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Table 3-14: Results of Estimating the Financial Feasibility indicators

Tipping Fee NPV (bahts) FIRR (%)
_ (bahts/ton) o o .
Case 1 _ 200 -34,867,774 3.97%
Case 2 ' 250 g 26,501,607 14.28%
Case 3 .. .300 '+ 87,860,087 23.45%
Case 4 - 350 . 149,220,368 31.91%

S

" As shown in the table above, the project will not be financially feasible as a private

sector business if the tipping fee is not morc than 200 bahts per ton of waste (FIRR is
only about 4%). On the other hand, if the tipping fee is established more than 250
bahts per ton of waste, the project will be financially feasible in consideration of the
current interest rate of short-term commercial lending, which is ranging from 7 to
12%.  Although the assumption above does not include the cost of land and facility
plan/design in the construction cost, it will still be financially feasible enough if the

tlppmg fee is estabhshed at more than 350 bahts per ton of waste.

Proposal Concernmg Standards and Regulatlons
a, Clasmi‘icatlon of Industnal Wastc |

Factorles generate the followmg types of waste

1. - Non- hazardous waste

2. Hazardous waste

3. Waste snmlar to mummpal waste not from productlon hnes but from office
. works, canteens etc :

4. Medical waste from health care faeti;tles of factories (except for Item 3)

5. Radloactwe waste .

__Llst of charaetenstlcs ot waste and unusable materials attachcd to the Notlﬁcanon of

Ministry of Industry No. 1 (B.E. 2541 or A.D. 1998) classifies non-hazardous wasle
into 2 groups, and cach group is claes:ﬁed into sub-groups.

c' Group 1: Non- hdzardous waste characterized by type
. Group 2; Waste from spec1ﬁc productlon PrOCESSES
Group 2 meludes the followmg, types of waste.

I. Ash generated from combustlon process of fossil fuels, blomass and combustible
material
Automotive parts and auto Shredder wastes
Dust from air pollution control system 1nc1ud1n;:, baghouse electrostatic
. precipitator, cyclone and scrubber
Used catalyst from petrochemical productxon processes
" Dust from cement kilns .
_ Dewatered sludge from industrial wastewater treatment plant
Dewatered sludge from wastewater treatment plant in tannery
Drilling mud from petroleum exploration

el
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9. Used refractory malerials from mdustual fumaees Ptlns and ovens -
10. Sand from sand blasting : S

11. Slag from coal gasification process '

12. Sulfur dioxide scrubber wasle from air pollutlon control system in fossﬂ fuel
o combustlon processes ' : :

13. Residuals or dust from tannery

14. Tailings from extractton benefaetlon and processmg of ores and mmerals

“The team proposes that DIW should cxclude Group 2 (waste from speelﬁe mdustlial
processes) hom the category of Non-HW for the followmg, reasons -

1. Sinces 'my type of waste in Group 2is posstble to be IIW tteatmg these wastes as
~ non-HW could result in serious consequences. It is safer that these wastes in
Group 2 are classified as HW and treated/disposed of as non- HW on}y if they can -
be proved non-HW by tests such as leachate test;

2. Thete is some poss1b111ty that the leachate exir actton procedures presernbed in the_
Notification of the Mm1stry of Industry shows the dxfferent result at each test

“ 3 Thete is some doubt whether waste’ generators (factorles) submtt a cemt“ cate or
. result of analysis 1o show that generated wastes are non~HW evely tlme they
_ dlscharge wastes. :

3

4. thete is some doubt whcther waste tteatmentfdtsposal faelhties carefutly cheek o
. the celtlﬁcate or result of analysis or conduct a test 1o check xf wastes ‘they
- receive are non-HW or not when they receive wastes g '

5. Since mumelpal waste dlsposal sites are not prepared fo receive HW a puortty
should be given to avoid possible influx of HW. " - -

b Ltcensmg System to control the Private .’{W_M Business '
b.1 Control by the Llcense |

In order to control the entire flow of W'tste from the dlsch'uge point to the final
disposal point, not only factories but also waste eollcetors/transporters and waste
buyers have to be under control. -

DIW has been controlli ling the dlseharge of" Non HW from factorics loeated in 14 -
provinces including the study area of the present study by obligating them to apply
for the transport permits as stipulated in MOI Notification No.1-B.E:2541 (1998). In
~order to strengthen this, the team proposes the development of a licensing system to
control waste eo]lectons/tr'msporters and waste buyers (see Sectlon 9.2. S) :

That DIW has control over factories, waste colleetors/transporters and ‘waste buyers

all together means that DIW has authority to impose a Hability for illegal dumps or ' ’g‘;}
improper treatment. This should be cffective to prevent 1liegal dumps and promote '
- proper treatment. :

" Types of license for the transoorters and the waste buyers should be established
separately. The license will help the control over them at the following aspects.

o The collectors/transporters and waste buyers must have licenses if they wish to
buy or transport waste of their client factones Then they will be controlled
under the licensing system.

68



The Study on Master Plan on Industrial Waste Mmmpwnml in the Bangkok Melropohmn Area and - . JICA

its Vicinity in the Kingdom of Thailand 3 Non-HW Master Plan and HW Action Plan

® The transport permit is no more necessary if the licensing system works
properly. Instead, Selling Record or Discharge Record of the waste must be
prepared and kept for at least 5 yecars [or factory iaspection. In case of
hazardous waste, it must be attachcd to Ro Ngo 6.

b.2 Requrrements

b.2, 1 Reqmrements to Wastc Buyu*s

Waste Buyers are those who pay money to iaotorres in exchange of then waste or
. unusable material. chmrements to them will be as follows

e Waste buyers must have the llccnsc 1ssued by DIW to buy waste or unusab}e
: materlal from f'lCtOI‘leS for a rccyclc or selling purpose.

¢ Secondaty or tertlary wastc buyers, who buy waste or unumbie materrai from -
' other buyers, atso must have the llcensc

e Waste buyers must glve the 1actory a receipt when they buy the Waste Thc
. receipt specifies the type and quantity of waste. Waste buyers themselves must
keep a copy of the recelpt

. .Waste buyers shall make a Waste Purchasmg and bellmg Record descrrbmg the

- type and quantily of waste (bought or sold), client’s name and other necessary

data. The Record shall be kcpt for at least 5 years for factory 1nspect10n by the
DIW o .

LI Waste buyers shal[ report the type and quantlty of waste which they dealt with
to DIW once a year.

b. 2 y; chunrements to Waste Collectorsfl‘ ranSporter
_ It is supposed that there are 4 types of the W’tStB co]lectors/transporters as follows:

e - If the waste d1schargcr himself transports wastc to others by his own car, he
must have the license. :

o Ifheisa waste buyer who transporis waste by his own lranspmt means, he must
~ - have the license. :

. it thc waste treater or the user of recycled materlal himself transports waste by
his own car, he must have the license.

s If the transporter just only transports waste under other’s instruction, and he
himself does neither buy nor sell waste fo the other parties, he must have the -
license. :

b.3  Changes in the Control over Factories
b.3.1 Requirem.e.nts to Waste Dischargers (factory)
. No transport p'ermit is required

» When the factory selis waste to waste buyers, they must be licensed waste
buyers.
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® thn the factory ask‘; transportcls to takc their waste out of the factor Y, they
must be licensed transportcrs :

) The f‘aciory must prepare the Selling Record or Discharge Record of the waste
and keep it for at lcast 5 years for factory inspection. In case of hazardous
waste, lt should be attached to Ro Ngo 6 to be submitted to DIW, o

o Drscharge Record shall also be made “when the faclory asks a local
admlmstratlvc organuanon such as mumc1pahty to collect the waste.

It is recommended to amend the MOI Notification No.1 BL2541 (1998) that at
present requues factories to get transport permlts $0 as lo regulate the reqmrements
hsted above, and to apply it to the whole country

bh.3. 2 chulrcments to Users of Recyclcd Matcrlal

Uscls of recycled material mcludc factories of Codc 105 that sort waste and factories
of Codc 106 that 1ecyc1e waste. In either case, they are to be controlled as follows

. Faetones that use recycled ma’[erlal to sort and/or recycle shall prepare the
Waste Purchasing Record. They must submit Ro Ngo 5 to DIW once a year
thh attachmg the Waste Purchasing Record. '

b4 Actmn chulred to the DIW
. Llcensmg system develcpmcnt =

o irammg for the transporters as a'conditioo to give a license

e = Closs check of Ro Ngo 5 with respect to the matenal used _
. Close check of Ro Ngo 6 w1th respect to the method of' waste: dl‘-}pcsal
. P1o1not10n of the 1cgtstrauon of the factories as those of Code 105 and 106

'At present the Ro Ngo 5 report is submitted not to DIW but to the Office of
Industrial Economies, but they should share the data.

¢ Standards for non-HW treatment/disposal faclhtles _

Basically, collection, transpcrtatlon reuse, recycling, mtermedratc trcatment and fi nal '
disposal of non-HW can be thought in the same way as those of municipal wastes.
Therefore, standards for municipal waste treatmentfdisposal facilities can be apphed

to non-HW ueatment/dlsposal facilities.

Minimum’ standards for facilitics concerning  collection, tranéportaticn, reuse, -
recycling, intermediate treatment, and final disposal of non-HW are summarized in
the table below. They are referred to relevant standards i in Japan

The main responsibility of the g g,ovemment is to dlrect monitor, and control the whole
process of non-HW treatment/dlsposal To direct all the busmess concerned to -
conduct proper IWM, and to monitor and control the whole process, it is necessary
for the government to make standards clear. DIW need to draw up standards for each . .
process of non-HW treatment/disposal and to prepare monitoring and control -
systems, Since it is in general very difficult to control on-site final disposal, DIW has
to tlghten regulation on on-site final disposal and to eliminate i improper disposal.
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Table 3- 15 Operatlonal Standard of {W dlsposal facilities

Standards for 1_.Necessary measures to prevent litter and spillage of wastes from a,
collection and vehicle and a container in the process of coltectlon and
transportation transportation have to be taken. -
2.Necessary measures to prevent nuisances caused by odour of |
waste or noisefvibration by collection and transportanon vehicles
have fo be taken. -
3.If wastes need to be transh:pped the fo||owmg measures should be
taken:
e fo fence around the transhmment place and put a builetm board
" to show the purpose of the land use clearly,
+  to prevent litter/spillage of waste and penetration of leachate to
underground,
« . toprevent edour, and
s ' to prevent propagahon of mlce mosqwtoes and flies at the
‘franshipment place. :

. 4.Storage of waste al the transhipment place is prohibited in prmcnple
Standards for reuse, 1 MNecessary measures to prevent litter and spittage of waste at the
recycle and . pracess of reuselrecycling or intermediate treatment have to be
intermediate taken. ) : ‘
treatment 2. Necessary meéasures to prevent nuisance caused by odour and

noiselvibration from reuselrecydmg and treatment process have ta
be taken. .
3. If wastes need to be mcmerated incineration facilities W|th proper
structure and equipments have to be used.
4. If waste is stored, storage place have to be fenced and a bulletin
- board have to be put to show the purpose of the land use clearly.
5. If wastes need to be stored, the following measures should beH
taken: _ _
« to fence around the storage place and put a bulletin board to
show the purpose of the [and use clearly;
s {0 p're\'rén,t litter/spillage of waste and penetration of leachate to
underground; - :
«  to prevent odour; and
+ to prevent propagation of mice, mosqu:toes and flies at the
- " slorage place: ~ :
Standards for | 1. Necessary measures to prevent litter and spmage of waste by
land-filling - landfilling work have to be taken.
S 2. Necessary measures to prevent nuisance caused by odour and
noiselvibration brought with landfilling work have fo be taken.
3. For landfill operation, the following measures should be taken:
+ o fence around the landfill site and put a bulletin board to show
+ the purpose of the land use clearly,
= to prevent pollution of public water area and ground water by
~ leachate from landfill site, if necessary; and
-« to prevent propagatlon of mice, mosquitoes, and flies at the
 landfill site.
d, Site Selection Procedures and Standards

d.1 Objectiifes and Limits—qt.i.on of the Préposed Criteria
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1.1 Objective's - _

I?valuahon criteria for site seleetlon for facilities to treat or diqpof;c of non-HW from
industries do not exist yet. Generally speaking, the MOSTE’s ‘existing criteria for
MSWM facilities could substitute them, but the MOSTE’s criteria do not indicate a

site selection method or detailed cvaluation 1tems ~which are very important for
. dccmon makmg ' :

Therefore the team elabomted draft SIte selectlon crlterla for the management of
non-HW and proposes them here based on ils experience in the several countrics

~including Japan. In addition the World Health Orgam:ratton reglonal pubheahon i_s'
- referred asa background matenal : '

12 leltatlon _ _ _ o P _
: Aithough the evaluation cr iteria may differ from each waste management facilities
“such as a fransfer station, an incinerator and a landfill; the criteria for a landfill cover

most of aspeets required for the other facilities. Thetrefore, in order to supplement the

‘existing criteria the team drafts 2 site selcctton method and 1ts evaluanon criteria for
non-HW. landﬁll

An actual site selection work should be conducted fuIly tdking regional conditions
into consideration. Therefore, the team recommends the relevant organizations, which
concern the selection work, examine the draft criteria and modlfyhmprnve the cntena .
to adopt loeal eondmons in Thdﬂand . '

d2 Proposed Site Selectlon Proeess |

: The site selectlon for a new landfill wxll take place in three phases as follows
1. Phase 1: Plelmnnary selection with excluding crltena

In the first phase the scarch area is defined and eonsequently a number of
candidate areas is reduced by exeludmg (stnet) criteria.

2. Phase 2: Secondary selection with 1educlng criterta

In the second phase, the arcas that arc identified as sultable for a }andﬁll site
according to the criteria of phase 1, are further reduced by using less strict
criteria (reducing criteria). The effeet and reach of the most reducing criteria
can be adjusted according to needs and local conditions. After application of
reducing criteria approximately 5 suitable locations for a landfill 'site should -
be left. If the number of the site is still much, reduemg criteria bhould apply
more strictly and try to reduce the number of site further,

3. Phase 3: Final selection W1th arrangmg, criteria . ' S g

In the third phase approx;mately 5 poss:ble locations for a landﬂll site will be
given scores based on the arranging criteria. The arranging criteria are divided
into 5 subjects. According to their scores on each criterion, a separate rankmg
score will be given to cach location for each subject. The ranking scores are
accumulated in an overall scoring table, A wei ighing factm can be applled to

1 “Site selection for new hazardous waste management fac1!mes“ WHO Regional Publications
European Series Nod6,
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cach subject 1f 1equ1rcd The sum of the (weighed) ranking scores defines the
* most suitable location for the landﬁll site,

The process of these site selections for a new landﬂll is illustrated in Figure
3.5,

d.3' - Proposed Evaluatmn Criteria

| - d3a Exc]udmg Crlterla for Prehmmdry Selectlon

“As the phase 1 of the site selectlon followmg eriteria will be used for excludmg
certain locations, wh1ch are not suitable for the landfill.

Table 3- 16‘ Sum'mary sheet for excludilng criteria

Is the searching area of a landfill Iocated : - Answer -
1. in & housing area ' - : - YesINo
2. within XXX m around a housing area S : Yes / No ]
3, within the influence zone around a water well . © Yes/No
4a. in a protected area with ecologtcal historical or o Yes/ No
scientific value _' : ' _
4b, Within XXX m of such protected area _ ; _ Yes / No
5. In a military area : o : Yes / No
6. in a water inundation area g . : Yes { No
7. within 5 km from an airport : : S .- ¢ Yes/No
8. within XXX m from a cemetery : Yes / No :
9..with impossibility of land acquisition . o " Yes/No o

Note: “XXX" should be determined by relevant authorltles

~d.3.2 Reducing Criteria fm' Secondary Selection

The aim of the reducmg criteria is to reduce the search area for a new l'mdﬁll once
mote using reducing criteria. The result of using the reduction criteria should be that
" there are 5-6 potential locations are lel’t for a comparison about the most suitable

location.
Table 3-17: Summary sheet for reducing criteria

is the searching area of a landfill located: Answer
1. far from collection area Yes / No o
2. in a bad accessibility o Yes / No
3. with difficuit infrastructural provisions ' Yes / No
4. with geological limitations -~ . ] Yes / No
‘6. with hydrological and soil limitations T Yes / No
6. with availability of bottorn/cover material Yes f No
7. within a tourist/recreational area -~ Yes/No
8. within an industrial area ' Yes [ No
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433 Arrﬁnging.Critcria_fnr Final Sclcction

The arranging criteria are meant for the comparison of several potential sites which
ate the outcome of phase 1 and 2 of the selection process, It is recommended not to
compare more than 5 potential sites. If the outcome of the phase 1 and 2 has resulted
in more than 5 sites, the criteria of phase | and 2 should be applied more strlctly, in
such a way that 5 po’ten‘ual sxles are left.

The ar rangmg criteria can be expressed by ﬁve tables below

Table 3 18 Summary of the scores on enwronmentai cntena

Locations
AlB|lCc|D]|E

Enwronmental Cnterla

1, permeablllty of the subsoil _ :
2. presence of impermeable layers in the subsoil
3. susceptibility to soil consolidation

4. position of vulnerable objects related to the direction of
groundwater movement . -

5. velocity of ground water flow

8. groundwater and river levels -

7. odour and dust nuisance for neighbouring area

8. nuisance by traffic generation

9. risks for neightouring area

10. other nuisance for neighbouring area

% _ . S Total Score

Average Ranking Score

Table 3-19: Summary of the s.cor_es"on plahning criteria

Locations
A | B|C|D}|E

: Pianning. Criteria

1. shape of the area
2. hampering infrastructural use
3. distance to the housing area
4. distance to the industrial, tourist and recreatlonai area
5. distance to the national conservation area
6. distance to the main road
7. distance to the ‘waste generator
8 pOSSIblhhes for a usage after closure

Total Score

Average Ranking Score

Table 3-20: Summary of the scores on nature an'dllands_éape criteria

Locations
A/ BiC| D|E

_Naturé and Landscapé Cri'tfer_ia

1. ecological value of flora
2. ecological value of the fauna
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3. harmful effect on ecosystem
4. cultural, historical value of the landscape _
5, pOSSlbIhtIeS for visual incorporation in the landscape
Total Score
Average Ranking Score

~ Table 3-21: _Sumrhary of the scores on 'p'olitica'i and'j'uri'dical criteria

- Locations -
A|lB|C|D|E

Politicat and Jurldscal Criteria

. acceptance by the reg[onai governmen!
. acceptance by the local authority
. hampering effect of other planning
. acceptance by the pressure groups involved
. ownershlp of the landfill area .
] Total Score
Average Ranking Score

G (W |N| -

" Table 3-22: Summary of the scores 'on-Fi_nanCiai and Economic criteria

Locations
: S AJBIC|DIE o
. cost of land acquisition L . - : U R R a %
. cost for the access of the landfill ' 1
. transport cost .
. operation and malntenance costs
. extra cost for environmental protection
. ¢cost for the after-care :

Financial and Economic Criteria

NN =

Total Score
. Average Ranking Score

d.3.4 Sum_mﬁry of final scorc

For an overview and comparison all the average ranking scores of cach criteria -
category for the different locations are blought together in table. Dependent how
important a specific category, in companson with other categones is judged as
essential in the decision making process, it is possrblc to give each category a
different wmghmg tactor. If environmental criteria is judged in such a way that they
are twice as much more important than the planning criteria, the average ranking
scores for the environmental criteria should be multiplied with two. Normally the

weighing factors have a range of 0.5 to 2.5. The sample of this calculation sheet will
be presented in Table 3-23.
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a3

3.3.1

Table _3~23: Final score for each location

Weighing . Locations

Categories Factor A|lB|C|D]|E

Environrnental Criteria

Planning Griteria

Criteria on Nature and Landscaping

Political and Juridical Criteria

Financial and Economic criteria

Final Score

- The final score of each location is the sum of the woiyhing, scores on the 5 categories
-~ of criteria, The location with the hlghest final score is most suitable as location choice
" for the new landfi 1. :

HW Actlon P_l_a_n ,-

7 ‘Select:on of Actlon Plan

'a. " Secope of Work of The Study Concernmg AIP

| The Master Pian on HW (M/Py i is unde1 dISCUSS!On at DIW and even the draft of M/P

has not prepared yet. The Scope of Work (S/W) of the present JICA study, signed by
the both governments in November 2000, stipulates that one of the study objcctives is

“to formulate an action plan on hazardous waste management in the field of HW
reuse/recyclmg, mduslrlal cluster and zero emission conceptq

b, ‘iclcctlon of Actmn Plan

_An action p]an is to show a speo:f ic process of necessary a(,uons to achieve the goal
*‘of the M/P. However, the HW M/P is stlll bemg developed by DIW and even the
* draft is not yet availablc '

According to the HW flow in 2001 obtained from the result of the factory survey the
reuse/recycling rate of HW is 18.2%, only one fourth of that of non-lHfW (more than

- 78%). On the other hand, more than balf (54.3%) of HW is tréated (32.8%) or

disposed (21.5%) on-site, while only 15% of non-HW is treated or disposed on-site.

Taklng all theses consideration into account, the study team decided to propose the
following three A/Ps, while emphasizing the reuse/recycling of HW.

Réuse/Réoyoling Promotion Plan

' Wasté E‘xoh:a:nge. Plan

Waste Mmlmmatlon Plan

e Target Year, Targets an{l Strategles of A/P

.Smce the HW M/P has not formulated yet, the team set the target year, target and

strategies based on the result of the survey. The target year is set as 2005, same as

- non-HW M/P, considering the short-term implementation,
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3 3.2 Waste Mammlzatlon Plan

a. l’t‘oper Management of HW and Aet:on Plan of Waste Mmumzatlon at
Sourees

The action plan to promote proper management of HW and waste m1n1m12atlon at
sources is shown below.

L | Thorough Implemerztatzon of the Mamfest Syvtem

o Acco:dmg to oxntmg ‘manifest sheet the factories themqelves should' -
manage the HW d1scha1 ge proper]y and report to DIW. S

e . As soon as the HW manifost system enforced by PCD/MOSlE is
' 1eg,1slated the factories should fulfil their responsibility of HW as
genexators and cooperate PCD in runnmg the syatem effectively '

2 _ [ffzplememanon of Waste Audit

. _ The factories themselves should start 1he 1nvest1gat10n to gtasp the
characteristics of HW and pollutants

¢  The generators should obtain knowledg,e about HW and consmousness
about proper management through grasping the actual status '

'07 Segreganon of recyclable waste and un- recyelable waste should be
complctcd : : :

3. _ HW Mmzmzzanon and Reducrwn

. The convmsmn of mateua]s fuel and non~ha7ardous substances should
be promoted

. The conversion of piOCeSS ahould be facﬂltated

. The mtroductlon of energy-saving and resource- savmg facmty and_
process should be promoted.

4 Recyeling o _
. The recycling of HW inside the factory should be promoted |

o The introduction of unused and/or waste heat utlllzatton system should -
be considered. :

3. Facilitation of Zero- emivsioo Indzas!rt'al Esfate N
o The zero-emission plan i m a model industrial estate shouid be drawn up. -
LI The zero-emission pilot projects in the model mdustrlal estate should be L
implemented. N
6. Formulation of IWM Iovprovernea! Plahis*for Individual Indusir_ial Sectors

*  Specific improvement measures for 'WM can be different from sector to
sector (and from factory to factory). IWM improvement plans should be
formulated for each industrial sector. (The team presents the sector
investment plan taking an example of the paint industry in Section 4.2.)
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b. Measures necessary for A/P
For thc achlevement of the A/P the following measurcs are neceqqary

. Plepalatlon of puidelines and manuaiq for wastc management and waste audit
ingide factory

. Provmon of information in terms of waste mdnagement and waste audlt 1ns1de_
' factory - :

¢ Promotion of [SO 14001 (Environmental Managelhen‘s Systcm).
.« Preparation'of .gu.ide.lines for use of recycled material

e Reviewing and pleision of iechnology in terms of waste
_Reduce/Rc usc/Recyclmg -

. Fhammatlon of m[roductlon of ﬂowmg economic incentives regarding waste
' mimmlzatlon and recychng

- Effluent Tax
- HWTax - :
- ':Virgin Material T'ax.

‘- Landfill Tax

- Tax reduct:on of use of recycled mater;al

- Incentives for the 1nvestment to install and/or improve facilities for waste
" minimization and recyclmg (Low rate loan, Special depreciation, Tax
reductlon}

o Support for the p]annmg and construction of facilities regardmg, waste materlal
' recycle and thermal recycle in the industrialized arca like an industrial estale.
333 ReuseiReqycIing Promotion Plan
| a. - Target

The targcts of main components of A/P in the target year of 2005 were determined
~based on the following objectives, paying an attention to reuse/recycling of HW.
Numcncal targets are summarized in Table 3-24. :

1. To try to keep the 1ncrease rate in the amount of HW generahon up to

_ _ 4.2% from 2001 to 2005, by promoting waste minimization at factories
g f ' 2. To decrease the on-site disposal rat_é from 21.6% in 2001 to 8.3% in 2005,

by tightening regulation on on-site disposal, in order to prevent further
- environmental degradation by mappropnate on-site dlsposal

3. To mcrease the HW reuse/recyclmg rate from 18.2% in 2001 to 28 2% in
©. 2005, while encouraging factories change the disposal method, from
on-site to off-site, in order to achicve the above target.
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Table 3-24: Targets of HW A/P -

: tem . Present (2001) | Target year (2005)
Generation Amount {tonfyear) - 557,466 580,908
Reuse/recycling rate (25*1) - ' : . 18.2 C 282

On-site (%*1) 4.0 o 4.0
 Off-site (%*1) . =« . C142] 24.2
On-site final disposal rate (%*1) - ' o218 - 83
Off-site treatment and final dlsposal rate (% . 37.3 o 412
On-site Reduction N - 22.2 223
On-site storage K - 07 o 0

Remark *t: The figure is the ratia to the total generation amaunt.

HW flow in 2005 which i is 1eahzcd if targets of A/P are achlcvcd is shown in the .
followmg, fipure, : :

. Reuse & o Treﬂ@rm—
Recycling . : Final Digposal .

onofr Cellection & On-site Reduction
, Site J I Transport l [ Treatment ,
Final Disposal {factory)
48,704 8.3%
140 0.0%
43,844 8.3%
X Reuse/Recycling
Onsite e 9,289 - 1.6%
cb 247,734 | — . o ’ - 13,649 24%
42.5% . : Redsiction ) r 22,838 "~ 4.0%
. . - ‘23.523 B
: :, Onsite 22.3%
Generatios T : o] Treatment
580,909 - T 18874 . :
1600.0% ’ - 32.7% Residues
) L : 60,218 |
10.4%
| Treatment/ Fina! Disposal
» 46,669 8.0%
- . - » 192,872 33.2%
Offsite Collection . 239,541 41.2%
M 333,175 333,176 : » . : : - : . .
57.4% 57.4% ’ : . Rouse/Recyate : . : o
1;:'5’,39‘7' . Unit_ : tonfyear

. ' 189,744 ’ . . .
s r32,7wa | ’ o N -
580,909 129,523 : 163,141 . 288,245
100.0% 22.3% 28.2% 49.5%

Figure 3-6: HW flow in 2005
b. Strategies |

To ach1eve the abovementloned targcts the team Strongly recommends the fo!lowmg
steps.

1. Promotion of HW recyclmg at cement factor:es

It is urgent issue to construct HW treatment/dlsposai fac1htles in Thailand, .
~ but it is extremely difficult to construct new facilities in the short-term due to

strong opposition from local people. One of alternative plans is to utilize

existing cement plants to treat HW. It can be said that utilization of existing
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* cement factories is an effective way to promote HW reuse/recycling while

makmg up shortage of HW treatment/final disposal facilities, because there
is no need to construct new facilities 'md there are few residue from cement

- production process,

In thc case of Japan in 1999, to producc 82 000, 000 ton of cement, cement
factories received 25,580, 000 ton of waste as input materials, equivalent to
31% of production amount’, 0011<s1dcr1ng the current production amount in
Thailand, 46,000,000 ton/year "Ihau cement factor;eb could receive > up to
14,260,000 ton/year of waste.

Therefore, the team proposes to utilize existin'g'-cément plants as a short-term |
improvement plan to. make up the shortage of HW treatment/fi nal disposal
facxhtlc‘; and to promote 1cuse/1ecyclmg of HW.

Nurturmg waste analysns, ad]ustment and blendmg mdustrles (waste
blender)

To promote ut111zat10n of waste at 1ho cement factoues it is nccessary to
establish the system to gualantee the quality and quantity of wastes as input
materials. In Japan, there are a lot of mediators (waste blenders), who
analyze, adjust and blend wastes to guarantee the quality and quanuty of

_ wastes as mput materlals or fuels for cement production.

It is urgcnt inT halland to nurturc waste blending industry that can woxk as a

mediator, as well as providing such service as analysis, adjustment, and
blc,ndmg of wastes, in order to plomote wastc utlllzanon at cement plants.

Promotwn of HW reusc/recyclmg at other facilities

There are othel facilities, which can accept HW as input materlals or fucl

~ and it is necessary to promote HW reuse/recycling there. In this case, prlonty a

should be given over improvement of existing facilities. Tn the first place,
therefore, it is necessary to conduct a preliminary survey in order to make
sure of the existence of facilities, which have a potential to receive IIW, and
then it needs to conduct a fea51b111ty study to know quantity and quality of
wastes which these facilities can aceept, pollutlon control abilities, and

_ feasxblhty of business.

Improvcmcnt of the reusc/rccychng system affectmg the environment

‘One of the major objectlves of waste reuse/recyclmg is to avoid

enwronmental burden given by the discharge of unnecessary material from
production activities. Waste reuse/tecycling can, however, affect the
environment unless it is properly carried out. In the study area, there are -
found cases ‘where cconomic  benefit, another objectwa of waste
reuse/recycling, comes first and waste reuse/recyclmg gives severe impacts
on the environment. The environmental impacts are serious particularly

.when waste reused/recycled is hazardous and such reuse/recyclmg system
should be urgent]y 1mpr0ved '

Tadahlro Mlhashl, “Challenge to Zero Waste Factory”, Japan Institute of Plant Maintenance,
Scptcmber 2000. .
¢ It is from the result of factory survey in July 2001,
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In the present study, the team carried out a case study of waste oil and waste
batteries recycling, and ploposcd 1mprovement measures (ece Scctlon 4.1).

c Improvement Plan of Cement Facterles

The -improvement plan should be divided into two part; lmprovmb cement plants
(hardware) and enhancmg manag,ement ablhly to receive and utilize wastes
(softwale) - : '

“The main components of 1mprovement plcm coneermng hqrdware can be summanzed
as foHows :

o Installatzon of eqmpment fo control gram size of eohd waste by, for example
crushmg :

*  Installation of waste !‘eeder equlpments
» _Installatlon of bumer for waste oil
. i Installatlon of by-pass equipment for ehl'orine gas

The main components of improvement plan coneernmg softwale edn be c;umman?ed
as follows : :

e Fnhancement of ablhty to stablhze waste sueh as wastc Oll and sludge in
terms of both quallly and quantity by ad}ustment or blendmg

: In thlS plan those who are in ‘charge of the latter (software) are waste blenders wh1le
'cement factories are in charge of pl‘mt modification (the former, hardware)

) The items and thelr outlines of the 1mplovement_plan at the cement production
process are summatized in Table 3-25. Equipments for waste blending do not always

~ have to be constructed in the cement factory. In Japan, waste blenders usually have
facilities in their own factories. Figure 3-7 shows the improvement plan at the cement
production process graphically, The numbers in the column of 1mprovement items.
correspond to numbers in the figure.

_Table 3-25: Improvement items at the _cement produotion proc'ees

Process improvement Outline of improvement - Responsile
o - items ' . ;. organization
1. Raw . Solid waste To install equ’ments to crush solid Cement
" material shredding and | wastes to pieces small enough to factories
* blending ~ feeding putin the feeder. " Waste blender
process process , . L
2. Calcination | 2.1 Waste To install equipments to feed Cement :
Process conveying and | waste into kiln. Several types of factories fg;
feeding feeders are needed due to the &
process size, shape and feednng pomt of
wastes.
2.2 Waste oil To install waste oil storage fanks Cement
injecting and burner for waste oil. For this | . factories
process purpose,  part of kin requires Waste blender
remodeling. '
2.3Chlorine To get rid of compounds contalnlng Cement
bypass system | high chiorine (KCI, chiorinated factories
heavy metals, etc.) from the :
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production process and to control
the quality of cement product, '

;2.2

‘Wastae Ofl Blending
and Injecting Process

b ey —— —

‘Solid Wastes Shredding
and Feeding Process

5
H

[Waste Conve’ ing 1 Chlorme Bypass - !C:'_

and Feeding Process . System

Ctinker Cooler

Figu're 3-.7:.Cor'1cept of ce'ment pla_nt' imprdve_ment

d Plan of nurturmg _waste analysw, adjustment and blendmg mdustrlcs
(waste blender) :

If there is enough information on wastes discharged from various factories, it is
‘possible to guarantee the quality and quantity of wastes as raw materials and fuels for
cement ‘production by adjusting and blending these wastes. Those who do these
businesses are waste blenders. In Thailand, only some companies such as GENCO
has just started to work as waste blenders and the waste blending industry should be
further encouraged

'Ihe point to be stressed is that turning waste into alternative raw material or fuel by
* waste blenders enables industrial sectors whose business is not recycling oriented to
~ incorporate recycling activities into their production lines, and the cement industry is
. _ . ‘not the only example. The zinc smelting industry introduced in the next section is
g’a ' - another. In this way, waste blenders are expected to take a leading role in the whole
- recycling system by collecting, transporting, mixing, adjusting and supplying waste,
- and to formulate an industrial cluster in which waste circulates effectively.

The current rebycling system and future recycling system with waste blender taking a
leading role are shown in Figure 3-8 and Figure 3-9, respectively. In the present
industrial cluster, waste dischargers (factories) and conventional recycling factories
are linked via waste buyers, and waste that is hard to recycle is discharged out of the
cluster to be disposed of. As the waste blending industry develops, such
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hard-to- 1'eclyclc waste starts to be supplied to existing indusﬁial facilities such as
cement kilns and zinc smelters, and the industrial cluster expands and gets closcr to
the zero-emission concept '

Conventional
recyolers

Jr.

hd .
Factories Waste buyers_ < -~ - Factories
v ¥

-Nst Recycled
(Disposed of)

Not R'ecycled
(Disposed of)

Fi'gu_re 3-8: Current Recyc_i_ing S_ystem' '-

" Factories

Gonventional
recyclers

Y

SN

Waste Buyers [d— Factories

Waste Blenders |[€———

h 4

Existing Industrial Facilities -
{Cement Factories, Zinc Smelters, etc.)

Figure 3-9: Future Recycling System
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In order to propose approaches to nurture waste b]enders in Thaiiand, the team
studicd how waste blenders are utilized in Japan with particular attention to
regulations, T he study is described in a separate report “the study on the use of waste
biondens in Japan with particular atlention to regulations” in Thai and English.

e Plan of L_mc Recovery from Electrnc Are Furnace Dust (An Example of
HW Reuse/Recyeling at Factories other than Cement Factories) -

The HWs containing zine, lead, copper and other heavy metals cannot be recycled in
cement industry. In the case of Japan, such HWs are recycled by returning them to the

non-ferrous metal industry, in which heavy metals in are reused 4s raw materials,

Although the HWs eonteining hea‘#y metals are categoriied as _WOBI (Heavy mctal
compounds) or W11 (Filter materials and treatment sludge) in the study, other ITWs

“such as W04 (Liquid inorganic compounds) and W10 (Pickling waste) may also -

include heavy metals. ~ According to the estimation in the study, the total amount of -

- the above 4 categorized IIWs that are not cuuently reeycled rcaches about 230
: thousand tons per year. .

_' Takmg the -above into accoun, the team here examines a plan of rccyolmg heavy

metals including zinc in electric arc furnace (EAF) dust, copper and lead in sludge
and so forth by makmg use of the ex1stmg non-ferrous metal smeltmg facilities in

T hailand

_As_summg that the amount of serapped_ iron Ljecyclcd is 2.5 million tons per year the

amount of _zinc recov_ered is estimated as shown in Table 3-26 below. -

Table 3.26: Estimation of zinc recovery potential from EAF Dust in Thailand

item = ' ©Amount - - | Remark
Amount of scrapped iron recycled | -~ 2,500,000 tonsfyear | Team’s assumption

Generation of EAF dust in - 50,000 tonslyear | 2% of scrapped iron
recycling of scrapped iron by _ .
electric arc furnace -

Amount of zin¢ in EAF dust 10,000 tons/year | 20% of EAF dust

Amount of zinc recoverable 8,500 tons/year | Recovery ratio: 85%

On the basis of the current mar ket price of zinc at approx;mateiy 46 700 bahts per

_ ton, the incomne from selling the recovered zine of the dbove amount is estimated to

be 397 mtlhon baths per year. -

_ Flgure 3-10 shows the flow of heavy metal recovery in a zine-smelting factory.
" Although the entire facilities given in this figure requires totally an initial investment

~ of more than 300 million bahts, some of them such as dryer, wet scrubber,
- transportation equipment, and tanks may be available in the existing zinc-smelter in

Thailand.

In 111troduemg the process below, it is necessary to find solutions to tasks, such as

“availability of necessary facilities, the quantity and quality of acccptable EAF dust
- and heavy metal waste like sludge, and proﬁtabllzty :
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. . Otherlnduét"ria'l.Wastes
N, ' ' ) o & {Sludge, Gasting Sand, Pulp
EAF Dust . Other Material Coal Sllica Wastes, IC Parts etc.) -

_ Gas -— DWEI‘
] | -
Wet Scrubb.er o "~ Rod Mil
._Stac_k : l Briquette machine
Aging Bins
: ] o Ste'am
Furnace —  foeee- | wpg Power Plant _i
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[Cemerit Industry l ' Cu Recovering Factory _ ' Gas Cooler
: - I Export .I '
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Halogen Removal

T
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Crude Zn0O
Ijn Smelter/ Exnoﬂ

Figure 3-10: Flow of Heavy Metai Recovery from EAF Dust and other HWs

3.3.4 Waste Exchange Plan
DIW and the team established Waste Utilization Data Center (WUDC) in the pilot

project of the present study. WUDC is, however, not fully utilized. The adequate use

of WUDC needs to solve such questions as below.
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3.3.5

e How to disseminate WUDC

+  How to realize waste exchange

The action plan of measures {0 be taken in a short-term is proposed below.

‘ a. l)lsscmmdtmn of WUI)C

Usmg mcdia close 1o factories will be the easmst way to d1ssem1nate wuDC,

One of such_ media is FTI, which has a wxde network with vatious mdustrles. wubnc
- will be disseminated to the member companies through the clubs of industrial sectors,
" and urge the companies to access to the WUDC website, or to send completed

registration forms, supply sheets, and/or demand sheets to the FTI headquarters. The

~ FTT headquarters then deliver those forms, or they may enter the information on the
‘form% on the WUDC websuc., on behalf of the factories that filled in the forms. '

The other medlum is DIW negxonal offices, which are 75 over the counlry ‘and have
600 inspectors in total. Since they inspect factories located in the area, they should
have close contact with them including even small or medium size factories which do

- not have FTI memberships, If the DIW regional offices can gather information on the

demand for wéstc cxcha'nge_ in the area and data can be entered on the internct
through them, WUDC will be extended to a national scale program. Meanwhile, DIW

' rshould develop its O&M system as the numbcr of users increases.

b Pr emotmn of Wastel xchange

New industrial codcs 105 for wasle sortmg and landﬁllmg and 106 for waste
reuse/recycling, were created in December 2001. Since factories that would be

~ registered at MOI as code 105 or 106 factories can be agents who mediate between
" waste suppliers and waste demanders, faciories engaged in such business should be
- strongly encouraged to register themselves. -

: Once they are registered, then the advantages to use WUDC for their business should

be understood and WUDC user registration will be promoted. It will be useful to hold

- workshops similar to what was held during this study, where participants will learn
- how to use the WUDC website and how to complete the user registration form and

the demand sheet. It will be also desired to receive feedbacks from them so that they

~ can find waste that they really want more easily.

Fih'ahcial Appraisal of Projects |

This section presents three types of action plans for HW management

1. Waste mmlmlzatlon plan
2. Reuse/Recycimg promotion plan
3. Waste exchange plan

The first ltem ‘waste ‘minimization plan” should be Implemented by individual
factories under their conditions, and the contents and necessary cost vary. The last
item “waste exchange plan” is the promotion of the existing program and does not
require initial investment. Therefore, the team demonstrates here the financial
appraisal of the following three projects in connection with the second item

“reuse/recycling promotion plan”
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1, HW Rec'ycling by Improved Cement _Factoi‘y
2. HW Blending Project for Recycling at Cement Factory

3. Zine Recovery Project from EAT Dust together with Recycling of Waste
- (‘ontammg Hcavy Mctals :

In the ﬁmncnl appralsal presented below ‘the team had to assume many condmone
and the analysis is still rough. In order to implement the projects, it is necessary to

- conduct a feasibility study, wlnch mcludes further examination of demand for HW'
recyclmg ot treatment. S

A Fmanclal Appralsal of HW Rccyclmg by Imp1 oved Cement Factory _
cad Amount of IIW that can be recycled or rcuscd in cement mdustry :

“Out of the target amount of HW 1ecyc!1ng and reuse of about 140 thousand tons per
year in the year 2005, which is established in the HW A/P, approximately 56
thousand tons are aesumed to be recycled at cement factories, as shown i in Table 3-27

' below ' :

Table 3 27 Est:mated Amount of HW to be recycled or reused in cement

industry (2005) _ P
Type ofHW . = .. Amount to be recycled or reused (2005)
_ R o g (tonlyear) '
Waste ol : - , 22,083 ,
Organic HW (siudge. etc) R T Tase27| e
Total B o . 55985 :

a2 Ccmcnt kiln 1mprovcmcnt works and its estlmated cost

1he tcam here estimates the cost of facility 1mprovement in cement factories to
recycle W by making use of the existing cement kilns. "' T able 3-28 below shows
the lmprovemcnt cost by items per one unit of cement kiln, B '

Table 3 28: Cost of Facmty Improvement in Cement Factortes for HW

Recychng _
. Unit: per one unit of cemenl kiln
: improvement ltems Cost -
: ; Co g Uss : Bahts -
Chlorine bypass installation works (2.3) . 890,000 38,270,000
Waste conveying and feeding equipment (2.1) : 370,000 . 15,810,000 .
Solid waste crushing and feeding equipment (1./2.1) - 740,000 31,820,000 i :
Waste oil injecting equinment (2.2} - - : 190,000 8,170,000
= Total ' 2,190,000 - 94,170,000
US$ 1 = 43 Bahis )

Numbers in brackets correspond to Figure 3-7.

a.3  Financial Appraisal of HW Reeycling hy Improved Cemcnt F: actory
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Based on the cost estimation above, the team here made a preliminary financial
 feasibility asscssment of the HW recycling by the improvement of four cement kilns,
The preconditions for this financial appraisal are given in Table 3-29 below.

 Table 3-29: Preconditions of the Project

| Project Peﬂod

11 years including 1 year for construction and 10 years for operation

Project income

Reduction of lignite consumption cost by substituting waste oil for Ergmte
at the amount 'of 22,038 tons per year equally by 4 kilns

Fuels Unit price” Calorific value
: (bahtslkg) (kcallkg)
Waste oll : 0.5 7,000
Lignite . - o1 5,000

Cost reductron rate by substltutmg 1kg of waste ofl for lignite:

' 0.9 bahtslkg of waste oil
5, 500 tonslyear
4,950,000 bahts/year

Amount of waste orl substrtuted for Irgnlte
Total cost reductron '
Treatment fee of organic HWs

Treatment fee: . established between 1,006 and 2 500 bahts

- Treatment amount; Equally dividing by 4 kilns 33.927 tons per year
. ' organic HWs based on the assumption of the
recyclable amount in A/P, about 8,500 tons are
- acceptéd by one kiln- every year durmg the

- operation period, .

Project Expenses

initial investment for f_ac:hty improvement: 94,1 70.000 bahts
Operation cost:. - 941,700 bahts

" (assumed as 1 % of the initial mveslment)

D_iscount Rate

10% (assumed takmg into account commercaal mterest rate, inflation,

etc.)

Under the preconditione:esrablished in the table =abrjvc the team cvaluates the
financial viability of the project by estimating ihe NPV and FIRR. Table 3-30
below shows the result% of eetlmatlon '

Table 3-30; Resuits_ of Financial' Feasibility Indicators by Cases -

Treatment fee of NPV (Bahts) FIRR (%)
organic HW o
(Bahtsfton) .
Case 1 ' 1,000 -15,738,101 5.5
Case 2 1,500 8,002,272 12.1
Case 3 2,000 31,742,645 - 18.1
Case 4 2,500 55,483,018 236

As shown in the table'ebove, FIRR of the project exceeds 10% m Case 2 of setting
the treatment fee at 1,500 bahts per ton of organic HW. Even taking into account
other various possible risks arising in the project, it is estimated to be financially
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viable in terms of pr ivate sector investment if thc treatment fee is eqtablmhcd at more
than 2,000 bahis per ton. :

'b. - Financial Appransal of HW B!endmg I’rmcct for Recychng 1t Cement
Factory

'b 1 Cost Estimation -

The plecondltlons cstabhshed for cost esttmatlon are as follows

» AII the HWs that arc planned to be accepted for 1ecyclmg in the cement
~ factories in 2005 are assumed to be pre-treated by HW blending industry.
Therefore, the amount of HW treated in thc b]cndmg mdustry will be as shown :
m Table 3 31 below. ' :

Tab!e 3 31: Estlmated Amount of HW Treated by. HW Blender -

Type of HW _Amount Treated (tons/year) Amount Treated {tons/day)
Waste Oils . . o 22,038 LY
Solid Waste (Organic | . SR < X -2 4 I R R
HW) . ‘

Daily treatment amounl is esilmated based on !he annual worklng days of 300 for both fac;hhes

o - The project cost does not 1ncludo the costs of land, power rcccwmg and
-~ transform stations, offices, and heavv equipment.

e __Assummg that 3 (elght) blendmg factoues will bc bu11t in the Study area, thc
" Study set up the treatment capacity of each blender as shown in Table 332
below, .

Table 3.32: HW Treatment Capa(:lty of the Blender
' ' Unit: per blender

= Type of b!endmg facuhty : ' Treatment capacity (ton/day)
Waste oil mixing facility .~ ' _ ' .10
Sohd waste (organic HW) blending facility ' 15

Table 3-33 shows the result of preliminary estimated costs of waste oil mixing and
solid waste (organic HW) blending facilities respectively, - The cost of waste oil
mixing facility is 35.69 million bahis per unit while installation of solid waste
blending facility costs about 5.246 million bahts per unit.. :

Table 3-33: Cost of HW Btendmg Facallt[es (per umt)

‘Type of Facilities N Cost (thousand bahts/unit)
Waste oll mixing facility 35690
Solid waste (organic HW) blending facility . : o 5,246

b.2  Financial Appraisal of HW Blending Project

Based on the estimated cost of HW blending facilities above, the study here makes a
preliminary financial appraisal of HW biendmg project by cstlmatmg NPV and FIRR
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- of the pfoject Table 3-34 below shows the preconditions of the project estabhshcd
for its prehmmary financial appraisal

Table 3 34 Precondmons of the HW Bfendmg Pro;ect

Prolect Perlod 11 years including one year's construction and 10 years’ operation,

Income from the sefling of bleaded waste oil to cement factories for
alternative fuel.
500 (bahtslkg) X3, 000 (tons/year) 1,500,000 (bahtsiyear)
In recelving waste oll, the blender only charges the cost of
~collection and transport without any profit.  Profit only comes from
- the selling of blended waste oil to cement factories.

Income from charging the treatment fee of solid waste to generators.

Treatment fee levied: to be established by cases between
AR . 4,000 and 5,500 bahts per ton

_ Treatment amount: 4,500 tonsfyear
The treatment fee includes (i) the cost of transportatlon from a
blending factory to a cement factory and (i) the fee to be paid to
cement factories for final treatment of blended wastes. The waste
. dischargers shall bear the cost for gollection/transportation from
themselves to the blenders in addition to the treatment fee.
Inittal investment :
Waste oil mlxlng facility: . 35,6_90,000 bahts
Solid waste blending facility: 5,246,000 bahts
Operation cost (estlmated based on the examples of b]endmg incustry
in Japan) .
Waste oil mlxmg facnity

Project Income :

't Project Expenses

3,569,000bahtslyear _
{10% of initial investment)
210,000bahts/year
(4% of initial investrnent)

' Payment of treatment fee to the cement factories (treatment of
blended solid waste:

2,000 {bahts/ton) X 4,500 (tonquear) _9.000,000 (bahtslyear)
" Costof transporting the blended waste to cement factories
250 (bahtsfton) X 4,500 (tonsfyear) = 1,125,000 (bahts/year)

10% (assumed taklng into account commercial interest rate, mﬂatton
| ete.) .

) So!id waste blending facility'.

Discoqnt Rate

The result of csumatmg the ﬁnanc;al feasxbxhty indicators (NPV and FIRR) is glven
i Table 3 35.

g o Tabie_3—35: Results of Financial Feasibility indicators by Cases
' Treatment fee ' NPV {(bahts) FIRR (%)
, ‘of solid waste {bahts/ton)
Case 1 4,000 -5,954,563 6.1%
Case 2 4,500 6,613,870 14.0%
Case 3 5,000 19,182,302 21.0%
Case 4 5,500 31,750,735 27.5%
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As shown in the table above, the project will obtain_more than 10% of FIRR if it _
collects treatment fee of solid waste from the generators at the rate of 4,500 bahts/ton
of waste (the dischargers shall also pay collection/transportation cost to deliver their
waste to the blenders). Although the actual-initial investment is expected to be
larger if including the cost of land acquisition and other miscellaneous expenses, the

 project will be financially feasible énough as a private investment project if the

~treatment fee of solid waste is established at 5,000 bahts per ton of waste, which is
still lower than the current rate of trcatmcnt fee in Thalland

C I’lnanual Appraisal of Zin¢ Recovery Pm]ect from EAF Dust together with
' Rccyclmg of Waste Contammg Heavy Metals '

el Fstlmatmn of the PrOJect Cost

Based on the s1m11ar cases in Japan, the costs of mmal mvestment and annual
operation of the facilities are estlmated in Tablc 3-36 below

. Table 3-36: Estlmated Cost of Zinc Recovery 'Pr_olject

© ltem |0 Cost Remark .
L ' - {thousand baths) '
(1) Initial Investment ' - 232,000
Zinc oxide {ZnO) recovery plant - 232,000
Lifting and sterage facﬂity . 29,000 i
- Dryer - _ C S 198,000 : : _ :
" Crushing and briquetting ' 49,0007 o _ ,
facility ' : : P . : ' : @
Furnace and ZnO recovery - 47,000
facility N 5 B
" Incidental facilities - 49,000
_Buildings, efc. - 49,000 . . :
Zinc recovery facility 0 | Existing smelter will be used.
- Item Cost Remark
oL (thousand baths/ton)
réjFaeiiity Qperation : :
Zinc oxide (ZnO) recovery plant 4,850 | Per ton of ZnO recovery
| Raw materials 2,150 | Coal, silica, binders are included
LUtility n 2,200 : '
. Manpower and maintenance 500 : -
Zn recovery {refining) 15,000 | Per fon of Zn recovery

¢2 Preliminary Financial Appraisal efthe Project s %

Based on the project cost estimation above, the team made a prehmmary ﬁnancna!

apprals‘ll of the project by estimating the NPV and FIRR under the precondltlons '
given in Table 3-37 below, , .

Tabte 3-37: Preconditions of the Project

Project Period
Project Income

11 years including 1 year's construction and 10 years’ operation
Ihcome from selling zinc recovered from EAF dust
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Unit price of zine : 46,700 bahtsfton
. Amount of zinc recovered 8,500 tonsiyear
Annual income o 396,950,000 bahtsfyear

it is assumed that EAF dust is collected from the generators
by charging the collection and haulage cost only.

Income from treatment of sludge containing hea\.ry metals

Treatment fee : to be established by cases between 1000
' ‘ and 2000 bahts per ton

_ Treatment amount : 15,000 tons/year (to be assumed as 30 %

. S of EAF dust accepted)
Project Expenses Initial investment : 232,000 thousand bahts
B Operation cost . 1370,000 thousand bahts/year

ZnO recovery 4, 850 (bahtslton) X 50, 000 {tonsfyear)

= 242,500 (thousand bahts!year)
Zn recovery 15 000 (bahts/ton) X 8,500 {tonsfyear)

= 127,500 {thousand bahts/year)

Discount Rate 10% (assumed takmg mto account commercial interest rate
T : inflation, etc.} . : :

Estimation of NPV and FIRR was niadc on assumption of the treatment cost of

B sludge at 1000, 1500, and 2, 000 bahts per ton respectively. Table 3-38 below shows

thc, result ot estlmatlon

Table 3 38: Results of Flnanmal Feambulsty Ind:cators oy Cases =

- - Treatmentfee of sludge (bahtsfton) | = NPV (bahts) - FIRR (%)
Case 1 SRS 1,000 - . 23,423,355 | - ' 12.5%
Case 2 1,800 65,317,130 . 16.8%
Case 3 : .. 2,000 - 107,211,906 . 20.9%

FIRR of the proje'ct is more than 10% in the case of establishing the treatment fee of
sludge at 1,000 bahts per ton as shown in the table above. Even though taking into

. account various possible risks that may arise in the project, the project is estimated to

3.3.6

be financially viable if applying the treatment fee of sludge at 1,500 bahts per ton as
far as the quantity of EAF dust and sludge is maintained at the level given in Table
3-37 even though electric arc furnace dust is collected only at the expense of
collection and haulage .

lmplementation Framework

_ Table 3-39 shows an implementation framework of the A/P proposed in this section.
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Table 3-39: Implementation Framewbrk of HW AP

SgHW minimization and
freduction -

Private sector

| i : Year - T
mp Igl;n: ntingy I - Motes, Costs
¥ 2002 i 2003 I 2004 l 2005
A. Waste Minimization A/P :
1 Thorough implementation of DIW.~Private Close cooperation
manifest system seclor ~ |Adter the system legally setup | ~ fwithi PCD.
2 Wasfe audit D'W Guidelines, education, dissamination

Private sector

glndwadual Industiial Sectors

4 HW Recycling at source Private seclor {
Facilitation of zero- emlssmn :
N . DIW:EAT - Pilot Imptemenlauon al lha
'r‘_‘:_'ES!Wi“??t_a_t? ____________________ : _ |Planning, deciding & modal IE_[model IE .
Formulation of WM _ ' Exampte of paint
6 Improvement Plans for DIW

industry in Section
4.2, .

B. Waste ReuselRecylcmg AP

Gost estimation

Jwaste exchange

Promollon of HW recycling at [Private seclor Facility improvemant, diversifying types of waste recaived Section 3.3.5.
cement factories Biw e
e o o R Code 101 awtharization to camant factories
Muriuring waste analysis, DIW - R B
2!adjusiment and blending - [Promotonalicy j ORI
L . anate sector . - ] Cost estimation in
lindustries TR . L (Developmontofblendingbusiness - - |gectioh 338,
Promotion of HW DIV N L | L
3lreuselracycling at other nvesliqation and promation - i | ot estimation in
Prwale sector : | : s .
facilities - . il IR B [Implemeatation; o.|Section335. -
Improvement of the Seloction of priofity wastes | S R
4|reuselirecycling systera Dw oo S - |Examples of waste ol
]af{ec[ing the envim_nmem im and waste balteries in
: {implementation in order of priodly Seclion 4.1.
C. Waste Exchange NP
1 Dlssemmatlon of WUDC DIw See Sechun 4.3.
'Promotlér;_‘)_l:-lhe realizati L M o
at on of DIW

See Section 4.3.
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4.1

411

412

Implementatnon of Action Plans and Pslot
Pro;ects |

lmproVeme_nt Plan-for-Waste Oif and Waste Battery Recycling

.Background and Objectwes

_a. . Background

In 01de1 to formulate non- HWM master pl'm (M/P) and HW action plan (A/P), the
team covers all the industrial scctors, but is not going to study a particular industry in
depth. Therefore, the plans to be made will be rather general and common to all the

~ sectors. Howevei, the team has recognized that for the actual realization of the M/P or

the A/Ps, the development of improvement plans for each industrial sector is
necessary, and scctor SpCCIﬁC planmng, 1equlres sector-specific expertise and
experience. : o

" Meanwhile, the toam récognized that he sectors of waste oil recycling and waste

batteiy recyclmg, roqmre the most unmedlate 1mprovemont measures.

The team therefore proposed the additional component of the said study fo deal wﬂh

“this matter to JICA and the pioposal was accepted.
- b. Objectwes

_"Iho addmonal component auned to dcmonstrate the formulation of spec1ﬁc

improvement plans for waste oi} industry and waste battery industry, and to exarnine

“how DIW should guide the factories toward improved waste management in terms of

hazardous waste reuse and reoyclmg

Improvement Pian for Waste Oli-Re'cyc_ling

a Current Issues

Factor;es that the team could visit during the study employ a sulfuric acid/activated
clay process to recover lubricating oil from waste oil. As lubricating oil is produced

* by the sulfuric acid/activated clay process, sulfuric acid pitch, which is strong acid

and very reactive, and waste clay containing oil are also produced as waste. Currently .
part of sulfuric acid piteh is landfilled on-site and the rest is treated and disposed of

by HW treatmentf’d1sposai enterprises. On thc other hand most of waste clay is

landﬁllcd on- -site. .

On-sﬁe disposal of these kmds of waste can cause a large env;ronment problem since
it is associated with high possibility of groundwater and soil contamination. Sulfuric

“acid pitch is particularly hazardous since it generates sulfurous acid gas. The handling

of this waste is difficult and the treatment and disposal fee can substantially rise in
future, although the fee is at prcsent reasonable Therefore, waste treatment will turn

_HltO a great conceri.

b. Improvement Plan _

As a_short-term improvement plan, proper treatment of waste generated in waste oil

recycling should be promoted. In other words, sulfuric acid pitch that is disposed of
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on-site must be properly treated and disposed of' by HW treatment/disposal enterprises.
Waste clay should be diverted from on-site landfill to cement factories 1o be recycled.

In the mid- and long-term, it is anticipated that waste treatment fee rises and exceeds

benefits from production. It will be, however, difficult to encourage factories to -
change the process lubricating oil recovery from the sulfuric acid/activated clay

process to another because it has a large advaniage over other processes in terms of

product “quality. Therefore it will be necessary to change the produc‘uon process

and/or to slart a new process to produce the following. -

.9 Fuel oil
_- - Mixed fuel _

4.1.3 lmprovement Plan for Waste Battery Recyclmg
o _ a’. Current Issues ' '

DIW and PCD has establ:shed a. eommlttee on the 1mprovement of -waste. battery _
recycling industry in order to promote env:ronmeotal countermeaeures in waste
battery recycling industry. If a factory is designated by the committee to be well
managed environmentally, its product enjoys 5% tax exemption. Four factories |
among thosc the team visited during the study are such designated factories. The rest

. four factones are not operating or carrying out factory modification according to an

~ order of i 1mplovement Overall, unlike the situation of waste oil recycling industry, - -

the factory operation ot waste battery recycling has not seuously aifeeted the
enVJronmenl S :

-Wasle battery reeyclmg as a whote however has the followmg problems whose
: env1ronmental influence may be worse than that of waste oil recycling.

. [llegal dumpmg of sulfunc a01d

Qulfuric acid in almost all of waste batterles is 1llegally dumped before recyelmg
factories receive them. It is anticipated that an environmental 1mpact gwen by the
1llegal dumping of sulfuric acid is w1de5pread and serious.

» - Illegal primary smelters

There are many illegal’ primary smelters which arc not registered - with DIW,

- According to the interview at the factories, these illegal primary smelters deal with
‘about 40% of primary smelting of the whole country. The illegal primary smelters not
only pollute the environment, but also affect the operation of the designated faciories
which bear substantial cost for environmental conservation, In fact, the price of a
waste battery has risen in spite of the decrease in the price of recovered lead.

b. Improvement Plan . , _ o ' . g

_The team proposes an improvement plan as below in order to pievent eulfunc acid
- from illegally dumped and to eliminate the illegal prlmary smelters

Item i " Short-term o : Mld and Long -term
Prevention . of | e To understand fthe recycling | » - To ~strengthen the control
iilegal dump of route of waste batteries. : (inspection, exposure  and
sulfuric acid e To introduce a regisiration penalty) over waste battery

system of waste battery recycling factories which
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collectors/dealers.

To strengthen the - control

~{exposure and penally} over To introduce ~ a manifest
sulfuric acid illegal dumping. system to waste battery
= To ask for public cooperation recycling.

for the prevention of sulfuric
acid illegal dumping.

purchase waste batteries not
containing sulfuric acid inside,

To ask for public cooperation

Ellmination of |+ To strengthen the control
ilegal primary |  (exposure and penalty) over for the elimination of illegal
smelters illegal primary smelters. =~ primary ~ smeiters and to
o + To strengthen the control | . establish a public control

(exposure and penalty) over | = mechanism. o

secondary smelters = which To  introduce a manifest
purchase primary crude lead system to waste battery
_from illegal primary smelters. recycling. S

¢ To < direct * battery-

manufacturers - to- purchase

recovered - lead from the

- recycling factories designated
by the committee on the
improvement of waste battery
recyeling industry.

~ If the illegal dump of sulfuric acid and the illegal primary smeltets are adequately
~controlled as a result of the implementation of the above plan, waste battery recycling
factories need to be eqmpped W1th suifuric acid trea‘:ment facilities which mamly
" consist of the fo]]owmg : :

e scrubber fac111ty to remove SO, from sttc gas -
e wastewater treatment facility to remove sulfunc acid and hcavy metals from
wa%tewatel

4..2 Formulation of WM Plan for the Paint Industry

4.2.1 Background and Objectlves

a. Background

It is recognized that the pamt mdustry in Thailand has pressing concerns about its
waste management derived from such issues as the shortage of appropriate waste
treatment and disposal facilities, L‘specxally, waste minimization and proper treatment
require urgent improvement.” Although the main task of the current study is, as the
- - $/W specifies, the formulation of industrial waste management master plan and did
g " not intend to look at a particular industrial sector in depth, DIW requested JICA in
March 2002 to additionally carry out the study for waste management improvement
_in the paint industry and formulate an Jmprovement plan, and the request was
approved. :

b. Objectives
The objectwes of this component are as fo]lows

U Formulation of waste management lmprovement plan for the paint industry.
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e  Upgrading of DIW’s knowledge on lhe sectorwspe_ciﬁc_' wasle management
improvement plan through the attainment of the above objective.

4.2.2 Improvement Plan
a.  Current Issues of IWM _

Usmg the result of the interview survey at the 11 pamt factories, the team estunated :
~ the total waste generation from paint factories located in the study area at about
16, 000 tons/year. The factories discharge 64% of this amount out for off-site
treatment and/or final disposal. They have to pay for offlmte lreatment and/or final
' d1sposal of 24% of total generation, : '

~ The team drew 1he followmg ﬁndmgs regardmg IWM at the pamt mdustry from thc -
factory survey. '

1. The rate of total waste ( mcludmg valuable Waste and mvaluable waste) 1o tota!
paint_production amount is much lower in the study area than that in Japan.
According to the study done by Japan Paint Manufacturers Association, this
rate in Japan is 6.4% (the avefage of 112 member companies of the
asso¢iation in 1999, tonnage base), whereas it is 2.9% on the average of the 11
factories. The reason will be that materials regarded as waste in Japan go back
to the production lines in Thailand and are not counted as waste. This results -

- in waste reduction. Such practice in T hailand seems to be attrxbutcd to lower
cost for labor force than for raw mateuals ‘ '

2. The waste rcusc/rccyclmg activities of the factorles are s1gmﬁcantly actwe S @
The rate or reused/recycled waste Lo total generatlon is 56% in the study area, o
while it is 44% in Japan . :

3.7 herefore, the current problem with IWM for the factories is wast¢ which has
to be treated and finally disposed of off-site with payment. whose
treatment/final disposal. It includes, in the order of amount, sludge, waste
paint, wastewater, dust, metals, paper, cotton and plastics. The last four items
are in so small quantlty that thcy are not a problem

4. Among those types of waste to be paid for off-site disp()sai,' waste lell_t_,
especially gelled paint, is of a particular problem. The factories are frustrated -
with high disposal cost and inadequate collection service. The major method

applied for disposal is landfilling, and whether it is properiy managed is
questionable. : :

5. About 90% of waste solvent generated is taken out of the factories and fully
recycled. Although being paid by the recyclers, the factories are interested in
generation reduction and on-site reuse/recycling of waste solvent, since the

proportion of the cost for solvent as raw material to total productlon cost is not
small. :

b. Goals

The team formulated an improvement plan for IWM of the paint fact.ory' aiming at (i)
waste reduction as much as possible, (ii) reusc/recycling of waste that can not be
reduced, and (iii) appropriate treatment and final disposal of waste finally discharged, -
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From th_e'yiew point of ihese threc points, the current status of [WM of the'paint
_ industry can be evaluated as follows.
i. : The pa‘int.factories have been making significant efforts to reduce waste.
2 Fhey have been reusmg/recyohng waste as far as they can.
c. | Futare Waste Flow

- Wlth such understandmg, s about the piesem IWM of 1he paint mdustty, it is 1mportant
to maintain the corrent high level of waste reduction and reuse/recycling. Therefore,
the team set the future waste flow as shown below comldermg that the present flow

should be kept in 2010
Pamt Waste Generatlon Flow’ (tonlyear) Study Area | 2010] | . present |
Typn of Wasla All - X ’
onioff | Collaction & On-site Reduction ~ Reuse Gn-site | [Dff-site Treatment & &"
Site Transport Treatment . Recycling Storage Final Disposal
IR o ) o Siorago
: : - - — » 137.00
C S R . Rause . 0.8%
Onsite L : o fRecycling
5957.00 - - » 2,582.00
356% | o . . 15.5%
. ’ On-site : o '
Treatmant Reduction
3,238.00 3,238.00 '
19.3% 19.3%
Generation |_|
16,779.00 o . . ‘ L )
100.0% o Municipal : . L Private Licensad
. o™ - 7200 . - : R— - » 25,00 i
Unit: tonfyear . . | 04% L . o e o —— 2,710.00
: . - Lo - . ’ - 2,730.09
Gtsite Privale Company L i . ) ) Privais othars
10,922.00 [ 6,554.00 ! 1,298.00
64.4% 331%
: Rousel/flecycle
. 52.00 0.3%
‘¥ Wasto Buyer 1,546.00 92%
5,196.00 5,196.00 30.5%

30.8% . §,794.00 40.4%

“ Figure 4-1: Flow of Waste from the Paint Factories in the Study Area.in 2010

d. Recommendatiom

With the understandmg as above the leam exammed an 1mprovement plan for waste
* that matters to the factories, namely, sludge, waste paint, wastewater, dust and waste
solvent. The team’s recommendations can be summarized below

1. Smce the i 1ncrease in labor cost is ant1c1pated as Thai économy develops, the
further promotion of waste reduction is required in order to maintain the
 present state of low waste generation. In particular, waste listed below that is
at present paid for off-site disposal will become more costly for the factories
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as cost for labor force and appropriate tr catment riscs. Tho tcam recommends
the countermeasures summarized below to the pamt factonos for further waste _
" reduction. _ .

Tabl_e 4-1: Measures to Reduce Waste from Paint Ind_nefry

Type of T .
Wasie _ Measures &
B « °  To wipe paint off the internal tank wall before washmg .
*  To set aside part of prooess water use it to wash tank, and mix it with
S " the product.
Sludge » . Tocoverthe f||||ng tank to prevent paint remained on the wall from drylng
' ~ out and sticking to the wall firmly. _
. To produce lighter oo1oreci paint earlier than darker colored palnt in order
to make it easy to wash the tank when color is changed.
» - To introduce an automatic color matching system to prevent over
. production due to errors in matching colors, .
_ ~ | To minimize the content of drying agent that accelerate the formatuon of
Wi a' sre pei'nt gelled paint by examining whether its content is appropriate. .
_ » - Tomake a production plan in which reactive resin is used up as rnuch as
' possible to prevent it from being left in storage. This is because if
reactive resin is used as matenal after stored for a long tlme pamt turns
to gel faster than normal. - :
» - To wipe paint off the internal tank wall before washmg .
. To set aside part of process water use it to wash tank, and mix it wnth
the product. y
* ' To cover the filling tank to prevent pamt remamed on the wa!l from drymg @
- out and sticking to the wall firmly. : o
Wastewater | * To produce hghter colored paint earlier than darker colored patnt in- order
to make it easy to wash the tank when color is changed. -
» - To examine the introduction of on-site wastewater treatment facmty |n
© case where wastewater is treated off-site. :
. To separate waste for cleaning into three i.e. water for the pr;mary
cleaning, water for the second cleaning and water for the final cleamng,
and use it for each purpose repeatedly. :
. To use toner pigment, i.e. pigment mixed with resin, fo prevent plgment
Dust which is powdery, from diapersmg mto the air when bemg put into the
“mixing tank.
«  To wipe paint off the internal tank wall before washmg :
. To set aside part of solvent to be used as an mgredrent use lt to wash
- tank, and mix it with the product. :
W . To cover the filing tank to prevent paint remarned on the wall from drymg
aste
solvent out and sticking to the wall firmly.
. To produce lighter colored paint earlier than darker colored pamt in order
to reduce solvent needed for tank cleaning.
. To set aside part of resin to be used as an mgredlenl use it to rinse
: waste paint in a pigment disperse system, and mix it with the product. -

2. In order to keoputhe pfcscnt high feuée/reoycling' rate in spite of the future _
changes of social and economic condmons the team recommends the
following oountermeasures - ' '

. To rcuse waste at cement factories as altemative fuel.
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