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TOWARDS ENVIRONMENTAL SUSTAINABILITY
Stute of the Environment 2005 Report

Land

Singupore’s limited lund arey,
coupled with d high rate of
wdaste genherdtion, poses u
uhigue chudllenyge.

LAND

Solid waste hus a very visible impuct on the state of the
environment. Left dlone, it is unsightly and smelly. Worse,
it presents u threut to public heulth, water yuality und
even the eco-system.

Singupore faces u uniyue chullenge, due to our limited
land ureu und the high rate of wuste generution typical
of urbunised societies.

Our solid wuste munuygement strategy (Towards Zero
Landfill and Towurds Zero Waste) cun be summarised us
follows:

Volume reduction through incineration

Reuse and Recycle to reduce wuste disposed of ut
incinerution plunts und the landfill

Waste minimisation to reduce waste gyenerated.

WHERE IT ALL GOES

Collection

In order for wuste volumes tfo be reduced through
incineration, dll solid wuste must first be collected. With
strict unti-dumping luws und un efficient waste collection
system, illegul dumping is not u Mujor problem in Singupore.

Wauste collection is a highly regulated industry in Singapore.
The public wuste collection system covers ull households,
trade premises und public pluces.

Collection of refuse fukes pluce ddily fo prevent
decomposition of orgunic wustes, u potential hedulth
hauzard. The islund is divided into nine yeoyruphicul sectors.
Pre-gyudlified compunies bid to provide collection services
for euch sector through an open tender. Contructs
awurded from 2004 onwdards are for u period of 7 years.
The Nutionul Environment Agency (NEA) dlso reyuires the
public wuste collection compunies to provide recycling
services for the sectors that they are serving under the
Nationul Recycling Progrumme.

Wuste collection for industrial and commercidl premises
is curried out by licensed wuste collectors.



Singapore, Litter-Free
Singupore’s reputution for cleunliness rests on u reliable und regular wuste collection system and efficient cleuning of public
areus. NEA is responsible for cleuning Singapore’s streets, drains, beuches and public walkways. To incredse efficiency, much

of this cleuning is mechanised.

We are dlso ruising public awureness of the impuct of litter on the environment. The “Singaupore, Litter-Free” initiative dims to
yget everyone uttending large-scule public events such us parties, paurades und rdllies to cleun up ufter the events.

For more ubout the programme, see Chupter 5.

The "Singapore, Liffer-Free” initiative aims to get everyone
atffending large-scale public events such as parfies,
oarades and rallies to clean up after the events,




chapter3d: p35

Disposul

With limited land for landfills, Singapore’s policy is fo
incinerate dll incineruble wuste that is hot recovered,
reused or recycled. Incinerdtion reduces wuste volume
by up to 90%. About 91% of wuste collected is incinerated.
The remuininy 9% that cunnot be incinerated is disposed
of ut Semukuu Lundfill, ulony with the ush yeneruted
from incineraution.

Singapore currently has four ygovernment-owned and
operuted incinerution plunts for yenerul wuste,

[Reluse bunker in an incineration plant ]

Government-owned und operated incineration plants in Singapore

Totul Cupucity : 8,200 tonnes/duy
> Wy HsenokolP - Totul Wuste : 6,783 fonnes/day
2,400 tons/duy Totul Wuste Incinerated : 6,183 tonnes/day
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3,000 tons/day

By-products of incineration

Electricity
962 million kWh from wuste heut, or 2-3% of Singupore’s total
electricity.

Scrap metal
16,500 tonnes in 2004, which were sold to u locul steel mill for
reprocessing into steel for the construction industry.

Air pollution

Advanced uir pollution control equipment such as dry lime
reuctors, electrostatic precipitators und cutalytic bagy filters
ensure compliunce with emissions standards.




‘Island-fill’

Pulau Semukau began its life as an offshore landfill in 1999,
when the last remdaining landfill on Singaupore’s muinlund
had been exhuusted. Covering 350 hectures, it hus u
cupuacity of 63 million cubic metres und un expected
lifespun of 30 to 40 yeurs.

The landfill spuce wus creuted by enclosing Pulau Semakau
and u smuall adjacent islund (Pulau Sakenhy) with a rock
bund. The bund is lined with an impermeduble membraune
and u layer of murine cluy to ensure thut used wuter
genheruted in the landill is contained within the landfill area.
Monitoring wells dot the perimeter at 100-metre intervals to
medusure the surrounding water quality.

Toduy, dll noh-incineruble wuste and incinerution ush are
louded info burges which muke the 25-km seu journey from

Tuus Marine Transfer Station to Pulau Semakau. The buryes
are eyuipped with hatch covers to prevent waste from being

blown off during transportation. Once the wuste drrives,

huge excavators transfer it onto large, off-roud trucks. The
wuste is then trunsported o the tipping sites for final disposal.

Not a wasteland

Five yeurs on, birds und plunts are thriving on Pulau Semakau,
and the dir quality remains good.

This idyllic stute is possible due to the cureful construction of
the lundfill spuce. Efforts were mude to protect the marine
ecosystem, especidlly mungroves und cordls hear the landfill.
13 hectares of mangrove were replunted o replace those
removed during construction of the bund. The replunted
mangroves how dlso serve us u bioloyicdl indicutor of the
sufety und ecoloyicul soundness of the lundfill.
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TOWARDS ZERO LANDFILL

From 1970 to 2000, the umount of solid wuste disposed of
increused six times to 7,600 tonnes per duy'

At this rate, Singupore will heed d hew incinerdation plant
every 5-7 yeurs und u 350-hecture laundfill every 25-30
yeurs. This is unsustainable for a smuall city-state. This is
why - Singupore is how pursuing u strategy of ‘Towurds
Zero Lundfill”.

Amount Recycled in 2004

Waste Streams

Puper / Cardbourd
Ferrous Metull

Food Wuste
Plastics
Construction und Demolition Wuste
Wood / Timber
Horticultural Wuste
Used Sluy
Non-ferrous Metdl
Gluss

Textile / Leuther

Scrap Tyres
0 200

! See Anhex for more detdils.
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Our efforts ut recycling und waste minimisation are paying
off. In 2004, the wuste dispposed of dropped to 6,800 tonnes
per duy — u reduction of ubout 11% compured to 2000.

Reduciny incineruble wuste

Since the eurly 1990s, Singupore hus been promotiny
recycling us u meuns of reduciny wuste. In 2004, the
overdll rute of recycling increused to 48% us compured
to 40% in 2000.

M Disposed B Recycled
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The only wuy we will be uble to further reduce wuste und
increuse recycling is to get the wider community involved.
With this in mind, NEA hus infroduced severdl programmes
since the 1990s. These include the:

Nationul Recycling Prograumme

Recycling Progrumme for Condominiums

Recycling Bins at Public Pluces

Recycling Programme for Schools

Recycling Programmes for Industrial and Commercial
Premises.

(See Chupter 5 for more on these progrummes).

Reusiny incineration ush

The incineration process produces bottom ash. Ruther
than dumpiny it in landfill, countries like Germuny
and the Netherlands use the ush to build rouds — an
upplication that Singupore is currently exploring.

GLASS
BOTTLES

-

A strefch of road in the
Jurong Industrial Estate has
as Ifs base material, bottom
ash from the senoko
INncineration Plant,

More than ash

Insteud of the usudl grunite, u stretch of roud in the Jurony
Industrial Estate has as its base materidl, bottom ash from the
Senoko Inciherdation Plunt. The 150-metre strefch of Julun Buroh
wus U pilot project.

The ash was aged for eight to tfen weeks before use, to stubilise
the muteridls. After uging, the ush wus processed to remove
ferrous and non-ferrous Metdls, and unburhed Mmaterials. 1,200
tfonnes of this aush wus used us the roud-buse, which was then
ldid over with an asphalt mix.

The roud hus been in use since Muy 2002 und found to be
sufe, Monitoring of groundwater und surfuce guulity shows
that using the ush will not cause water pollution.




Recycling hon-incineruble wuste

Besides bottom ush, there is u sizeuble amount of other
non-incinerduble wauste disposed of ut the landfill, such as
sludye, silt, shipyard waste, construction und demolition
wuste, We huve mude proyress in yetting industries to
recycle some of these wustes.

Construction and demolition (C&D) Waste

There ure how four C&D wuste recycling facilities in
Singapore to sort und process C&D wuste into secondary
uygreyutes und other products for the construction industry.

Copper slag

Used copper sluy from the marine industry cun be
processed und reused in grit blusting und to munufucture
concrete-puving blocks und reudy-mix concrete. There
dre three fucilities that recycle copper sluy.

Steel slag
There is ulso u fucility processing steel sluy from the scrup
iron mill fo produce roud-building material.
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[Construction and demolition waste recycling faciliiy]

WHERE WE GO FROM HERE

Following the successful privatisation of waste collection,
the gyovernment pluns to increuse private sector
participation in the incineration industry. For example,
the fifth incinerution plunt will be developed by
the privute sector through u Desiyn, Build, Owh und
Operute urrungement.

No mutter how efficiently incineration plants and lundfills
dare run, they are still not sustainuble solutions in the
lony term.

Even us we contfinue to encouruyge recycling, we heed
to go a step further by moving ‘Towards Zero Waste’.
By doiny so, we dare targeting to solve the problem
ut source, by eliminuting the unnecessury yenerution
of wuste.

NEA has started some modest initiatives in this areu,
including u cumpuign to encouruye retdilers to use fewer
plustic buys und remind customers hot to tauke more than
they heed.

Besides such educutionul und promotional efforts, NEA is
dlso studyiny other countries’ best practices, to see if uny
of the pructices cun be udopted in Singupore.

Land set aside for landfill cannot be used for other purposes like housing, factories and offices. Land is a scarce resource that Singapore
can ill-afford to waste. NEA is tackling the root of the problem by irying to minimise waste and thereby prolong the use of the landfill

for as long as possible.



CLEAN LAND

The condition of our lund is inextricubly linked to that of
our wuter, Contuminuted lund leuds to contuminuted
wuter und vice-versu. As both dre especidlly precious
resources in Singapore, we tuke u systemutic approach
to controlling both lund und wauter pollution.

As with other forms of pollution, lund pollution that is not
visible to the nuked eye is often more dunygerous thun
whdat you can see.

Hazardous substances

Huzardous substaunces are those that:

pose a potential for mass-disuster;

are highly tfoxic and pollutive;

generute wustes which cunnot be sufely und adequately
disposed of; or

are harmful to the environment.

Many industries use huzardous substunces und yenerute
toxic industrial wastes which could harm human health
und devustute the environment. Once releused, such
substunces or wustes may be extremely hard to cleun up
and their effects might lust for decudes. Hence, prevention
is definitely better thun cure.

In Singupore, both huzardous substances und toxic
industriul wustes ure well munuyed und confrolled,
without uny mujor spilluge of huzardous substunces or
illegul disposul of toxic industrial wustes.
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Toxic industrial wastes

Toxic industrial wastes aure wustes which by their nature and
quulity are potentidlly detrimentdl to human heulth und/or
the environment und require speciual munhayement,
tfreattment uand disposul. Examples ure spent acids, spent
solvents, spent etchaunts, wuste oil und wuste sludye.

Biohazardous wastes

All hospitals and government clinics in Singupore follow
guidelines for munhuyging und disposing of biohuzardous
wustes. Three compunies here are licensed to collect such
wustes und have dedicuted incinerutors for these.

Rudiouctive hospital wastes, on the other hand, are not
dllowed to be incinerated. These ure dumped ut the sunitary
landfill site operuted by NEA.

WHAT WE DO

NEA conftrols the movement, storage und use of huzardous
substunces, und the disposul of toxic industrial wustes.
Essentidlly, this involves:

plunning and building plan control;
licensing control;
monitoring und enforcement,

Planning und building plun control

The first step in prevention is the “cradle-to-grave”
dpprouch. Only compuanies which cun munage, store
und use huzurdous substunces sufely, us well us dispose
of their wustes effectively, are dllowed to set up here.

The second step is to consider where such industries should
be locuted. NEA vets dll hew industridl building proposuls
in Singupore to ensure thut industries set up only in
uppropriute industrial zones. Industries deulinyg with
hazardous or toxic industrial wastes ure sited away from
residentiul ureus und wuter cutchment ureus. (At the
sume time, NEA dlso ensures thut hew homes ure not sited
within the huzard zone). These procedures minimise public
exposure und sufegyuard our precious water resources.

Finally, NEA vets the uctuul building pluns to ensure that
industrial fucilities ure desighed to prevent pollution.
Developers of mujor projects such us chemicul plunts ure
reyuired to conduct u Quuntitutive Risk Assessment study.




Licensing control

At the sume fime, only people or compunies with the
Uppropriute equipment und truining ure dllowed to handle
huzardous substunces und toxic industrial wastes. A licence
or permit is regyuired for:

import, transportation, sale, storage and/or use of
hazardous substunces

collection of toxic industrial wastes or hospital wastes
transportation of huzardous substunces or toxic industrial
wustes exceeding certuin yuuntities.

Monitoring und enforcement

To ensure compliance with regulations, NEA carries out
regular monitoring und enforcement,

NEA screens dll import of hazardous substances to ensure
that hazardous substunces aure imported only by licensed
contractors. NEA dlso screens dll imports und exports of
ozohe depleting substunces, to ensure that both the
originating und receiving countries ure purties to the
Montreal Protocol'. All transboundary movements of
hazardous wustes are closely tracked to ensure compliunce
with the Busel Convention'.

NEA officers curry out audit checks to ensure the sufe
storauge und handling of huzardous substunces, sufe
freatment und disposul of toxic industriul wastes. Roud
checks dre dlso curried out tfo ensure thut such
substunces und wustes dre beinyg fransported lawfully.

Pdrthership und educution

NEA has been working in puartnership with the industry
ussociutions to further improve the munagement und
control of huzardous substances. The emphusis is on
ygreuter co-regulation, for exumple unnual sufety audits
by installations storing or usinyg large yuantities of
hazardous substances.

Another important uspect of preventing mishups is training
and education. NEA orgunises courses on sufe pructices
in handling hazardous substances und ftoxic industridl
wustes und huzardous substunces. Drivers of roud tankers
and tunk containers carrying hazardous substaunces aund
flummauble muteriuls are reyuired to undergo u Huzmut
Driver Course und uttend refresher courses every two yedars,

Land remediation

occupunts of the site.

Despite the best prevention meusures, minor or undetected leuks may uccumulate over the yedrs und contaminate the land.
If a site wus previously used for carrying out pollutive activities (for example. an oil refinery, oil terminal or chemicual plant),
the owner or occupier must curry out u study fo ussess the extent of contuminution before it cun be redeveloped for hon-
industrial uses. If necessary, the site will then have 1o be cleuned up to ucceptuble stundurds for the hew uses.

Becuuse the potentidl impuct on public hedlth is high, NEA oversees the process closely. These steps serve to protect future

! See Chupter 7.




FUTURE DIRECTIONS

While Singupore dlready has un effective puckuge of
meusures, we redlise that the ultimute prevention is to
avoid the risk in the first place. With this in mind, we are
addressing the source of the risk by working with industries
to minimise hazardous wustes.

Cleun tfechnoloyy

At the plunning stuge, NEA udvises industries on cleun
technholoyies to minimise wuste generution.

Wouste audits

NEA encouruges industries that generate large quantities
of wustes to curry out wauste audits. The audits help
industries to identify dreus where wuste reduction is
possible. There ure competent consultunts in Singupore
to curry out such wauste audits.
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The ulfimate prevention is fo
avold the risk In the first place.

Wuste exchunye

Waste to one compuny muy be d resource to aunother.
NEA helps to link industries und facilitute wuste exchunye
between them. This minimises the final quantity of hazardous
wustes disposed of.

Reuse und recycliny

NEA dlso fucilitutes wauste recycling compunies in settinyg
up recycling plunts. There are currently ubout 160 such
plants in Singapore, providing an avenue for smaller
compunies (which would find it impructicul to operute
their own facilities) to recycle their wastes.

Waste not, want not

Spent solvents
40,000 m® collected per yeur
18,000 m* recovered through distillution und reused

22,000 m* unrecoveruble und used us supplementary
fuel for toxic wuste incinerutors.

Photographic wastes
1,000 m® collected und treuted per year
Silver extracted through electrolysis
Remuining liyuid tfreuted und nheutralised in a water
reclumuation plant before discharge into the sewers.

Spent etchants
22,000 m* yeneruted und recycled per yeur,

We will continue to explore ways to minimise hazardous wastes, even as we track new discoveries of hazardous wastes.



