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Outline of this paper

Global Climate Change Effect to Indonesia
Water Environment in Indonesia, in 
general
Application of Biological Procesess in 
several industrial wastewater:

• Membrane Bioreactors (MBR)

• Production of Biodegradable Plastic (PHA)

• Color Removal Using an Eco-Friendly Technology

• Application of Anaerobic Processes for Treament 
of Industrial Wastewater
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Global Climate Change Effect
to Indonesia
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Observed Climate Change in 
Indonesia
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Impact: Water and Food Availability
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Impact: Water and Food Availability
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Impact Sea Level Rises in Java Island
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Water Environment 
in Indonesia, in general
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River Quality in Indonesia (2006)
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River Quality in Indonesia (2006)
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Ciliwung river, Jakarta
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Point and Non-Point Sources
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Percentage of compliance in PROPER 
PROGRAMME (2005 – 2006)
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The Current Research on 
Application of Biological 
Processes in Industrial 
Wastewater
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The current research

Membrane Bioreactors

Production of Biodegradable Plastic (PHA)

Color Removal Using an Eco-Friendly Technology

Application of Anaerobic Processes for Treament of Industrial 
Wastewater

Other researches relating to Waste to Wealth

Recovery of Extra-cellular Polysaccharides from Waste 
Activated Sludge to use as Heavy-metals Adsorbent

Ethanol Production from Glycerol (a by-product of biodiesel 
industries)

Acetic Acid Production from Stillage of Ethanol Industries
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Membrane Bioreactors 

the combination of membrane separation technology 
and activated sludge process

has been developed since 1997 with Dr. I G. 
Wenten. 

• this research was funded by the Ministry of 
Research and Technology, Republik Indonesia, 
through RUT in 1998 – 2000. 

• This research has received an RUT AWARD 
from the Government of Republik Indonesia 
on August 11th 2003 in recognition of the 
work.



24

this technology employs a mixed-culture of 
aerobic microorganisms.

it is a wastewater treatment technology which 
has expanded rapidly in the last 5 years. 

however, its application in Indonesia is still 
limited.
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A Schematic comparison between 
conventional and membrane bioreactor systems
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Membrane Bioreactor Configuration

Source : Wenten (2005)
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the advantages of membrane bioreactor are :
• require a small area, only 25 % compared to 

conventional system, 
• high quality of treated wastewater, allowing to 

recycle, and
• small amount of sludge production.

this technology is still being developed by our 
institution, and
it is predicted that membrane bioreactors will 
replace the conventional system in the next 3 - 5
years.
A number of shopping mall/industries in Jakarta 
and Bandung are already applying this 
technology.With the purpose of water recycling
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Application of MBR in a Textile Mills 
(40 m3/hour)
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Production of biodegradable plastic
Polyhydroxyalkanoates (PHAs)

It was started 7 years ago. 

Funded by the Ministry of Research and 
Technology, Indonesia, through RUT 2003 –
2005.

the aim of this research is to develop a plastic 
which can be degraded naturally in a relatively
short time, but its strength is relatively the same 
as petrochemical plastics.
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the Production of PHA is conducted through an 
environmentally-modified microorganisms (pure 
and mixed cultures).
• agro-industries wastewater is used as the 

substrate containing relatively high 
carbohydrate. 

• the purpose of this research is to make use of 
wastewater for producing eco-friendly products.

the Biodegradability parameter has been tested, 
and it shows that the PHA is easier to degrade in a 
medium of river water and soil. 
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the Schematic diagram of PHA production
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an Example of PHA plastic produced from tapioca 
wastewater using mixed-culture
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Color removal
using eco-friendly technology

Color has a complex structure and it is hard to 
degrade by microorganisms.

Besides, the biodegradable substitutes for 
coloring agents are relatively limited. However 
the effort for developing those substitutes is still 
carried-out.

At this moment, the most proven technology for 
color removal is a chemical treatment, through a 
flocculation-coagulation process which produces 
a sludge waste, or a chemical-oxidation process 
which requires a specialty chemicals or a 
relatively high energy cost.
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Since 1996, the anaerobic process has been 
studied using mixed-culture microorganisms for 
color removal. 

• the research was conducted at TU Delft, 
Netherland, funded by ESA-UNET (European 
Southeast Asian - University Network), 1996.

• then it was funded by ASAHI GLASS 
Foundation in 1998 – 1999.
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Based on the results obtained from laboratory 
scale, this technology was applied to a textile 
industry producing denim fabrics at the flow rate 
of 20 m3/hr of wastewater.
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an Example of untreated and treated wastewater 
from anaerobic-aerobic treatment. 

(A) untreated wastewater
(B) effluent from anaerobic

(C) effluent from aerobic
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the research for color removal is still carried out 
using white rot fungi (Mycotreatment) with 
collaboratives work :
• Dr. Sri Harjati Suhardi and Dr. Wardono 

Niloperbowo of Life Science Research Centre 
ITB, 

• and supported by Prof. Bley of TU Dresden, 
Germany. 

It is expected that this technology will be able to 
overcome the drawback of anaerobic process.
This technology is appropriate for a small 
textile mills. 
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MYCOTREATMENT
White rot fungi able to degrade dye

Biocatalysts for dye degradation: extracellular enzymes:
Trametes hirsuta, Trameter versicolor

Phanerochaete chrysosporium

Marasmius sp.
Lignin peroksidase
Mangan peroksidase
Laccase

Trametes hirsuta Trameter versicolor P. chrysosporium
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Inert Media for Fungi Immobilization

luffa Marasmius sp. grown on luffa
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Result Decrease in color

Indigo Carmine 15’30’

15 minute immersion
30 minute immersion
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Application of anaerobic processes for 
treatment of industrial wastewater

several advantages of anaerobic process are :

• less energy requirement, 

• waste sludge is only 10 % compared to 
aerobic process, 

• produce biogas which can be used as an 
alternative energy source, and

• its potential to be used in the budgeting 
structure of CDM (clean development 
mechanisms). 
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the researches on anaerobic process were funded 
by :
• RUT in 1993 – 1995 (as a co-researcher), 
• Osaka Gas Foundation in 1996 – 1997, and
• RUT VII in 2002 – 2004 (as a co-researcher).

Several case studies that had been developed 
were wastewater treatments in oleochemical and 
“energy-drink” industries. 
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Case study in Oleochemical Industry
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Case study in energy-drink industry

Original condition :
wastewater was treated aerobically

Current condition :
- increase in capacity (Three times),
- wastewater is treated anaerobically and aerobically
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THE CHALLENGES

Although the application of anaerobic processes 
are common in certain applications (industries), 
however this process is still applied rather 
‘primitively’. such as in the agroindustries 
throughout Indonesia.

The application of anaerobic processes as 
energy generators. 
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