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6.5

6.5.1

Measures and Projects for Achicving Clean City Environment:
Establishment of Effective Solid Waste Management

Basic Concept

| (1) Slogan

Good solid wastc management is summarized in the following proposcd slogan:

*  “Betler and more service with higher efficiency”

(2) Principles

The proposed principles concerning solid waste management of Hanoi are as
follows:

+  Application of cost-effective and cnvironmentally sound methods particularly
for wasle collection, transport and disposal -

100% waste collection service coverage for all urban population

* Increases of cost recovery through fce collection

*  Strengthening of the responsibility and capacity of Districts in solid waste

management

+  Promotion of privatization

+  Strengihening of the responsibility of enterprises for the management of
industrial wasle

(3) SWM Service Targels

The following service largels arc proposcd:

+  Provide waste collection service for all urban population by 2007

* Implement a complete sanitary landfill in Nam Son by 2004

* Increasc the clticicncy of waste collection and transport through institutional
reform and operational improvement by 2002

‘¢ Achicve 100 % cost recovery by the year 2005

(4) Major Mcasurcs lo Achieve lhc Tarﬁcis |

“Inorder to achieve the above larﬂcls the lollowmg medsures arc proposcd:

. Imtlluuon

.. ~Shm rC’ip(}nSlbllliy ol solid waste managcmcni to the District administration
-_'trom HPC (TUPWS)

°‘_ Privatize solid wasle managcmcnl st,rwu:s in the form of conlracling out”

+  Transtorm URENCO into a pure service provndcr

¢ lncrcasc cost recovery from waste generators, i.c. households and industries
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6.5.2

B. Municipal Waste Collection and Transporl

*  Promote usc of waste bins (350 — 700 liter) or bagbags of degradable type to
avoid wasle scattering and increase waste collection efficicncy

*  Apply direct collection system for collection of solid wasle (with trucks but
without handcarts) instead of the existing two steps collection system with
handcarts and trucks

*  Renew and procure necessary collection equipment (1rucks) and develop new
garages and a workshop for maintenance

* Devclop a waste transfer system (construction of a transfer station in Dong
Ngac and procurement of sccondary transport vehicles)

C. Municipal Waste Disposal

*  Sccurc land of adequate area for landfill, and construct a landfill sitc in Nam
Son -

*  Apply a sanilary landfill as major means of non hazardous waste disposal

*  Apply composting only il its economic feasibility is confirmed.

D. Hospital Waste Management

*  Apply incincration as major means of disposal of medical solid waslec
*  Collect and incinerate all medical solid waste

E. Indusirial Waste Management

+ Enforce the regulation that stipulates the responsibility of industrial waste
generators lo manage their own waste

* Promote establishing joint venture companies that provide industrial waste
collection and treatment service

Institutional and Regulatory Measures

This scction explains the institutional proposals as an intcgral part of the Hanoi
Environmental Master Plan. The basic dircction shown by these proposals has
been discussed and agreed with the Victnamese ‘side, in particular the Steering
Committee for this JICA Study. However, these proposals are worked out as an
integral part of the Environmental Master Plan for Hanoi and therefore, it is
advised that in-depth and detailed study should be carried oul 1o give body and
substance lo these proposals and concrete plans should be worked out with
specific measures. In pariicular, measures proposed for privatization should
Turther be looked into carclully by HPC itsclf from various vichoihis including
its economlc and financial feasibilities and lhe way of lnvolvemenl and
supervision by the Govcrnmcnl

These proposals should be understood in this context.
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*  Shifl responsibilily of solid waste management to the District administration
from HPC (TUPWS)

¢ Privatize solid waste management services in the form of “contracting out”

* Transform URENCO into a pure service provider

*  Increase cosl recovery from wasle generators, i.c. houscholds and industries

(1) Shift responsibility of solid waste management to the District administration
from HPC (TUPWS)

At present, Department of Urban Transport and Public Works (TUPWS) is
responsible for administering solid waste management within urban districts, and
URENCO is responsible for providing solid wasle management service. In sub
urban districts, each sub urban district is responsible for providing solid waste
managemenl.

It is proposed that HPC will shift the responsibility of solid waste management to
cach urban districl. Being responsible for SWM mecans to take ullimate care of
solid waste management, and does not nccessarily mean that a responsible body
should provide SWM service by itself. Major options are:

*  Usc employees and equipment of their own
*  Contract out SWM services

The reasons for proposing this shill are as follows:

1) SWM service is a community-based service by nature

Collection of solid waste is a community-based service that requires local
residents’ cooperation, District administration is the most appropriate level
of administration that can have conlacts with local residents.

2} Size of Population is large enough for district to provide ellicicnt service

In Hanoi, cach district has population of 200,000 to 400,(300. Population of
this size is large enough for a district to provide efficient solid waste
managemeni service.

3) District administration is financially and administratively capable

In the past, each district administration used 1o be responsible for solid waste
;; management. The need for applying ‘a capilal intensive waste collection
mcthod (usc of trucks) has nccessitated establishing a municipal organization
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like URENCO. With cconomic growth, it is financially and administratively
possible for cach district to purchase trucks.  Gia Lam sub urban district has
proven this point.

4) Uliimate caretaker (District) will have more choices regarding way of
providing service

Once a District is held responsibilily for ultimate care taking of solid wastc
management, the District would have choices as to:

*  Whether to use own employees and equipment of ils own (direct scrvice
by district) or external companies (contracting out).

»  which parls (arcas) of disirict should be contracted out

* which types of scrvices (strect sweeping, collection and transport,
watering streets) should be contracted out

* when to be contracted out ‘

* conditions of conltracls

5) Possibilily for cost reduction

‘Because of availability of the above choices, there is a possibility to reduce

costs of SWM scrvices. It is likely that other districts will follow a District
that has proved to be successful in solid waste management

Privatization
1) Form of Privatization

For wasle collection, transport, and strect-sweeping services, “contract out”
is the most appropriate form ol privatization. Contracl out is lo arrange
provision of SWM service by using contractor based on conditions and terms
agreed between contractor and client.

For treatment and disposal of solid wastc, BOO (Build, Own, and Opcrate)
or the concession are applied in some cities in Britain and France or other
counlrics. In France concession is common. BOO and concession are
gc'ncrally' termed as Project Financing Initiative (PFI). In ecither case,
contractors are remuncrated based on quantity of solid waste disposed of.
The other form of privatization ol waste trcatment and disposal services is
the management contracl. A selected contracior is responsible for operation
and maintenance of the facilities such as incinerator or landfill facilitics
owned by local government.
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2) Reasons for Proposing Privatization
(2) Reduction of SWM Cosit

Experiences in many countrics show the privatization of SWM scrvice leads
to reduction of SWM cosl by 10% - 40%. Cos! reduction by one third (33%)
scems to be common. Under the current seiting, URENCO does not have
much incentive o be more elficient.

(b) Expansion of Service Area

With savings made through cost reduction, il is possible for Districts to
cxpand wasle collection service areas.

(c) Improvement of Scrvice Quality

Experiences in many cities of the world show that quality of SWM services
improve though privatization. Clicnts (Districts) have choice to replace a
contractor with another one it the service quality is not satisfactory. This
condition gives contractors an incentive to provide better service with less
cosl.

@ (3)  Arrangement for Shifting SWM Responsibility to Districts and Arrangement
for Privatization

Time schedule shown in this scction is only example. Detailed strategy, plan and
schedule should be worked out by HPC in the near future. Hanoi Socio-Economic
Development Rcscarch Institute would be capable of drafting such strategy and
plan. - ' _

Step 1: UEE receives vehicles (by 2000)

Each Urban Environment - Enterprise (UEE) will be given wasle collection
vehicles and other necessary equipment and facilitics including garages. In reality,
this ch'mg,c will be done by lmnsfcrrmg, staff and equipment of the Transport
Units to UEEs. In March 2000, URENCO has alrcady decided fo implement this
change. UEE will also assume responsnblhty of ¢ollection of demolition waste and
soil waslc

S(ep 2 UEE will be placcd under District Administration (2001 2005)
.Thc exrslmg 5 Urban Env1r0nmcnl Entcrpnses (UEE) will be delachcd from
_ URENCO and pla(.cd under {hc District Admlmslralmn during 2001 — 2005,

- _ | . UEE 1 wall be admlmslcred jomlly by Ba Dinh District and Cau Giay District
"g’ *  UEE 2 will be administered by Hoan Kiem District
* UEE 3 will be administered by Hai Ba Trung
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* UEE 4 will be administered jointly by Dong Da and Thanh Xuan %
* UEE 5 will be administered by Tay Ho District

An important condition for this change is that UEE would be provided with
adequate equipment such as waslte collection vehicles.

Bach UEE will provide waste collection service in the same manner as before,
HPC will allocate corresponding budget to each District.

Step 3: Districts will be responstble for fee colleclion (2001)

Each Urban District will assume responsibility for collecting fecs from service
recipients  (households, and governmental, commercial and industrial
organizations).

Step 4: UEE will partly or wholly confract out waste collection service (2001 -
2005)

HPC should guide Urban Dislricts 1o contract out part of their service in some
arcas. With emergence of new business opporlunitics, the private seclor would
cstablish private companies thal can provide waste collection and sircet
sweeping/watering services. If there will be a few companies, the competition for
“betler service with less cost” will set in. HPC and Districts should prepare
goidclines concerning standards and conditions of SWM scrvices applicable to
contraclors. HPC should take measures lo strengthen the Districts’ capacity in
confracl manageme.

It is advisable that the said contracting out (privatization) should be done first in
non-central districts, and in central districts later. The Hanoi Socio-Economic
Development Research Institule proposed the following time schedule:

Districls Timing of Contracting Qut through Tender
- Cau Giay & Thanh Xuan ' 2001 - 2002
- Tay Ho, Hai Ba Trung and Dong Da 2003

- Hoan Kiem and Ba Dinh to be decided based on results of formers
Step §: URENCO wiil be detached from HPC (by 2005)

URENCO will be detached from HPC, and become an independent’ company.
URENCO will have contracts with cach Urban District for provision of scrvices
for the secondary transport and diSposal URENCO will recover éosl though
- contracts, and will not receive any subsuhes At this slabc URENCO will
continue to monopolize the waste transfer ‘and disposal business. However,
because URENCO recovers all costs in the form of fees instead of SUbSIdlCS %
URENCO will have an incentive to do more sefvice with less cosi.
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6.5.3

Step 6: Privatization of secondary transport and disposal services (200§ -
2010)

HPC will change monopoly policy of URENCO’s scrvice, and cncourage that
some companics will be established that can provide the sccondary transport
service. In future, HPC should also cacourage private scclor to participate in BOO
arrangements for wasle trcatment and disposal. Simullancously, HPC should

cstablish a regutatory agency that will sct standards of wasie treatment and
disposal scrvices, and monitor compliance of companics,

Collection and 'Transport Plan for Municipal Waste

(1) Target Collection Quantity

Provide waste collection service for all population living in urban arcas
both in Urban Districts and Suburban Dislricts.

Urban Districts will increase wasle collection amounts so that they will
collect 95% of waslte gencration amount in 2007 and thercafier.

Suburban Districts will increase collection at annual increase rates ranging
from 6 — 10% depending on district and period, and will reach 65%
collection rate in 2020.

1) Urban District

As of the beginning of 1999, it is cstimated that URENCO collects about
1,300 ton per day including demolition wasie and soil waste, 77% of the
cstimated generation amount of 1,700 ton/day.

In terms of the collection service coverage by poputation, URENCO should
provide 100% of the urban population with wastc collection service.
However, technically, 100% of service coverage is unlikely in terms of wasle
quantily.

It is proposed that that URENCO will increase collection amount at rate of
8% unlil the collection rate reach 95% in 2007. Thereafler, URENCO’s
collection rate will remain at 95% by iﬁcréasing waste collection at same
rales as generalion increase rates. Table 6.5.1 shows annual amounts of
wasle gencration and collection during the period 1998 — 2020, Information
for selected years is shown below.

6 - 150




The Study on Environmental Improvement FINAL REPORT
for Hanoi City in Main Repori, Volume 3
The Socialist Republic of Vietnam

‘Farget Waste Collection and Projection of Waste Generation Amount
in the 7 Urban Districts of Hanoi

Target Collection Projected Genceration | Collection Rate
Year (ton/day) (tonfday) (a)(b) =
() ) ©

1999 | 1% Y 1,708 o N%

2005 1,935 2,184 9%

2007 2,396 2,522 95% )

2010 2,763 2,908 o 95%

2020 3,954 4,162 95%

Table 6.5.2 shows target collection amount by district. Table 6.5.4 shows
waste received al Dong Ngac transfer station and Nam Son landfill.

Current waste flow from gencration to collection and disposal is shown in
Fig.6.5.1. Fig.6.5.2 shows the planncd future waste flow in 2004 when the
planncd transfer system and Nam Son Phase 2 Landlill site is open.

2) Suburban District

At present, each Urenco of suburban districts provides collection service for
town (district center) and few communes surrounding communes (out of
about 25 communcs) in cach district. Except for Gia Lam suburban district
that established its Urenco in 1989, the other 4 suburban districts of Hanoi
established Urenco in each district in recent yecars during 1994 — 1998,

The longer the history of Urenco, the more waste il collects. As of the
beginning of 1999, Gia Lam district collects 48 ton/day, and the other 4 sub
urban districts collcct about 20 ton/day of waste cach. Rates of collection
relative to generation are estimated to be 37% in Gia Lam, and 20 - 30% in
the other 4 districls.

It is projected that wastc generation amount in sub urban districts will
increase at rates from 2 — 4 %/ycar. Targel wasle collection amount must
increase 6 — 10%/ycar. ' '

Because cach suburban district is responsible for solid waste management
within cach district area, target collection amounts and resulting collection
rates are set for cach suburban districts as shown in Table 6.5.3. Summary is
shown below. In principle, each suburban district should providc waste
collection service for all urbanized area.
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‘Farget Waste Collection and Projection of Waste Generation Amount
in the 5§ Suburban Districts of Hanoi

Target Collection | Prejected Generation Collection Rate
Year (ton/day) (ton/day) @y(b) =
- (a) | (b) _©
1999 133 470 28%
2005 [ L I . 36%
00 294 671 A%
2020 586 908 65%

(2) Coltection and Transport Method
1) Issucs

The Study Team considers that the major issues with respect to wasle
collection and transport are as follows:

* Increase level of cleanliness of streets

* Increase efficiency of waste collection and transporl.

* Achieve 100% collection coverage in terms of population for
urbanized areas irrespective of whether they belong to urban districts
or suburban districts.

2) Mocasures o Increase level of Cleanliness of Streets

Some people in Hanoi put solid wasle on sireets without using any
containers or bags. Ash of charcoal briquets dumped on strects without
conlainers are often seen on streets. Such unsealed wasle is a major causc of
unclean streets.

*  To avoid this situation, HPC should make it compulsory to use cither:

a. containers {350 liter — 700 liter) that can be mechanically lificd by
collection trucks or

b. bagbags of degradable type
* Do not use communal containers (6 — 8 m3) in the city center as they
can often be causes of unsanilary condilions though they can be used
* in suburban arcas.
*  Improve the design ot dustbins placed in public spaces. They should
be larger and casicr lo cmpty.

J

The above containers or bags must be oncs that arc compatible with
collection systeni. '

Containers can be placed in residential area with apartment buildings or
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other places where there are enough spaces that are accessible by collection
trucks. It is local residents who put waste into these containers. Use of this
type of conlainers will ¢cnable 1o substantially increase ctficiency ol waste
collection. ' '

1t should make it compulsory lo scal bagbags afier putting solid waste.

3) Measures to Improve Efficicncy of Waste Collection and Transport

¢ Apply dircct collection system instead of two step collection with
handcaris and trucks because the dircct collection system is morc
clficicnt

+ Cilizens will use cither bags of degradable type or designated
containers

«  Collection workers instead of local residents will put waste into
trucks

»  Establish a transfer system with a transfer station in Dong Ngac

(a) Direct Collection

It is rational to move from a labor intensive system (such as the prevailing
collection system) to capital intensive system as labor cosls increase in
future. '

The Study Team has estimated and compared costs of both the prevailing
system and dircct colleciion system for Hanoi. The resull indicates that
under the current conditions, cost of collection and transport would be
lowered by about 1 million dollar per year by switching from the prevailing
collection system to the direct collection system. The cost difference
between the two systems will be larger with rise of salarics of URENCO
workers and increases in waste collection amount. If both salary and waste
collection arc doubled, the annual net saving will be 3.7 million dollar as
shown in the following table.
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Cost Saving to be Gained by Shilling from
the ‘Two Steps Collection System to Dircct Collection with Trucks

Major Assumplions Annual Costs
Handcart .
‘Wast?- Salar): of S?!My of Collection Cf)lleciwn & Annual Cost
Collection | Handceart I'mack o I'ransport .
Cases . & Truck ., Difference
Amount Worker Driver Transport with Truck ($/year)
(tonfday) | ($/month) | ($/month) ($/year) {$/ycar)
a b d d ¢ f=d+¢
Case 1: No changes in salary 800 40 50 2,627,650 | 1,683,621 914,029
rates and waste colicction
amount
Case 2: Salary rales are 800 80 100 3,787,741 1,909,152 1,878,589
doubled
Case 3: Salary & waste 1,600 80 100 7,575,483 | 3,818,304 3,757,179
colleclion amaunt are doubled

Detailed calculations and assumptions for cach case are shown in Tables
6.5.5, 6.5.6 and 6.5.7.

Comparison of Hanoi URENCO with Da Nang Urenco

The JICA Study Team members visited Da Nang and Hoi An where a direct
collection system is applied. Bascd on the information obtained from Urenco
of Da Nang and URENCO of Hanoi, the Study Tcam has estimated unit
costs of waste management (collection, transporl, treatment and disposal) per
ton for both citics. The unit costs were obtained by dividing the total annual
cxpenditure by total annual waste collection amount.

This simple comparison indicates that the unit cost of Hanoi URENCO
($12/ton) is 2.4 times higher than that of Da Nang Urenco ($5/ton). Another
comparison is made in terms of amount of waste managed per employee per
day. Waste amount managed by Da Nang Urenco (0.55 tonfemployec/day) is
1.4 times larger than that managed by Hanoi URENCO (0.39
lonfemployce/day). These are significant diffcrence cven though there are
k difference in conditions such as Hanoi URENCO is engaged in composting
while Da Nang Urenco is not. Both cities apply largely an open dumping.
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Comparison of Da Nang URENCO and Hanei URENCO in 1998

_ Da Nang Hanoi
a. Amount of waste collected 250 ton/day 1,250 ton/day (note 1)
b. Number of employees 450 persons 3,200 persons
¢. Collection amount per 0.55 tonfday (.39 ton/day
employcee {a/b) (Index: 141) (lodex: 10()
d. Expenditure $450,000/ycar $5.500,000/ycat
¢. Unit cost: df(a x 365 days) $4.93 $12.05

{Index: 100} (ludex: 244)

Note §: Of 1,250 ton/day of waste collected by Hanoi URENCO, 250 ton/day is

demolition waste and soil waste.

(b) Use of Waste Containers or Bags

Use of waste containers and bags are pre-requisiic to have an clficient direct
* collection. Application of these is explained in the previous section,

(c) Loading of Waste into Trucks by Collection Workers

In Victnam, bell collection system is widely applicd where local residents
come out of houses by hearing bell ringing, and pul wasle into handcarts or
trucks. However, it is proposed that waste coliection workers who move with
trucks should load waste into trucks. This is more efficicnt than the other
prevailing system.

As life standard of citizens rises, less number of people are at home when
wasle trucks arrive, and also citizens would feel that it is inconvenient for
them to synchronize wasle discharge action with truck with truck arrival.,
‘With this tendency, it will be increasingly difficult and less economical to
maintain the bell collection system.

In case citizens use bags, the bags should be closed tight, and placed in the
frontage of houses or at places of types to be designated by HPC. In case
cilizens use containers (350 - 700 liter), they should be placed in designated
areas that are accessible by collection trucks. The containers arc lifted and
empticd mechanically by collection trucks.

(d) Establishing a Waste Transfer System

Because Nam Son landfill is about 50 km away from the waste collection
 areas, waste transpor{ with a transfer system is more economical than the one
without transfer system. The JICA Study Team has conducted a
pre-feasibility study for the transfer system. It is strongly urged that HPC
will make arrangements for acquisition of necessary funds and land at the g
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planned location in Dong Ngac and necessary funds.

(c) Railway as a Mode of the Secondary Transport

The JICA Study Tcam considers that in Hanoi the road transport of waste
has much more cconomical and operational advantages than the railway
transpori docs, and therefore recommends the road transport for HPC.
Implementation of the railway transport of waste 1o Nam Son landfill site
will require much higher cost than the road transport and longer time for
preparation. The Study Team’s commcnts on the railway transport of waste
to Nam Son arc as follows:

+ In case of railway transpori, two waste transfer facilitics will be needed,
i.¢, one al a waste loading station to be located near waslte collection arca
and the other al a waste unloading station (lerminal) ncar the landfill sitc.
Trucks will be needed to transport wasle from the terminal to the landfill
site. :

» Road transport of waste is an established system tested and experienced
by many cities of the world, while railway transport is rare (a few cases
in Europe including France, Nctherlands, and Germany). In Japan, there
is only one cily (Kawasaki city) that has applied a railway transport of
some waste to an incincrator.

+ In Japan, it is generally considered, railway transport of waste may be
cconomically feasible if the transport distance is more than 500 km.

» 1t should be noted nceds for transport of waste to an incinerator exist
semi permancnily as old incincrators can be replaced with new one,
while the demand for transporting waste to a particular landfill sitc will
end with the end of lifc of this particular land(ill site.

+ Some people consider that the railway transport is environmentally
sound, as it docs not emil much gas emission. However, it should be
noted that the secondary transporl of waste on roads causes much less

~gas emission than the primary transport aclivity does because the
spcond;iry transporl uses large capacity vehicles that resulls in less

number of trips and lcss gas emission.
* In casc of Hanoi, 'lhc following factors should be considered if HPC is
interested in the railway lransport,
a. availability of land for construction of cxtension of railway and
transfer facilitics _ _
b. time nceded to investigale, carry oul “an environment impact
2; ‘ “assessment, make plan and design, a'cq'uirc necessary land, and
' construct facilities '
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¢. duration of Nam Son landfill operation period

d. cost of design, construction and supply of all necessary equipment
and facilitics including transter facilitics at both cnds

¢. cost of road transport {from Nam Son railway terminal to the Nam Son
Landfill sitc. _

f. Cost of consiruction of an bridge for National Road No.3 (A future
extended railway to Nam Son will inevitably cross National Road
No.3, and thercfore, a bridge must be constructed for National Road
No.3 10 cross over the future railway extension line.)

g. cosls of compensation 1o local people who have to be relocated or
will be alfected due to construction of transfer stations and railway
exlension.

Requircment of Collection and Transport Equipment
1) Type of Equipment to be Procured

Major equipment 1o be procured is as follows:

*  Wasle collection trucks

*  Night soil trucks

*  Waler sprinkling vehicles

+  Containers (350 -- 700 liter)

2) Quantity and Cost of New Purchase

At present, URENCO possesses about 150 vehicles for waste transport, Most
vehicles used by URENCO are purchased before 1993, and need to be
replaced. Additional trucks are nceded to transport incremental waste. It is
planned that these old trucks will be replaced by new ones by 2005. It is
estimated that a total of 250 waste collection trucks need to be used in 2005
in order to collect farget quantity of solid waste. During 2000 — 2005, 230
waste collection trucks and 40 vehicles for water sprinkling ‘and 1,000
containers will be newly procured. ‘Fotal costs of the procurement of the
vehicles and containers during 2000 — 2005 are estimated to be about $32
million. Equipment requirement; procurement schedule, and estimated cosls
arc shown in Tables 6.5.8, 6.5.9 and 6.5.10 respectively,

1) Existing Garage Facilitics

The location ol garage facilities is shown on Figure 6.5.3. Transporiation
garages and the central maintenance facilities are overcrowded, and poorly

6-157




FINAL REPORT

The Study on Environmental Improvement
Main Report, Volume 3

for Hanoi City in
The Socialist Republic of Vieinam

cquipped for vehicle maintenance. As a result most regular  daily
maintenance is carried oul in the open unpaved parking area where dust and
grit present less than ideal conditions for mechanical maintenance. Several
minor repairs that could be carried out at the transporiation garages must be
deferred until they can be scheduled at the central mechanical workshop; this
can result in operating vehicles under duress, with the possibility of reducing
scrvice lifc.

Workshops arc required at existing garages to improve the capacily for
providing daily preventive maintenance and minor repairs to collection
vehicles. Furthcrmore, new garage facilities are necded to alleviate the
shorlage of space that will soon be aggravated by the increase in the number
of vehicles for wasie collection, and street washing activilics.

‘The existing allocation of garages by transport unit is presented in the

following table:
Existing Transportation Garages
Garage \ - . . .. ' . .
Site Location (District) | Transport Units | Districts Served Vehicles 1999 Total
No.l  |ThuyKhe St. (Tay [Transport Unit |Ba Dinh, Cau Giay, [Collection 53 101
He) No.1 Hoan Kiem
Traospert Unit  |All districts Water Trucks 43
No.3
Enterprise Tay o Collection 9
No.5
No.2 De La Thanh (Dong |Transport Unit  [Hai Ba Trung, Dong |Celiection 78 18
Da) No. 2 Da, Thanh Xuan
No.3 (85 Lang Ha Transport Unil  |All districts Seplage i7 17
(Dong Da) No. 3 Pumping
Nod  |Former Me Tri Transport Unit  |All districts Demolition H 11
laudfill (Thanh No. 4 ' Waslte
Xuan)

* Streel washing vehicles can only operate from garage no.1 because it is the

only garage thal has a waler [illing station.

“Garage sites no.1 and no.2 are located in densely popuialcd urban arcas and
there is no space available for expansion unless ncighbouring residents are
expropriated.

Garage no. 3 is _uscd exclusively for parking septage collection trucks,
bucket latrine collection trucks and storage of portable public latrines. The

- facility consists of a small operaling yard hemmed in on four sides by

cbmmc;éial development. There is no garage building, no truck washing
facilities and only onc small office space for the manager and administrative
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staff of enterprisc no.3. There is no space for growth of the seplage
collection flcel.

‘Fransporlation garage No.4 is located at the former Me Tri landfill site.
Although facilitics are at present rudimentary there is ample space for
parking and construction of ncw garage facilities.

The number of vehicles required for collection and transportation of wastc,
and slreet-cleaning activities will increase and creale a nced for new
facilitics. In order 1o assess how many facilities are required it is first
necessary (o estimate how many vehicles could be opcrating in the future.

2) Increasc in Number of Solid Waste Collection Vehicles

The number of collection vehicles used to haul domestic household waste to
the transfer station will incrcase lo match population growth and improved
service levels. The number of collection trucks required to serve Hanoi’s 7
urban districts is based on estimates of the waste quantities that will be
generated in cach urban district.

3) Increase in Street Washing Vehicles

Street dust is a significant source of air pollution in Hanoi. It is common to
see cyclists and motorcyclists wearing facemasks to prevent inhaling dusl.
There are many sources of dust:

+ There is cxtensive construction in Hanoi and wastc materials such as
sand, stone, brick and cement are dumped onto the side of the street

* Transportation of consiruction materials is in open containers

*  Wasle is disposed of dircctly on the sireet adding to the level of street
waste.

“The sum of these factors contribules to significant levels of dust that affect
air quality and potentially public health. 1t is therefore necessary 1o have an
eflective system for street cleaning which must be carried out on a regular
basis. ' '

URENCO has determined that it should clean approximately 120 km of
strects per day bascd on expericnee. It has consistently fallen well short of
that target because it lacks equipment and facilities. Currently URENCO has
42 water trucks used o clean approximately 56 km of streets per day. The
existing fleel is old and service levels have decreased every year since 1994,

In the shori-term it is assumed that the number of strecl cleaning/washing -
vehicles should increase by 3 vchicles per year until the year 2005, The ‘g
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increase in vehicles can then be reduced to one per year from 2006 to 2010
on the assumption that the amount of waste thrown on the street will be
greatly reduced with the introduction of household waste containers and the
implementation of direct collection. Tt is also assumed that improvements in
collection of construction and demolition waste will result in less dust on the
strects.

Assumptions about thc total number of street washing vehicles are
summarized in Table 6.5.11.

4) Scptage Collection Trucks

The Cau Dien compost facilily is the only formal treatment facility available
and has a limited capacity of approximately 10 tons per day Lo treat seplage.
Increasing the amount of septage collected by URENCO would aggravate
the waste disposal problem because there are no other treatment facilities
available. Therefore, it is assumed that until treatment facilitics are
constructed there should be no improvement in URENCO’s collection
capacily. The existing collection vehicles are old and should be replaced in
the near future with vehicles that have more suction power and larger tank

@ capacilies.
Projected vehicle requircments cstimated elsewhere in the master plan for
septage are summarized in Table 6.5.12.

5) Garage Facility Requircments

Review of sile conditions indicates thal cxisting garages should
accommodate fewer vehicles than they currently do in order to improve
parking and operating conditions. Therefore it is assumed, based on
experience, that existing garages have capacity for no more than 75% of the
present number of vchicles.  Vchicles are allocated to enlerprises and
compared to maximum garage capacitics to the year 2010 in the following
table: ' . '

i
I,.nu
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Future Number of Vehicles

Istimated
ooy, | Locationd Transpoit Vehicle . Year 1999
Facility (District) Units Capacity Vehicles ) Year 2005 { Year 2010
075X (1)
Fransport Unil Collection vehicles| 53 76 100
Garage |Thuy Khe  |Transport Unit .
No.l SU(Tay 1o) [No.3 80 Water Trucks 43 105 j 61 ] 158 | 66 | 200
Enterprise Coltection vehicles| 9 21 H
No.5 2
Garage |De La Thanh/{Transpori Unit R
No2 |(DonzDa) |No.2 60 Collection vehicles 78 118 153
Garage |Dong Da ( 85 |Transport Unit .
No.3 Lang MaSt) [No. 3 15 Septage Pumping 17 12 14
Me Tri .
Garage Nanafitsitef [qagPert U 100" pemalition Waste 1 17 23
o (Thanh Xuan)]
Total ' 211 305 390

The table demonstrates that new garage facilities will be required in the very
near future. The number of new garage facilities required and their location
will depend not only on the number of vehicles but more importantly on how
URENCO decides to re-organize its service delivery in the near future.

6) Impact of proposcd rc-organisation on scrvice delivery

Under the recommended re-organisation plan, it is proposed that solid waste
services would be provided by five separate district based “sanitation
enterprises” cach responsible for: )

* the collection of domestic wasle,

« the transporiation of wasle to the transfer station

+  the collection and transporiation of demolition waste, and
+  street washing within the specitfied urban districts.

Existing Operational Organization

Districls :
Function Ba " Hoan Hai Ba Thanh | ..
Dinh Cau Giay Kiem Truag Deug Da Xuan fayHo
e Waste collecti ; .

fiepta},e v as: S Trausport Unil no.3
Streel walering
Demolition Wasle Transport Unit no.4
Coltection/street S Enterprise | Eaterprise - .y ay
sweeping | Enterprise No.1 No2 No.3 Enterprise No.4 Ln;:z :)p;ls&‘ _
Transporl (o Landfill Transport Unit no. 1 Transport Unil no.2 )
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Opcerationally, existing Collection Enterprises and Transportation Units
would be grouped together and re-allocated on a district basis as shown in

the foltowing 1ables:

Proposcd Operational Organization

Districls

Hai Ba
Trung

Thanh
Xuan

Dong
Da

TFunclion

Ba Dinh| Cau Giay | Hoan Kiem Tay Ho

Septage Waste

- 'l‘ . ]
collection ransport Upit Mo.3

Street watering

Demolition Wasle L
Sanitation

Enterprise
No.5

Sanitation
Enterprise
No.3

Sanitation
Enterprise
No.2

Sauitation
Eanterprise Nod

Sanilation Enterprise
No.1

Collection/street
sweeping

Transport to
transfer station

Trassport to
Landiill

URENCO Transfer Enterprise

Personnel providing septage and nightsoil collection services in Transporl
Unit no.3 will continue to operate as a scparate functional group serving all
districts. In the near future, this unit can be scparated from URENCO if
requircd. Personnel in Transport Unit No.3 providing sireei-washing services
will be re-allocated to one of the S Sanitation enterprises as will personnel
from Transports Units No.1 and No.2. Physicaily som¢ minor adjusiments
will be required 1o collection routes. The total number of personnel does not
change as a result of the re-organisation. A functional organisation chart for

a lypical sanilation cnterprise is presented in the figure below:

Sanitation
Lnterprise

I
[ I | 1

Maintepance Yard Finance & admin.

Street washing ,
demolition & soi) waste

Solid waste

«collection of
sanifation fees
-cost accounting
-budgeling for

-daily vehicle inspection
2nd servicing

- fuelling station

-minor repairs and frouble

-spra¥ing strects to reduce
dusl

-filling trucks at the water
lilling sfation

-collection of
domeslic waste with
handcarls

-sweeping streels

-transportation of -inspecting road shooling equipment
domestic solid waste conditions and -scheduling maintenance naintenance and
1o transfer slations construction activilies and repairs with central replacement
-collection of demolition maintenance enlerprise -personnel
waste managem e
Aransportation of -health and safely
dentolition waste to Lam -site secunty

Du landfill site

Functional organisation chart for typical Sanitation Enterprise
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Personnel should be assigned to working units on the basis of the proposed
functional organisation. A proposed organization charl showing requircd
personnel, management responsibilities and lines of reporting is shown in the

figure below:

SANITATION
ENTERPRISE
Manager
]
I 1 ] 1
DOMESTIC DEMOLITION WASTE MAINTENANCE FINANCE & ADMIN.
SOLID WASTE & STREET WASHING YARD

Superintendant

Supedintendant

Superiniendant

Assistant Manager

*Collection Workers sWater Station *Mechanics *Bill collectors
*Davers allendanis *Apprealices *Accounting clerks
*Helpers *Inspectors +Fuel station attendanls *Personnel officer
*Clerks *Drivers *Clerks *Time keeper
*Area Supervisors «Helpers sMaintenance Planner *driving instraclors
*Clerks ssecurity goards

sgeneral admin, clerks

Qrganizational Structure for Typical Sanitation Enterprise

A superintendent responsible for day to day operations should head each
functional unit. Supcrintcndent report directly to the manager of the
cnterprise who has overall planning and fiscal responsibility for all sanitation
aclivities in the districl(s) served by the enterprise.

An example of how the vehicles from Transportation Units no.1 and no.2
can be allocated by district in the future is presented as tollows:
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% Allocation of vehicles on a district basis

Hounschold Wasle
Distriet | Euterprise Transporiation _
1999 12005 12010 1199912005 2010 |1999 12005 {2010 [1999:2005 2010

Demolition Waste|  Street Washing Total

Ba Dinh - . .
g‘“fp"s“ olstlnnlais {710 4] s |ael 7010
Can Giay 0.
loan Kiem E‘;';rp"“. wi2i2]21 213516 8 {2703/ a0
Hai Ba Enterprise
Tnne |Nos 371a6 | 54 |3l a3t alnlislvwlis2iea! n
Dong Da Ewterprise
T T w7219 t3is 72 2t18] 19 ss5] 9|12
Xuan
Tay Ho 5’:2‘1’"“ wl2at] {2021 2{a4is5] s |16|las]a
Total 137 J21si 287 |14l 171 23| 43| 61 | 66 |194] 334 | 376

Nole: Scplage pumping vehicles are not included

The numbers leave no doubt that new garage facilitics are required to
accommodate a growing fleet. The number of facilitics, their location, and
the amenitics provided at cach is reviewed to delermine the oplimum
re-allocation of existing facilitics and to provide a plan for the cost-effective
development of new facilitics until 2010. Between 2010 and 2020 it is
predicted that the private sector will play an important role in primary
collection. Thercfore, no new URENCO garage facilitics arc planned alter
2010.

The first objective in allocating new garage facilities is to solve the shortage
of space. Secondly and equally important, is the need for locating the
“operating base for cach sanitation enterprise as close as possible to the
district it serves. | '

An cxample of how garage facilities can be allocated in the near future is
shown in the lollowing lable:
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Allocation Of Garages On A District Basis — Year 2000

NEAR FUTURE ~ YEAR 2000

Garage No.

{expanded for 120)

(maximum vehicle Ba Dinh | Cau Giay | Hoan Kiem lai Ba Dong Da Thanh Tay Ho
. Trung Kuan
capacily) .
:_‘é:ar)age Nel Eme“(‘?;;: Nol Enterprise No.5 (16)
Garage No.2 Enterprise | Enterprise
{60) No.2 (27) | No3(52)
(G;asr)age No.3 Transpori Unit No.3 (Septage trucks and bucket latrinés only)
Garage No.4

The proposed ncar future re-allocation of garage facilities will involve a
number of moves and facility upgrades:

L

Vehicles presently serving Hoan Kim District are moved from Garage
No.1 to Garage No.2. This will alleviate the space shorlage at Garage
No.1.

Collection vehicles scrving the Dong Da and Thanh Xuan districts are
moved to a new 'garagc No.4 at Me Tri to alleviate space shortage at
Garage No.2. The number of vehicles at Garage No. 2 will remain over
the estimated optimum capacity in the near future but will be no worse
than cxisting levels.

Garage No. 2 will need a water filling station for street washing vehicles
Garage No.4 at Me Tri will need a new parking arca, a workshop and a
water filling station for street washing vehicles,

By 2005 the increasing number of vehicles will result in overcrowding at
garage facility No.l and No.2. Therefore, two new garage lacilities are
proposed: ' '

L]

Onc i‘ﬁciliiy (referred to as Garage No.S in the garage allocation table
for 2010) located near Hai Ba Trung district for Enterprisc No. 3 and
One facility (referred to as Garage No.6 in the garagc allocation table
for 2010) near Cau Giay and Ba Dinh districts for Enterprise No.1.

Garage expansions and new garage facilities should be sized now with ample
sparc capacity for future needs. The present cost of providing spare capacity
is relatively small compared to the difficultics and costs of acquiring new
sites in the future. Since there is always some uncértainty in any projection it
is reccommended that facilities be sized for a minimum of 120 vehicles.
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Allocation OF Garages On A District Basis — Year 2005

YEAR 2005
Garage No. . . - Hai Ba X Thanh ,
(vehicle capacity) Ba Dioh |Cau Giayfloan Kiem Trung Dong Da Xuan Tay Ho
Garage No.1 (80) :;g;‘rpnsc No.3
Garage No.2 (60) L':;“(];f;
Garage No3 (15) Traosport Unit No.3 (Septage trucks and bucket latrines only)
Garage No.4 Fnlcrlzrgl;;‘ Nod
New Garage ;
Facilities
By 2010 the number of vehicles required by cach enterprise will have
increased bul capacity at garage facilities will be adcquate il the proposed
new facilities are constructed.
Allocation Of Garages On A District Basis - Year 2010
YEAR 2010
Garage No. . " . 1ai Ba Thanh
(vehicle capacily) Ba Dinh |Cau Giay|Hoan Kiem Trung Dong Da Nuan Tay Ho
Garage No.1 (80) Enlcng;; No5
Garage No.2 (60) IN“O“’;*(’;'(%
Garage No.3 (15) Transport Unit No.3 (Septage trucks and bucket latrines only)
Garage No.4 (120) _ E!]l(‘f];;l;;‘ No.d
: Enterprise
Garage No.5 (120) No.3 (17)
Garage No.6 (120) Emﬂl(’gi; Nol
7) Physical requirements for garage facilitics
Each existing garage will nced to be upgraded with the following facilities:
*  Paved parking surface
«  Walter filling station for strcet washing vehicles (cxeept garage no.l
which alrcady has a [illing station)
+ Bulk lucl dispensing station with fuel storage tank
¢ Mechanical maintecnance workshop for daily preventive maintenance
and minor repairs
‘g ' Two new garage siles are required. The siles should be sized to meel the

future number of vehicles. The typical space and equipment requirements for
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garage facility serving 120 vehicles arc outlined below:

Physical requirements for Lypical garage

Functien

Rentarks

Required Space

Parkiug arca

Space for up lo 120 vehicles: collection, septage
& sireel washing.

Roadways belween & around parking spaces

30m’ x 120 = 3600 m?

2000 m’

Water filling station for

street washing vehicles

Watcr supply: groundwater of piped [rom water
supply network.

Water rescrvoir for gravity feed: 20,000 liters.
Sufficient space to fill up to 2 trucks at the same
Llime.

120m*

Bulk fuel station

Above ground fuel reservoir with containment
curb.

12007

Workshop building

Three maintenance bays, one bay with hydraulic
lift.

70m’ x 3 = 210 m?

Tool and machine shop equipped for daily 100 m*
maintenance and minor repair of vehicles.
Washroom and lockers for mechanics S0 m’
Vebicle washing arca Water supply and three bays for washing vehicles | 72 m° x 2 = 144 m?
Administrative building | - Office 100 m*
- Locker rooms [of drivers 150 m’
- Washrooms & Common space 100 n?
- Storage S0 m’
Land space - Sct back and landscape bufler 1650 m’

Tolal | Approx. 10,000 m’

A site plan showing the arrangement for a typical garage facility is presented
in Figure 6.5.4. A minimum of approximately 1 heclare will be required for
cach new garage site. Maintenance workshops at existing and new garages
will need 1o be cquipped for daily maintenance and minor repair of vehicles
such as:

*  Oil changes and lubrication

*  Ballery ch1r5,m;=,

*  Tire maintenance and rcplanemcnl

*  Wheel balancing

*  Minor rcpairs to chassis

A list of cquipment and tools required to supporl- these maintenance
aclivities is presented in Table 6.5.13. Cosl estimales for conslrucling and
upgrading garage facilities are presented in Table 6.5.14 and Table 6.5.15
and summarized in the following table:

s
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Cost of Garage Facilitics
(Unit: US$)

Garage Facility

Cost ftem No.1 No.2 No.3 No.d No.5 No.6 Total

No Expand
change existing

Upgrade | Upgrade New' site | New site

Direct Cost 225,000 | 275,000 o| 570000 570,000 570,000 | 2,210,600

Land
acquisition
Fng. 15% 33,750 41,250
Admiun. costs

3G 6,750 8,250
Subtotal 265,250 324,500

Contingency
10% 26,525 32,450

'l‘qlal cosl 291,775 | 356,950 0| 739,860 | 1,014,860 | 1,014,860 1 3,418,305

0 0 0| 250,000 | 250,000 500,000

85,500 85,500 85,500 331,500
17,100 17,100 17,100 66,300
672,600 | 922,600 | 922,600 3,107,550

o |e @ |2 @

67.260 92,260 92,260 { 310,755

8) Central maintenance facility

The Mechanical Enterprise is responsible for managing the maintenance of
all fleet vehicles. Daily servicing and minor repairs are carricd out at
transportation garage facilitics. Planned 6 month, 5,000 km mainicnance as
well as major repairs and refurbishing is carried oul by the Mechanical
Enterprise at ils workshop and produciion facilitics located at Don Da
district, De La Thanh Streel.

The central workshop of the Mechanical Enterprisc is cramped for space and
lacks the equipment, lools and staging areas rcquired for major overhauls.
This limits the capacity to process more than a few vchicles at any one time
causing delays in scheduled maintenance.

URENCO plans 1o construct a new maintenance workshop and mechanical
fabrication plant and has identified a 2 hectare sit¢ in Minh Khai Commune,
Tu Licm District. URENCO has not provided a plan for the facility but
estimates that the conslruction cost for the buildings and parking arcas will
bc around 5,383 million VND (385,000 USD). URENCO has limited
financial resources and has requested funding assistance to supply tools and
éqﬁipmcnl for the workshop.

The workshop will be divided into three funictional sections:
Section 1: Vehicle maintenance
* - level 1 maintenance (major overhauls): 10 vehicles per year

s 3 - s ,
; + level 2 maintenance (annual servicing). 400 vchicles per year
+  other repairs and minor maintenance: 2600 vehicles per year
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Section 2: Repair to vehicles, machines and specialized equipment %
*  repair lo vehicles: 56 vehicles per year

*  repair to heavy machines: 7 picces per year

*  rcpair lo specialized facilities: 28 unils per year

+  Scction 3: Mechanical Manufacturing
+ fabrication of garbage collection hand carts: 2000 unils per year
+ rencwal of collection trucks (bodiesfengines): 35 vehicles per year

The typical space and functional requirements for the maintenance workshop
is illustrated in Figure 6.5.5. The total space required for the vehicle
maintenance tunctions only is approximately 1000 m’. Additional space of
approximatcly 1000 m® is required for the mechanical fabrication section
and approximately 1500 m® should be allocated for vehicle parking, washing,
fuelling and maneuvering.

Equipment and tools thal are required to support vehicle maintenance
aclivitics are presented in Table 6.5.16. The total cost for oulfitting the
maintcnance workshop is approximately 1.6 million USD.

9) Field Service Equipment

URENCO presently has no mieans of scrvicing vehicles in the ficld when
they breakdown. Many vehicles that breakdown could be back in service
within hours if they could be repaired on site. At present vehicles arc towed
back 1o the central maintenance facilily for trouble shooting and repair. This
is a slow and inefficient process. Vehicles can be out of service for a day or
more cven though the problem may be minor.

A mobile field service workshop would greatly improve vehicle availability.
A variety of fully cquipped, mobile mechanical workshops arc available

- ranging from small aluminum cube vans to larger trailer units. A budget cost
of 175,000 USD is recommended for a cube van outfitted with tools and
equipment for emergency repairs.

10) Site Locations of Solid Waste Management Facilities

Figure 6.5.8 shows sitc locations of the solid wastc management facilitics
including workshop and garages to be upgraded or newly constructed.
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6.5.4  Municipal Waste Disposal Plan

(D Dispdsal Options
1) Major Options
There are two basic options with respect to solid waste disposal.
*+  Option A: Disposal without intermediate treatment
*  Option B: Disposal with intermediate treatment
Option A has the following suboptions:
+  Sanitary fandfill {of ditterent levels)
*  Open dumping landfill
Major options of the intermediate treatment are as follows:
+ Incineration
+  Composling
It should be .noted'!hal there are no disposal oplions that do not ;cqliirc the
landfill. Application of any intermediate treatment will require final disposal
(landfill) for disposal of residues such as incineration ash or compost residue.
Therefore, Option B should be expressed as follows:

«  Option Bi: Incineration + landfill of incincration ash
¢+ Option B2: Composting + landfill of compost residuc

2) Basic Characteristics of the Disposal Options

Characteristics of cach option will be clarified in terms of the following
aspecis:

+  Primary and secondary objectives

+  Environmental pollution

* Land requirement _

¢ Flexibility with respect to daily waste receiving capacily
*  Planned and actual uscful period of facilities

*  Necessary conditions in terms of wasle qua]ity

*  Cosl

(a) Primary and Sccondary Objectives

- Though the above listed disposal options arc helpful for waste disposal,
_ primary objectives of each option is different each other.

The primary objective of fandlill is to dispose of solid waste. In some cascs,
. ~ c¢reation of land out of water body (lakes, seashore) can be the sccondary
; objective or benefil.
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Primary objective of the incineration is the volume reduction of waste that is
to be landfilled, and the siabilization of chemical characteristics of wastc.
Incinerators reduce solid wasle volume afler incineration. Typically,
incineration ash is 20 % of original solid waste in terms of weight and 10 %
in terms of velume.

Primary objective of the composting is production ol compost product, and
reduction of wasle is the secondary benefit. Wasle amount is reduced to
about 40 -60 % in terms of weight through normal composting process.
Therefore, in principle, the feasibility of composting should be studicd in
terms of profitability of the composting business based on conditions of
demand and supply.

Primary and Secondary Objectives of Each Option

Land(ill Incioeration . Compastiog
1. Primary objective Disposal of solid Reduction of waste to | Production of
wasle : be landfilled, and composl product
chemical stabilization
of waste
2. Secondary objective | In some cases, Utilization of heat or | Volume reduclion of
| creation of fand out | power gencration waste to be landfilted
of swamp or pond,
for example

(b) Environmental Pollution

Intermediaie treatment of solid waste or final disposal (landlill) can be
sources of pollution.

Landfill:

Open dumping of wasle causcs the following pol]ﬁtion:

« conlamination of ground water or surface water with leachate (dirty
walter gencrated from wasic deposit)

» scattering of solid waste around siles

e odor ' '

* firc and smoke

* rodents and flies

Risks ol this environmental po!lulibn can be minimized with application of

the sanitary landfill. Idca of the sanitary landfill is to isolate solid waste with

relaining structure (émba'nkmcn_l), bottom liner (cither clay or artiicial liner)

and cover soil. Generation of fires, smoke, odor, rodents and flics can be

substantially prevented by application of cover soil and fences. Leachate

problems can be substantially climinated - by leachate collection and %
treatment systerm.
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% Incineration:

Emissions from wasle incincralors can be sources of pollution. Major
emissions arc CO;,, SOx, NOx, dioxin, mercury and some other heavy metals,
of which dioxin is of the most serious concern. Dioxin affects health of
people, and causes probability of cancer and other discases to increase. The
international trend is to make the dioxin emission standard stricter.

Remarks: Measures for controlling dioxin include contro! of types of waste
accepted, control of combustion conditions, emission control, trcalment of
the incincration ash for stabilization.

Other cmissions may be controlled below cmission standards  with
application of modern technology.

Recent studies show that dioxin is found in and around landlill sites that
receive incineration ash. There will be future studics to analyze where and
how dioxin contained in incincration ash goes. Depending on the findings of
the studics, some more measurcs may be required 1o avoid further
conlamination with dioxin contained in incineration ash that is landfilled.

Remarks: Bad smell is generated from the waste pit of an incinerator. This
smell can be conirolled by providing air curtains and other measures.
Leachate (wastewalter) is generated from the wastce pil and also from process
of treatment of fluc gas and incineration ash. It is possible to control the
wastewater with treatment facility and recycle it within the site.

Composting:

Major public nuisance related to compost production is odor. There are some
composl plants that were closed due to complaints of locat residents living
near the plants. Odor problems can be minimized through selection of
location of the plants and proccss improvcmcnl, which, however, leads to
higher costs.

Both a composting plant and incincrator are normally cquippcd with rotaling
machines of large size for sending air or other purposes. Such machines

~ generale noise and somelimes vibration, Noise and vibration prevention
measures are requircd.

Public Nuisance Caused by Wastc Collection Trucks:

Trucks arc ‘used fo transport solid waste is transporied to landfill site,
incincrator and composting plant, In some cascs, such trucks cause public
;s : nuisance such as noise, vibration, traftic conchtion, and traflic accidents.,
Degree of these nuisances primarily depends on location of the facility and

-~
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amount of waste transporled, irrespective of type of facility. %
Acceplability of Facilities by Local Residents:

Construction of any solid waste management facilitics encounters opposition
by local residents. Project proponents must go through appropriate
administrative procedures including EIA, public hearing, compensation
scheme, monitoring. Disclosure of the project information and dialogue with
local residents are essential.

Environmental Impacts Caused during Construction of Facilities:

Regardless of types of solid waste management {facilities, the construction
activities cause environmental pollution such as noise, vibration, trafiic
congestion, gas emission of dump trucks, etc. As the facility construction
takes a few years, it is imporlant to take mcasurcs to minimize such
pollution.

Conclusion:

There is no internationally accepted scientific theory that supports that the
wasle incineration is morc cnvironmentally friendly than the sanitary landfill.
In recenl ycars, problems of dioxin discharged from waste incinerators
receive much more attention than problems of Ieachate gencerated in landfill
siles.

. (¢} Land Requirement

Land requirecment for each option is estimated assuming that daily disposal
amount of waste is 1,000 ton, which is same as the current fevel of wasle
collection of URENCO in Hanoi.

The Tandfill is a land intensive disposal method. It is cstimated that 2 ha of |
land is required per year. '

The incineration option requires disposal of incineration ash at a sanitary
landfill. Land requirement for disposal of incincration ash is estimated to be
about 0.3 ha/ycar, which is 15 % of that of the sanitary landfill option. An
incineration plant with capacity of 1,000 ton/day would require a sile of
about 5 ha.

The compost option will require disposal of compost rejects or residuc at a
“sanitary landfill. Land requircment for disposal of compost rejects is
estimated to be 0.9 — 1.2hafycar. A compost plant with wasle receiving
capacity of 1,000 ton/day would require 20 ha at least, t
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% : Land Requirement
locineration & Composting &
Sanitary Landfill Land{ill of Landfill of Compost
Incineration Ash Residue
Assumplion | - Incoming waste: 1,000 ton/day

& conditions | -] and requirement
for incineration ash: 15% of original waste

for compost residue: 45-60% of incoming waste (the ratios depends
on level of recovery of useful materials at compost plaut)

Land 2 ba per year (see 5 ba for incinerator, 20 ha [or composting
requirement | comment below) & 0.3 ba per year for | facility, £ 09 - 1.2
landfill of ha per year for
incineration ash landfil} of compost
residue

Long Term Consideration:

In the long term, land requirement for landfill would be smaller than that
indicated above because il is possible to use post-closurc landfill sites for
other purposes such as agriculture, amusement and amenily (parks and sport
ficlds), industrial, commercial and housing. It takes 5 — 30 years of time
before post-closure sites can be used.

Since long lime ago, people used some land as wasle dumping places.
However, most people even do not know the fact that some particular lands
were used as waste dumping places long time ago if they are old cnough, say
50 years ago or older. Any land has a history of land use that changed over
long period. Use of a land for landlill is just transient in long history. A
period of 50 years may be too long for ordinary city development planning.
However, land usc cycle of such a long period should be taken into
consideration from the perspective of long-term sustainable devclopment.

(d) Flexibility with rcspé(:l to Daily Wasle Receiving Capacity

A big difference between the landtill and intermediate trealment options

“such as incineration or composting is that landiill sites can receive any
amount of waste cach day, while the daily maximum waste-receiving amount
of an intermediate treatment facility is limited by the design capacity. Thus,
the landfill is flexible in terms of daily waste recciving capacity.

Daily' Waste Reeeiving Capacily

Sanitary Landfill Iucineration Composling

Alniost no restriction. Restricted by Restricted by

| Maxinium daily
design capacily. | design capacity.

o receiving amount | ‘A landfill site can
/ ' practically receive any
;? : : amount of wasle each
day.
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(¢) Planned and Actual Usctul Period of Facilitics

There is a tendency that total waste amount reccived at a landfill site turns
out to be much more than original design capacily due to land settlement due
to wasle consolidation. As consequence, actual use period of landfill sites
tend to be longer than the period initially planned. The longer period in turn
lcads to more decomposition of wasle, which then contributes to making the
useful period even longer. In reality, it oflen happens that use period of
land(ill sites is longer than planned due to waste burning on site and less use
of cover materials though they are not advisable at ail.

On the other hand, tolal waste amount reccived by intermediate treatment
facilitics tends 1o be less than the amount planned due (o
technical/operational and other problems.

Overall Performance (Utilization) throughout Use Period

Sanitary Landfill _Incineration Composting
Planned and There is a sirong tendency | There is tendency that Globally, most compost
aciual useful that total amoust of waste | actual incineration amount | plasis using municipal
period of facility | received throughout the tuns out to be less than the | solid waste turn ot to be

useful period turns out to design capacity due to . | infeasible and failure, and

be more than the design technicalf operational closed carlicr than planned.

capacity, and therefore, the | problems as well as

actual uscful period is deterioration of the facility

longer. capacity.

Case of Municipal Wastc Incincrator in Surabaya, Indonesia

Operation and maintenance of a modern incincrator require high level of
operation skill and expericnce, withoul which mechanical and other failures
occur. In case of Surabaya, Indonesia, the actual incineration amount turned
out 16 be about 150 ton/day, 75% of the design capacily (200 ton/day) during
one year even ailcr a few years of opcration.

Under normal condition, an incincrator typlcally opcralcs 10 5 months (320
days) per year; the rem_ammg 1.5 months of suspension is nceded per year
for maimcna_néc. Theretore, in case of Surabaya, aclual waste amount
incinerated turned out 1o be 131.5 ton/day on average, 66% of the design
capacily (Calculation: 150 ion/day x 320 days/year < 365 days = 131.5
tonfday 131.5 tonfday —+ 200 lon/day = 66%)

For Surabaya, an incinerator wnlh capauly of 300 lon/day was required to
incinerate 200 ton of solid wasie constantly every day lhroughoul year. It is

‘considered (hat this situation is likcly to happen in other developing

countrics including Vietnam.
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() Necessary Conditions in terms of Waste Quality, Income and Market
Conditions

Waste Calorie:

Wasic quality and income of the citizens are important conditions that
scriously affect feasibilily of incineration and composting. Minimum calorie
of waste requircd for self-burning of wasie is at least 1,000 keal/kg in terms
of lower calorific value (LCV). In general, incineration is not applied to
solid wastc with LCV less than 1,000 kcal/kg. Exceptions arc hospital waste
and some other loxic waste. Incineration is commonly applied to such types
of waste to make the waste harmlcss.

At present, corresponding caloriec of Hanoi waste is cstimated to be 715
kecal/kg, so it is not suitable for incineration.

It is possible to incincrate any solid waste of inadequate calorie by using fucl
(heavy oil). However, it will cost much.

Income:

From an economic poinl of view, per capita average income of $5,000/ycar
or thereabouts is nceded in order not to cause excessive financial burden.
Application of sanitary landfill requires a minimum per capita income of
about $600/ycar.

It should be noted that the above-shown minimum calorie and income arc
the necessary conditions for application of incineration, but not adequate
conditions. Even if these conditions are met, incincration of municipal waste
may not be necessary if landfill sites arc available,

Market Conditions:

Feasibility of composting depends primarily on market conditions for

~compost. Adequate and constant demand for compost product must exisl
wilthin arca of about 30 km from the compost plant. Sce ltem 4) Technical
Comment for further discussion.
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Necessary Conditions to be Met

Gpen Sanitary s Composting + S/L of
dumping | landfill (8/1.) Incincration + 5/1. of ash residue
. Minimum waste | none none For sell burning: None
caloric (fower 1,000kcal/kg
calorific value) For feasible power
generation: 1,500kcal/kg :
. Organic content | None Noune Noane (Some organic Organic conlent: more
waslc is aceded though to | than 50%,
be combustible.) Certain CN ratio
. Financial None $600/capital | $5,000/capita/ year None if composting
conditions year business itself is
{minimum per successful
capila income)
. Markel None None None (There should be Adequate and constant
conditions certaia demand for demand for compost
electricity if power product within 30 km
generation is (o be from the compost facility.
feasible.)

Minimum per capita income shown above were estimated based on the

following conditions:

a. Ratio of solid waste management cost to Gross Regional Products should
rot exceed 1.

b. Cost of treatment and disposal should not exceed 33% of the {olal solid
wasle management including waste collection and transport. In general,
this ratio is 10% or less in developing countries.

¢. Wastc collection amount is assumed to be 780 gram/capita/day, which is
similar 1o that of Hanoi.

d. Cost of options: same assumptions arc used in the previous table.

(H Cost
a) Gross Cosl

The landllll is the least cost disposal mcthod. Typlc:'nl unit cosls ol disposal

options for Vietnam are estimated as follows:

* Open dumplng: $0.5 - 1/ton

¢ Sanitary landfill with artificial lining and leachate freatment: $5 - $7/ton

* Incincration + sanitary landfill ol incincration ash: $58/ton

+  Composting: $20/ton (gross cost per ton ol waste received al compost
plant)

Details arc shown in the table below.
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b) Compos! Sales and Net Cost of Composting Option

The compost oplion brings about revenues from composl sales. Assuming
compost is produced as planned for the Spanish ODA financed compost
project, and sold at prevailing price (§70/ton of product), the net cost would
be reduced from $20.2/ton of waste to $1.6/ton of waste, which is lower than
the unit cost of the sanitary landlill planned in Nam Son. It is cstimaied that
net disposal cost with the compost option would be cquivalent 1o the cost of
the sanitary landfill ($7/ton) if actual compost sales turn out 1o be 67% of the
planned revenue. Larger the production capacily of the compost plant, the
lower the probability of achicving this 67%.

Composting business in Hanoi may be feasible on a small scale.  Howcver,
judging from the current market conditions, it is unlikely that large quantily
of compost (for example 100ton/day of compost) would be constantly sold at
constant price.

Casc of Bangkok: Since the 1960s, Bangkok city (Bangkek Mctropolitan
Administration: BMA) has applied a large scale composting with design
wasle recciving capacity of about 1,000 ton/day. According o the JICA
Study conducted in 1990, the total cost of production was several times
larger than the total benefits (compost sales plus theoretical benefit arising
from saving of landfill cost derived from waste volume reduction through
composting). In 1991, BMA decided to purchase a new composting plant of
the same scale to replace the old onc. According to BMA staff, this decision
was made politically in spite of the fact that all BMA technical staft was
against this decision.

Comment on recovery of usclful materials at compost plants: During the

* pretreatment of waste (removal of unsuilable materials) that is a pari of
praduction process, it is possible o recover some uscful materials. However,
a difficulty lies in the sales of recovered malerials, which is subject fo the

" marke! conditions. In general, materials recovered from waste are lower in
quality and prices than those collected directly from houscholds or factories
by junk buyers. In some cascs, costs of recovery of useful materials at
compost plants exceed sales revenue of recovered materials.

¢) - Power Generation and Nel Cost of Incineration Option:

A sub-option of the incineration option is the incineration with power

" generation. In lh_cbry, benefit of the power generalion coniributcs to reducing

, _ " the incineration cos by about 10%. In reality, however, it would be

}gi extremely difficult for Hanoi to recover the additional cost (about 20% of the
incineration cost) for installation and operation/maintcnance costs ol power

6-178



The Study on Environmental Improvement FINAL REPORT

for Hanoi City in

Main Report, Volume 3

The Socialist Republic of Vietnam

gencration. In the 40 years of the incincration history in Japan, it is in only
recent years that the additional investments in power generation turned out to
be cconomically feasible. See ltlem 4) Technical Comments for feasible
conditions of the power generation.

In Europe and Japan, typical unit cost of incineration of municipal waste
ranges from $100 1o $200/ton. In Japan, the most successful power
generation from waste incineration contributes to reducing the incineration
cosl by about 10% or so. Sce the Note 4 of the 1able below.

d)

70
60
50
40
30
20
10

Difference in Costs between Sanitary Landfill and Incineration Option
i) Dilference in Unit Cosls

The incineration option is more than 8 limes more coslly than the
sanitary land{ill option as illustrated below.

57.9 US$
- Landfill
e Incineration
65.96 US$
Sanitary Land{ill Incincration

Comparison of Unit Costs of Sanitary Land(ilt and Incincration
i) Dilference in Total Costs through the Use Period

Tolal cost of Nam Son Phase 2 landt‘illjplﬁn_ including cost of
construction and operation/maintenance for the whole planncd period
from the beginning of 2004 1ill the beginning of 2018 is cslimated to be
$75.5 million approximately. It is estimated that $628.4 million is
required if Nam Son Phase 2 landfill -plan is fully replaced by the
incineration option during the same period. The cosl diffcrence is about

$553 million.
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700,000,000
600,000,000 m—
500,000,000
400,000,000 Landfll |
300,000,000 O Incineration
200,000,000
‘ $76 miltion

100,000,000 - :

o .. s

Sanitary Landiill Incineration
Comparison of Total Costs of Sanitary Landf{ill and Incineration
During the Whole Operation Period 2004 - 2018
Calculation:

A. Total cost of the Nam Son Phase 2 Sanitary Landfill

= Unit cost ($6.96/ton) x total amount of waste disposed of during
2004-2018 (10,852,554 ton) = $75,533,775

B. Total cost of the case where all waste is incinerated, and incineration
ash is disposed of by the sanitary landlill

= Unit cost ($56.9/ton + $1/ton) x total amount of waste disposcd of
during 2004-2018 = $57.9/ton x 10,852,554 ton = $628,362,877

Diffcréncc =B - A=2$628,362,877 - $75,533,775 = $552,829,101

Dilterence per heclor of land: $552,829,101 / 60ha of landfill arca ==
$9,213,818/ha '

Remark 1: Maximum Compensation 'le.Could be Paid

This cost difference implics that Nam Son landfill plan is still more
cconomical than the incineration option even if HPC has to pay $552
million to local residents for relocation and compensation. Since Nam
Son Phase Landfill sitc has about 60 ha, unit cost of relocation and
compensation per hector is calculated as 9.2 million/hector.

_ On the other hand, acco‘rding“ o HPC, it has 'agrccd with local residents

to pay them a total of $3 million (42 billion Victnamese Dong)

- approximately to acquire the planncd land for Nam Son Solid Waste
g Treatment Complex Site, which includes Phase 1 Landlill (13 ha), Phasc |
2 Land(ill (60 ha) and some other sitcs for composting, elc.
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Remark 2: Siting a Land[ill site at Distant Place

In Tuture, there might arisc a situation where HPC cannot acquire
landlill sites in HPC jurisdiction arca, but can acquirc landfill sites
outside the jurisdiction arca. In this case, distance of wasle transport to
landfilt sites may be longer, and the transport cost would be higher. In
this case, cost of transporiation must be taken into consideration in
cvaluating disposal opiions. A relevant cost indicator is the sum of A
and B, where A is transport cost, and B is disposal option cost. An
option with lower sum of A + B is more economical. Using the cosi
information about the cost of transport from the planned Dong Ngac
transfer station to Nam Son and cerlain assumptions, it is estimated that
the landfill option is still economical if the land{ill sitc can be located
within 300 km from Dong Ngac. Sce calculation below.

A. Incineration Option
a: Transport cost from Dong Ngac to Nam Son = $3/ton

(Source of information: Pre-feasibility study on the Transfer
System by the JICA Study Team)

b: Incincration option cost = $57.9/ton
A=a+b=$3/ton+ $57.9 = $60.9/ton
B. Case of Landfill in Distant Place

<: Transport cost from Dong Ngac to Nam Son = $x/ton
d: Landtill cost: $6.96/ton
B =c + d = $x/ton + $6.96fton

A will be equal to B when x = $53.94 ($60.9 - $6.96) per ton

The calculated transport cost of $53.94/ton is 18 times higher than
$3/ton, the transport cost from Dong Ngac to Nam Son. Assuming that
the transport cos is proportional 10 the distance, and coﬁsidcring the fact
that distance between Dong Ngac to Nam Son is 37.5km, $53.94/ton of
transpori cost implics that the transport distance would be 674 km (37.5
km x 18 timcs).

Assuming that the coeflicient between the cost of waste transport and
the transport distance is 0.5 10 be on safe side, the maximum distance of
landlill site is estimated (o be about 300 km (674 km x 1/2 = 337 km) -
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¢) Annual Cost for Each Option

Annual costs for respective oplions are cstimated as follows assuming that
cach option will disposc of 1,000 ton/day of waste. Costs include those of
construction (in terms of annual depreciation) and operation/maintcnance.

*  Open dumping: $182,500 - $365,000/year

 Sanitary landfill with artificial lining and leachate treatment: $1,825,000
- $2,555,000/year (Case of the Planned Nam Son Phasc 2 Landfill)

* Incineration + Sanitary landfill of incincration ash:

- a. With successful power generation: $19,089,500/year

(This is the case whecre caloric of Hanoi waste (LCV) would increase
to 1,500 keal/kg or more.)

b. No power gcncralion:$21,170,000/ycar

(This is the case where no power generation facilily is installed to the
wasle incineration.)

¢. With unsuccessful power generation: $23,250,500/year

(This is the case where power generation facility is installed under the
currenl waste conditions, which will then lead to the situation where
sales revenue of clectricity would be only 50% of the additional
investment in the power generation.)

(Sce Note 4 of the table below for further explanation.)
* Composting + Sanitary landfill of compost residuc

a. Case where compost product is sold fully as planncd: $328,500/year

b. Case where compost sales turned out to be 67% of the planned sales:
$2,555,000/year (same as the cost of the sanitary landfill)

¢. Case where compost product is not sold at all: $5,438,500/ycar

. The table below sumimarizes the cost information discussed in this scction.
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Cost Comparison of Dispasal Optiens for 1lanci

. Sanitary landfill Incincration + Compostiog +
Open dumping sy S/ of ash /L. of residue
1. Unit cost of §0/1on $0/ton $57ten $16/ton
intermediate Ireatment
2. Unit cost of disposal $0.5-$1/ton $5 -$7/0n $1/ton $3.5/0n
of wase or residue ($7non x 15%) | ($7/ton x 50%)
" (ash ratio) (residue ratio)
3. Total unit cost (1 + 2) $0.5 - $1/ton 35 -§7Mon $58/10n $19.5/ton
4. Nel revenue from $0/ton $0/ton (-)$5.7/ton to (+) $4.6/ton
sales of electricily or $5.7/on § -$18.6/ton
composi
5. Netcost {3 —4) $0.5-$1/0n $5 - §770n $52.3fion $0.9/ton
_ -$63.7/ton -$14.9/ton
6. Annual cost assuming $182,500 - $1,825,000 - §19,089,500 - $328,500 -
incoming waste = $365,000/ year | $2,555,000/ year $23,250,500/ $5,438,500/ year
1000 1/day year
1. Cosl lndex Tto 14 100 ($2,555,000 708 10 912 13 10 213 (100
is used as base) if total compost
sales revenue is
67% of planned
sales.)

Information source: 1.

Notes: 1.

Cosl of sanilary landfill: Pre-feasibility study on Nam Son
Phase 2 Landfill, JICA Study Tcam
Cost of incincration: Feasibility study on wasle-to-cnergy
recycling facility using garbage and local coal in Hanoi for
cnvironment protection, September 1998. Main assumplions
and conditions uscd for cost estimation are summarized in Note

6 below.

[tis assumed that the incincration ash fo be landfill is 15% of the iupul waste in terms of

weight. Cost of the sanitary land(ill of the ash is proportional to amount of incineration ash.

2. Sales revenue of electricity

Additional investment-in a power generation l'aéi]ily-(lo be attached to a
wasle incinerator) would typically require 20% of the cost of construction of
an incineration plant. Assuming that operation and maintenance (O&M) cost
of power generation is also 20% of the O&M cost of incinerator, unit cost of
power generation is estimated to be $11.4/ton, 20% of the incineration cost
(857/ton). Sales revenue very much depends on conditions of purchase of
clectricily by power company, as well as amount and quality of electricity
generated, which depends on conditions of waste incineration. The revenue
may of may not exceed the cosl of power generation, It is arbitrary assumed

that sale revenue may range from 50% ($5.7/ton) to 150% ($17.1/ton) of the
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cost of power generation for Hanoi. With these assumptions, net profit from
power generation is estimated to range from minus $5.7 ($5.7 - $11.4) to
plus $5.7/1on ($17.1 — $11.4) of waste incincrated. Further explanation on
the power generation is shown in liem 4) Further Comments on Composling
and Incineration.

UsSion

Tl Couss Net Costs

B0

70

60

0 —_—
Incineralion Incineration with Power Feasible Case Infeasible Case
Generation
L BN Cost B Generation cost D Revenue J

Feasible and Infeasible Cases of Power Generation through Ineineration

1. Cosl of compost:

Assumptions:

Plannihg information on the compost plant to be financed by Spanish
ODA is used as base.

Initial invesiment $4,000,000 _

Useful period of the facility: 10 years

Operation & maintenance: $ 400,000/ycar

Incoming waste: 50,000 ton/ycar

Production of compost: 13,260 ton/yecar (26.52% of waslc in lerms
of weight) ' :

Residue 1o be disposed of by landfill: 25,000 ton/ycar

Cosl of landfill of the residue: $7/ton of residuc

Price of compost: $70/ton of product

o

A =t

- oo
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Calculations:

a.

Production cost: Annual depreciation of investment ($4,000,000 -+
10 years + Operation & maintenance $400,000 = $800,000/ycar
Cost of landfill of compost residue: $7/ton x 25,000 tonfycar =
$175,000/year

Total cost of compost production including cost of disposal of
compost residue: Production cost per ton of incoming waste:
$800,000 + $175,000 = $975,000/ycar

Unit cost of production including cost of disposal of compost
residue: $975,000/ycar + 50,000 ton/ycar = $19.5/1on

Total revenue from compost sales: $70/ton x 13,260 tonfyear =
$928,200/ycar when sales is realized at 1009% as planned .

Revenue per ton of incoming wasle: $928,200/ycar + 50,000
tonfycar = $18.56/ton when sales is realized ai 100% as planned
($4.6/ton if sales revenue is 25%.)

Major Assumptions on specilications of the incinerator used for
cost estimation

Incincration capacity: 330 tons per day

Incineration efficiency: 90% = 330 x 90% = 297 tons per day
Operation days: 325 days per year

Operation life: 20 years

Powcr generation equipment: none

Residual ash generation: 15% of input waste = 297 t/d x 15% = 45
tons per day

Total investment cost: 68,300,000 US$

(= 7,850 million JPY, 115 JPY/US$)

Opcration & Maintenance: 2,080,000 US$/y

(= 239.5 million JPY/y) = 41,600,000 US$ for 20 years

Waste amount to be incincrated: 297 1/d x 325 dfy x 20 years =
1,930,500 tons '

Unit Cost for incincrating = 56.9 US$/waste-ton

Unit Cost for dumping the residue = $6.96 x 15%

= 1.0 US$/waste-ton '

Total Unit Cosl for incineration method = $56.9 + $1.0

= $57.9 / waste-ton
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3) Evaluvaiion of Disposal Options
(a) Evaluation Crileria and Mcthodology

It is generally considered that the least cost mcthod is the most appropriate
method for evaluation of disposal options and many other cnvironmental
protection measures. The least cost method scts out both environmental and
cconomic criteria:

+ Environmental criteria (environmental soundness)
* Economic crileria {cost-cffectivencss and affordability)

Evaluation methodology is as follows:

1. cvaluale disposal options based on environmental criteria, and eliminate
oplions that are not acceplable

2. cslimate costs of each options, and selcct the lcasl cost options

3. evaluate financial aftordability of implementing agency (HPC)

(b) Evaluation
a) Environment-soundness

As has been clarified in the previous section, the open dumping causes

g significant cnvironment pollution to the surrounding cnvironment, and
therefore is not acceplable based on cnvironmental criteria. There are
environment pollution risks associaled with other options as well. Types of
environmental risks are different depending on options as explained in the
previous scction. However, cnvironment pollution risks associated with the
sanitary landfill, incincration and composling arc considered low and
therefore acceptable.

‘There is no scientific thcory that ~supports incineration is more
~environmentally sound than the sanitary landlill or visa-versa.

‘Evaluation of Disposal Options in Terms of Environment-soundness

Opcﬁ dumping { Sanitary land(ill lucincration + Composling +
. - (/1) S/1. of ash S/L of residue
Envifonment-soundoess { Not acceptable acceplable acceplable acceplable

b) Econom_l;c Aspecls

i) Cost-cffectiveness

The best indicator of cost-eflectiveness is the unit cost. Unit costs of
cach option are shown in the previous section. Open dumping is the
least cost, however should be rejected as it docs not mect the

cenvironmental criteria.
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Among the options that meet the environmental criteria, the sanitary %
landtill is the lcast cost. Its unit costs ranges from US$5 - §7 per ton of
waste disposcd ol.

Unit cost of the incincralion option including cost of landfill of
incincration ash is US$ 58/ton at minimum for Hanoi. Theoretically, the
incincration cost may be reduced by about 10% by power generation at
minimum. Cost of power generation would cost about 20% of the
incineration cost. Considering waste quality of Hanoi, and other
conditions, there is a high risk that the additional investment in power
gencration would bring about negative profit in Hanoi.

Unil cost of camposling option is estimaied to be US$20.2/ton including
cost of landl(ill of compost residue. Since this oplion brings about some
sales revenue, the net disposal cost of this option can be reduced.
However, based on the prevailing price of compost in Hanoi, and cost
information on the Spanish-ODA financed compost project, we consider
that it is too risky for HPC to apply the composting option as a major
disposal option. Large scale composting should not be applied unless its
feasibility is confirmed in the market. See ltem4) Technical Comment
for more discussion on composting option.

ii) Affordability

Hanoi URENCO’s annual expendilure is cstimaled to be about $7
million in 1999 including depreciation of cquipment assessed by the
JNCA Study Team. This expenditure represents about 0.8% of the
estimated Hanoi GRP, and 5% of the ¢stimated HPC’s revenue in 1999,

So far, URENCO has been practicing open dumping as major disposal
method. The cost of the open dumping were small, i.e., less than 0.03%
of the Hanoi GRP. The corresponding ratio will increase 1o 0,19% with
implementation of Nam Son Phase 2 Landlill. Implementation of the
incineration option instead of Nam Son Phase 2 Landfill project will
cause the ratios 1o increase to 1.45 — 1.77% of Hanoi GRP, and 13.44 -
16.37% of HPC’s revenue. Such high ratios imply too much financial
burden on the citizens and HPC as shown in the table below.

In general, in developing countries, costs ol solid waste managemenl
(SWM) relative to the gross regional product (GRP) range trom 0.5% -
1%. OF the total SWM cost, 90% is typically-used for waste collcclion,
transport and street sweeping, and the remaining 10% for disposal of
- waste. It is considered that cost of waste disposal would be too much if s
the disposal cost exceeds 30% of the total SWM cost.
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Assuming an excessive case where 30% ol the SWM cost is allowed to
spend for waste disposal, and SWM cost can be as large as 1% of the
GRP, the maximum disposal cost would reach 0.3% ot GRP. Compared
to this 0.3%, the above shown range of ratios 1.45 - 1.77% (casc of
implementation of the incincration option) is extremely high. Tt would
impose scrious financial burden on HPC il it has to spend 13 - 16% of
its total revenue constantly over some period just for the incincration
opiion.

On the other hand, the sanitary landfill is considered 1o be affordable in
terms of ratios relative to either GRP or HPC revenue.,

Ratios of Disposal Option Cosls Relative to ITanoi Gross Regional Products and HPC Revenue

Open Sanitary landfill | Incincration + Composting +
dusmping (5/L) S/L of ash S/1. of residue
Annual cost assuming $182,500 - $1,825,000 — $19,089,500 - $328,500 -

incoming waste = 1000 t/day | $365,000/year | $2,555,000/year { $23,250,500/year $5,438,500/year

Ratios of Disposat Cost 0.06--0.03% | 0.14-0.19% 1.45 - 1.77% 0.03-041%
Relative to Gross Regional

Preduct ($1,314 million in

1999)

Ratios of Disposal Cost 0.13 -0.26% 1.29 - 1.80% 13.44 - 16.37% | 0.23-3.83%

Relative 1o HIPC’s Revenue in
1999 (3142 million)

¢) Conclusion

1. HPC should apply the sanitary landfill, as planncd in the pre-feasibility
study report, as major disposal option at least until HPC uses up all the
arca of Nam Son Landfill. it is estimated that Nam Son landfill site will
be full in carly 2018.

2. Therealier, HPC should select appropriate future disposal option based
on the fuiure socio economic conditions of Hanoi, wasle conditions, and
conditions of technological changes, which are not predictable al
present. _

3. HPC should acquirc new landfill sites other than Nam Son landfill site
as carly as possible. The earlicr the opening of another Jandfill site, the
longer the useful period of the landfill sites.

4. If the cconomy of the Hanoi City develop very rapidly, the nccessary
conditions for introducing waste incincration might be satisfied before
the capacity of the Nam Son landfill is full. In that case, the introduction

_ of the wasle incineration would have the cffect of reducing the waste
gg volume 1o be disposed of at the Nam Son landfill and thereby extending
its life. Considering the necessary lead time for the preparation
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including the determination of the type, design, land acquisition,
financial arrangement and others, it is recommendable that study should
start at the carly stage.

Remark

[tis very usetul to know the timing of introduction of the first incinerators
in other counirics.

Bangkok:

Bangkok Metropolitan Authority (BMA) of Thailand intended to introduce
the first municipal wasle incinerator in the ¢arly 1980s, when the national
GDP per capita was less than $1,000. The first JICA Study on Bangkok
Solid Waste Management recommended conslruction of incinerators with
capacily of 600 ton/day. However, BMA’s financial conditions did not
allow the construction of the planned incincrators. In the carly 1990s,
JICA conducted another solid waste management study thal recommended
the construction of an incinerator with capacity of 200 ton/day as a pilot
project. However, it was only in 1996 when BMA called for a BOT tender
for construction and opceration of incinerator and other facility. The tender
resulled in failure. National GNP per capita' rcached $2,960 in 1996
(Source: 1998 World Development Indicator, the World Bank). Currently,
it sccms that BMA intends 1o construct incincrators using some ODA
funds (loan). According to the same source, the corresponding GNP per
capita in Vietnam is $290 in 1996.

Surabaya:

In the early 1990s, Surabaya, the sccond largest cily in Indonesia,
infroduced an inc¢incrator with capacity of 200 tonfday on BOT basc.
Annual average of actual incineration amount turned to be about 130
ton/day, two thirds of the planned amount, while the total waste collection
amount was about 800 fon/day. In the carly 1990s, Surabaya’s Gross
Regional Product was about $800 per capita. Before the introduction of the
incincrator, Surabaya City spent only a few percent of solid wasle
management budget for waste disposal, and the remaining budget was
used for collection/transport of waste and sireel sweeping Afier the
introduction of the incinerator, Surabaya cily spent about 45% of the lotal
solid waste management budget for repayments of consiruction cosls, and
operation, which caused a significant financial burden on the city.
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Kuala Lumpur:

Since 10 years ago Kuala Lumpur was examining the possibility of
introduction of a waste incinerator. However, it is only in recent years that
Kuala Lumpur has came to seriously planning on an incinerator,
Malaysia’s GNP per capita is $4,370 in 1996 (same report, World bank)

| Singapore and Hong Kong:

These cities have introduced incinerators in the latc 1980s. GNP per capita
of these two cities are $30,550 and $24,290, respectively, in 1996
according to the same source.

o
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4) Further Comments on Composting and Incineration
(a) Composling
a) Feasible Conditions of the Composting Business

Appropriateness of compost projects should be primarily examined through
feasibility of composting business based on conditions of demand and
supply.

As discussed carlicr, the primary benefit of the compbsting is the value of
compost product. The sccondary benefit is the volume reduction of waste
that needs to be landfilled. The primary benefit can be measured in terms of
revenue from compost sales. The secondary benefit can be estimated in
terms of opportunity cost by the following formula:

(Unit cost of disposal of wastc at landfill sitc) x (amount of waste reduced
through composting)

From economic viewpoint, the composting business can be jusiified if the
following condition is met:

A<B+C
Where,

A: total cost of compost production
B: Sales revenue of compost (major benefit)

C: Cost of disposal avoided due to volume reduction of waste (minor
bencfit)

It may be justificd that HPC pays owncrs of the conipost plant the above cosl
C (cost of disposal avoided due to volume reduction of waste) as HPC can
enjoy the reduction of cost of landfill.

As discussed carlict, most projects of compost production using general
municipal waste have resulted in failure in the world: On the other hand,
there are successful cases where compost products are made using
agricultural wastc. Use of sclccied waste such as agricullural waste or
market wasle is important conditions for success of composting.

b) Difficultics in Compost Marketing and Quality Control

Throughout the world, most compost projecls with use of mﬁnicipal solid
waste resulted in failure. Major causes of the failure may be summarized as 3
follows:
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1. Insufficient and irregular demand fa compost products
Demand for compost is very elastic to prices and quality of compost
products. Cost of transport of compost products is a significant portion of
cosl to users. In genceral, buyers of compost are restricted within 30 km.
In some counfries, compost of large quantity is uscd to plantation. Once
compost is uscd lo the plantation, uscrs do not need compost for next few
years, while the compost is produced every day.

2. Increasing difficully in quality control of composl product
i. Changes in Waste Composition:

The general tendency is that municipal solid waste become less
suitable for compost as people’s lifc standard riscs. Production of
compost requires climination of metals, and plastics. However, these
types of wasle increase as life standard riscs. As resull, control of
quality of compost will require more cares and costs. There are many
composting plants in the world that terminated opcration because those
undesirable materials were found in compost products. In India, some
years ago, application of compost caused serious health problem.
There are some cases where compost product contained tiny glass
items.

ii. Hazardous Elements Found in Compost Product:

With the upgrading of life standards, hazardous elements, as contained
in dry battery cells for example, increase in domestic waste. There
arc many cases where some hazardous elements werc found in
compost product. In Romania, therc was a case where the compost
production was terminated because some chemical toxic elements were
found in the compost producl.

.c) “Feasibility of Recovery of Useful Materials at Compost Plant

It should be noted that there exists alrcady a good working market of
recyclablc materials in and around Hanoi. It is the market conditions that
determine amount and price of recyclable materials traded. It is estimated
that about 200 ton/day of uscful materials are collecied by junk buyers in
Hanoi. Amount of useful materials collected fromdumpsites is estimalted fo
be less than 10 tons.

According to the Spanish ODA financed compost project plan, 12% of
incoming waste arc recovered as useful material. It may be possible (o sort
wasle and recover some uscful malerials. However, lhc:_ major problem is
sales of recovered materials. Materials recovered from waste have lower
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quality and valuc than those collected by junk buyers in Hanoi. Useful
materials to be collected from wasle at composting plants are low in quality.

It is advised that HPC shoutd pay attention to the market conditions in Hanoi
when planning on recovery of useful materials at compost plant.

() Incineration

a) Feasible Conditions of Incincration

At present, incineration is not feasible for Hanoi judging from waste quality
of Hanoi waste and economic affordability. Incincration may be feasible if
and when the nceessary and adequate conditions explained carlicr are met.
Major conditions arc summarized:

1. Calorie of waste should reach at least 1,000 kcal/kg for incineration
Costs of investments and operation/maintenance in power gencration will
cause the cost of incineration 1o increase by 20% at least. In order to
recover this additional cost, the calorie of waste must reach 1,500 kcal/kg
at minimum.

2. From cconomic affordability, citizend income should reach
$5,000/person/year. See the remark below.

3. Landfill sites are not available within 300 km from waste collection arca
or land acquisition cost (relocation and compensation) woutd excced $6.8
million/ha in case ihe site is within HPC area.

b) Toxicity of Incineration Ash

It should be noted that the incineration ash might have higher concentration
of toxicity. There are iwo types of incineration ash, fly ash and bottom ash.

~ Fly ash generated in the furnace and collected al the emission gas treatment
process lends {o contain higher level of heavy melals. In Canada, the
incincration ash is considered as hazardous waste, In Japan, fly ash needs
special treatment for stabilization before final disposal at landfill sites. Both
types of the incineration ash must be disposed of by sanifary landfill in
Japan. '

¢} Sales of Electricity Generated through Waste Incinerator

Sales of clectricity generated through wasle incincrator depend on the
following two factors: '

1.-Amount of electricily generated : g

2. Unit prices of electricity sold

6-193



The Study on Environmental Improverent FINAL REPORT
for Hanoi City in Main Report, Volume 3

The Socialist Republic of Vietnam

It is important to note that not only clectricity generation amount but also
unit price of clectricilty depends on waste incineration conditions. If the
amount of elcctricity generation fluctuates from time lo time, buyers of
electricity (power companies) consider that such electricity is unreliable and
poor in quality. Therefore, they put lower prices for such electricity.

The general tendency is that the lower the caloric of waste (particularly if
they are less than 1,000 keal/kg), the more the fluctuation in electricity
generation amount,

In order to reduce flucluation, it is necessary to sct the design waste calorie
at high level such as 2,000 kcal/kg. In this case if solid wastc of catorie
lower than 2,000 kcal/kg are used, [uel (heavy oil) has to be used in order to
maintain the design caloric. Given the wasie quality condition of 1lanoi
waste (715kcal/kg), it is estimated that just incineration of one lon of solid
waste will require 36 litter of heavy oil that would cost $4.66/ton. With this
condition, the generation of electricily through waste incineration would
never become feasible,

d) Dioxin

Among the human-made matcrials, dioxin is the most toxic. It is proved that
dioxin would cause cancer, deformily, abnormal reproduction through
experiment on animals. Dioxin is colorless, no smell, not dissolved in water
but solved in fat, does not react (o alkali, acid and other chemical materials.

Therefore, dioxin, once emitted to the nature, pollutes soil and water, and
would be accumulated in living animals.

In Japan, 80% of dioxin is generated from municipal solid waste incinerators,
of which 80% is contained in the incineration ash, and the remaining 20% is
emitled to the air.

In Japan, the regulation on dioxin has been strengthened recently. Major
methods "of control of dioxin include 1) improvement of combustion
conditions, 2) quick cooling of Ilue gas, and 3) collection of dioxin
contained in flue gas. Three important control factors are time, temperature
and turbulence (called three Ts). An incineration condition with over 800C

for at least 2 seconds have 1o be created to avoid generation of dioxin. Bag-

filters and activated carbon are used to eliminate dioxin contained in flue
gas.

_ An incinerator equipped with dioxin control facility is normally 5- 10%
; : morc costly than an incinerator without it in terms of both construction cost
and operation/maintenance cost.
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(c) Slagging Incineration— A New Technology

Description:

The wasle slagging is a system to melt incineration ash with high
temperature. Incineration ash {urns into slag. The wasle slagging is useful to
reduce amount of trealment residue that need to be disposed of at landfill
sites. The slag made from the incincration ash may be used as an auxiliary
construction malterial, There are two main systems for waste slagging.

1) waste incincrator and ash slagging incincrator

2) waste gasification (or pyrolysis) andslagging incinerator

The former consists of the two furnaces; one for incinerating waste, and the
other for incincrating (meliing) the incincration ash intosiags with high
temperature of 1200~2000°C by using oil, electricity or coax. This system
will require much cnergy, and very high cost for operation and maintenznce.
If a waste incincration capaciiy is over 300 ton/day and is equipped with
power generation facility, an clectric furnace would be applied for slagging
of the ash. The clectric furnace uses electricity generated by the waste
incincrator.

In the latter system, a part of solid waste will be turned into combustion gas
through gasification and decomposition with heat, and the combustion gas
will be used to incinerate and change the waste into slags.

Cost:

In Japan, the former system is 10—~ 30% more costly than the ordinary waste
incinerator. The latter system is about 10% lower than the former sysiem.
‘This system is still in the experimental stage, through which risks need to be
-assessed in terms of safety, and operation /maisitenance.

Applicability for Hanoi:
At present, slagging incincralioﬁ_ system is not apbl_icab]e to Hanoi due tothe
following reasons:

a. Slagging incineralion system is very costly: more costly than the
ordinary incineration. ' _

b. Slagging incincration system with gasification require a minimum, waste
calorie of 1,500 keal/kg, preferably 2,000 keal/kg, while the calorie of
Hanoi waste is less than 800 keal/kg. :

5) Stratcgy for Waste Incineration in Hanoi

With respect to the introduction of waste incinerators, the following strategy 3
is proposed.
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(2) Timing for Introduction of Waste Incincrator

It is advisable for HPC to consider introduction of incincrators when the
following conditions are met or iikely lo be met soon.

a) Technical Conditions
i. For Incineration:

Caloric of waste must rcach at least 1,000 kcal/kg that is minimum
calorie required for self-burning. Calorie of wasic increase as plastic and
paper conlents increases. (Waste calorie also depends on water conlent.)
At present, plastic and rubber share 6% and paper shares 7% on wet
basc based on the JICA Study on Waste Composition carried oul in
1998. "These percentages aced to be roughly doubled to reach calorie of
the self-burning level. In Japan, plastic/rubber sharc 12%, and paper
shares 35% on wel basc.

Remark:

Minimum calorie needed for sclf-burning (1,000 kcal/kg) is 40 % higher
than 715 kcal/kg, the current caloric of Hanoi waste. Waste caloric
increases as economic standard increases. However, there is no specific
formula explaining the relationship between the two factors. The
Japanese expericnce shows that the waste caloric increased from 1,250
keal/kg in the year 1970 to 2,000 kcal/kg in 1999. This is a 60%
increase over 29 years, and average rate of incrcase is 1.63%/year.
Assuming the same rate is applied, it is estimated that it would take 20
years for Hanoi waste to reach 1,000 kcal/kg.

- it, For Power Generation:

Waste calorie must reach 1,500 kcalkg al minimum for power
generation.

b) Economic Condilions

As cxp]amed carlier, introduction of waste incincration will put a financial
burden on the citizens if their income is less than $5,000/person/ycar.

Remark:

- Assuming that current Hanoi GRP per capita is $760/person, and Hanei will
maintain 7% annual 1ncrease in GRP, and this can be decomposed into 2%
populauon growlh and 5% economic growth on per capita base, it would
take about 40 years for Hanoi GRP per capita fo reach $5,000/person.

c) Non-availabilily of landfill site within 300 km from waste collection

6- 196



The Study on Environmental Improvement FINAL REPORT
for Hanoi City in Main Report, Volume 3
The Socialist Republic of Vietnam

arca as cslimalted carlier

It would not be nccessary to introduce incincration as long as landfill sifes
are available within 300 km from the city center of Hanoi. If a landfill site
cannot be sited within 300 km or so, and if an incinerator can be sited within
HPC area, an incincralion may become more economical than the landfill
due to cost of waste transportation.

(b) Formof Owncrship and Operation of Incincration Facility

There arc two major forms. One is that HPC iiself owns and operales
incineration facilitics. The other is BOO (Build, Own and Opcratc)
arrangement, under which HPC makes a contract with a company that would
build, own and operate waste incinerator. HPC would pay tipping fecs to the
company according to amount of waste incincrated based on an agreed price.

Two major advantages of BOO are as tollows. First, HPC does not have to
provide funds for investment, and thercfore can be free from risks of
investiment. Second, operation of incineration would be more reliable as
HPC can select a company having experience in waste incineration.

In case of BOO arrangement, there are suboptions. One sub-oplion is to %
permit a BOO company to make conlracts wilh organizations (waste

generalors) other than HPC to receive waste. The other sub-option is to make

a coniract exclusively with HPC. The former provides more flexibility for a

BOO company.

Experiences in Indonesia, Philippines, Thailand and some other countrics
show that private companics arc cautious of parlicipating in BOO
arrangements if clients are not strong and reliable in the financial and
administrative capacity.

(c) Location of Incincrator

The nearer an incinerator to waste colleclion area, the lower the cost of

“ wasle transport. However, the nearer an incinerator to wasle collection area,
the higher the cost of control of emissions such as dioxin requircd.
Considering the land availability, planned Nam Son Wasie Treatment
Complex sitc may be a good candidate.

(d) Type of Waste
For beller operation of incinerator, it is advisable that HPC will colleet waste

of higher caloric such as waste gencrated from offices that are rich in paper g
and other combusiibles.
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(2) Long Term Land Acquisition Policy and Plan
1) Necessity for Long Term Land Acquisition Plan and Policy

Nam Son landfill site is the firstlarge-scale landfill site for HPC. During the
past decade, size of a landfill was 4— 5 ha. It is now nccessary for HPC to
have a long term perspective and poticy for acquisition of land for landfill.

' 2) Nam Son Landfill Site

According to HPC, it would acquire the site (about 80 ha) for Nam Son Solid

Waste Management Complex at Soc Son by March 2000. The JICA Study

Team estimates that Nam Son Phase 2 Landfill sitc will have a capacity of
receiving 10 million tons of waste. It will fast until the beginning of 2018
provided that it would start operation in the beginning of 2004.

3) Minh Tri (150 ha) or cxpansion of Nam Son landfill site

In future HPC should acquire further land for future landfill sites considering
the following particular sites and general principles.

Minh Tri

During the course of the feasibility study for Nam Son Solid Waste
Management Complex, HPC together with consultants have identified the
four siles including Nam Son that has been selected. According to the
fcasibility study, Minh Tri has an area of 150 ha. Therc is a possibilily that
some more land may be available adjacent to the area identified.

The JICA Study Team considers that Minh Tri (one of the four candidate
sites) may be a good site for landfill after the Nam Son landfill site is filled.
As a matter of fact, Minh Tri was selected as the best sitc. However, HPC
did not sclect this site because there was a plan to develop a golf course on
this site. It scems that the golf course development plan was suspended so
far. HPC is urgéd to reconsider the land use of Minh Tri.

4) Useof _Moimtain[Vailey Areas

I is possible to use mountain and valley arcas as landfill sites. Technology
for construction and operation of land(ill sites in such arca is common. With
- this view in mind, more locations will appear as potential sites for landfill.

5) Inter-Provincial Lzmdflll Arrangement (Acqu1smon of Tand outside HPC

fg arca)

In Japan and some other countrics, there are many cases where two or more
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citics have a common landf{ill site if the cities cannot find a landfill site
within the arca of jurisdiction. HPC should actively examine this possibility.
If, for example, HPC can usc a land in the southern province, the transport
distance can be shorler than that to Nam Son landfill, and therefore the
transport cost can be reduced.

HPC is considering the possibility of applying a waste incineration mainly
because of difficully in acquisition of land within HPC area. Howevcr, cost
difference between the sanitary landfi}l and incincration option is very large.
It is estimated that the landfill opiion is still more cconomical than the
incincration option if landfill sites can be located within 300 km from the
city center of Hanoi.

According to the new regulation concerning landfill issued on 14 October
1999, it is legally possible for local governments to usc land' outside
jurisdiction of each municipality for landfill provided that thePrime
Minister’s approval is obtained.

It is likely that HPC can acquire land within 300 km from the city center.

(3) Waste Disposal Policy for Sub-urban Districts

1) Responsibility of Waste Management

HPC has already sct a policy that cach suburban district should be
responsible for management of solid waste generated within cach district.
The JICA Study team considers that his policy is rational and realistic.

Each of the five suburban districts has alrecady esiablished an urban
environment company in recent years.

2) Targel Waste Disposal Amount

It is estimated that a total of 470 ton/day of solid waste is generated in the -
five suburban districts, of which 133 ton/day (28%) is collected. The

following table summarizes estimated waste generation amount and target

collection amount and ratios for some selected years,
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Estimated Waste Generation, Target Collection Amount and Ratios of
the Five Suburban Districls

Estimated Waste Target Collection Target Collection
Geaeration (lon/day) | Amount  (lon/day) Ratio
1999 470 133 28%
2005 570 204 36%
2010 671 [ 29 44%
2015 780 414 53%
2020 - 908 586 65%

Colleciion amounts and ratios differ by districis. Gia Lam district collects 48
ton/day of waste, which is 38% of estimated generation amount.

Table 6.5.3 shows estimated waste generation amount and targel collection
amount for cach suburban districl though the period from 1998 till 2020.

3) Waste Disposal Method and Plan
In principle, each suburban district should apply the sanitary landfill.

It is estimated that cach district would necd 10 — 15 ha of land for sanilary
landfill during the period of 2000— 2010, assuming that height of landfiil is
10 m.

Each sub-urban district has identified future landfill sites within cach district
as shown below.
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Outline of Future Landfill Sites Planned by Each Sub-Urban District

]::;::3 glfsfr‘:ct',l Location Arca
Gia Lam Kieu Ky 5.4 ha for the first phase, 7 ha
for the sccond phase
Dong Anb Communes of Lien Ha and Viet Hung 10 ha
Soc Son Narn Son Landfill Site (same as the one used by :
7 Urban Districls)
Thach Tr Brick soil excavaled hol in communc of Vinh | 5.4 ha
Quiysh
Tu Liem A paddy field located in communes of thu
Phuong, Thuoag Can, and Minh Khai

Note:  Some area of the first phase landlill site of Gia Lam was already used and filled with solid
waste transported by URENCO.

Locations of each site are indicated in Fig.6.5.7.
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