on peak area of HPLC detection

Hydrocarbons analyses by HPLC (MRI, 2008)

Reference;

Hydrocarbon commercial

Cyanobacteria A

Cyanobacteria E

Table of Hydrocarbons analysis

from selected microalgae
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Kandidat mikroalga 

penghasil hidrokarbon dr laut 

Indonesia  (kep. Seribu)

Botryococcus?
Chlorophyceae

Chromophyceae
Chromophyceae

Botryococcus sp.

Reference image dari 

Broock, 2003

Previous results and LIPI collection

TORAY FUND 2006

Klorofita/Batam

Kriptofita/Batam

Diatom/Pari
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LIPI PHOTOSYNTHETIC MICROBES 

COLLECTION: bacteria and microalgae
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• Biodiesel from Indigenous Indonesian Marine 

Microalgae, Nannochloropsis sp.

SEAMEO BIOTROP 2008

FINAL REPORT

0 day 14 days

Nannochloropsis sp.  60-70% lipid content base on dry weight cells.


