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Currency rate (monthly from 2006 to present)

.Apr : __"'M'ay © - Jun Jul - ':Au'g Sep Oct Nov . | Dec | Jan. Feb ‘Mar-.

- 2006.

USDI=JPY | 11647 | 11458 | 112]7] 1632 {1466 | 11694 | 117.63 | 11745 116.07 1188 | 12077 | 119.78

IDR1=JPY | 0.01235 | 0.01307 | 0.01219 | 0.01247 | 0.01272 | 0.01289 [ 0.01279 | 0,0129 | 0.01265 | 0.01314 | 0.01338 | 0.01324

. 2007

USD1==JPY ; 1{7.38 ) 119.03 3 12159 1231 11853} 115731 11555 11467 109981 114211 106981 106.18

IDRI=JPY | 0.01286 | 0.01312 | 0.01381 | 0.01357 | 0.01299 | 0.0123 | 0.01266 | 0.01261 | 0.01172 | 0.01213 | 0.01159 [ 0.01174

2008

USDI=JPY 99.29 | 104.05 105.1 | 10617 | 108.05] 10933 105.9 98.23 93.37 90.44 90.02 9795

IDR1_=JPY_ 0.01079 | 001119 { 0.01126 | 0,01157 | 0.01185 | 0.01196 | 0.01116 | 0.00923 | 0.0076 | 0,00812 | 0.00789 | 0.00819

2009

USDI=JPY 97.29 96.87 96,47 95.55 95.25 93.13 89.98 90.87 86.66 9145 90.14 89.25

IDR1==JPY { 0.00842 | 0.00905 0.00914 0.0093 1 0.0095% | 0.00928 [ 0.00925 | 0.00946 | 0.00922 { 0.00969 | 0.00969 { 0.00932

2010

USDI =Jf’Y 92.7 94.06 91.1 88.66 87.05

IDRI=JPY | 0.01022 | 0.01044 | 0.00986 1 0.00975 ; 0.0096%

{Source: JICA rate table)
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1.

Preface

The Survey team conducted the following surveys and analyses for six months from March to

August, 2010, in collaboration with researchers in University of Indonesia (UI), Bandung
Institute of Technology (ITB), Research Center for Water Resources Development (PUSAIR)
of The Ministry of Public Works (PU),

1)

2)
3)
4)
5)

Water environment problems (surface and subsurface water quality, flooding) in
JABODETABEK '
Wastewater and solid waste treatments in JABODETABEK

Low-cost & high precision water quality monitoring system (for DKI Jakarta)

Low-cost & high perfmmanée numerical assessment system for local environment

Low-cost & high performance system for sewage treatment (for DKI Jakarta) at the pond of
the Wastewater Management Enterprise (PD PAL JAYA)

Through these survey and analyses, the project made clear the theoretical background and

proposed the suitable technologies for improvement of water environment in DKI Jakarta,

JABODETABEK that have the complex water environmental problems mingling with

wastewater, solid waste, flooding in the lowland caused by land subsidence and sea level rise

duc to global warming. Finally, the project concluded with the proposals of the following

technologies to improve water enviromment in Jakarta Metropolitan area.

1)

2}

3)

4

The low-cost & high performance system for sewage treatment for DKI Jakarta. One of
candidate measures is a combination of Up-flow Anaerobic Sludge Blanket (UASB) and
Down-flow Hanging Sponge (DHS) which enables sewage water purification in the small
scale and closed catchment

Comprehensive water environment monitoring system which consists of a low-cost and
high precision water quality analysis method and a low-cost and high performance
environment simulator of PC cluster

The effectiveness of the low-cost & high performance system for sewage treatment that
wonld be assessed by the comprehensive water environment monitoring system -

The suitable sewerage system in DKI Jakarta that would be proposed in consideration with
both effectiveness of sewage treatment system and flood control by sustainable
development plan in the lowland area of Jakarta (with reclamation in Jakarta Bay and land

subsidence abatement by groundwater management)



2. Social, Natural and Technological Backgrounds of Water
Environment

2.1. Scwerage and Water Environmental Issues in Indonesia

According to the National Mid-term Development Program (RPIMN) 2010-2014 that is
harmonious with the Millennium Development Goals (MDG) targets, the Indonesian
Government is committed to improve the sanitation services, public health, and environmental
improvement. The Indonesian Government conducts the best endeavors to live up to the

following national expectations, these being:

1) Basic sanitation access has to be expected to reach around 75% by 2015.

2) Functioning of wastewater treatment and fecal siudge treatment system are expected to
reach up to minimum of 65% at the end of 2014.

3} Development of wastewater treatment services as well as to reduce river pollution from the

fecal sludge up to 45% from existing conditions by the end of 2014.

2.1.1. The Status Quo

Despite best endeavor of the government, the access for safe sanitation is still considerably low,
of only 32% and 71% in rural and urban arca, respectively (2007 National Socio-Economic

Survey). There still exist the problems in the municipal wastewater management systems.

2.1.2. Law

The commitment is put into action by consistently implementing the MDG and the enactment of
Law No.7 of 2004 on Water Resource and Government Regulation No.16 of 2005 on the
Development of Drinking Water Supply System, as well as other related policies.



2.1.3. Policy

Within the framework of developing the national sanitation conditions, the Government of
Indonesia has established § (five) National Policies and Strategies.

These Policies and Strategies include:

1) Increasing sanitation access

2) Improving community and private participation
3) Strengthening law and regulations enforcement
4) Institution development

5) Enhancement of fund

2.1.4. Fund

The implementation of this commitment needs abundant of fund of approximately Rp. 8.4
trillion from the Anggaran Pendapatan dan Belanja Daerah (APBN) and Rp. 1.3 trillion from
the local government budget (APBD), since sanitation services are mainly the responsibility of '

the latter.
2.1.5. Settlement Sanitation Development Acceleration (PPSP)

In order to reach MDG targets, the Government of Indonesia established the Settlement
Sanitation Development Acceleration (Percepatan Pembangunan Sanitasi Permukiman or
PPSP) plan which includes a five-year program of sanitation development covering the area of

sanitation, solid waste, and drainage infrastructure.

2.2.  Water Quality Issues in Jakarta

The ENVIRONMENT QUALITY HANDBOOK 2007 issued by the Regional Environmental
Management Board (BPLHD), DKI Jakarta, summarized the status quo of water quality in
Jakarta, including groundwater quality, dam/weir water quality, and that in the Jakarta Bay.

Monitoring was conducted at 67 spots along 13 rivers. A total of 70% of the pollution sources

was domestic with 30% from others. Dominant parameters were coliforms, fecal coli, detergent,



phosphate and organic matters, Quality evaluation is based on the Governor Decree No.582 of
1995. Decision of water quality status into pollution index (PI) is based on Ministry of
Environment (MOE) Decrec No.1 15 of 2003 (Table 2.2.1).

Table 2.2.1 Water quality status determination by Pollution Index (PI) method

0<PI<LO Good; water that may be used direetly for drinking without treatment

1 0<PI£5.0 Lightly Polluted: water to be used for drinking after conventional treatment

5.0<PI<10.0 Moderately Polluted: water to be used for fisheries and watering animals

10.0<PT Heavily polluted: water to be used for agriculture, municipal supplies, industry, and hydropower

*When the multiple items (i) of water qualities are expressed as Ci and the perniissible levels of the respective items
(i) for a water use (j) are expressed as Lij, Pl is expressed as a function of the relative values (C/Lij) (US EPA,
1970) Water use (j) is classified four categories such as drinking propose, fisheries, agricultural use in the above
table. .

Source: BRLHD, DKI Jakarta

The following water quality information was summarized in this section,
Water Quality Issues in Jakarta, 1996-1997

1Y Water Quality [ssues in Jakarta, 1998-2004

2) Water Quality Issues in Jakarta, 2004-2008

3) Groundwater Quality in Jakarta, 2004-2005

4) Dam/Weir Water Quality in Jakarta, 2004-2006
5) Jakarta Bay Water Quality (Pollution), 20042006

2.3, Japan’s Comprehensive Basin-wide Planning of Sewerage Systems

With legal and financial systems reinforced, the sewerage service achieved rapid progress in

Japan, demonstrating effective improvements in water environments of rivers and sea arcas.




In this section, (1) Wastewater Treatrnent System, (2) Sewage Law and (3) Comprehensive

Sewerage Inundation Countermeasure Plan were cited from the material of “Indonesia-Tapan

Seminar on Sewerage and Water Environmental Issues Jakarta, Indonesia” (February 23rd,
2010).

24,

Water Environment of the Ciliwung River

Based on Moersidik and Rahmasari (2010) research the Ciliwung watershed conditions were

summarized below, This section was summarized by contribution of Prof. Setyo, University

Indonesia,

1)

2)

3)

4)

Based on the water quality standard class using DO, BOD and COD parameters (based on
Government Regulation No. 82 of 2001, on Management of Water Quality and Water
Pollution Control), the results of monitoring revealed that in 2008 the upstream
(Atta'awun-Katulampa, Segment 1) of the River might be classified as in Class IIT, middle
(Katulampa-Kelapa Dua, Segment 2-4 ) in Class 1V, and downstream (Kelapa Dua-Ancol,
Segment 5) in Class IV, except for the parameters of BOD exceeded the quality standard
grade IV or under heavy polluted condition (see Table 2.4.1).

River poltution load increased significantty from upstream to downstream, with the highest
at downstream in segment 6 in Jakarta arca, where low concentration of DO preventing
self-purification in water mass,

In the normal calculation of the load capacity, BOD was used as standard target parameter
for load capacity. The results showed that the burden of pollutants in segment 6 exceeded
the capacity of pollution load of BOD at the standard value, Using the BOD concentration
in the standard class IV as a target, segment 1 to segment 5 still had the capacity of class IV
standard. The BOD indicator at Kwitang-Ancaol monitorihg station (segment 6) exceeded

the capacity for class 1V standard.

‘Based on available research findings, it is recommended that each river segment should

adopt specific pollution load control programs, with focus on supplier pollution load factor.
For example, segments I and 2 should focus on control programs for domestic. and
industrial waste; segment 3 on domestic and farm waste; segment 4 on control of induétrial,
domestic and livestock waste, segments 5 and 6 on domestic waste control program. In -

addition, segments 5 and 6 on intensive program of waste management and control of the



slums along the River,

Tablc 2.4.1 Class criteria for water quality parameters based on government regulation No, 82

of 2001 .
Parameters Units Class
I I m v
DO mg/l 6 4 3 0
BOD mg/l 2 3 6 12
COD mg/l 10 25 50 100
TSS mg/l 50 50 400 400

" Source: BPLAD, DKI Jakarta

2.5, The Citarum River Basin Management with Large Scale Dam System

The Citarum River in West Java, Indonesia has an important role in the life of the people in
West Java, as it is used for agriculture, water supply, industry and sewerage. The Citarum River
is onc of Indonesia’s most strategic waterways; supplying water for three big Dams in West
Java, generafing electricity and supporting millions of people and providing water to the
countl'y’s‘capital, Jakarta. But overuse and increasing industrial pollution over the last two
decades has severely damaged the River. Through the hills above the Jakarta, the Citarum River
collects sediment from eroded land, and pollutants from villages and factoties. Floods are
commonplace. The River is heavily polluted by human activities; and about five million people
live in the basin of the River are currently under threat. In December 5, 2008, ADB approved a
$500 million loan for cleaning up the River; calling it the dirtiest in the world. Dr, Loebis from
the Research Center for Water Resources Development (PUSAIR), Bandung, PU, mentioned
the reservoir operation conflict in the Citarum River basin in his paper submitted to the
Proceedings of Extreme Hydrological Events: Precipitation, Floods and Droughts in 1993, In
this paper, he commented that water management in the Citarum River has had a very

complicated problems and interesting development history.



2.6. Water Environment Management Technology

2.6.1. Water Quality and its Measurement

Water quality involves the physical, chemical and biological characteristics of water. It is most
frequently used by reference to a set of standards against which compliance can be assessed.
The most common standards used to assess water quality relate to drinking water, safety of

lmman contact and health of ecosystems.
(1) Methods

Titration is a common laboratory method of quantitative chemical analysis that is used to

determine the unknown conceniration of a known reactant,

Ion-cxchange chromatography (or ion chromatography) is a process that allows the
separation of ions and polar molecules based on their charge. It can be used for almost any kind

of charged molecule including large proteins, sinall nucleotides and amino acids.

Gas chromatography (GC} is a common type of chromatography used in analytic chemistry
for separating and analyzing compounds that can be vaporized without decomposition. Typical
uses of GC include testing the purity of a particular substance, or separating the different

components of a mixture (the relative amounts of such components can also be determined).

Spectrophotometry is the quantifiable study of electromagnetic spectra, It is more specific than
the general term electromagnetic spectroscopy in that spectrophotometry deals with visible light,

near-ultraviolet, and near-infrared.
(2) Testing in Response to Natural Disasters and Other Emergencics
The following is a list of indicators often measured by situational category:

1) Drinking Water: Alkalinity, Color of water, pH, Taste and odor (geosmin,
2-methylisoborneol (MIB), etc), Dissolved metals and salts (sodium, chloride, potassium,
calcium, manganese, magnesium), Microorganisms suéh as fecal coliform bacteria
(Escherichia coli), Cryptosporidium, and Giardia lamblia , Dissolved metals and metalloids

(lead, mercury, arsenic, etc.) , Dissolved organics; colored dissolved organic matter



(CDOM), dissolved organic carbon (DOC), Radon, Heavy metals (e.g. Hg, Cd, As, Pb, Cr,
Zn etc), Pharmaceuticals (any chemical substance intended for use in the medical diagnosis,
cure, treatment, or prevention of disease)

2) Chemical Assessment: Conductivity (also see salinity), Dissolved Oxygen (DO), Nitrate-N,
Orthophosphates, Chemical oxygen demand (COD), Biochemical oxygen demand (BOD),
Pesticides,

3) Physical Assessment: pH, Temperature, Total suspended solids (TSS), Turbidity

4) Biological Assessment: Biological monitoring metrics have been developed in many
countries, and one widely used measure is the presence and abundance of members of the

insect orders Ephemeroptera, Plecoptera and Trichoptera (EPT).
2.6.2. Envirommental Impact Assessment

An environmental impact assessment (ETA) is an assessment of the possible impact - positive or
negative - that a proposed project may have on the environment, together with the natural, social

and economic aspects,

2.6.3. Community Approach to Earth Systems Modeling for Environment Impact

Asscssment

EIA using Community Approach to Earth Systems Modeling was introduced citing the article
from EOS, Transactions, American Geo physical Union, Volume 91 number 13, 30 MARCH
2010, pages 117-124. This idea will spread over the world before long, The proposed method of

RES (regional environment simulator) is one of the Earth Systems Modeling.

Community models first emerged in the Earth sciences in the 1980s as a means to address the
challenge of developing and applying complex models in the fields of air quality modeling,
climate prediction, and weather forecasting. Since then, an increasing number of community
modeling projects have emerged. This approach highlights specific strategies that reflect the

promise and challenges of community modeling in Earth and environmental sciences.

There are several advantages to a community approach. It provides a way to integrate effort
among multiple institutions, which is crucial because Earth systems models are too
multidisciplinary and complex for individual research groups. Community engagement can
maintain project momentum and more project robustness in the face of uncertain funding and
institutional support. An open, community approach can decrease redundant efforts because

new models can be built upon already existing concepts, algorithms, and code.



2.64. Sewage Water Treatment Technology
(1} Primary treatment

Primary treatment consists of temporarily holding the sewage in a quiescent basin where heavy
solids can settle to the bottom while oil, grease and lighter solids float to the surface, The settled
and floating materials are removed and the remaining liquid may be discharged or subjected to

secondary treatment.
{2} Secondary treatment

Secondary treatment removes dissolved and suspended biological matter, Secondary treatment
is typically performed by indigenous (ecology), water-borne micro-organisms in a managed
habitat. Secondary treatment may require a separation process to remove the micro-organisms

from the treated water prior to discharge or advanced treatment,
Secondary treatment systems are classified as fixed-film or suspended-growth systems.

Fixed-film or attached growth systems include trickling filters and rotating biological contactors

(RBC), where the biomass grows on media and the scwage passes over its surface,

Suspended-growth systems include activated sludge, where the biomass is mixed with the
sewage and can be operated in a smaller space than fixed-film systems that treat the same

amount of water,

However, fixed-film systems are more able to cope with drastic changes in the amount of
biological material and can provide higher removal rates for organic material and suspended

solids than suspended growth systeimns,
Typical secondary treatment methods are summarized below,

1) Activated Sludge

2) Surface-acrated Basins (Lagoons)

3) Filter Beds (Oxidizing Beds)

4} Soil Bio-Technology (SBT)

5) Biological Aerated Filters (BAF)

6} Rotating Biological Contactors (RBC)
7} Membrane Bioreactors (MBR)



() Advanced treatment

The purpose of advanced treatment is to provide a final treatment stage to raise the effluent
quality before it is discharged to the receiving environment (sea, river, lake, ground, etc.). More

than one tertiary treatment process may be used at any treatment plant.

In this scction, the following advanced treatment method were introduced, a)Filtration, b)

Lagooning, ¢) Constructed Wetlands, d} Nutrient Removal, e) Disinfection, f) Odour Control.

3. QOutline of the Survey

This Survey purposed to examine the possibility of the introduction and the diffusion of a
low-cost sewage treatment system, and the formulation of a comprehensive environmental
monitoring and assessment technology for the improvement of water environment in DKI

Jakarta through data collection and analysis.
The following survey was iimplemented in consultation with the Indonesia’s counterpart.

1) Collection and analysis of data and information to examine the possibility of introduction
of low-cost sewage treatment system (UASB-DHS system) in Jakarta
+ Identification of the state of wastewater treatment process in Jakarta

+  Data collection related to the introduction of UASB-DHS sewage treatment system in the

survey areas

+ Analysis of composition and biodegradability of sewage, water volume, and water

fluctuation in survey areas

-

Baseline design for the introduction of the UASB-DHS test plant

2) Collection and analysis of data and information to examine the possibility of introduction
of dry waste gasification and methane gas power generation in order to increase the

effectiveness of the above mentioned low-cost sewage treatment system

+  Data coliection of the daily amount of garbage and analysis of the possibility of'dry waste



3)

4)

gasification and methane power generation plant combined with UASB-DHS system in the

target areas

Basic concepts for the introduction of dry waste gasification and methane power generation
system

Collection and analysis of data related to river water, sewage and industrial effluent in

- Jakarta in order to provide basic information for developing sewage treatment systems, and

to build a water quality analysis system which can provide wide-ranging and real-time

water quality information on a regular basis

Collection of water quality data of river, sewage and industrial effluent and identification

of current environmental monitoring activities in Jakarta

Identification of workability and effectiveness of water quality analysis in the survey areas

and implementation of experimental water quality analysis

ldentification of the status of environmental monitoring data transfer technology in the

survey arcas and implementation of data transfer experiment
Basic plan for building up an environmental monitoring data transfer system

Collection and analysis of data and information to build a comprehensive environmental
monitoring and assessment technology in order to cope with water environmental problems

observed as a complex phenomenon of water system in the region

Collection of information related to urban infrastructure planning which would affect the

water environment in Jakarta

Collection of information from organization and institution for building environmental

monitoring system

Prospective analysis of sewage treatment effect by running environmental simulator set up

at a counterpart institution in Indonesia

Proposal for building up a comprehensive environmental monitoring and assessment
system

11



4.

4.1,

Findings and Results of the Survey

Design and Implementation Tests of Water Environmental Assessment System

4.1.1. Comprehensive Environmental Monitoring and Assessment

The Survey team conducted the feasibility survey of introducing a comprehensive

environmental assessment technique including the Regional Environment Simulator (RES).

The system configuration of the RES is as follows (sce also Fig. 4.1.1):

1)

2)

3)

3)
6)

A meso-scale meteorological model, MMS5 (developer: Pennsylvania State University, U.S.
NCAR) | |

Qcean models, MITgem (developer: Massachusetts Institute of Technology) and POM
{(developer: Princeton University)

Open-ocean wave models, WW3 (developer: NOAA) and a shallow sea wave model,
SWAN (developer; Delft Hydraulics)

A land surface model, SOLVEG2 (dcveloper: Japan Atomic Energy Agency) and a
hydrological model, HSPF (developer: U.S. EPA)

An urban air quality model, CMAQ (U.S. EPA)

An estuary model, ECOMSED+COSINUS (developer: Hiroshima University) and a coastal
ocean circulation model & beach change prediction model (developer: Hiroshima

University)

The RES was employed for a numerical simulation of the water quality improvement effect of

low cost sewage treatment system. The validity of this technology was also conducted together

with the feasibility survey for 2007 Jakarta flooding,
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Fig. 4.1.1 System Configuration of RES

4.1.2. Assessment of Effectiveness of Scwage Treatment

The possibility of practical use of the comprehensive environmental assessment technology that
was planned to be used in PU was investigated together with the feasibility of water
environment simulation by RES conducted in ITB,

4.1.3. Implementation Test of Environmental Impact Assessment

The RES in ITB was applied to the Jakarta flooding event in 2007 to check the performance of
the system as well as to evaluate the water-quality-improvement effect by the Low-cost Sewage

Treatment System. Details of the 2007 Jakarta flooding are as follows:

MM (meteorological simulation): Background data from NCEP FNL data with FDDA applied

for the largest domain of computation.

SWAN (ocean wave): the bathymetry from GEBCO 30arc-sec data, the external forcing such as
wind velocity is from the MMS results,
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POM (ocean current): the bathymetry also from GEBCOQ 30 arc-sec data, the external forcing
for wind and pressure fields from MMS5 results, Tidal open boundary for 8 constituents is from
NAQO99.

A part of computational results of MMS5, SWAN and POM were published in the report.
4.2, Water Environmental Changes in the Ciliwung River Basin

4.2,1. Causes of Flood in DKI Jakarta

Jakarta located in low-lying alluvial fans formed with enormous sediment supplicd by rivers
flowing from the surrounding southern mountains. In the river mouth of the Cisadane and
Citarum Rivers, west and east part of the Jakarta Bay, there were mangrove forests and tropical
peat land. These mangrove forests have been developed since 1980 to 1995 on the course of the
rapid sprawling of the metropolis, Jakarta (Fig. 4.2.1). These once mangrove area is vulnerable
to land subsidence following the development and groundwater uptake for drinking and

industrial uses,

The Indonesian Government considers the major causes of the flood in JABODETABEC ate as

follows and these reasons leave nothing to be desired.

1) Loss of Natural Flood Reduction Functions of Land Use Practices
2) Encroachment of River Bank by Man and Structures

3) Sedimentation of River Qutlet

4) Dumping of Solid Waste into the Rivers

5) Clogging of City Main Drains

6) Land Subsidence in Alluvial Soil and Former Mangrove Forest
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Fig. 4.2.1 Green area reduction by city development and land use change

4.2.2. Flood Control Measures in DKI Jakarta

The drainage system in Jakarta consists of a comprehensive network of rivers, main drains,
local drains, canals, retention basins, polders, flood gates, regulating gates, siphons, and
pumping stations, which together regulate the discharge and retention of rainwater in relation to
the Jakarté Bay. About 40% of Jakarta sits in low-lying areas and is therefore subject to floods
during high tides. The city also has 13 rivers running through it from surrounding administrative
areas such as Bogor, Depok and Bekasi in West Java, and Tangerang in Banten. New
construction of the East Flood Canal and the revitalization of the West Flood Canal, and

dredging the rivers and lakes are the current effective but expensive flood control measures in
DKI Jakarta,

42,3, Coastal Region

The human-caused estuary/coast disturbance is one of the most important factors to be
considered in JABODETABEK. Human activities have led to a decline in the health of estuaries,
making them one of the most threatened ecosystems on the Earth, Because estuary and coast are
transitional areas between the land and the sea, and between freshwater and saltwater
environments, estuaries can be seriously impacted by any number of human or anthropogenic
activities. Improvement and revitalization of the coastal and estuary region might be the key

point for water environment improvement in DKI Jakarta.

In this section the followings were surveyed.



1) Survey of Coastal Region (on March 28, 2010)
2) Water Quality Problems along the Jakarta Bay
3) Reclamation and Revitalization Plan

4) Coastal Reclamation Assessment

4.2.4, Ciliwung River Basin

Fig. 4.2.2 depicts the source of pollutant in the Ciliwung River. Following the information given
by Pusair: Research Centre for Water Resources (2005) a survey of the Ciliwung River
Watershed (Bogor, Depok and Jakarta) was conducted in April 2010. This survey focused on
the water quality monitoring system conducted by local government, the solid waste conditions

in the River, and pollutant sources along the River,

CILIWUNG RIVER UTILIZATION

& Jakarta Irrigation > 5000 ha

Fisherles> 1255 L/s

Whater for household

Drinking Water :

@ PDAM Depok = 400 L/s
Water for Industries: Chemieal,
Textile, Paint, Pharmacy,

Chosmetics, Beverages&Foods,
Paper and Metal > 120 L/s

Fig. 4.2.2 Utilization information in the Ciliwung River (Pusair, 2005)

In the middle and down streams, measures of flood control have to be considered together with
many aspects, especially of the water quality environment (drinking water supply), pollution

and wastewater management, solid waste (floating garbage and sedimentation material on the
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river bottom in the downstream) management. Unfortunately, there are many tough issues to be

solved for the middle and downstream of the Ciliwung River,

Both water quality monitoring system (by local government) and river discharge measuring
system (by PU} have been conducted for decades before the decentralization. Measured data are

more or less correct and ready for use with complete data inventory.

However, water quality monitoring and river discharge measurement were not yet synthesized
or used simultaneously to evaluate fluxes of substances. Moreover, continuous data
measurement for water quality monitoring was not conducted. Observed concc;itl'ati011 and
fluxes were strongly dependent on the river flow condition, During the flood period, river water
was cleaner than the nomal condition. The continuous measurements for river discharge and

water quality had to be conducted together with a synthesized data analysis.

Presently, flood control scheme in DKI Jakarta is more or less completed. The Department of
Public Works (DINAS PU), DKI Jakarta has a high potential responsibility for flood control.

This institution published and revised flood control manual almost every year.

Middle stream at Depok, the household waste (liquid and solid) from 5 million people are the
heavy burden for the Ciliwung River. It was reported that 40% people are disposing waste
directly into rivers. Total number of 101 industries (Bogor: 24, Depok: 64 and Jakarta: 13) have
high potential to effluent pollutant and to produce floating garbage and sedimentation materials

found in the River.

4.3, Water Quality Monitoring

4.3.1. Introduction

Detailed chemical component data and monitoring: data of water quality are two of the most
fundamental components to manage the sewerage system and water environment, as well as to
develop the sewerage system and to validate the environmental simulation in a basin scale. In
patticular, for the performance evaluation of biological treatment system in terms of BOD /

COD and nitrogen removal, the water quality management is absolutely necessary, Therefore,
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waler qualily parameters have routinely been measured as part of quality testing, particularly at
discharge point into surface water such as wastewater treatment plants, and at some points along
the main rivers. At the treatment plants, the BOD/COD and nitrogen of the incoming sewage
water is monitored periodically, using official analytical methods such as US-EPA, JIS, and 1SO
methods. These methods have been world-widely applied and also in the Indonesian water

monitoring laboratories like BPLHD, DKI Jakarta and PD PAL JAYA.

4.3.2. Previous Water Quality Monitoring

In Jakarta, several government offices have conducted water chemical monitoring in surface
waters, for example, BPLHD, DKI Jakarta and MOE etc, In addition, some previous researches
have been conducted in groundwater, for example JICA project, and the hydro-chemical
researches in the project of “Subsurface Environment (SE)” supported by Research Institute of

Human and Nature (Project Leader is Mr. Makoto Taniguchi in that institute).

BPLHD, DKI Jakarta has compiled 35 water quality parameters at 67 sites in rivers around
Jakarta to a database for the last 10 years. The parameters comprise the electrical conductivity
(EC) , total dissolved solid (TDS) , total suspended solid (TSS) , turbidity, temperature, pH,

dissolved oxygen (DO) , some anions, soine trace metals, COD, and BOD etc,
4.3.3. Real Time Monitoring System
(1) Design

The electrical conductivity (EC) sensor is generally simpler and has low cost and high durability,
In this repott, the Survey team proposes a real time monitoring system and transfer system with
low price and high performance, using EC sensor. The system comprises monitoring sensors for

EC, pH, temperature and DO and data transfer system as shown Fig. 4.3.1a.

To utilize such simple system, it is necessary to confirm the relationship between BOD and
DOC, EC and detail chemical components, EC and DOC, and EC and BOD (Fig. 4.3.1b) on the
basis of the data to be collected in Jakarta. In this Survey, the Survey team aimed to examine (1)
collections of previous data and construction of data base, (2) detail analysis of water quality in
river and canal sewage water samples, (3) confirmation of some relationships, and (4) quality

check of low cost real-time monitoring system for water quality.



(a)

. Transfer by Internet server
Water quality mobilephang, 7 NS S tionioy, com/
monitoringsystem .- =~ 0: ___Pass:
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Management
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office &
faboratory

sensor

(b) '

| monitoring contents: EC**, temperature, DO, pH
B TR 1)) 3)

ochielnncal oxXygen « emand
#*Flectrieal conductivity

(1) confirmation of relationship betweenDHOC and BOD
{2) confumation of relationship between cletail ion contents and monitoring contants
13yconfirmation of relationghip between DOC and monitoring contents

. Fig. 4.3.1 Schematic diagram of (a) automatic monitoring and data transfer system,

(b} the estimation scheme of pollution index in the monitoring system

2) Test Maonitoring and Data Collection in Sewage of Jakarta

In this survey, the Survey team conducted the test monitoring at a sewage pumping station of
PD PAL JAYA in Jakarta, ' '
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4.3.4. BOD Estimation
(1) BOD and EC Relationship in Japan

For estimating BOD value using an EC monitoring system, it is needed to find a good
correlation between EC and BOD. Firstly, the Survey team examined the data sets from Yamato
River in Osaka mefropolitan area, central Japan and Saba River in Yamaguchi Prefecture, in
western Japan, respectively. The former is a polluted river in rural area, and latter a non-polluted
urban river. These monthly water quality data are compiled from the original data base in 1984
to 2009,

(2) BOD and EC Relationship in Jakarta

Water samples were collected in the Ciliwung River, sewage and ponds on 25 - 26 April in
2010 under a low flow condition and 12 - 13 June in 2010 under a high flow condition after a
storm flood. The spatial distribution of EC, DO, BOD and DOC in the Ciliwung River from
mid-stream to downstream on 12 - 13 June, 2010 was shown in the figures (see the report). The
EC and DO were measured by portable meters, BOD analyzed by PD PAL JAYA, and DOC

analyzed in Hiroshima University.

Fig. 4.3.2 shows the relationship between EC and BOD in river and sewage in Jakarta with the
best-fit curve of Yamato River from 2007 to 2009, In the case of water with less suspended
materials, such as the sewage or rivér water in downstream, the EC and BOD relationship was
similar to the best-fit curve shown. Qn the other hand, BOD values were high and EC were low

in water with suspended solid.

The relationship between BOD and DOC in river in Jakarta in June 2010 indicated that BOD
values were mostEthigher than DOC in June. This suggests that these water samples included
the suspended solids of organic substances. Fig. 4.3.3 exhibits the relationship between EC and
DOC in April and June in 2010, The EC and DOC relationship in April was better than that in
June. The water samples with suspended solids tended to have high DOC concentration. EC is
normally related to total ion, and DOC is one of the main ions in case of organic polluted area,
The good correlation between EC and DOC supports these properties. But in case of high

suspended concentration, part of DOC includes unionized compounds.
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Fig. 4.3.3 Relationship between EC and DOC in river in Jakarta in April and June in 2010
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Based on the preliminary results of this survey, the Survey team finally proposed a real time
monitoring system which included a suspended solid sensor to the system in Fig. 4.3.1. Good
correlation between EC and DOC, and EC and BOD were confirmed in many cases including
that from Japan. Based on these relationships, The Survey team could estimate BOD in sewage
without suspended material. However, it is required to use the relationship between

concentration of suspended solids (SS) and BOD in case of high suspended concentration.

In the proposed system, the cost is one fifth of that of BOD and the sensor has high durability.
The Survey team is confident that the proposed monitoring system for Indonesia would be

effective.

4.3.3. Ton Chromatography Analysis

In the biological treatment system under the aerobic conditions, there are at least two major
treatiment processes. One is BOD-oxidation process for BOD/COD removal and the other is
biological nitrification process for nitrogen (NH,y") removal, In the BOD-oxidation process, pH
and DO as well as BOD/COD concentrations are used to optimize the treatment system as the
process control parameter. On the other hand, in the biological nitrification process for NH,"
removal, pH and DO as well as NH,", NOy,, and HCOy concentrations is also used to optimize

the treatment as the process control parameter,

(1) Significant of Application of Advanced Ion Chromatography Technology to
Water Quality Monitoring

Recently, ion chromatography (IC) technology authorized internationally as the official
analytical methods such as US-EPA, JIS, and ISO methods has been world-widely applied to
the water quality monitoring of various environmental waters not only in developed countries

but also in developing countries like Indonesia.

In the first stage of this survey study during March 21-29, 2010, the usefulness of high
performance and low-cost advanced ion chromatography was demonstrated for the practical
applications to evaluate the water quality of several environmental waters including sewage and

urban river waters in central Jakarta,
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Additionally, in the second stage of this survey study during June 13-19, 2010, the water quality
monitoring of the Ciliwung River waters, the most important watershed in Jakarta metropolitan
area, was performed using the advanced ion chromatography technology and the water quality

was evaluated.
(2) Sampling Locations in Jakarta

Several environmental water samples were taken from thé east and west ponds in PD PAL
JAYA (4 water samples), urban rivers in the central Jakarta (4 water samples), and along the
Ciliwung River from Bogor to Jakarta (18 water samples; length of main stream of the

watershed: about 55 km from coastline).
(3) Ion Chromatographj Methodology and Sample Pretreatment

In order to evaluate the water quality of various environmental waters taken in the two small
ponds in PD PAL JAYA, urban rivers in Jakarta metropolitan area, and the Ciliwung River
watershed from Jakarta to Bogor, the monitorihg of common anions, cations, nutrients, and
alkalinity was performed using ion chromatograph equipped with conductivity and visible

detectors,

For taking practical water samples, each of sampled water was filtered with a 0.45 mm
membrane filter and then injected onto the separation column without further pretreatment for

evaluating the water quality.
(4) Results and Discussion

Fig. 4.3.4 shows the relationship among sampling locations and conductivity, and anions and
cations for evaluating the water quality of the Ciliwung River watershed, The decrease in the
concentrations of common anions (except HCOs and NOy') and common cations (except NHy")
as well as the DO was founded decreased by the increase of the electrical conductivity due
mainly to the increased human activity in the Ciliwung River watershed. The increase in NH,"

was also due to the increased human activity in the Ciliwung River watershed.
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Fig. 4.3.4 Relationship among sampling locations and conductivity, and anions and cations on

water quality of the Ciliwung River watershed

(5) Conclusion and Recommendation for Enhancing Aquatic Environmental
Capacity of Jakarta Metropolitan Area

When considering synthetically the above-described water quality monitoring data and the
analytical data provided by PD PAL JAYA on BOD/COD, the formation of following
biological reaction are estimated for the two small ponds near PD PAL JAYA office.

1) In both ponds, there was negligible formation of biological oxidation reaction for
BOD/COD removal due to un-acrobic conditions. However, there was slight biological
nitrification reaction due to the slightly increased concentration of NOy,

2) In both ponds, there was considerable formation of biclogical de-nitrification reaction for
NOy™-N removal due to un-aerobic conditions under the presence of BOD/COD.

3) The two small ponds near PD PAL JAYA office were later judged not to function for
biological treatment, ' |

4) Based on the viewpoints of water quality monitoring technology and water treatment
technology, the introduction of a highly efficient biological treatment system such as
Down-flow Hanging Sponge (DHS) is strongly recommended.

5) In the urban river water, in addition to NOy, there was the presence of NH,", indicating

24



human activity in urban area. In conclusion, the direct discharge of sewage wastewater to
the urban river should be strictly prohibited by the relevant water quality regulations in the

future,

In this survey study of sewage treatment system at central Jakarta, urban river waters in central
Jakarta and the Ciliwung River watershed from Bogor to Jakarta, the usefuiness of advanced ion
chromatography technologies for water quality monitoring were demonstrated based on the
applications to several practical waters discharged from ho‘using and business complex, any
industrial and agricultural sectors and urban rivers, as well as the Ciliwung River watershed in.

Jakarta metropolitan area.

4.4. Sewage Treatment System

4.4.1. Appropriate technology system for sewage treatment

It is very obvious that even though the sophisticated sewage treatment system, which is widely
spread in Japan, is transferred to developing countries such as Indonesia and so on, the system
would not work well. To popularize sewage treatment system in developing.countries, the
transfer of appropriate technology specified for them, not expensive Japanese one is exactly
required. That is, low cost and easy maintenance are needed. We also must consider the
locality of developing countries in the structures of economy, society and so on to make the

sewage treatment system applicable,

UASB (Up-flow Anaerobic Sludge Blanket) reactor for sewage treatment is adopted as the
standard sewage treatment system in India. UASB would be the best promising method f;vén in
Jakarta because methane gas can be produced as energy from sewage. Not only in India but also
several counties such as Brazil, Mexico, Colombia, Egypt, Jordan, Thailand and Indonesia,

UASB is installed for sewage treatinent.

However, UASB reactor usually needs post-treatment to meet regulated water quality of
effluent. As UASB post-treatment systems, there are several systems such as wetland, pond,
trickling filter, aerated bio-filter and rotating biological contactor, Wetland and pond systems,

which require large area, are not suitable for big cities and cannot produce good water quality,
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Trickling filter also has a little problem in effluent quality. With regard to rotating biological
contactor, the operation is not so easy. On the other hand, DHS (Down-flow Hanging Sponge)
reactor with no external aeration input possesses good features of cost-effective and easy
maintenance with good effluent. Dr. Okubo has summarized treatment petformance, land area
and electricity required, with regard to several post-treatment systems in his Dr. thesis and
concludes that DHS reactor would be best as UASB post-treatment, Therefore, Survey team had
decided to investigate whether the combination system of UASB and DHS reactors is applicable

to sewage treatments in Jakarta,
4.4.2. Bench-scale treatment using artificial sewage

Before setting up a bench-scale UASB-DHS system on site in Jakarta and carrying out a
long-term experiment for continuous treatment using actual sewage, Survey team had to figure
out the rough performance and operation method of the system. Then, Survey team had
conducted an artificial sewage treatment using the same UASB-DHS system at Hiroshima
University to obtain the fundamental information. The UASB and DHS reactors were designed
and set up. Prior to the treatment experiment, sewages in the ponds of PD PAL JAYA were
taken in the first investigation (March 25-30, 2010), and the samples were analyzed. Based on
the pond influent data, Survey team determined the composition of artificial sewage for the

eXperiment.

Survey team is proposing the combination systein of UASB and DHS reactors, which would be
applicable to sewage treatments in Jakarta. However, just single DHS reactor without UASB
might be possible to treat the sewage coming into the pond in Jakarta because the influent COD
concentration is relatively low compared with general sewages due to dilution with river water,
Then, Survey team aperated two treatment systems, combined UASB-DHS and single DHS for
about 2 weeks in Hiroshima University. The schematic diagrams of two systems and their

operating parameters are shown in Fig, 4,4.1,
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Fig, 4.4.1 Schematic diagrams and operating parameters of the two systems

The most important operation parameter is HRT. When the two systems were operated at HRTs
of 10.3 and 8 his for the combined UASB-DHS and the single DHS, respectively, which are
almost the same as activated sludge process, the effluents of very good quality were obtained.
The quality is the same level of activated sludge process. This means that the HRTs operated are
appropriate for the artificial wastewater modeled on the actual sewage in Jakarta. Therefore,

Survey team had determined to set up and operate the two systems on site at the same HRTS,
4.4.2. Actual sewage treatment by the systems set up in Jakarta

To investigate whether the combination system of UASB and DHS reactors is applicable to
sewage treatments in Jakarta, the two treatment systems, the combined UASB-DHS and the
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single DHS were moved to Jakarta. The systems were set up in a control room of PD PAL

TAY A on May 4 and operated for three months using the actual sewage of the pond.

In the combined UASB-DHS system, COD removal by UASB was insufficient, but a very good
quality was obtained on the polishing DHS reactor without influence of fluctuating influent
COD. The whole COD removal achieved 90% on average throughout the operation, The COD
effluent of 18 mg COD/L on average sufficiently meets environmental standards. Methane
production from the UASB reactor was so little (methane concentration 5%, gas production rate
0.7 ml-CH4°m'3-sewage-d") because the amount of removed COD was small due to the low

COD influent of 224 mg/l.  The summary of the performance data is shown in Table 4.4.1.

The single DHS system also worked well in not only COD but also ammonium removal. The

effluent quality was comparable to the combined UASB-DHS system.

The onsite sewage treatment experiment demonstrated that the combined UASB-DHS system

and the single DHS system are applicable for sewage treatment in Jakarta,

Table 4.4.1 On-site treatment perfonmance data in Jakarta (Summary of the performance)

Analysis Unit Raw Combined system Single DHS Single DHS  pond
item sewage UASB DHS system  system(GH)
(10H)
Total-CODcr | mg/L 224 69 18 15 16 102
Solible-
CODce mg/L 65 51 13 13 11 36
Total-COD:
otal-CODcr 0% : og 83 94 54
removal
Ammonia | mg-N/L 264 269 6.2 0.7 0.6 16.8
Nitrate mg-N/L 0.1 0.1 6.8 6.1 12.0 03
temperature °C 28.2 279 277 283 276 286
pH - 1.4 7.3 6.6 7.8 7.9 7.6
Methane [mi-CHa/
. - 0.7 - - - -
production IL-

Source: This survey experiment
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4.4.3. Actual Sewage Treatment by the Systems Set up in Jakarta

To investigate whether the combination system of UASB and DHS reactors was appropriate for
sewage treatments in Jakarta, both treatment systems combined UASB-DHS and DHS alone,

which were the same units once operated at Hiroshima University, were transported to Jakarta.
4.44. Designing

In designing of pilot-plant, the size is determined as a function of amount of sewage and HRT,
The most important parameter for design and operation of pilot-plant is HRT. Based on the
experiment data in Jakarta, Survey team has determined HRT for appropriate treatment as

follows,

Combined UASB-DHS system: 10.3 hrs (8 and 2.3hrs for UASB and DHS reactors,
respectively)

Single DHS system: 6 hrs (based on sponge volume)

In combined UASB-DHS system, micthane gas is generally produced and recovered from
sewage. For low strength wastewaters like the sewage coming into the pond in Jakarta, however,
little methane production is expected. On the other hand, almost complete nitrification and
some denitrification are expected in the single DHS system at shorter HRT. In conclusion,
Survey team recommends the single DHS system for low cost sewage treatment in Jakarta, If
higher COD sewage can be collected into the pond, the combined UASB-DHS system is

recommended because methane gas recovery is expected.

4.5. Solid Waste Management at the Surface Water Area

Solid waste is defined under the Solid Waste Management Act, No.18/2008. Prior to the
enactment of this Act in 2008, despite the hazardous waste regulations, there was no regulation
on domestic waste from residents. The comprehensive approach to municipal waste in Indonesia

is likely to be just begun.

As municipal solid waste service provider, DKI Jakarta Province has 5 institutions which are
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responsible for municipal waste management, that is, the Regional Environment Management
Board (BPLHD); the Cleansing Department (Dinas Kebershhan); PD PASAR JAYA; the
Landscape Gardening and Beauty City Department (Dinas Pertamanan & Akeindahan Kota) ;
and the Provincial Public Works Department (DINAS PU). BPLHD is to formulate
environmental policy and monitor the environmental condition and other four agencies are to
implement cleansing activities designated to each agency. The Cleansing Department is a core
implementing agency of waste management to transport waste from the 978 temporary disposal
sites (TPS) in Jakarta to the Bantar Gebang final disposal site (TPA) in Bekasi Municipality. PD
PASAR JAYA is Jakarta’s public company in cleansing and collecting waste in market areas,
The Landscape Gardening and Beauty City Department has responsibility to keep clean the
public parks and gardens. And DINAS PU maintains river basin area (rivers, channels,
reservoirs and lakes) by means of dredging and 193 removal of waste which can cause flood and
damage to the infrastructures and facilities. Each Department has Sub-Unit in each of five

Municipalities,

In 2009 the volume of garbage generated in DKI Jakarta was 28,286 m® per day and the high
percentage (58%) of waste was cansed by the waste source composition dominated by
household waste. The volume transported by the Cleansing Department was 24,323 m’ per day,
boosting the collection ratio to 86.0%. The waste collection ratio in Central Jakarta Municipality
is relatively high compared with other Municipalities. On the other hand, that of North Jakarta
Municipality is low. The most of unhandled waste by the Cleansing Department is household
waste and it is endorsed by the high waste collection ratio in Central Jakarta Municipality that
has a small number of households. The domestic wastes that cannot be collected by the
Cleansing Department are individually treated by the community and it leads to disposal to the

river as an improper waste treatment,

There are two type of solid waste at the surface water areas: these are floating waste and
subsurface waste swface. The floating waste is removed by waste-picking up and subsurface
waste is removed by dredging with sediments. Table 4.5.1 shows the overall length of the rivers
and the channels in Jakarta and the length of the cleaning services by DINAS PU, The micro
channels are not included as a responsibility of each Municipality. However, even excepting
micro channels, the total coverage lengths of rivers and channels by DINAS PU are 65.3% and
32.5%, respectively, which are still not high because of a shortage of budget according to
DINAS PU.
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Table 4.5.1 River/channel cleaning service by DINAS PU

Description Overall Length | Cleaning Services

(kin) (km) %%
Rivers 442.7 288.9 65.3
Drainage channels 1,054.2 342.2 325
Micro channels 13,595.1 0 0
Total 15,092.0 . 0311 4.2

Source: DINAS PU, DKI Jakarta

Table 4.5.2 is a comparison between budgetary request and allocated amount for cleaning
service of rivers and channels in recent years. Only 40,7% of budgetary request was approved in
2008, ' |

Table 4.5.2 Trends in river cleaning service budget

Year Budgetary Request Allocated Amount %

2003 12,000,000,000 10,944,706,635 912 |
2004 19,500,000,000 18,534,132,000 95
2005 33,000,000,000 22,831,339,116 69.2
2006 27,750,000,000 22,504,374,400 8.1
2007 30,375,000,000 26,304,231,807 86.6
2008 30,180,400,000 12,282,273,125 40.7

Source: DINAS PU, DK Jakarta

According to DINAS PU, the estimated volume of the waste duinped into rivers is 1,800m"/day
(6% of total) and 1,395m"/day out of them is colfected by themselves; hence, the unhanding
waste becomes 405 m’ /day. On the other hand, PU estimates that the weight of the waste
dumped into rivers is 200 ton/day (2.7 % of total) and 160.5 ton/day (642 m’/ day) is collected
at the estuaries of S. Blencong Marunda, Cakung drain, Kali Angke, Kali Muara Karang, Kali
Japot, Marina (Anak Ciliwung) and Kali Kamal. Furthermore, the Cleansing Department states
that the average amount of waste collected from 13 rivers in Jakarta were 768 m’/ day in 2008,
It is difficult to justify which percentage, 2.7% of PU or 6% of DINAS PU, is right for the
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garbage dumping into rivers because of the poor evidences and in some article of the Ministry

of Maritime Affairs and Fisheries (MMATF), it is estimated as 10%.

The removal work of floating waste is outsourced to a private firm by DINAS PU. At present,
garbage collecting service is implemented at 244 points including the Manggarai Watergate, at
where the largest volume of waste is collected, every day by hiring single private company. All
the floating wastes from the upstream of the Ciliwung River is stopped and collected here. In
the survey once conducted, a total of 152 different items of waste, such as plastic, cups, tables,
mattresses, pillows, cabinets and more, were counted, The hired private company has been
implementing waste collection works at 3 times in April 2010 during the Survey. During flood
season from January to February, huge amount of waste had been collected at the Water Gate.
According to the company, just after the flood in Febroary 18, 2010, they sent 20 trucks
operating 5 times per day for collecting the waste. As a truck can carry 24 to 30 m’ garbage, this
implics the total collected waste volume at the Water Gate reached 24,000 to 30,000 m’ /day.

This was approximately 10% of the total daily waste generated in Jakarta.

On the other hand, since 2004, automatic screens for catching the flowing garbage have been
installed at the rivers in Jakarta. As of May 2010, the automatic screens are installed at 21
places, There are 6 screening points in North Jakarta, 5 points in West Jakarta, 4 points in South
Jakarta, 6 points in East Jakarta. Flowing garages on the Ciliwung River are collected at the
Manggarai Watergate in Central Jakarta as mentioned above. However, some of screens are not

operating due to trouble in devise and electricity supply.

If waste is not stopped by screens in the river, the waste flows into the Jakarta Bay. The
estuaries are hence targeted as arcas for the prevention of waste into the sea. According to the
survey by a national consultant between October and November 2006, the solid waste
contribution from 11 river estuaries was 452.73m’/day. Volume of waste at three estuaries (i.c.,
Pluit, Cengkareng Drain {west side of North Jakarta) and Murunda (east side of North Jakarta))
was exceeding, and together they occupied 65.4% of the total waste. Amongst these,
Cengkaereng Drain and Marunda was the largest producer of waste collected. In the meanwhile,
the amount of garbage collected at the Thousand lIslands, located 45 km north from Jakarta Bay,
ranged between 20,428 and 28,435 mr’/month in 2008 (according to the Cleansing Department),

There is no doubt that part of the waste comes from Jakarta Bay.

The municipal solid waste management activities at river and coastal area can be divided into

waste collection activities and prevention activities. It is understood that prevention activities of
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settlement is one of the most important activities. According to the result of the interview with
the residents who live at Bogor, Bandung, Palembang and Gorontalo Cities, it shows 30% of the
residents who live along the river dump solid waste into the river and nobody who lives beyond
50 m from rivers do the same. In addition, 15% of populations who live within 100 m from a
garbage container dump solid waste into river, and on the other hand, 70% of the populations
who live between 00 m and 200 m from a garbage container dump solid waste into river.
Furthermore, only 12% of the total respondents were aware of the rule and sanction of dumping
solid waste into rivers. These findings indicate that there is ﬁossibility to reduce illegal dumping
to the rivers by increasing the number of containers placed along the river and by conducting

law enforcement properly based on the stipulated regulations,

Data from Envirommental Statistics 2006/2007(BPS, 2007), the houscholds living along the
river banks in DKI Jakarta wetre around 23,000 in 2005, On the other hand, the ratio of the
households disposing their garbage to the rivers in DKI Jakarta was onty 1.2%. It means more
than 26,000 households. Although it is slightly higher than that of households along the rivers, it
is considered that the 23,000 households living along the river banks are target group for
implementing efficiently and effectively countermeasure against illegal waste dumping into
rivers. Furthermore, according to the environmental white paper (2008), the land use as
settlement of the Cilium River Basin straddling DKI Jakarta Province West Java Province
reaches 26,594 hectares (50.6%). The flood plain of the Cilivn River is filled with illegal
houses standing on the river bed and river-side as if they lived on the water and the population
reaches 350,000. The Survey team implemented the visual inspection along the Ciliwung River
from Bogor Municipality to Ancol at Jakarta Bay and confirmed the importance  of

countermeasures for squatter communities along the rivers.

5. Water Environment Improvement Plan

5.1. Proposal of Low Cost Sewage Treatment System

The Survey team clarified the basin-wide waste disposal problems in the previous chapter.

Since the illegally-disposed garbage into the rivers, especially the Ciliwung River that consists
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of miscellaneous debris from plastic to wood, the possibility of introducing incinerator was

cxamined, together with power supply to the UASB-DHS sewage treatment system.

As part of Survey results, the Survey team found it is difficult to use methane gas recovered
from UASB reactor as power generator due to the low methane gas density in the Setiabudi
Pond.

The Survey team then only examined the possibility of introducing of incinerator to local
community separating from the UASB-DHS system. However, the Survey team could not find
the strengths to promote actively the introduction of small incinerators to local communities

along the river even if the incinerator is inexpensive and safe.

5.2. Comprehensive Water Environmental Assessment System

The Survey team proposed the “Comprehensive Water Environment Assessment System’
which consists of the low-cost and high precision water quality analysis method and the

low-cost and high performance environment simulator using PC clusier,

Fig. 5.2.1 demonstrates the integrated system proposed, including inputs and cutputs.

5.3. Coastal Revitalization and Its Environmental Impact Assessment

DKI Jakarta has been striving in vain to revitalize and reproduce its coastal area and estuary.
However, many environmental and social problems to be solved have been remained in this area,
One of the possible solutions is reclamation. Several perspectives have been proposed for

revitalization of coastal region of Jakarta.

This revifalization plan by reclamation is indispensable for a good management of coastal
region where so many difficult problems have existed. It is also important to consider
reclamation, water quality and flood control together. Regional environmental simulator can

contribute to the environmental impact assessment of this plan,
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Fig. 5.2.1 Comprehensive Water Environment Assessment System
5.4. Land Subsidence and Groundwater Control

In the geological setting of Jakarta, the base of the aquifer system is formed by impermeablie -
Miocene sediments, which also outcrop at the southern boundary of the basin (Djaja et al.,
2004), The basin fill consists of marine Pliocene and Quaternary sand and delta sediments up to
300 m fhick. Quaternary deposits may be conveniently divided into three aquifer systems on the
basis of hydraulic characteristics and depth: the Phreatic Aquifer System (0 to —40 m), the
Upper Confined Aquifel_' System (—40 to —140 m), and the Lower Confined Aquifer System

(deeper than —140 m). Around the Jakarta metropolitan area, the average horizontal hydraulic'
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conductivity is approximately 1.0x107 cm/s and the vertical value about 1.0x10° cmis,

respectively.

The degradation of groundwater environment is very serious in Jakarta region. To improve

these sitvations, the Survey team would like to propose some management options as follows:

1} Groundwater recharge conservation such as land use control; particularly the conservation
of rainfall infiltration arca for maintaining groundwater recharge amount, and the control of

po]lutant‘load for water quality control

2) Regulation of groundwater extraction. It is necessary to secure alternative water source,

produce legislation and taxing water users eic.

3) Application of artificial groundwater recharge, It is effective to use flood control reservoirs

in mid streams and groundwater recharge area.

5.5, Water Environment Improvement System by the Administrative Authorities,

Industries and Citizens

5.5.1. Wastewater Management Activity by DKI Jakarta

The Wastewater Management Enterprise (PD PAL JAYA) was formed in order to develop
sewerage system in DKI Jakarta in accordance with the Local Government Regulation
No.10/1991 dated on September 26, 1991, Wastewater management services conducted by PD
PAL JAYA are mainly sewage system (off-site treatment) but there is some local system
{on-site treatment) service too. At present PD PAL JAYA is providing 7 STP Mobiles in
commercial and/or multistory buildings. The capacity of the STP Mobile is 200m*/day.

The Setiabudi Pond including sewerage system was developed as aerated lagoon by the
Sewerage and Sanitation Project (1992-1996) funded by IBRD Loan. The design capacity is
38.9 m"/ day and the current capacity utilized is 19.0 m*/ day, However, it scems that the present
Pond doesn’t function well as seweragé treatment system. Although the seven units of the
acrator which have capacity to supply 48 kg/ hr oxygen are installed in the Pond, some of them

are out of order,
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55,2, Water Pollution Management Programs by Ministry of Environment

The Ministry of Environment (MOE) has been implementing several water pollution
management programs as stated in its Strategic Planning for the year 2005-2009. Some of the
programs are the Clean River Program (PROKASIH) and the Pollution Control Evaluation and
Rating Program (PROPER) which urges the industry to obey so they do not discard their waste
into the river, and the Clean and Green Cities Program (ADIPURA) for processing solid
domestic waste. The main purpose of the programs aims to de¢rease or, if possible, outright stop

the pollution in the rivers of Indonesia.

Since participation in PROKASIH and PROPER is voluntary in nature, the total number of
companies which follows the program remained low compared to the total number of
companies. Actually the numbers of companies who adhere to the laws are rather low; perhaps
the reputation based incentive has limitations. Additional schemes may be required to

strengthen the economic incentive such as strict punishment and tax reduction,
5.5.3. Community-Based Waste Management Activitics

The primary waste collection system is facilitated by community, The community initiative and
retribution are widely implemented by the local governments in improving the public
participation in waste management. There are a range of community initiatives, such as
women-owned collection cooperatives, Community (RW) based youth groups for collection,
contract to micro-enterprises, and hiring garbage men with pushcarts to collect garbage for door
to door service. The community has to pay small amount of cost for community savings to pay
operational activities such as the salary of garbage collectors and street sweepers, purchasing
garbage bins and containers and carts. The amount of community fee charged depends on the
living conditions of the residential arca and is decided based on'consensus of the community

members,
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6.

6.1,

Conclusions

The Survey Framework

Through the survey and analysis, the Survey team aimed to make clear the theoretical

background and to propose the suitable technologies for improvement of water environment in

DKI Jakarta, JABODETABEK that have the complex water environmental problems mingling

with waste water, solid waste, flooding in the low land caused by land subsidence and sea level

rise due to global warming. Finally, the Survey team sumimnarized the proposals of the following

technologics to improve water environment in Jakarta,

1)

2)

3)

4)

The low-cost & high performance systemn for sewage treatment for DKI Jakarta. One of the
most preferred candidate measures is UASB-DHS system which enables sewage water
purification in the small scale and closed catchment,

Comprehensive water environment monitoring system which consists of the low-cost and
high precision water quality analysis method and the low-cost and high performance
environment simulator of PC cluster.

The effectivencss of the low-cost & high performance system for sewage treatment that
would be assessed by the comprehensive water environment monitoring system,

The possibility of effective sewerage system in DKI Jakarta that should be proposed in
consideration with both low-cost sewage treatment system and flooding control by
sustainable development plan in the lowland area of Jakarta (with reclamation in Jakarta

Bay and land subsidence abatement by ground water management).

Fig. 6.1.1 depicts the overall survey framework, which consist of the technologies mentioned

above.
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6.2. Regional Environment Simulator

The Regional Environment Simulator (RES) developed in the Graduate School for International
Development and Cooperation (IDEC), Hiroshima University was employed for a numerical
simulation of the water-quality-improvement effect of low-cost sewage treatment system in this
survey. The validity of this technology shall be examined together with the summary of the
project. Moreover, the practical feasibility of the comprehensive environmental assessment
technology that could be introduced to the Ministry of Public Works (PU) was examined. The
feasibility of RES that was established and used in ITB (Bandung Institute of Technology) was

also examined.
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The RES is a numerical model system which combined three simulation parts such as
atmosphere-ocean circulation, atmosphere-land surface circulation, and coastal-estuarine
circulation. Basic modules in the RES are codes of numerical models which have been
established by many top-level research institutions and researchers in the world, and have been

used in many research institutions all over the world.

In this survey, the RES in ITB was applied to the Jakarta flooding event in 2007 to check the
performance of the system as well as to evaluate the water-quality-improvement effect by the
Low-cost Sewage Treatment System, Concerning the effect of water quality improvement by
the Low-cost Sewage Treatment System, the Survey team unfortunately could not produce

expected result because the data was either not available or incomplete.

6.3, Water Quality Monitoring

6.3.1. Real-time Water Quality Monitoring System

The monitoring with the high frequency, such as daily to weckly, is more useful for evaluating
the influence of the municipal and industrial contamination on the water environment and
ecosystem. However, difficulties may arise in terms of the price and time interval to analyze
BOD as the water pollution index and other suitable chemical components as pollution indices
for monitoring data with high frequency in developing countries, On the other hand, the
electrical conductivity (EC) and dissolved oxygen (DO) are monitoring parameters with easy
and simple method in low price. The Survey team completed the real time monitoring system
and transfer system with low price and high performance, which comprises the monitoring

sensors of EC, pH, temperature and DO and data transfer system,

6.3.2. lon chromatography analysis

When considering synthetically the water quality monitoring data and the analytical data
provided from PD PAIL JAYA on BOD/COD, it was estimated that the following biological
reactions is taking place in the two ponds near PD PAL JAYA office.
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1) Negligible formation of biological oxidation reaction for BOD/COD removal in the pond
due to un-acrobic conditions. However, there was slight biological nitrification reaction due
to slightly increased concentration of NOy

2) Considerable formation of biological de-nitrification reaction for NOy-N removal in the
ponds due to un-aerobic conditions under the presence of BOD/COD

3) Insufficient function of the two ponds near PD PAL JAYA office as biological treatment
site

4) As a conclusion based on the vfewpoints of water quality monitoring technology and water
treatment technology, it is necessary to introduce a highly efficient biological treatment ‘.
system such as Down-flow Hanging Sponge (DHS)

5) The presence of NH,™ as well as NOy™ in an urban river indicates human activity in the
urban area. In conclusion, strict pfohibition is necessary for direct discharge of sewage

wastewater into the urban rivers by water quality regulation

The proposed ion chromatography technology which enables the water quality evaluation based
on the simuitaneous determination and highly sensitive detection of common anions, cations,
nutrients, and alkalinity, is very useful for the applications to a developing country like

Indonesia,

6.4. Comprchensive Water Environmental Assessment System

The Survey team proposed the “Comprehensive Water Environment Assessment System”
which consisted of a low-cost and high precision water quality analysis method and the low-cost

and high performance environment simulator of PC cluster.

From the survey of Comprehensive Water Environment Assessment System, the Survey team

confirmed the followings.

1) Available operation of regional environment simulator by ITB researchers

2) Necessity of effective use of simulation results by communities and governments
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3) Availability of 1C water quality analysis by UVPD PAL JAYA

4) Necessity of continuous monitoring under the existing water quality monitoring system. IC
water quality analysis should verify the results of existing water quality monitoring system

5) Working possibility of real-time water quality data transfer system

6) Necessity of continuous measurement of water quality monitoring through Real-time water
quality data transfer system to link to the environment simulator

7) Possibility of assessment of river water quality as a flux (concentration multiply current).
River discharge measurement and constituent concentration analysis data should be

combined to obtain the fluxes of pollutant and nutrient \

The Survey team recommends the client to consider the introduction of Comprehensive Water
Environment Assessment System for envirommental preservation with community and

government under the support of high-level universities {(e.g., Ul and ITB) in Indonesia.

The Survey team also recommends the client to consider the operation measures of the
Comprehensive Water Environment Assessment System, For example, some fund to operate the
system should be allocated to universities (e.g,, Ul and ITB) in the form of an official role from

the central/local government.

6.5. Sewage Treatment System

It is obvious that even though the sbphisticated scwage freatment system, which is widely
spread in Japan, is transferrable to developing countries such as Indonesia and others; the
system may not work well as have been explained in this report. To popularize sewage
treatment system in developing countries, the transfer of appropriate technology specified for
them, not expensive in Japan, is absolutely required, which are also low cost and easy
maintenance. It must be also considered the locality of developing countries in the structures of
their economy, soéiety_ and so on to make the sewage treatment system applicable and

functioning,

UASB, which is low cost and easy maintenance, has been introduced in several developing
countries, However, UASB reactor usually needs post-treatment to meet regulated water quality

of effluent, Okubo (2010) in Japan has summarized treatment performance, land area and
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electricity required, with regard to several post-treatment systems and concludes that DHS
reactor would be the best for UASB post-treatment. Therefore, the Survey team had decided to
investigate whether the combination system of UASB and DHS reactors may be applicable to

sewage treatments in Jakarta.

In the combined UASB-DHS system, COD removal by UASB was insufficient, but a very good
quality was obtained on the polishing DHS reactor without being affected by the fluctuating
influent of COD. The whole COD removal achieved 90% on average throughout the operation.
(The COD effluent of 18 mg COD/L on average sufficiently meets environmental standards.)
Methane production from the UASB reactor was rather small (methane concentration 5%, gas
production rate 0.7 ml-CH4em*-sewage+d™') because the amount of removed COD was small
due to the low COD influent of 224 mg/lL.

The single DHS system also worked well in not onty COD but also ammonium removal, The

effluent quality was comparable to the combined UASB-DHS system,

These onsite sewage treatment experiments demonstrated that the combined UASB-DHS

system and the single DHS system are applicable for sewage treatment in Jakarta.

It should be considered at the next stage survey whether this system would be introduced in

Jakarta since there are complex factors aside from low cost and processing capability.

6.6. Solid Waste Management at the Surface Water Arca

The result of the Survey concerning solid waste management at the surface water areas in

Jakarta revealed the following three important facts:

1) Firstly, the availability and reliable data regarding the solid waste at the surface water area
in Jakarta were very limited. As daily waste collecting service is implemented at 244 places
including the Manggarai Watergate by a private company, it may be possible to implement
a detailed survey of the river-waste from the support of this company. However, it is

necessary to hire interpreter when Japanese researcher conducting the survey.
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2) Secondly, the effort of river cleaning service by DINAS PU is not sufficient due to budget
shortfall. For the purpose of reducing flood damage, PU has commenced a large scale
drainage work on 13 rivers since August 2010 using the World Bank’s soft loan (Rp. 200
billion). However, for sustainable development of municipal solid waste management at the
surface water areas, it is essential to allocate adequate budget to DINAS PU, DKI Jakarta.

3} Thirdly, it is necessity and impo}tant to conduct community based environmental education.
Especially, the most important and fundamental solution is to provide environmental
infrastructure, as well as environmental education for economically-deprived squatter

communities residing along the rivers,

From the results of the continuous processing experiment, the Survey team found that it is
difficult to use methane gas recovered from UASB reactor as power generator of incinerator and
UASB-DHS combined system because of the low methane gas density in the Setiabudi Pond. In
addition, the Survey team could not reach the consensus to actively promote the introduction of
small incinerators to local communities along the river, even if the incinerator is inexpensive

and safe for use.

On the other hand, the Survey team found the automatic screens for intercepting the flowing
waste have been installed at 21 river places in DKI Jakarta but with some of screens not
operating due to technical problems with the devise and shortage in electricity. There are
various types of waste removal screen, and the key to avoid operational difficulty is to recognize
the existence of various screen types for removing waste from river, select the adequate screen
fitting the river features, in addition to operation and maintenance status and implement detailed
design individually. In the meanwhile, floats and rope can be utilized for floating waste removal
as already in use in Japan. Since floats and rope system is simple and low cost, it is

recommended to consider it as a useful facility.
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