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Outline of this paper

" Global Climate Change Effect to Indonesia

B Water Environment in Indonesia, In
general

" Application of Biological Procesess in
several industrial wastewater:

e Membrane Bioreactors (MBR)
e Production of Biodegradable Plastic (PHA)
e Color Removal Using an Eco-Friendly Technology

e Application of Anaerobic Processes for Treament
of Industrial Wastewater
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Global Climate Change Effect
to Indonesia




«t| Observed Climate Change in
Indonesia

Temperature increased by 0.3°C

Mean Temnperatuns

Annual precipitation decreased
by 2-3%

Changes in precipitation
patterns (decline in the south,
increase in the north)

T IS R

Seasonality precipitation
changes (wet season rainfall
increased in the south; dry
season rainfall in the north
decreased)

Hulme and Sheard (1999), and Boer and Fagih (2004)




Impact: Water and Food Avalilability

Decreased rainfall during critical times -

¢ high drought risk, 40

uncertain water availability, 35 Toopical Skems el i becana
| uncertain ability to produce agricultural goods, 301 - 2654
| economic instability, g%

more undernourished people, g 20 Forest & Land
| hindering progress against poverty 1 e
| and food insecurity (Wang et al., 2006) 10 s

1

Increased rainfall in wet times -
| high flood risk,
e.g. the Jakarta flood on 2 February 2007
inundated 70,000 houses, displaced
‘ 420,440 people, killed 69 people,
losses of Rp 4.1 trillion (US$ 450 million)
(WHO, 2007, Bappenas, 2007)

| Stronger, more frequent El Niifio 2
more drying & flooding

Number
- 288888888

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Years




rainfall

Delayed wet season in a Increase in

month -2 rice production flooding risk
in Java/Bali: reduction of 7-

18% (Naylor et al, 2006), ottt /

and a temperature increase '."' "._

beyond 2.5°C - drop rice 3 0

yields and incur a loss in

farm-level net revenue of
9-25% (Lal, 2007)

Increase in

N . drought risk

Batisti et al (2006) . ., /
L ] . .




JAWA TIMUR m

* 1 million at risk from flooding and sea-

water intrusion due to sea-level rise and
— declining dry-season precipitation,
— negatively impacting the aquaculture
=

industry (e.g., fish and prawn industries) and
infrastructure along the coasts of South and
South-East Asia, (Cruz et al., 2007)

El (B ® = Wi




Water Environment
IN Indonesia, In general
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River Quality in Indonesia (2006)

Mumber

River Province :
]
of Points

Quahty Status

Krueng Aceh NAD b Lightly palluted

Dely Naorth Sumatra 1 Polluted - heavy pollutzd
Batang Agam West Sumatra b Compliant - lightly polluted
Kampar Riau 10 Lightly polluted - polluted
Indragin Riau ] Lightly polluted - pollutsd
Rokan Riau 15 Lightly polluted - polluted
Srak Riau 14 Lightly polluted - pollited
Batanghari Jamb 12 Heavy poelluted

Air Bengkulu Benghkuly i Lightly polluted

Musi South Sumatra 3 Pooll i beed

Rangkui Bangka Belitung i Palluted - heavy polluted
Way Sekampung Lampung i Polluted - heavy polluted
Ciliwung DKI Jakarta |5 Lightly polluted - heavy polluted
Kali Angke Banten i Polluted - heavy polluted
Catarum West Java fi Polluted - heavy polluted
Frogo Central Java I.‘l Polluted

FII:!.UI DI 1|'I'.:I!|!_:|'|:II:|:I| Li 7 Hl::l'l.'j.' ]l|:||l|I|.'-.3

Brantas East Java 18 Polluted - heavy pollutzd
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River Quality in Indonesia (2006)

Tukad Badung
Jangkaok
Dendeng
Kapuas

MM ahakam
Kihayan
Martapura
Bone

Tondano

Paly

Talln
Jeneberang
Konaweha
Batu Gajah
Batu Merah
Tahabuo

Analte

Baly

Nusa Tenggara Barat
Nusa Tenggara Timur
West Kalimantan
East Kalimantan
Central Kalimantan
South Kalimantan
Garontalo

Morth Sulawes
Sulawesi Tengah
South Sulawes
Soiith Stilaves:
Sulawes: Tengpara

M aluku

Maluku

Morth Maluko

F'aE:IIJu

fi

fi
fi

Lightly polluted - heavy polluted
Compliant - Lightly polluted
Compliant - lightly polluted
Lightly polluted « heavy polluted
Polluted - heavy polluted
Polluted - heavy polluted
Polluted

Palluted
Poolly ted - hu'.':r' pll]luml

Lightly palluted

Compliant - palluted
Lightly palluted - polluted
Compliant - liehtly polluted
Lightly polluted - polluted
Lightly pollutzd - polluted
Lightly polluted - polluted
Comphlant - poliueed

Source ! Monitoring Reports on River Water Quality in Year 2006, the State Minastry of Environment (MaoE)




Musi River, South Sumaltra
Source ; the State Ministry of Environment (MoE), 2006
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Ficture 4.1 Percentage of samples of river water in
Sumatra compliant to the water quality criteria of
class IT for BOD and COD in 2(06
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Ficture 4.2 Percentage of samples of river water in fava
compliant to the water quality criteria of Class IT
for BOD and COD in 2006
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Critical river bank areas in 1984, 1992,
and 2005
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Picture 3.31
Annual average gruund water surface hz.rdrugraphi:: on I'I"lﬂ-l"lil:ﬂl‘il‘lg well in HEI‘H:EIEHEH, East
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Point and Non-Point Sources

Table 4.12 Number of Small Industries Having Potential to
Contaminate Surface Water and Ground Water Years 2001 - 2004

No. Tvpe of Industry 2001 2002 2003 2004
I Food and beverages G0 0200 43372 72 756 TR 449
2 Textiles and leather 57.774 43,512 40,5446 53,203
i Chemicails 289 23584 [ 853 2517

Source @ Indonesiz's Stacistics 2004, BPS

Table 4.13 Use of Inorganic Fertilizers and Pesticides in Ponds by Area in 2004

Nor, Type of Industry Inorganic Fertilizers (kg) Pesticides (kg
I BT F T8 537,126 52718
2 Jama 231443 54 102
i Bali & MNusa Tenggara 40,321 223
| Ecaliimantan 20577 11
5 Sulawes LR0HES 2140
& Maluku & Papua

Source : Environmental Statisncs 2005, BPS
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Percentage of compliance in PROPER
PROGRAMME (2005 — 2006)

Temporary Evaluation Result of Proper in the evaluating period of 2005-2006 (water pollution
control aspects)
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The Current Research on
Application of Biological
Processes in Industrial
Wastewater
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The current research

»
»
»

»
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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

-~ v 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)

- w» Acetic Acid Production from Stillage of Ethanol Industries

22
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v this technology employs a mixed-culture of
aerobic microorganisms.

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

v' however, its application in Indonesia is still
limited.
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v A Schematic comparison between
conventional and membrane bioreactor systems
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v' Membrane Bioreactor Configuration
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v the advantages of membrane bioreactor are :

e require a small area, only 25 % compared to
conventional system,

e high quality of treated wastewater, allowing to
recycle, and

e small amount of sludge production.

v this technology is still being developed by our
institution, and

v it is predicted that membrane bioreactors will
replace the conventional system in the next 3 - 5
years.

v A number of shopping mall/industries in Jakarta
and Bandung are already applying this

technology.With the purpose of water recycling
27




Application of MBR In a Textile Mills
(40 m3/hour

28
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" Production of biodegradable plastic
Polyhydroxyalkanoates (PHAS)

v It was started 7 years ago.

v Funded by the Ministry of Research and
Technology, Indonesia, through RUT 2003 —

2005.

v 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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v the Production of PHA is conducted through an
environmentally-modified microorganisms (pure
and mixed cultures).

e agro-industries wastewater is used as the
substrate containing relatively high
carbohydrate.

e the purpose of this research is to make use of

wastewater for producing eco-friendly products.

v the Biodegradability parameter has been tested,
and it shows that the PHA is easier to degrade in a
medium of river water and soill.
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v the Schematic diagram of PHA production

C_Dcell

Cell production ¢ <€— Substrate (wastewater)

COCOCOCOCH

PHA production ¢ <€— Substrate (wastewater)

@@@--

» Supernatant (effluent)

Separatlon
D
¢ Cell destruction
PHAS

Purification
S >
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Al
1

v an Example of PHA plastic produced from tapioca 4|
wastewater using mixed-culture
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— — F— - 7 ; oo i4|
B Color removal

using eco-friendly technology

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

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

v 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.

34



v' Since 1996, the anaerobic process has been

studied using mixed-culture microorganisms for
color removal.

e the research was conducted at TU Delft,
Netherland, funded by ESA-UNET (European

Southeast Asian - University Network), 1996.

e then it was funded by ASAHI GLASS
Foundation in 1998 — 19909.

35



v' 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.

36




Al
1

v 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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v the research for color removal is still carried out
using white rot fungi (Mycotreatment) with
collaboratives work :

e Dr. Sri Harjati Suhardi and Dr. Wardono
Niloperbowo of Life Science Research Centre
ITB,

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

v It is expected that this technology will be able to
overcome the drawback of anaerobic process.

v' This technology is appropriate for a small
textile mills.

38



MYCOTREATMENT

& White rot fungi - able to degrade dye

m /rametes hirsuta, Trameter versicolor

. Ej&;ﬁ;ﬁyﬁgg?g W@Qgggﬁgﬁpn: extracellular enzymes:

+ Lignin peroksidase
s Marasmius sp. .
+ Mangan peroksidase

¢ Laccase

Trametes hirsuta  Trameter versicolor P. chrysosporium ™



luffa

Marasmius sp. grown on /uffa
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Result pecrease in color
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"= Application of anaerobic processes for
treatment of industrial wastewater

v several advantages of anaerobic process are :
e less energy requirement,

e waste sludge iIs only 10 % compared to
aerobic process,

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

e its potential to be used in the budgeting
structure of CDM (clean development
mechanisms).

42



v the researches on anaerobic process were funded
by :
e RUT INn 1993 — 1995 (as a co-researcher),
e Osaka Gas Foundation in 1996 — 1997, and

e RUT VII Iin 2002 — 2004 (as a co-researcher).

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

700 and 1,500 m3
industrial scale

Pilot Scale

Laboratory
Scale
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Original condition :
wastewater was treated aerobically

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

4|
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THE CHALLENGES

= Although the application of anaerobic processes
are common Iin 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.

46
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Material flow in Palm Oil Mill

Product:6.04t/h
CPO:5.45t/h
Kernel oil:0.59t/h

Palm : 25t/h
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