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Abstract: The main problem of landfill management in Indonesia is the difficulty in getting a location for Finel
Processing Sites (FPS) due to limited land and high land prices. Besides, about 95% of existing landfills are
uncontrolled dumping sites, which could potentially lead to water, soil and air pollution. Based on deta from the
Ministry of Environment (2010), The Act of the Republic of Indonesia Number 18 Year 2008 Concerning Solid
Waste Management, prohibits open dumping at final processing sites and inratification, the Local Governments have
to convert the open dump sites into controlled or sanitary landfill. The Research Institute for Human Settlements has
been conducting multi-year researches related to the rehabilitation of dumpsites toward sustainable landfill. The
research methods are literature reviews, experiments, laboratory analysis and field observations. A pilot model of
dumpsite rehabilitation was carried out in 2010 at the Final Processing Site at Cikundul in Sukabumi City, consisting
of (1) mining landfill (2) construction of landfill cells in a former mining area with a semi aerobic landfill and an
anaerobic landfill and (3) landfill operations using decomposed material from landfill mining as a soil cover. The
purpose of the study is to develop a sustainable approach for landfill management and rehabilitation through landfill
mining and implementation of semi aerobic landfill. Findings in the construction of landfill mining indicate that (1)
the construction of landfill mining is constrained by leachate that is trapped in a pile of waste, therefore, the leachate
needs to be pumped to leachate treatment installations, (2) the volume of waste excavation is expanding due to the
high plastic content of about 26% in landfills (3) the potency of decomposed materials from landfill mining is 40—
83% for landfill operations or greening.. The performance of landfill systems shows that leachate quality of semi
aerobic landfill tends to be lower than that of anaerobic landfill. Gas composition at semi aerobic landfill in FPS
Sukabumi shows about 6-10% CH, and about 15-16% O.. for an aerobic landfill, the gas composition is about 47—
57% CH,and about 2-3% O,. In conclusion the concept mining landfill could be developed especially for big cities
whereit is difficult to find a new site for landfill or to get soil cover for landfill operation. In a sustainable approach,
the excavated area can be turned into a new area for landfill cell so that the capecity of existing Final Processing Site
can be expanded using the block landfill concept. The landfill should be divided into three blocks: compost block,
composgting block and active block. Usage of the three blocks are rotated with the intention of using solid waste on the
compogt block as soil material for the active block through landfill mining.
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INTRODUCTION

Based on 2010 data from the Indonesian
Ministry of Environment, about 95% of final
processing sites (FPS) in Indonesia were poorly
managed uncontrolled dumping sites and many had
reached or were soon reaching capacity.
Uncontrolled dumps were associated with
environmental problems such as the risk of
groundwater and soil contamination, odor, air
pollution (including generation of green house
gases), aesthetic blight, threats to flight safety and
consumption of expensive tracts of land.

Indonesian Code Number 18 Year 2008
concerning Solid Waste Management, prohibits

open dumpsites at fina processing sites and in
ratification [1], Local Governments haveto convert
the open dumpsites into controlled landfill (for
small and medium cities) or sanitary landfill (for
big and metropolitan cities) [2]. In line with the
mandate, the Research Institute for Human
Settlements (RIHS) has been conducting multi-year
researches on the rehabilitation of dumpsites toward
sustainable landfill. A pilot project was designed in
2009 [3] a Fina Disposal Site Cikundul in
Sukabumi City, West Java and was constructed and
operated in August-December 2010 [4] through
developing an appropriate landfill model for cities
in Indonesia and the rehabilitation of open
dumpsites . In 2011, the research continued with its
monitoring and eval uati on processes [5].
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The purpose of the qudy is to devdop a sustanable
agoproach for the rehabilitation of dumping sites through
landfill mining and implementation of semi aerabi c landfill as
opposed to anaerobic landfill. Compared to aneaerdbic landfill,
a smi-agrcbic landfill method has severd advantages
induding reduction in the production of landfill gas and faster
gahilization of the filled waste land [6]. In devdloping a
sudainable approach, an dternaive sdlution is the Blodk
Landfill conoept. In this concept, landfill areais divided into 3
blocks of operation, nandy a compost block, a composting
block and an adtive block. Usage of the three blocks isrotated
with the intention of using sdid waste on the compast blodk
as soll materid for weste at the adtive blodk through landfill
mnng The bendfits of the block landfill concept are:

reduced expenses in buying sal cover for landfill

operation

- expanded cgpaaty of turning the Find Disposd Siteinto
sustaingbl e landfill

- income generation from the sde of excess compost for
non-food crops

- production of hioges from area 3 R that can be used as
heat energy / fud

- recyding of non-organic maerids such as pladics,
rubber, metd, and dlass found while sorting and sifting
the compost fromthe compostingzone

- suppresson of the generdion of sdlid waste, liquid and
gas (deaner production)

- acoderation of waste compogting process

METHOD

The gudy materid isapilat prgect of alandfill modd a
FPS in Cikundd Sukabumi City. Methods used for data
collection are laboratory andyss, fidd doservaions, and
literature reviews from books, research reports and the
internet, and observation sudy. The parametersto be and yzed
ae -  Sdid wagte composition of wage in FPS in Suk-
abumi

City based on organi c and ianorganic waste-
fraction from decomposed maerid sfrom dumpsites
usngsevingandyss-  Charaderidics of
from semi aercbic and
anaerdhic landfill cdls paticulaly the parameters of
BODs days (BODs)and COD
- Gasemisson (for the parameters of CH, and O,)at semi
aerobic and anaerobic landfill odls using landfill gas
andyzer type GA 2000 plus

Sail

leachate

These parameterswill gve amodd for the redametion of
dumpsites, the patency of decomposed maerids from the
dumpsites as landfill cover, and the effectiveness of landfill
methods using semi agrabic and anaerobic process as options
for an gppropriate landfill method for Indonesia

RESULTSAND DISCUSSON

Pilat Prgject at Cikundul Dumpsite Sukabumi City
1) SteDexxiption

Like most municipdlitesin Indonesia, the Sukabumi Loca
Government has been carrying aut gpen dumping of MSW
snce 1994. The Find Processing Ste (FPS) is locaed in
Cikundul Sub Didgrid Stu Mekar, Digricd Lembur Stu,
Sukabumi City. The find processng Steis about 8.7 Hain

80

sze, with 470 m® of waste dumped per day, comprising
mainly of domesticwaste.

In FPS Cikundul, there is a 1000 m’ Waste Recyding
RAant with the produdion capadty of 10 tons per day. The
products are compost, compost granules (round), waste
Briquettes and fish pdllets The produdtion of compost in 2008
was 1.92 tor/day, whilein 2009; the produdti on was 3 tons of
compost per day.

Themodd islocaed a Zone | of the Find Processing Site
(FPS) in Cikundul Sukabumi, The waste had been placed on
the site Snce 1994, where it wasfilled up to a height of about
15 meters The upper 3-5 meters of weste were deposited
over 2008 t02009.

2) Design o theModd
The modd was designed in 2009, and was constructed

and gperated as a landfill cdl during August to November

2010. The modd of the dumpsite renabilitation condsts of :

(1) landfill mining of the gpen dumping ste invdving the

excavation, screening and separati on of materid from landfills

into sal, recyd able materids and resdue (2) devel opment of
the excavated area into a desgned sanitary landfill cdl
induding laying linings a the battom and sides, and ingtaling
gas and leachate cdledtion pipes so that the munidpa waste
can be digposed and managed in a proper way (3) usage of the
sail fraction of excavated materid as daily cover. Two odls
consiging of an anaerobic landfill odl and a semi aerchic
landfill odl were constructed on the dumpsite areain the Findl
Processng Ste (FPS) in Cikundul Sukabumi aty. Each cdl is
appraximady30x 1I5minsze withaheight of 8m.
The congtruction inva ved the asfdlowing activities

a Cutting of the open dumping areaof 1500 n?, 3m in

depth

b) Excavation of the open dumping area of 900 ?, 5min

depth

Preparation of a temporary office, a g0k area and a

revaving cylindrica seve

Handling of mined soil and weste a the gock area. The

mined maeids will be deved by the revdving

oylindrical deve to dtain sal fradion to be used as
landfill cover

Construction of an access roed to the location of the pilat

modd

Construction of landfill cdlls-

landfill cell and Zone B sami
aerobic landfill odl.

- Theaeafor each zoneis 450 nwith alength of 30
m, awidth of 15m, and aheight of 8m.

- Condrudtion of a bese liner condgting of coarse
materid ggones with a dameter of 10-15 cm; sail
frations of decomposed maerids from the
dumpsites with athickness of 20 om;  geatekdtil of 4
mm thickness and geomembran of 1.5 mm thickness,
with a plaited mat made from bamboo layered over
it.

- Ingdlment of piping for leachate and gas, and a
connection pit.

- The leachae cdledion sygtem condds of a
perforated conarete pipe with a diameter of 600 mm
for sami aerobic, and 300 mm for anaerdbic landfill
cdl. The leechateis flowed through an apen drainage
to the exiging leachae tretment plant in FPS
Cikundul.

o

Zone A . anaerobic
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- A veticd ges vetting pipeisinstdled on top of a
connection pit. A connection pit is used to connect
the leachete cdllection pipesand verticd gaspipes.

- The veticd ges venting system condsts of ges
verting pipes (pafaaed PVC pipe 4 inch in
diameter and protedive casing made of plated
bamboo mat and gravel with adiameter of 10-15am
that is filled between 80 cm thick pipes and casings
The hdes of the pipe and bamboo dlow ar and
gassstomoveinand aut.

g Opeaionodflandfill - Totd vdume of sdid waste
disposd for the two
cdls is 2365525 kg over a period of 20 days in
December 2010; mekingup  1182762.5 kg of waste
per odll or about 5910 m*® each cdll. Sdlid waste came
from residentid aressand the market.

- Wade is placed horizontdly in layers by soreading,
compacting and covering the disposd weste

- Eachlayer is1.5min height after being compacted.
After reaching 3 layers of 1.5 m each, it is covered
with 30 am of sail fradtions of decomposed materids
from the dumpsites

h) Thewadeis covered with 20 am of coarse materidsfor
drainage.

i)  Fnd cover using 70 an thick compected day is layered
with 30 am of ol fradtions of decomposed materids
fromthe dumpsites and is planted over withgress.

Obgadesin Condruction: The obstades inthe congtruction
of landfill mining in FPS Cikundul Sukabumi are 1) The

leachate generated by rain water into the landfill waste is
trapped in the pile of waste because the landfill is nat equiped
with leachate piping 2) The vdume of excavated maerid
incresses about twice due to a high compostion of plastic
waste (about 25.65%) in FPSCikundul.

Patency of Sal Fraction of Decomposed Materials Daa
of sol fradions of decomposed materids from the
dumpsites & FPS Cikundul in Sukabumi City compared
with other dties such as Jember and Subang can be seenin
Table 2 From Seving andyss usng mesh <2 am, it is
determined that the sail fraction from decomposed meterids
from the dumpsites & FPS Cikundul in Sukabumi City is
abaut 42%-83%. However, based on fidd andysis usng
screening with mesh <1 am, the decomposed materid is
abaut 25-40%. The percentage is amdler due to severd
fadors, paticualy, in the rainy season the soil materid
becomes sticky and difficult tosieve

Characterigtic of Decomposed Materials The decomposed
materid gcompogt is il mixed with plegtic. Plagtic weste in
FPS Gkundul is aout 25.65% (FHg. 1). The compodt is
contaminated by heavy metal and needs adjustments of C and
C/N [11]. The paency of decomposed materids in FPS
Cikundul Sukabumi thet can be used for sail cover in landfill
operaionsis40-83 %. The compost can dso beused asa sall
conditioner for greening, non food argp and hard crop, using
mesh < 1 amfor non food crop and mesh 1-2 em for landfill
cover.

Table 1: Construction of semi agrobic and anaerobic landfill model

No Semi aerobic

Anaerobic

The concept of a semi aerobic landfill is a landfill
where waste goes through a decomposition process
in the presence of oxygen. Additiondly, the quality
of leachate wasimproved at a much faster rate, and
the generation of methane, hydrogen sulfide and

other gases was s gnificantly reduced [6]

The concept of an anaerobic landfill isalandfill where
waste goes through a decomposition process in the
absence of or in the presence of reduced oxygen, to
maximize the generation of methane gas

2  Leachate pipe, 600 mm

Leachate pipe, 300 mm

A control box is placed as dose as possible to the
3 landfill cdl, and thereis awaterfall from landfill to

control box for connection to outside air

Leachate collection pipe from landfill is connected to
leachate treatment plant

A connection pit is used to connect the man
4 leachate pipe with a branch pip; a verticd gas pipe

isinstalled on top of the connection pit

The joint of the main leachate pipe with its branch is
connected, thus there is no need to connect with gas

pipe

hazardous metal, 0.34 _fabric, 4.81
waste, 0.11

residue, 10.24

paper, 7.18

lass, 0.47

B organic

B plastics
paper

® residue

B hazardous waste
metal
fabric

glass

Fig. 1: Solid waste composition at fina disposa site Cikundul in Sukabumi City
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Table 2: Percentage of sail fraction of decomposed materia s from some dumpsites

No Location of Fina Disposa Site/ Fraction soil
Year of sampling (mesh of screen diameter <1 cm)

1 FPS Tamangapa Makasar (2008) 50%

2 FPS Ci cabe Bandung (2007) [7] 86.22 %

3 FPS Pasir Impun Bandung (2007) 94.69 %

4 FPS Leuwi ggjah Bandung (2007) 60%

5 FPS Cikundul Sukabumi (2009) 42%

6  Pilot project a Cikundul dumpsite Sukabumi City (2010) 83% (based onseving andysisin

|aboratory)
40% (based on field and ysi s)

Quality of Leachate Data sampling shows that
leachate quality of semi aerobic landfill tends to be
lower than of anaerobic landfill. The BODs from semi
aerobic outlet is about 256-1219 mg/L, and COD is
about 394-4050 mg/L. For anaerobic landfill, the
BOD:s is about 532-1138 mg/L and COD is about
816-3750 mg/L.

and anaerobic landfills in Sukabumi city compared
with other models can be seen in Table 4. At the semi
aerobic landfill in FPS Sukabumi, the gas composition
is about 6-10% of CH, and about 15-16 % of O,
while at the anaerobic landfill the gas composition is
47-57% of CH, and 2-3 % of O, This mode meets
the criteria that the CH, percentage of semi aerobic
landfill should be <20% and the CH, percentage of

Gas Composition: Gas composition of semi aerobic anaerobic  landfill  should be >50%  [10].
Table 3: Characteristics of leachate February-May 2011
No Parameter Semi Aercbic Anaerobic Effluent Sandard
Category 11 [9]
1 Colour (TCU) 1720-2468 2481-2529 -
2 Turbidity (NTU) 76-113 100-129 -
3 TDS (mg/L) 125-828 100-129 4000
4 TSS(mglL) 1518 21-54 400
5 pH 7-9.2 7.1-83 6-9
6 BODs (mg/L) 256-1219 532-1138 150
7 COD (mg/L) 394-4050 816-3750 300
8 DHL ((umhos/cm) 178-1210 172-1210 -
9 Nitrate (NO3-N) (mg/L) 1.2-254 2.2-38 30
10 Nitrite (NO,-N) (mg/L) 0.01-0.19 0.01-0.52 3
11 Ammonia(NHz-N) (mg/L) 0.28-0.77 0.7-1 5
Table 4 : Comparation of CH, and O, from some landfill models
No Landfill modd Location Description CH, (%) 0, (%)
Semi aerchic FPS Cikundul April-May 2011, 4 months after
(¢ 600 mm) Sukabumi City landfill closed, waste landfilled
5910 m’, landfill area 15x30 m, 6-10% 15-17%
height of waste 8 m
1 Semi aerobic FPS Cibereum August 2010, 8 months after
(¢ 800 mm) Banjar City landfill closed) waste landfilled
4500 7, , landfill area 15x30 m, 1% 15-17%
height of waste 5 m
Criteria of semi aerobic [10] <20% >6%
Anaerobic FPS Cikundul April-May 2011, 4 months after
(¢ 300 mm) Sukabumi City landfill closed, wastelandfilled
5910 m®, landfill area 15x30 m, 47-57% 2-3%
2 height of waste 8 m
Anaerobic FDS Manggar 1year after landfill closed, waste
Balikpapan landfilled 414.000 7 57-66% 0.1-0.4%
Criteriaof anaerobic[10] >50% <6%

82



Iranica J. Energy & Environ., 3 (Special Issue on Environmental Technology): 79-84, 2012

Developing a Sustainable Landfill: To develop a
sustainable landfill, the concept of a Block Landfill
can be implemented in FPS Cikundul Sukabumi city.
In this concept, the landfill should be divided into
three blocks: compost block, composting block and
active block.

1) Compost Block:
The od dumpsite area in FPS Sukabumi is about
5.6 Ha, operating over a long period from 1994 to
2007. 80% of it could be used as compost block
and 20% as supporting infrastructure and buffer
zone. The compost block is an dd open dumpsite
that is already stable and can be mined by sieving
to get compost as a soil cover for the operation of
an active block. It should be proven by testing the
soil profile through drilling of the decomposed
wagte in the landfill a severa varied depths.

2) Composting Block:
The composting block is previoudy an open
dumpsite that is dready closed but is ill in the
process of composting.

3) Active Block:

The active block is a block that is being actively

operated as a landfill. The aternative of a landfill

system is a semi agrobic landfill that has the

advantages of a lower leachate quality and methane
gas emission compared to an aerobic landfill.

The operation of a semi aerobic landfill requires
soil cover of &t least once aweek. The active block is
divided by a tipping face of about 30 x 50 m. The
intermediate soil cover requirement of 300 m® per
week can be obtained from decomposed materia from
the mining of the compast block.

The concept should be combined with a Waste
Recycling Plant. The Waste Recycling Plant can be
optimized by increasing the production capacity to the
optimum capacity of 10 tons/day. The capacity of
production can be increased with the compost from
decomposed material from the compost block. As the
plastic waste compoasition in Sukabumi is high (about
26%), it isnecessary to devel op plastic recycling.

Leachate and Gas Contral: The landfill is equipped
with piping for leachate and gas ventilation. The
leachate treatment can be optimized by recirculation
towards the active block to accelerate the
decomposition processin the landfill. For recirculation,
leachate piping and a redirculation system are needed
in order to accel erate the decomposition of landfill.
The scenario of a block landfill concept in FPS
Sukabumi City can be developed as in Fg 2

To increase the capacity production of
Waste Recycling Plant

A

—| (composting and recycling of an organic waste) »
residue
I
A
Compost Block Composting Block Active Block
T Old dumpsites Closed dumpsites The block that is being
[ actively operated as semi
! aerobic contralled landfill
! 7 Y\
1 .
! Sieving Machine :
1 .
! !
i R !
i = !
! !
! !
! !
! !
| 1
: — —— Soil cover ;
! Soil fraction mesh 1-2cm i
! as landfill cover ;
I .
| 1
: Leachate i
i redirculation !
! L eachate treatment g !
e e e i =] > i = I -

Fig. 2: Devel oping ablock landfill concept in FPS Cikundul Sukabumi City
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CONCLUSION

The obstades in the congtruction of the landfill
model in FPS Cikundul Sukabumi are:

a) Theleachate istrapped inthe pile of waste because
thelandfill is not equi pped with leachate piping.

b) The volume of excavated materia increases twice
because of high the plastic waste composition in
FPS Cikundul (about 25.65%). To prevent this
problem, it is suggested that landfill mining should
not be done during the rainy season. In addition,
landfill mining needs a stock area for placement
the excavated materids is needed.

The potency of soil materid from landfill mining
that can be sieved to get compost or soil cover for the
operation of active landfill is about 40-83 %.

Data sampling shows that the leachate quality of
semi aerobic landfill tends to be lower than thet of
anaerobic landfill. The BODs from semi aerobic outlet
is about 256-1219 mg/L, and COD is 394-4050 mg/L.
For anaerobic landfill, BODs is about 532-1138 mg/L
and COD is 816-3750 mg/L.

Gas composition of semi aerobic landfill in FPS
Sukabumi shows about 6-10% of CH, and about 15—
16% of O,. For anaerobic landfill, the gas compoasition
is 47-57% of CH,and 2-3% of O,. This model meets
the requirement that percentage of CH, of semi aerobic
should be < 20% and the percentage of CH, of
anaerobi ¢ should be >50% [10].

The excavated area can be constructed as a new
area for landfill cell which can expand the capacity of
exiging Finad Processing Site. The mining landfill
concept could be developed especidly for big dities
whereit is difficult to find a new site for landfill or to
get sail cover for landfill operation.

In a sustainable approach, the excavated area can
be constructed as anew area for landfill cell which can
expand the capadty of existing Fina Processing Site
using the concept of block landfill. In this concept, the
landfill should be divided into three blocks: compost
block, composting block and active block. Usage of
the three blocks is rotated with the intention to use
solid waste on the compost block as soil materid for
wasteat the active block through landfill mining.
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