1.2 Water Conservation

As described in the analysis of individual factories, the control of water consumption

at the subject factories is far from efficient. Many of the factories do not measure the
tolal water consumption volume. Given this situation, It is almost meaningless to
examine water conservation. The first step towards carrying out water conservation is
to conduct close control of the water supply. '

Feasible ways of waler conservation are examined here, assuming that the water
consumption level indicated in the questionnaire is correct, in order to provide
- exarmples of how a water conservation plan can be advanced.

The results of a questionnaire survey and visifing survey are used to establish and

" analyze the _preseni conditions of waler consumption, followéd_ by examination of the
present condilions of water conservation efforts. A water conservation plan can then
be fonnulated based on the analysis and examination results. A water conservation
plan has the following structure. ' 7 '

@ OQutline of plan
© (@ Specifications of equipment
;5 - (® Rough estimation of required cosls
@ Technical comment o
* (3 Economic comment

The cosis consists of the eqmpment costs and operation costs and is accounted for in

" local currency (SIT). The figuses given are fairly rough estimales as they are calculated
to roughly examine the relative advantages of conservation spending, i.e. conservation
costs, vis-a-vis the current water supply and drainage costs. When water conservation
is, therefore, féally on the agenda, more detailed examination, planning and cstimation
are required. ' - |

The tcchnical comment mainly means examination of the suitability of the
preconditions for the water conservation plan.

In the economic commenl the cost of waler conservation is compared to the cost
(waler supply and dramage expenses, charges and laxes, etc.) without water

conservation [o determine whether or not conservation is econontically advantageous.

I’ Not all of the water conservation plané'deséribcd here are economically advantageous
but are included as conservation examples. Finally, changes of the tofal water



consumption volume and unit consumption of water are given along with a general
review of the waler conservation if the presentation of such figures is deemed
necessary.

1.3 Pretreatment and Waste Water Treatment

1.3.1

)

2)

Pretreatment

Pretreatinent that satisfies WWTP discharge standards

A conceptual design was carried out at each of the model factories to determine
the kind of treatinent systems the faclories would need to install if lhey were to
follow the Slovenia national factory wasle water discharge standards established
in 1996. Sunple treatment syslems were proposed for each of the secondary and
tertiary beneficiary factories without carrying out conceptual design.

“Pretreatinent for reduction of the poliution load

Because the current WWTP discharge standards contain hardly any regulations
on pollutants other than heavy metals, there is a risk that operation of the WWTP
may be harmed in future if the factories continue discha:ging' in the way they do
now. Thus, it is necessary for the Factories to install appropriate pretreatment
systems in order to reduce pollution loads prior to discharge.

For this reason, except for a few faclories not requiring consideration,
conceptual design was prepared for a number of pretreatment cases set according

~ to pollution load reduction volumes in ¢ach of the factones within the model

factory group, the seconda:y beneficiary l‘actory group and the tﬂruary
beneficiary factory group.

Pretreatment systems, as a rule, were designed on the basis of physical and
chemical treatment methods (biological treatment was considered in unavoidable
cases), and the equipment and running costs in each case were calculated, Here,
care was taken to n:duce the ireatmenl costs as much as possible.

The conceptual design was carried out in accordance with the design conditions
described later in section 2. The design procedure is the same as that used in the
design of the wasie waler treatment systems at each model factory, however,
regarding the pretreatment system, costs, because this was estimated to grasp the

~ general costs of various équipment combinations, estimate values are shown for

the equipment costs and the treatment costs.

&



1.3.2 Waste Water Treatment
In each of the model factories, conceptual design was prerpared for waste water
treatment facitities that would satisfy standard values in the case of waste water
discharge into rvivers. Regardirig the secondary beneficiary factories, simple
trealment systems were proposed without going through the conceptual design
process.

,;-13.__






2. Assumptions for Financial Analysis
and Design Conditions
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2. Assumptions for Financial Analysis and Design Conditions

2.1 Assumptions for Financial Analysis

Regarding three factories such as Svila, Marles and Kosaki among seven
Model Factories, comparative analysis for waste water treatment is conducted
for two cases, the discharge to sewerage and the discharge to the river.

As Maribor city plans to start the operation of the waste water treatment plant
(WWTP) in 2005, the waste water treatment system is assumed (o be
- constructed in 2004 and become operational in 2005,

In this section, common assumptions applicable to the three factories are
described.

- 214 Capital Requirements

1) Basic assumplions

()

Currency and exchange rate

The Deutsche Mark is used as the basic currency in this analysis and other
currencies are converted into Deutsche Mark at the following exchange rate
effective on June 19, 1996 indicated by the authorities in Maribor in the

- second om site survey.

(2)

1 Deutsche Mark (DEM) = 89.89 Slovenian Tolars (SI1T)

Pricing level

- All the costs and prices as used in the analysis are fixed at the price

- (3)

prevailing in June, 1996 as said above, and no price escalation after that date
is assumed,

Project life

The project life for the analysis is sixteen years consnsung of one year for
construction and fifteen years of operation. :

— IB_H



2) Capital requirements

In addition to the plant construction cost estimated based on the conceptual
design in the next section, other costs and expenses forming part of the capital
requirements are described.

)

2

3)

“)

Land cost

Each factory has an adequate site required for the plant construction, and no
land cost is appropriated. In addition, no site development cost is
appropriated because of the minimal amount.

Physical contingency

This is the cost to secure (he unexpected cost exceeding the capital
requirement which may arise due to unforeseeable factors or imperfect
estimation at the time of this calculation.

At the time of the third site survey, this survey mission entrusted local
engincering company to cross-check the cost data which was estimated by
the mission considering local conditions. Consequently, it was ascertained
that there was no difference in the estimation.

For the above reason, no physical contingency is appropriated at this stage,

Price contingency

This is the cost to meet the increase in price which may arise in the futurc
but this cost is not considered since the analysis is made on the bas;s of the
fixed price as mentioned in 2. 1. D, (2). '

Import duty

Based on the discussion with the anthorities i in Maribor, the ;mport duty on
imported equipment and machinery is not considered at this stage.



(5) Sales tax

Sales tax of 5% is imposed on both foreign and domestic equipment and
machinery, and services.

(6) Pre-operating expenses

The expenses include the costs incurred in the tasks for project preparation
directly undertaken by the implementing body.

The expenses during the test run period are included in the plant
construction cost, and the initial charges of chemicals and agents are

regarded to be included in the above expenses.

(7) Interest during construction

The source of funds for the project has not determined yet. However, in
accordance with the assumption conceming the financing plan mentioned in
' paragraph 1.4.2, it is assumied that loan will be available from a domestic
L financial institwtion. The loan is assumed to be incusred on the average
during the construction period.

(8) Initial working capital
No initial working capital is appropriated because of its minimal amount.
9 Capiial requirements

The capital requirements represent the sum of the abeve-mentioned costs

and expenses.

2.4.2 Flnancing Plan
It is assumed that the capital requirements estimated in paragfaph 1.4.1 for the

. ~ construction of the waste water treatment system would be provided under the
3¢ - foltowing condition.



)

2)

£}

2.4.3

"

2)

Debt-cquity ratio

The debt-equity ratio will be separately established for each factory,

Financing conditions on long term loan
For the purpose of the study, it is assumed that domestic loan will be financed
under the following conditions.

(DInterest: Interest rate for each factory is separately established on a DEM
: basis.

(2)Grace period:  Construction period
(3)Repayment:  Equal annual installiments for 10 years after the grace period

Gther conditions

If a cash shortage occurs during the operation period, this is generally to be met
by a short-term loan.However, the project is assumed to be compensated by the
overall profit of the factory. Accordingly, the interest on shori-term loan is
not considered in the wasle waler treatment cost.

Waste Wéter Tréatment Cost |

Variable costs
Variable costs include chemicals and agents, electricity, water and sludge

disposal. Regarding supplies and utilities required ncwly for waste water
treatiment, the prices shown in section 2.5 to 2.6 are used. '

Fixed costs

Fixed costs include personnel cost, maintenance cost, sewage charge, pollution
tax, depreciation and amortizalion, and interest on long-tesm loan.

(1) Personnel costs

Personnel cost will be separately established for each factory.

{2) Maintenance cost

Mamtenance cost is assumed to be 5% of the plam construction cost
excluding civil engineering and building works.

{3) Sewage charge

In casc of the discharge to sewerage, with the lmplememahon of WWTP,
the sewage charge of 160 SIT/m’(1.78 DEM/m?) is imposed, so that



21.4

financial analysis is performed. The charge is established by taking into
account the costs of the construction, operation and maintenance of WWTP.
It is a tentative price for the analysis at this time and could be changed in
future if many parameters are changed. '

(4) Poltution tax

Pollution tax is imposed at the state and local level. The local tax is
imposed at 40.75 SIT/m>(0.45 DEM/m’) for all the water use.

On the other band, the state tax is not paid if effluents are treated below
standard value. In the ahalysis, no statc tax is assumed in cases of the

~ discharge fo river and sewcrage, however, the government charge of 4.8
SIT/m? for all the water use is imposed.

(5) Depreciation and amortization

The plant construction cost is depreciated using the following method.

Equipment and machinery : 15 years straight line method
Civil enginerring and building works: 40 years straight line method

Furthermore, interest during construction is amortized over IS years under
- the straight line method. -

(6) Other treatment cost

“The interest on long-term loan mentioned in paragraph 2.1.2 is covered by
this cost. However, in view of the nature of the project, the following costs
are not considered in the analysis.

Interest on short-term loan
Income tax

Waste Wator Treatment Foe

In the analysis, the unit cost per volume of waste water treated as of 2010 when

- the long-term loan is haif repaid is assumed to be equivalent {o a waste water

treatment fee throughout the operation period. The above unit cost covers
variable cost, direct fixed cost, depreciation and amortization as well as half of
the intercst on the long-term loan. j '



21.5

Method of Financial Analysis

In accordance with the assumptions meationed above, the following financial
statements required for the financial analysis have been prepared.

Waste water treatment cost statements 7
Funds flow statements including Financial Internal Rate of Return (FIRR)

- calcutation

‘Based on the results of the above financial statements, financial analysis is

performed using the following method.

1) The economical advantages in the cases between the discharge to sewcrage

and discharge to river are based on the comparison of waste water treatment
cost.

For the comparative analysis purpose, the value as of 2010 is regarded as the
average cost of the project.

The standard cost method used by the analysis assumes the'averagécdst of the
project to be close to the average of the costs to be obtained from year-by-year
cost calculations during the operation period.  Generally, it can be effécﬁvely
used for the selection of a project scheme and cost analysis focusing on
composition of cost elements.

In relation to the above, the following assumptions are established on the items
to be taken into account of in the initial stage of operation.

(1)  The treatment volume from the first year of eperation shalt be equal to
the existing waste water volume.

{2) The factories concerncd shall acquire the waste water treatment
technology prior to the introduction of the model systems.

(3) The frequency of parts replacement for the maintenance of equxpment
is low in the initial operating stage but increases in line with the
deterioration of equipment ovef time. In this analysis, taking into
account costs in similar projects, repair costs shall be counted as
average values throughout the period of operation.

"2) The FIRR shall be used rather than profitability, in order to gauge the

impact of fluctuations in major factors.



@

In the analysis, the plant construction cost and chemicals are taken up as the
factors.

FIRR is one of the effective methods to assess profitability on investment made

by a project. In the analysis, however, the waste water treatment fee as a

major revenue source of the project is determined under rough assumptions,

making the FIRR obtained and its comparison less meaningful. Nevertheless,

since major elements of the project subject to this analysis are assumed to incur

during different periods, the degree of change in FIRR can be compared on an
- objective basis.

3) Debt service ratio (DSR) on long-term loan is used as a method for
analyzing the soundness on funds flow.

DSR is an indicator to measure the soundness for financial position, and is
calculated by the following formula.

Profit after tax + Depreciation + Interest on
& Amortization long — term loan

Re payment on + Interest on
long — term loan long — term loan

DSR =

Itisa generai consensus that DSR is a Safcty value of 1.15 or higher at each
year.

In the analysis, the value as of 2010 is regarded as an average of the project as
same in item 1), while DSR is used in order to understand the impact on funds
flow, especially in case of the reduction of cost.

2.1.6_ Preconditions for Economic Evaluation
Except for the three factories on which financial analysis was carried out (Svila,

Marles, Kosaki), simple economic evaluation for the case of equipment installation
was carried out on the other factories based on the following conditions.

(1) Depreciation period : equipmcht - 15 years
_ : building, civil engineering 40 years
- (2) Interest ¢ 10%/annum

{3) Depreciatton method: uniform depreciation



2.2 Design Conditions (Common for All Model Factories)
2.2.1 Treatment System

As the quality of raw water is designed based on the field analysis resulis, some of
the numerical values may differ from those of the questionnaire which was
distributed to each factory prior to the field analysis.

The quality of the treated waste water is designed to meet Slovenia's Emission
Standards which the Study Team received on June 12th, 1996. Past experience and
results in Japan were also used to determine the design treated waste water quality.
However, industrial waste water requires different treatment levels depending on the '
product type and raw materials and secondary raw materials used. Consequently, the
necessary tests to obtain design data before proceeding to the actual design stage ofa
waste water treatment system, are essential.

2.2.2 Troatmont Plant Site

Waste waler treatment planl construction is planned on an emply site and no special
site constrainis are assumed unless stated olhenwse

2.2.3 Plant Instaliation Conditlons

In view of easy plant maintenance in winter, the plant will be installed inside a
building which is heated for 3 months in winter. An outdoor minimum iemperature

of 200 C and snow cover of 1 m in winter are assumed.
2.2.4 Scope of Estimation

The plant cost is estimated on thc turn key basns The followmg 1tems are, ho“cver
excluded from the estimate.

Piping work outside the battery limit range
Power cabling work on the primary supply side
Substation

Piling and surplus soil removal

Spare parts

o ao o
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2.2.5 Utility Costs

1) Electricity : 15 SiT/kwh
2) Water : 200 StE/m’
3) Heatingoil : 60 S{T/litce
4) Chemicals

a. UreaH, NCONH, 100% : 52 - SITkg .
b. K, HPO, 1006% . 394 SiT/kg
¢. PAC 11% ALOs . 747 SITkg
d. AL (80g; I18H,0 . 3915 SIT/kg
e. Ferric chloride 13% Fe T 64 SiT/kg
f. Polymer (nonion typelG0% : 990 SiT/kg
g. Polymer {anion type) 100% : 990 SIT/kg
h. Polymer (cation type) 100% : 2,000  SIT/kg
i. NaHSO; 32% . 1136 SlT/kg
j. NaOCl11%-13%asCl, : 54 SIT/kg
k. H,S0, 98% . 702 SITkg
1. HCI30% 7 . 22 SiT/kg
m. NaOH 100% .t 832 SIT/kg
n. NayCO; 100% . 40 SIThg
o. Granular activated carsbon  : 930 SIT/kg

2.2.6 Waste Dlaposal Cosat
" General waste : 1,423 SIT/md®

Harmful waste : 49,683 SIT/my’
(Disposed of at the waste disposal site located 10 km from Maribor.)

" 2.2.7 Control System

1) pH control : aulomated
2) Tank liquid level control: automated
3) Sand filter : automated

(All other operations are conducted manually.)



2.2.8 Oporation Staff

When the waste water plant is in operation for 24 hours/day, 2 operators will
supervisc the operation for 8 hours each and no operator will be assigned to the over-
night operation of 8 hours unless otherwise stated. A communication system lo
inform of any breakdown or accident during the unmanned night operation must be
installed as a necessary condilion for continuous operation.

2.2.9 Materials and Symbols

1) Symbols for materials

The equipment symbols have the following meanings. -

« FC : Cast iron

» FC13Cr : Castiron (13 Cr)

» SUS : Stainfess steel

+ SS . Mild steet

« SS/EP  : Mild steel inside epoxi-tar lining
+ PVC : Polyvinyl ¢hloride resin

« PE : Polyethylene

+ VP : Vinyl pipe

+ FC+RL : Castironinside rubber lining
+ SGP . Steel gas pipe

« FRP : Fibre reinforced plastic

+ RC : Reinforced concrete

2) Symbols used in flow sheet

See Table 2.1.1 Symbols of Flow Sheet for the meaning of the symbols used in
the flow sheet.

2.2.10 Miscellaneous
1) Voltage : 220V/380V

Frequency : 50Hz

2) Rainwater, domestic waste water are treated separately and, therefore, are not
mixed with the industrial waste water {reatment plant, unles it's specially
mentioned.



Table 2.1.1 Symbol of Flow Sheet

Symdbot

Descriptions

Agitator

Chemical Fesd Pump

Pump

Automatice Valvoe

@

Blower

®

Flow lndicator

@

ORP fndicating Controller with Alarm

@
®

Leve!l Controller /YLevel Switeh

P

Diesolved QOxygoen |[ndicatog

&

Dissolvaed Oxygen |ndicating Controtler

Level Controllar with Alarm

pH Indicating Controllar

@ @6

pH Indicating Controltiar with Alarm

&

oH Indicsting Recordar with Alarm
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3. Model Factories

3.1 M-1" SVILA TEKSTILNA TOVARNA, d.d.

3.1.1

1))

3

Factory Qutline

Qutline

SVILA manufactures synthetic fibers textile and mixture textile, dyeing,
finishing, and finally fabric rolls, Its chief product is viscose rayon fabric. The
raw fibers and dyeing materials are all imporied, and 70% of the products are
exported. Fabric dyeing process includes whole dyeing and pattermn printing .

Capital "1 2,142,875 ‘Thousand SIT (1995)
Total faclory area : 15,611m? '
Number of employees : 490 : -
Working conditions : 7.7 hr/day (paying 8 hr), 252 days/ycar
Products : Rayon texlile, Polyester textile,
- Polyamide textile, Mixed textile
Annual production  : 6,686,805m, 329,578m, 481,236m, 119411m
Annualsales @ 2,404,476 Thousand SIT '

The factory is situated facing the Drava caral. Its layout is shown in Fig. 3.3.1.
All of the water is supplied from two private wells.  The dyeing waste walter is
pumped to the Drava canal from the water pit. Domestic water, cooling waler
and r@gcncialed water from a softener is discharged to the main stream of the
Drava river with no pumps.

Quantity of consumed waler classified by source and use

Table 3.3.1 shows the (iuantily of water consumplion by source and use. _
Two private wells supply all of the water, ncarly 80% of which is used for
dyeing and washing in the dycing plant.

Flow diagram of water supply and waste water discharge

“The outline is shown in Fig. 3.1.2 and Fig. 3.1.3. _

Discharge 1 of the printing plant, cooled by heat exchange with the boiler water,
and Discharge 2 combine with the waste water of the dyeing plant which
accounts for about 30% of all the waste water. These are all directed to the
outside pit.
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4) Quality of make-up water and waste water

The data were acquired by the field survey.
Table 3.1.2 shows the quality of feed water (water of the two wells); high in
hardness but low in iron.

Tables 3.1.3 - 3.1. 10 and Figs. 3.1.4 - 3.1.9 show the quality and the quantity
of waste water.

Sampling spot No. 1 is the general effluent of the dyeing plant.  Water quantity,
temperature, and pH, shown in the graph, were measured every 10 minutes for
24 hours. SS, COD, and BOD were measured by composite sampling every 2
hours (Table 3.1.3). Other major items were measured by composite sampling
every 4 hours (Table 3.1.4). The daily fluctation of the pollutant load is
evident. Minor ilems were also checked by spot sampling.  But no problems
were found, since alinost all the items were under the detection limit.

Sampling spot No. 2 is the domestic waler, cooling water, and regenerated water
from a softener, except for that of the dyeing plaﬁi. The spot data of Table
3.1.6 shows that this may safely be discharged directly into the river. However,
domestic water such as toilet effluent should be considered separately.

Sampling spot No.3 is waste water of the printing plant.  Although there are
three waste water lines, one of these is not in use and thus has no walter
discharge.  Another line is for the printing unit's waste water, which is high in
poltutants. Table 3.1.7 shows data by composite sampling every 8 hours.

The third waste water line is chiefly for rinsing water of high temperatures, when
heat is exchanged with power plant water to recover heat and cool discharge, It
is relatively low in pollutants. Table 3.1.8 shows data acquired by composite
sampling. -

Sampling spot No. 4 is the dyeing plant's waste watet diSChargéd intermittently
from each dycing unit.  The water quality fluctuates greatly, but is less than that
of the printing uvnit. '



Table 3.1.1 Quantity of Consumed Water Classified by. Source and Use

Faélory Nane M-1, SVILA Industry; Textile(Dyecing)
| Unit; w /day

Source | Wetl City River Sub- Recoverd | Total
Use Water Hater Water Total Water
Boiler Feed 109 109 109
Raw Material
¥ashing 1,238 1,239 17.239
Cooling 64 64 §4
Air Conditioning 159 159 159
Miscel lanc¢ous 16 16 16
Total 1,587 1,587 1ser

Recoverd Water/Total %7

Table 3.1.2 Quality of Make-up Waler

-3 —

Lab. No Well No. I Well No. 2
et I ) 5 5392
Parameler Expr. as Unit
“Tempeature . C 11,8 12.2.
pH: - 8.2 30
ion Fe ma/t .8005: <005
Manganese Mo g <005; <005
“Total hardness L ‘dH % 114
Alglfinivy e dmmolA § 271 3L
Chiods Gt mgfl A L
Evaporated residue dmen 32000 260
Electric conductivily }Qﬂcux 330 400



- Table 3.1.3 No.1

Total Process Wastewater {2-hours samples)

e B2E NO 85300

5301 § . 33023 5403

5.6.

Hourofsampl. |

Parumclcr

Expr. | Unit §
a8

5.6

L5405 1 5406

56,1 661

G320 0 1608 ;18205 2022 2224 002

L7

23i 16

66,1 66,

5303 5

§409

6.6,

IO s

626‘.. PP e Y

LWEB g B0 8 102

RS11N

6.6.

L

{ suspenacd

LOD e f B 8

BOD,

78

901

BT, O . 3

<30 .23

<3 i «30

<30i <

80580 102 97

9.0

<30t

<20,

e

10 :

1o

45

50

30

50 45

LA

50

L0 no: N

A
"

Table 3.1.4 Nol Total Process Wastewater (6-hours samples)

Dateof sampling

Time of sampling

Parameter

Lab.No. {

L3965

53975

5399

Unit

Colout:

Le@dlnmy
Le620nmy kL

Chromium {Vh ¢

Totat nitrogen:

- ammonium nirogen

- Kjeldah! pitrogen &

- nitrte nitrogen

Total phosphorus

<005

Anionic surfuctants



Table 3.1.5 No.i Total Process Wastewater (Additional Anaiysis)

Lab.No. 6664
Dateofsampling .1 0307

Time of sampling i 11200

 Type of the sample

Parameter Expr. as Unit

Sewablesolids i imld <0l

Alominium Al mg/l 0,50

Tin Sn mgfl i <01

Chromium-totat  iCr imgh <0,05

Freeehlogine  ~~~ iClL i mgd J<0,05

Toaleblotine, iCL 4 mgAl i <003
_Easily liberatable cyanide | CN

Fluoride LF

TOC ic

":fé'iéi"i{ymocarbons
| {mineraloils) F

AOX c el i 009

| Organic solvents:

-ehloroform P CL  imgfl

stetrachloromethane G imelt i <G

-5 2-uichlorethene PGl imgh <001
- LLl-gichloroethane - fCH  imgh i <00]

_L1,2,2-wciachioroethene P Ct imgll 2001

Gbenzene o G.o.imeh si <005

- toluenc mefl i <005

Phenole index - i Phenole ma/f} 0,045

’ -._33%.



Temperature of Total Process YWastewater (10 min average)

Graphic representation of temperature in dependenos of time
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Fig. 3.1.6 No.l Flow of Total Process Wastewater (0 min average)

% Graphic representation ol waste water low in dependence of time

120 7
100
m.

E

> 97

o

E,

. © -
1 w}
2 HHrHHH N
O ZHFHILRIHIHIHEHEH R A A B RO RO i e
@ v O o a0 0 a a0 e 6n a0 a9 aoa9a 70
P T R T N - R~ ST T T - TR T~ S "L S - T S S = e
P rrrseoSdfNHL L eZER2R2288s s
R EEEEEEEEEEEEEEEEEEEEE
S SSHEE85 8888992889939 353

Time

Table 3.1.6 No.2 Other Wastewater (Cooling water and Household)

o Lab.No.: 5393
__Qé_!ﬁ.ﬂf_iaﬂllﬂ_f_né,., ..................... N _66_
Mour ofsampling : . SN S

Paramclec : Expr. as Unit

_..T,e._qus;_r_al_q.r.g.____..“,5 < 14,9,
5 212 N 8,7
..§_u§ee=14§é_s.9!i§_s.___ 1 ORA 1 <30
Db o, impl 1m0
| BOD, : a0 mgl 10 |




Table 3.1.7 No.3-1

Peinting Wastewaler

Parameter

Dateofsampling
 Time of sampling

1.7,

" Lab.Nr. L 66141 6615
1.7.

Ex pr.-as i Unit

8-16

16:241

ptl

Suspended sotids

Colour:

Towlnitrogen: i

_.ammoniym nitrogen

5.3
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Anionic surfactants .
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me/l

Fig. 3.1.7 No.3-%

Flow of Printing Wastewater (10 min average)
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Fig. 3.1.8 No.3-2 Flow of Heat-exchanger Oullet (10 min average}

Graphic representation of waste water Qow in dependence of time
35 1

35 1

w-
s

Flow {md/Mh)

x

:
x
21/6/96 13:10%

21/6/96 6:10%

HE

=

21/6/96 3:10%

20/6/96 20:10%

20/6/56 13:10%

0 it

H

i HHgIPHE

21/6/96 4:10%
21/6/96 T10F
21/6/96 12:105

216096 11210,

210696 2:103
20/6/96 10:1

21/6/96 1:10Z
2116196 3110

Hgl
&
g
€&
b4
S
&

2006196 143
20/6/96 15
20/6/96 17:103

2006096 191105
2006096 22:
2076796 23:

o
%

Table 3,1.8 No.3-2 Outlet of Heat-exchanger Coming from Pre-washing

Jdab Nl 6510f 6511 6512
206. 1 2021.6.7 216

14-22¢1  22-636-14

Dateof sampling .
Time of SAMPING oo
Parameter i Expr.as § Unit

B - .1 7.3 1,1

Suspendedsolids i imght i <301 <30% <30

Colous:
_a(36om) m’ 1 31 33

« (525 nm), m’ 685 191 22

e(620mm) i i’ 3 890 . hZL M6

Total pitrogen:

-ammoniﬁm nitrogen mpt  §o<005;  027i 10

meft 30] 34! 42
........S.Q'l < 0-!

- Kjeldahl nitrogen

- nitrite pitrogen S
. imefl '_ 50i 261 25
amefl 138 LAazi 21

L8308 U0

251 25

- pilrate nilrogen

Total phosphorus
BOD, oo 30 L

i3
g
28

o v iz oz oz i o=
3
M
e

2
3
ro
S
A
s

)
=]
w
3
S

Anionic surfaclants . 2 : 0.5 <005! 04




Table 3.1.9 No.d Dyeing Wastewater (2 hours samples)

AsbRed sisi sued swrisuslsenismlsoni socl sesi sod
Date of sampling i 56 361 561 €61 64 : 66 66. 8 663 ¢ L GG_
_Hour ol sampling o 15-17 12-1% 19-11 i 21-3 3-5 5-7 7.9 118 11-1) 13-15
Parzmeter Expr.as 3 Unit

N _ 89 76 7261 891 1031 95i 9s5i "3 96 79 |

_Suspended sotids . rg/ <30 <30 <30 40} <30 <30i <30 <30 <10i <30

QoD 0, mzhA 100 70 16¢ IS0 ¥ 230 £0 340 0 100 &0

BOD, " io, mgA 50 15 0i 150 75 <5: 1oi s 50 <35

Table 3.1.10 No.4 Dyeing Waslewater (6 hours samples)

Lab.No. i 5427 5419 5428 i 5429

Date of sampling 5.6. 6.6. 6.6. _G.6.

Hour of sampling 1221 21-3 391 9.1S

Parameter ' Expr. as i Unit

Colouc:

o (4360m) - e m’ 971 - 14 12 1

(525 nm) - m' - 7,1 80 - 16 13

{620 nm) - o' 6.0 6i 3 13 ]

Zing . Zn mgh 0201  0i5i 010} <005

Chromium (VI) Cr mg i 004 18i  <005i 0,19

Tota! nitrogen: N mgh i 71 38,3 8! 12

f = et O - . A SR

_cammonium nitrogen | N imgi _ 1,7 18 1,7 33

~Kjeldahinirogen I N ma/l 48 2 6,0 41

cpiuitenivogeo o PN imen P04 031 <01i 13
coitaenivosen PN dmen i fei gl sgl s
Towtphosphorss ___ iP . iegd o 07f i ca9i 67
Sulfate S i 80, mght - 39 90 504 70
Towlft i1 mgh i <si a1 s 15

Anionic surfactants DBS mg/fl < 0,05 l2 341 <005




yeing Wastewater (10 min éveragc)

Fig. 3.1.9 Ne.d Flow of D

Grap!ﬁc representation of waste waler fiow in dependence of time
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3.1.2 Water Conservation

1) Current conditions of water usage and water conservation

(1) Features of water usage

@

®@e @6

Two wells provide the only source of water. Well No. 1 water is
temporarily pumped up to the overhead fank, and then supplied to the
whole factory as water for production. Well No. 2 water, which is
limited to domestic water, is direcily supplied from the well.

There is no difference in water quality between the two wells. The
difference in usage is due only to Jocation and pipe layout.

No recovered water is used; the water is used only once.

Most of the water {about 78 % of the total) is used as washing water for
the dyeing process.

Cooling water is used for cooling the oil cooler of the turbine generator.
The spinning and weaving processes use water for temperature and
moisture regulation (also to clean the air). But few weaving and
spinning machines are installed, and since the heating load of each
machine is small, not much water is used.

(2) Current conditions of water conservation

@

®

Evidence of water usage control is seen in that the wells are equipped

with flow meters. And with the installation of the overhead tank,

unnecessary pumping of the well water is avoided.

The unit consumption of water of the dyeing process alone is

approximately 30m*/1,000 m® (textile width of 1.5m); slightly smaller

than that of the Japanese plant.  Since unit consumption varies with iype

and quatity of producis, it cannot be concluded by this factor alone that
the factory is progressively improving.

In the spinning and weaving plant, water for air conditioning is also used

to clean air in the ventilalor. Some water is circulated by the pump
withoul controling the quantity of feed water.

The dyeing units used are Jet Type 1, Pressure Jigger Type 4,

Pressure Roll Type 2, and Atmospheric Roll Type 2. Apart from the

Jigger Type, they are all waler saving types of low liquor ratio, With

regard to dyeing machines, the sysiem improvement may be deemed

adequate.

Two continuous washing machines are installed for pre-rinsing and

bleaching. Both are water saving units of the counter current system,



L

® Soft water is uvsed as indirect cooling water for some of the dyeing

machines. Heated waste water is used as washing water for dyeing by

This water is of unknown quantity.

(@ Hand control valves are installed at the top of hoses for washing floors
and machines, Some hoses do not yet have this installation, however.

the cascade process.

2) Planning of water conservation system

(1) Recycling of indirect cooling water of oil cooler for turbine generator

(a) Plan outline

At present, the indirect water of the oil cooler is not recycled. Water
temperature at the outlet is about 20°C.  Waste water is to be recycled.

(b) Basic conditions

Present plan

Water quantity (n*/d) 64 64
Operation time (h/d) %4 12
Water quantity (m’/h) 2.53 5.0
Waler temperature 'C inlet 12 25

. : outlet 20 35
Recovery rale % 95
Reduced water (m*/d) 60.8
Cooling load (Kcal/h) 20,270 50,000
Annual opezating days : 208

(c) Equipmeni outline specification
Iterm : - Number of unit Specifications
Cooling tower 1 50,000K cat/h Fan power 0.4kw
‘Circulation pump 2 Aperture 40 ¢, Power 1.5kw
(1 reserve puinp) -

Meters, Controller Overall Electrical conduclivity
Piping Overall Circulation pipe 40 ¢

Discharge pipe 20 ¢
Waler supply pipe 15 ¢




(d) Qutline flow sheet and fayout drawing
Fig 3.1.10 Outline Mow sheet
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(e} Cost estimates

Fig 3.1.11 Layout drawing
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* Facility cost
ftem Uail price Number Price
L (Thousand SIT) {Thousand SIT)
Cooling tower 370 1 " 370
Circulation pump - 180 2 : 360
Instrumeats Controller Overall 100
Pipe and piping Overall 670
Instaliation and Overall 250
other conslruction
Total 1,750
* Operation costs
Item Necessary Usit Necessary cost Cost per
amound  © price recovery
) {SiT/d} (Thousand S1THy) (STE/m*)
Flectricity E9kw x 12h3x 08 425ITAw - h 166 T 159 1.3
Labor = - - Concurent service T - ..
Chemicals . 24) : 505 40
Total 320 664 53
* Necessary costs
Item ¥ Anncal cost  Cost per revovery Remarks
o . (Thousand SIT)  (SIT/m’) '
Fixed cost : )
Facility depreciation 117.3 15 yeir equal depreciation
Interest . - 105.0 12% 7
Facility maintenance 87.5 5% of annual facility cost/year
Subtotal 309.8 24.5 -
Operation cost 66.4 5.3
Total < 376.2 29.8
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(f) Technical comument

0)

@

At present, the temperature of the cooling water is aboult 12°C. ‘The
water temperature of the cooling tower during the hottest season is
about 25°C. During the short summer period there is probably
inadequate cooling of o0il. Under certain conditions, the heat transfer
area of the oil cooler should thus be expanded. Fither waler from the
well should be increased, or all water should be well water. But since
this period is at most only 2 months, overall water conservation may
be considered effective. '

The well water contains much dissolved salt (electrical conductivity
300-400 ps/em), and is quite hard (approx. 10° dh).  If the extent of
circulation (usually expressed as degree of concentration) by the
cooling tower is increased, precipifation of scale or corrosion can thus
occur. The quality of well water shows that problent-free operation
has a degree of concentration of about 2. With this in mind, the
following conditions of the cooling tower operation may be set forth :

« The cooling terperature difference is 10°C. The corresponding
evaporation rate is about 2%.

+ The blow down rate (discharge rate) corresponding to the degree of
concentralion is about 2%.

« The water loss rale of all water, dispersal, etc. is about 5%. Thus
the feed water rate is about 5%.

» According to the above, the recovery rale (equal to water saving
rate) is 95%.

(g) Economic comment

The water recovery cost of this system is about 30 SIT/m’., The following
remarks are in order :

®

®

Since the present cost of water supply and water discharge is only
3,281T/m’, waler recycling is clearly disadvantageous.

If waste water is discharged info the sewerage system, over 100
SIT/m® will be charged, which makes water recycling economically
feasible.

If in future waste waler is continuously discharged inlo the river, tax

~ for water usé (about 41 SIT/m*) must be paid. Although waste water



treatment cost is vnnecessary in this case, water recycling is more
economical.

(2) Conservation of air conditioning water
(a) Outline of plan

The amountof water for the air 6onditioner is not specifically controled.
Itis probably used more than necessary. Water quantity can be controled
with the installation of a flow controller.

{b) Concrete method ,
@ Equip the feed water pipe of the air conditioner with an auto-flow

controling valve. ,

@ Control the amount of feed water by the auto- flow controling valve to
maintain a constant water temperature, by checking the fank water
temperature at the bottom of the air conditioner.

The outline is shown in Fig 3.1.12.

Fig. 3.1.12 Auto-ﬂqw Regulating Valve for Air Cond_i!lonei'
. : - ~ Fan - '
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{c) Estimated water conservation

Potential water conservation depends on the current operating conditions of

the air conditioner, factory operating conditions, weather, etc. This poses

obslacles to estimates. However, experience shows that a 20% water
~ saving is possible. |

Present water consumption  : 159m’/d

Annual operation days : 315 days
Possible saving amount : 20% of whole water quantity,
approx. 32m*d, about 10,000m’fy



(d) Costs estimates

% » Equipment
Item Number Specificalions Estimated costs
Temperature Overall Liquid expanding _ 500

direct action (Thousand SIT/m?)
{including controlling valve)

« Necessary costs

ftem Anmpal costs  Cosls per recovery Remarks
(Thousand SITfy)  (SIT/m*)
Fixed costs
Equipment depretiation 50.0 5.0 10 year equal depreciation
Interest 25.0 2.5 - 10%
Equipment maintenance This const not counted.
Subtotal 75.0 7.5
E)peration cosls 0 0 B
Total 75.0 1.5

(c) Technical comment

The temperature of air conditioning water musl, like cooling water, be low.
The recycling rate will only increase with the installation of a cooling

g | facility.
A cooling fower may be 001131dered for a cooling facility. But this poses

the following problems :

@ As mentioned in (2),the cooling capacity may be inadequate in
~ summer. o '
@ Since solid materials such as (textile dusts mix with the circulating
water, a filtering unit must be installed in the circulation system.

Due to the small volume of water to be conserved in the subject factory and
the high costs of a cooling tower, the water conservation proposal was
limited (o the feed water control method mentioned above.

(f) Economic comment

The recovery cost is low. ~ If this method goes as planned waler
conservation is economical ly feasible. :



(3} Reclamation of waste water

(a) Basic considerations

In the factory, waste water reclamation without regard to cost is a
possibility. DBut since the dyeing process requires good quality water, it
is not economically feasible, except for special cases. Therefore it will
not be discussed here in detail. )

Basic guidelines for waste water reclamation are as follows:

®

®_

e

Good quality waste water should be extracted as the source
reclamation water.

The reclaimed water should only be used for processes that have little
impact on product quality. |

Reclaimed water need not be of the highest quality.

(b) Reclamation plan

i. Selection of source water

According to Basic Guideline (@, waste water of a color which is difficult

to remove, should not be used. The following may be considered for
source water : '

®
®

€

The effluent of cooling water and air conditioning water.

The effluent of the bleaching procesrs and pre_-rins'Lﬁg process, which
has no color. ) o

The effluent of the relatively clean part (late stage of rinsing process)
of the batch dyeing process. 7

The water of (D may be economically recycled in same usage. The waler

of @ and @ combined may be selected as source waler, since recycling
is ineffective (due to the smali effluent quantity of @).

ii. Water qualily of source water and reclaimed water

The water twality of source water should be deténinined based on the

quality and the quantity of efflueat and its hourly fluctuations with regard

to the desired quality of reclaimed water.

The desired quality of reclaimed water depends how it is to be used (e.g.,
rinsing water of dyeing process).  The quatily required for some purposes
is not always known, however. Then it is necessary to by experiment to
determine the required quality.

45—
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The basic procedure for determining the desired water quality is given
below. Details will of course differ depending on individual conditions.

@® Select the most important water quality items seen in terms of purpose
of use.

@ Set rough target values for important water quality items.

@ Artificially wake up water that has the same quality as set above and

© carry out bench experiment to see whether or not this water can be
used for the desired purposes.

@ Carry oul treatment on acfual wasfe water and wake up water
possessing the set quality in a Jarge-scale experiment system (pilot
plant). 7

® Using an experiment system of almost production plant scale, verify
whether or not the above-mentioned treated water can be used for the
desired purposes.

" Due to insufficient data for this factory, the following assumptions
concerning source water quality and desired water quality are based on
analyzing wasle water dala and the Japanese experimental daia of
reclamation : '

- Quality item Source - Reclaimed
- SS migh <30 <i
BODmgd <100 - <1

- CODMn.mg <100 <10

iii. Treatrnent capacity and reclamation process
~ + Treatment capacity

It is nof precisely known how n_iiich'Waste waler can be recycked, but half
of the dyeing process discharge, 500m’/d, may be assumed for this
amount S

" Annual operation days : 315~ Annual recovered water : 157 ,500m’

'+ Reclamation process

According to water reclamation experiments in Japan, the basic process
is as follows :

—4f —



Water source—pH control—Two stage biological treatment (Trickling
filter, Submerged bio-filter)— Coagulation and sand filtration—>
Activated carbon absorption—Recovered water

{c) Estimated costs
« Facility cosls

According to experimental tests in Japan, the estimated cost of
a reclamation facility is about 160,000 thousand SIT,

+ Operation costs

Ttem Required Unilt Necessary costs Costs per
amount price - recovery
: ' (SIT/Ad) (Thousand SITfy) -
Electricity ~ 1.2kw-b/m’> 4281T&w-h 2,520 794 - 5.0
Labor Concurrent service 4.2 )
Chemicals 25,600 7.875 50.0

Total 27,520 8,669 - 55.0

'f Necessary cosls -

ftem Annual costs  Costsperrecovery - Remarks
] (housand STTy) (S$§T/m") :

Fixed costs :
Facility depreciation 10,720 15 year equal depreciation
Interest 9,600 - R%
Facility maintenance 8,000 5% of annual facility costs/year
Subtotal 28,320 179.8

Operation costs 8,669 55.0

Total 36,989 2348

(d) Technical comment

@ The biggest problem in waste water reclamation is to find the least
desired waler quality for its purpose of use. If this is impossibfe the
wasle water should be improved up to the water quahty of the current
wates source (which in this factory is well water). This is
extremely expensive. ,

@ The least desired water quallty value shown above was delerminéd as
a resull of large-scale water reclamation experiments in Japan. But
the value may differ greauy' according to the type of waste waler and
production process for the ueated water. The value should be
considered as an example only.

@ ‘The desired values for treated water quahly indicated here were
obtained from: large-scale experiment on the reclamation of dyeing

-_48_
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waste water in Japan. The basic procedure employed is indicated in (b)
ii.

This value could vary greatly depending on the nature of the raw waste
water and the conditions of the production processes in which the
reclaimed water is used. Therefore, rather than the water quality value
itself, the actual experiment process used to determine the waler
quality is more important. However, in cases where a target waler
quality level is set, the figure here can be used as a reference case.

(e) Economical comment

@

@

The water reclamation costs listed here are estimates, which naturally
vary according to the quality of water source and reclaimed water.
Apart from waler reclamation, required costs are on the facility to
collect waste waler, on the storage tank to pool the water source and
rectaimed water temporarily, and on equipment to supply reclaimed
water (plpxng, pumsp, elc.).

In particular the waste water collecting facility to sepa:ale relatively
clean water from waste water of the batch system dyeing process is a
rather complex system, with a branch pipe combining electromagnetic
valve, timer, elc, Consequemly, the costs of this facility are
comparatively hsgher '

If the waste walter is discharged into the sewerage system in the future,
if the sewage charge is around 160 STF/m’, waste water reclamation
will become 100 expensive to be economically feasible. However, if

- the sewage chafge is raised to a higher level, waste water reclamation

will become a means of water conservation that is worth considering.
If wasle walter continues (o be dlscharged into the river, the waste
waler treatment costs for discharging will be saved, in addition to the
tax ofr4l SIT/m® for water usage, which is equivalent to the recycling
guantity.

Since waste water treatment costs are estimaled o be large, water
reclamation is economically feasible.

{f) Summary
Reclamation of waste water has many technical difficulties. ~Given the
present data, it can only be discussed in general terms.  Conditions of
economical feasibility are limited, however. 3
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Investigation of waste water reclamation possibililies requires  an
exhaustive feasibility study (including experiments, if necessary), which is
time- and costs- consuming.

Morcover, considering factory conditions (water supply and discharge,
production, and management), it is probably unnecessary.

(4) Other possibilities of water conservation

(@ Equip a hand control valve al the top of the hose for cleaning floors and
equipment.
This is essential, because a hand control valve can be installed for 10.000

SIT.
@ Recover the steam drain of boiler.

This is not feasible, since most of the steam drain is used for hot water.
® Save and reclaim domestic water, etc.
This is ineffective, since there is little domestic water.

(5) Summary of water conservation plan

No. Contents of Saving amount Cost per recovered

Water Conservalion Plan ' m*/day’ ' SItm®
1 Recycling of indirect cooling T o
water for oil cooler by 6.8 . . 29.8
cooling lower - o
2 Saving of air conditioning 732 _ 1.5
- waler by flow regulator : - o '
3 Reclamation of dyeing waste . - - 500 S .. 2348
water by high degreé process '
- Total . 5928 : 2014
S Now After Water
o S Conservation
Volume of water usage - - mfday . C1L587 - 9% i
Unit consumplion of water : m’/Thousand m 525 329

Remarks:  Production of dyed fabric 30,230m/d
Water saving rate 37.4% -

3.1.3 Pre-treatment and Wafste-Water Treatment

1) Present conditions

Dyemg wasle water is pumped from the waler pit to the Drava canal. Other
waste water is discharged to the main siream of the Drava river with no pumps
(See 3.1.1 - 3 for qualily and quanlity of water).



2) Pre-treatment

Discharge into the sewerage sysieemn requires a prefreatment system, since the '
pH of dyeing waste waler sometimes exceeds the regulation value. Equip the
existing water collecting pit with neutralization facilities of pH controlling,
chemical injection, strring, elc., as a pretreatment system.  Other types of waste
water may be discharged without treatment.

(1) System design

The following compares two cases with regard to dyeing waste water :

Case A,

Equip the existing water pit with ncutralization facilities of pH controlling,
chemical injection, stirring, etc. The advantage is the low costs of the
facility, Chemical costs, chemical replenishment work, etc. are necessary.

Case B, -
Install a stabilization tank equivalent to 1/3 day capacity. The advantage is
that neutralization chemicals ase not needed.

_(2) Case A,

Speciﬁcations of the system are shown in the following table and figure :
Table 3.1.16 Equipment list
Fig. 3.1.13 Flow sheet
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Table 3.1.16

Equipment List of Pre-freatment System (Case A)

No. [tem Q"ty| Material Specification Remark
1 |tnfluent pit 1 RC Capacity 25 m’ Existing
Discharge Pump 1£3 RC
Leve! switch i
2 [Neutralization system 1
Puep (for mixing) i FC 100AX% 1.8n%/min X 80X 5. 0kw
p meter/controler 1 p O - 14
Chemical pump 2 PVC Diaphraa 30 - 500cc/min 0. 2kw
3 |chemicat Tank 2 | pE e Capacity 483  1.85m%2.055aH
Level Switch 3 sus Electrode type
Agitator 2 sUS Virtical 8rpa 5.5kw
4 |control Box I - loutdoor selfstanding

push buttens, alarﬁ lamps

pH indicator

Fig. 3.1.13 Flow Sheet Pretreatment (Case A)
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Facility costs

Thousand SIT

Equipment 8,438

Machine electric work l ,’?50

Civil work 1,250

Trial operation costs 1,125

Design costs 1,406
Total 13,969

Annual depreciation, Interest

‘Operation costs per water amount

- (Divided by annual water treatment 378,000m’)

Civil work related 40 year repayment 1,250/40 = 31.3 T-SIT
Non civil work IS year repayment 12,719/15 = 847.9
Facility interest 12% Average6% 13,969 x 0.06 = 698.5
- Tolal 1,555.7
Repayment per water amount, interest -
(Divided by annual water treatment of 378,000m’) 4.2 SIT/n®
Operating costs
H,S0,(100%) 23 kg/day x 702 x 252 = 4069
NaOH(100%) 30 kg/day x 83.2 x 252 - 3145
Electricity 0.8 x 16.9 kwH/day x 4.2 SITIkwl.l x252 = 14.3
Water  Imfdayx 200 SIT/m’ x 252 = 50
Maintenance 340,648 T-SIT x 0.05 = 700
(5% Vof non civil work}
Labor 05x19200DMy x 875 SIDM = 840
Total ' = 2,327.2

6.2 SIT/nY’



(3) Case B,

The specifications of the system are summarized in the following table and

figure
Table 3.1.17 Equipment list
Fig. 3.1.14 Flow sheet
Fig. 3.1.15 Layout

~ Facility costs are as foltows :

Thousand SIT :
Equipment 2,500
Machine electric work 875
Civil work 28,125
Trial operation costs 1,688
Design costs 1,125
Total 34,313
Annual frepayment, Interest
Civil work related 40 year repayment  28,125/40 = 703.1 T-SIT
Non civil work 15 year fepayment . 6,188/15 =412.5
Facility interest 12% Average 6% 34,313 x 0.06 = 2,058,8
Total 3,174.4
Repayment per water amount, interest ,
(Divided by annual water treatmient of 378 000m3) 8.4 SIT/m®
Operauon cosis .
Electricity Charge 0. 8 x 1 lkalday X 4 2 S[’I‘/ka X 252 . =333
Maintenance (5% of non civil work) 5 w500 T-SIT x 0.05 =275
Labor 0.2 person x 19,200DM/y x 87.5 SIT/DM =336
Total ' = 644.3

Opeiation costs per water amount  :1.6 S_lT/m’ |
(Divided by annual water treatmeat : 373,000m’)

3) Waste water treatment

In the event of direct discharge into the river, the color, NH4-N and P must be

strictly regulated. 7
There is sufficient space for a waste water treatment system,

S



Table 3.1.17

Equipment List of Pretreatment System (Case B)

No. Item Q"tyl Material Specification Remark
1 |Influent pit 1 | RC Capacity 25 o’ Existing

ump 141 | RC

Level swilch !
Z |Stabilization task 1 RC Capacity 500 n® (1/3 day}

Gox2inX4.5aD

Fumps (circu!ation) | FC 100AX 1. 80 /min X BnX5. Sks

Level switch 1 Ve Flonting

pH meter 1
3 |bischarge pump i+] FC l(DAXl.Bm3/hinX&nX5.5kw

]

Control Box

utdoor selfstanding

push buttens, alarm lamps

p!i indicator




Fig. 3.1.14 Flowsheet of Pretreatment (Case B)

B |9

h*4
= 2l
[
l Tr AN
re
NN
T A

: .
INFLUENT nr? f 'I STABILEZATION TaNK
dal] K LY DISCHARGE Pybdf

Fig. 3.1.15 inyout of Pretréatment {(Case B)

b1}

$IaBtLtZATION
ANK

4000

AFLUENT
‘ 3 “~ . /

Baal® o s - ‘més__él_
F S———— R . S ECTION A-A

i 1
- ; '
by L]
r‘-;;"' [RREECEEEE B : S[A3ILITaTION E g[g
. 1 1] L]
g S E §pfuewT E : Al
L] [] L]
%_— by L] L e emaa e r e s s rssas s Gt mccemeco e g v rwa - [ [———"
, A
e 3 O v . - IL 2000 l
P 2500 1100 !
L

PLAN S:17200



- (1) System design

Water discharge : 1500 m*/day
Intake hour : 24 hrfday :
Treatment hour  : 24 he/day  Dehydrator 8 hr/day
Waler quality Intake  Discharge  Emission stand ard
pH 7-10 78 6.5-9
COD mg/i 500 %0 200
BOD mgh 300 10 30
SS mg/] 40 10 80
NH4-N mg/l 30 4 5
Total N mg/l 50 20 -
Total P mgh 10 1 1
Color (436) Vm 30 7 7
(525¥m 30 5 5
{620)¥m 30 3 3

‘The water quantity is 50% extra of survey time with regard to recovery of
operation rale and facility improvement. The quality of waste water COD
.- and BOD is show slightly higher than the analyzed value of the survey time.

(2) Waste water treatment ﬂo\_v : |

" {waste water)—Collecting pit (present)—Stabilization tank—> Neutralization
tank —+ Aeration tank —> Ist Sedimentation ftank — Aeration tank — 2nd
Sedimentation tank— Anaerobic iank—*Aeraiion tank— Coagufation tank-—>3rd
Sedimentation tank—>Sand filter—>Qzonizing tube—>Activated carbon adsorber
—»Treated water tank—*Discharge to the river

(coagulated sludge) ~>Sludge slorage [ank—+Sludge dehydrator —> Cake
hoppeHTruck

4) Reasons for selection of wasie water system

(@ A separate emission standard is established for the textile factory.

- @ Incases of direct discharge into the river, the emission standard of the textile
industry is particularly strict regarding the color and P. Ozone treatiment
and activated carbon absorption are then needed $0 that BOD COD, 83, and
oil will clear the standard.

"~ @ Chemical coagulation separation may bé considered as a candidate of the
primary (reatment.  But since the BOD standard is 30mg/, biological
treatment is more appropriate. N-NH, is easily decreased by the standard



aclivated sludge (reatment, which requires anti-forming facitity, since
bubbles are produced by the influence of the active surface agent

® P is removed by coagulation sedimentation. Sand filtzation is cssential to

post treatment.

® Activated carbon adsorption works belter than the ozone process for the
completion of bleaching. The ozone process precedes the activated carbon
adsorption, in order to lower the adsorption load of activated carbon. Al
the stage when the color is thick, the ozone process works well.  Although
it is possible for the ozone process alone (o clear the color regulation,
aclivated carbon adsorption is used for the completion of bleaching.  Since
the function of activated carbon adsorption is not to lower COD but to
enhance the bleaching, it should be kept to a minimum. If the ozone
 process passes the standard, the activated carbon adsorption may be omitted.
On the other hand, if the standard is not cleared even after the activated
carbon adsorption, additional measures must be taken, such as lowering the
speed of the passing water to extend contact time with the activated carbon.

5) [‘acﬂaly specnﬁcallons

(1) List of facility and reference ﬁgurcs

"The facility specifications are summarized in the follc’h’virig' table and figures.
Table 3.1.18  Equipment list
Fig. 3.1.16  Matcrial balance sheet
Fig. 3.1.17 . Flow sheet
Fig. 3.1.18  Layout ,
Fig. 3.1.19  Stmctural drawing of major equipment

(2) Design Calculation
(a) Water volumc and qualily are as sct in thc syslem dcsngn conditions.
(b) Calculanon of main capacrﬂes ' :

i. Inflow pit
Equivalent to 20 minutes of average hourly waste waler volume
62.5 m’lhrx 13=21.6
The existing 25 m’ shall be apphed

i, Homogcmzatlon tank , :
Retention time: | day, aerauon slrength L
Imx4285mx4m (e[fe»twe) = 1,540 m



iii.

iv.

C-vi.

vii.

viii.

iix.

Neutralization tank
Retention time: equivalent to 20 minutes
2.6 mx 2.6 mx 3.2 m (effective) = 21.6 m’

Aecration tank
BOD capacity load: 0.5 kg-BOD/d or more
1,500 m*/d x 300 mg/l = 450 kg-BOD/d
450 kg-BOD/d + 0.5 kg-BOD/d = 900 m’
Equivalent to approximately 14 hr of the retention time
Acration strength: 2.0 Nm*/hi/m® 1,800 Nm’/hr = 30 Nm/min.
3 tanks x 3.9 m x 18.7 m x 4 m (effective) = 876 m’

Mild aefation tank
Retention time: equivalent to 14 hr, 62 5m'hrx 14=875m’
Aeration strength: 1.0 Nm*he/m® 875 Nm’/hr = 15 Nm¥/min,
12.3 mx 18.1 m x 4 m (effective) = 890

No. 1 sedimentation tank

- Suiface area load: 12 m*/m’/d

Required surface area: 1,500 m*/d + 12 m*/m?/d = 125 m’
Retention time: equivalent to 4 hr, 62.5 m*/hr x 4 hr = 250 m’

12 mx 12 mx 1.8 m (effective) Susface arca: 144 m’

Capacity: 259 m’

Contact aeration tank -

Retention time: equivalenttod hr - 62.5 m’/hr x 4 hr = 250 o’
Aeration strength: 2.0 Nm*/hr/m’®, 500 Nm*/hr = 8.3 Nm’/min.
' 12 mx 5.8 mx 3.6 m (effective) = 251 m’*

No. 2 sedimentation tank
Surface area load: 15 m’/m*d
Required surface area; 1,500 m*/d + 15 m*/m’/d = 100 m’
Relention time: cquivalent to 3 hr, 62.5 mhr x 3 hr = 188 ny’
10 m x 10 m x 2.0 m (effective) Surface area: 100 m?
: - -Capacity: 200 m’

Denitsification tank

Retention time: equivalent to 4 hr, 62.5 m’fhr x 4 hr = 250 m’
10 mx 8.4 mx 3.2 m (cflective) = 269 m’



ix.

Xi.

Xii,

xiii.

Xiv,

XVY.

xvi.

Oxidation tank .
~ Relention time: equivalent to 1 hr, 82.5 m’
Aeration strength: 2.0 Nm*he/m’®, 62.5 Nm®*/hr = 1 Nm*/min.
6.4 mx 3.4 mx 3.2 m (effective) = 91 m®

Reaction tank, pH adjustment tank, coagulation tank
Retention time: equivalent to 20 min. in each
2.6 mx 2.6 mx 3.2 m (effective) = 21.6 m*

No. 3 sedimentation tank
Surface area load: 15 m*m’/d o
Required surface area: 1,500 m*/d + 15 m*m?/d = 100 m?
Retention time: equivalent to 2.5 hr, 62.5 m*hr x 2.5 hr = 156 m®
10 m x 10 mx1.6 m (effective) Surface area: 100 m?
Capacity: 160 n’

No. 1 intermediate tank
Retention time: equivalent to 2 hr, 62.5 m/rx 2br= 125 m’
9.5 mx 5.7 mx 2.8 m (effective) = 152 m’

Sand filter
Filteation LV: 8.0 m*m?hr ,
62.5 m’/hr + 8.0 m*m¥/d = 7.8 m’
2 x 2,400 D x 2,250 H (straight body: 1,800)

Ozone treatment device
Ozone injection volume  : 1.0 mg/l -
Ozone generation volume @ 62.5 g/hr

Reaction tower : 680Hx2010H

No. 2 intermediate tank ' _
Retention time: equivalent to 2 hr, 62.5 m*/hr x 2 hr = 125 m’
: "~ 9.5 mx 5.7 mx 2.8 m{effective) = 152 m?

Activated carbon adsorption tower
Water passage LV: 8.0 mm?/hr
Empty tower SV: 5.0 m’/m*/hr :
Required cross sectional area: 62.5 m¥hr + 8.0 mYm¥/d = 7.8 m
Activated carbon height: 8.0 m /m/hr + 5.0 m/m/hr = 1.6 m
2 towers (1 standby) x 2,400 Dx 3,500 H

— 60—



xvil. Treated water tank
Retention time: equivalent to | hr

xviii, Sludge storage tank
Generated sludge : 0.8 v/d
Walter content : 99%
Retention time : 2d

xix. Dewaterer

Generated sludge : 0.8 vd
Water content - 99%
Dewatered cake water content : 85%
Operating time : 8hr
Dewatering speed : 100 kg/hr
Dewatered cake volume : 0.8+ (1-0.85) = 5.3 m’M
6) Facility cost
) Equipmem- | _ _ _ | 7 Thousand SIT
(a) Pumps, blowers, agifators, decelerator, dehydrator 65,706
g ) {nslmmentatic'_m 7,254
" (¢) Other equipment 103,182
(2) Site works
(d) Equipment instaliation, piping work 46,427
(e) Electrical work 37,316
() Painting work | | | 2,469
(g) Civil ehginceﬁng work | _ 157,188
(h) Building work - 69,925
(i) S-ite supervision cost : - 7,875
G) Trial run cost ' 7 3,150
(3) Design cost : o | 5,625
Total . 506,117



(4} Annual repayment, Interest

(a) Civil work refated 40 year repayment  227,113/40 = 5,678 T-SIT

{b) Non civil work 15 year repayment 279,004/15 = 18,600
(c) Facility interest 12% Avetage 6% 506,117 x 0.06 = 30,367
Total 54,645

(5) Repayment per waler amount, inlerest

Divided by annual water treatment of 378,000m’ 144.6 SIT/m’

7) Running Costs

(1) Chemical Costs 7 _ Thousand SIT/Year
(2) PAC (11%) 600 kg/day x 74.7 SIT/kg x 252 days = 11,294.6
(b) H,S0, (98%) 46 kg/day x 70.2 x 252 = 8138
(c) NaOH (100%) 30 kg/day x 83.2 x 252 = 629
(d) Polymer A (powder) 7 kg/day x 990 x 252 = 1,746.4

- (e) Polymer K (powder) 4 kg/day x 2000 x 252 = 2,016
(O Nutrition agent - 2 kg/day x 52 x 252 = 26.2
(Urea 100%) , :
{g) Activated carbon 450 kg/day x 930 x 252 = 105,462
Subtotal =121,988

(2) Electricity Charge

0.8 x 7,878 kwh/day x 4.2 SIT/kwh x 252 = 6,654.6
(3) Studge Disposal Cost
5.3 m*/day x 1,423 SIT/m’ x 252 = 19006
- {4) Water Charge
40 m*/day x 200 SIT/m* x 252 ~ . - = 2,016.0
(5) Kerosene Charge
0.5 V/day x 60 SIT/ x 90 = 2,700

 {6) Maintenance Cost

The cost of maintenance is assumed to be 5% of the equipment cost.
278,937 T- SIT x 0.05 = 13,946.8

D —



(7) Personnel expenses

2 staff/year x 19,200 DM/y x 87.5 SIT/DM = 3,451.8
Total 152,658
(8) Operation costs per water volume
Divided by annual water treatment 378,000m> = 404 SITym’*

8) Economic comment (the normal ¢conomic comment is described in 3.6.4)

Here, in order to compare with the other model factorics for which a rormal
economic comment is not carried out, the same simple economic comment (hat
was performed on those factories shall be conducted.

(@) Conditions

@ Depreciation period : equipnient 15 years
- : civil engineering, bui!ding 40 years

@ Interest ~: 10%/annum

@ Depreciationmethod ~ : uniform depreciation

@ WWTP discharge charge : 160 SIT/m*

® River discharg HIRY,

® Annual waste water treatment volume : 100,000 m’fyear

~ (b) Treatment cosls per 1 m’ of waste water

Coslts
(S1T/mY)
12,312,000 123
2,785,000 28

fem - ' " Contents (SIT/year)

]

Depreciation  Machinery 184,004,000 SIT + 15 years
Building, civit 111,390,000 SIT + 40 years

B

engireering
Interest 7 507,117,000 SIT x 0.06 = 30,362,000 148
Running costs o o 26,592,600 266

- Total , ﬁ 565

§) Conclusion

In the case of river discharge, because the discharge standards are so harsh, the

equipment costs and running costs would both be expensive. As a result, it

would be more advamégeous for this factory to pay the charge for sewerage

system discharge rather than independently install waste water treatment
 facilities.



Table 3.1.18 Equipment List of Waste Water Treatment System for SVILA

No. Iten Q' ty| Material Specification Reaark
1 [Infivent pit 1 RC Capacity 25 n° Existing
Purp £} ]C
levei switch 1
Z |Stabilization tank i RC Capacity 1,500 a” (I day}
, 9.0uX 42. B X 4. 5D
Pumps (submersion) l;l FE 1008 % 1. 8a° /min X BaX 5. Dkw
Blower (roots) 1 ] FC 1504 % 15. 48R?/min X 0. 5ke/co2 X 30kx
Screen 1 sus edgexire type {40n’/hr  lom slit
Level swilch 1 PvC Float type
Flow meter 1 PV V-notch B-ox type 20 - 100=’/hr
3 |Neutralization tank | RC Ca;iacity 21.6 m? (?D min)
2.6ax 2.6aX4.5n{actuat 3.2a)D
Agitator 1 | Fosus - fvertical 2%rpm 3.7 kw
pH meter/controler 1 Dip type oM O~14
4 [Aeration tank 3 ’C Capacity 292 @° (l14hr)
3.98% 18.7a% 4. 58{4. On)
air difuser b Sus 7
circulation pusp 6 FC 100/60AX 2,50 /ainX 120X 7.5k8
water {low meter & FC
air flow meter 6 | f¢

Al



@ | No. Itea Q'ty| Material Specification Reaark
5 {Mild aevation tank 1 RC Capacity 890 a° (14hr)
12.38%18. 1axX 4.5a(4. 02}
air difuser 1 Sus
21 defoaning pump 1 FC 100AX 1. 18*/min X 150X 5. 5kw
air flow meter 1 FC
6 {#1 Sedizentation tank 1 RC Capacity 259a° Surface 144 n®
12X 12aX4.5aD
Sludge collector | S8 rake type 0.4 ku
Pugp 1 | fc 100/80AX 1. 1a*/ainX 158X 18.5kw
7 {Contact aeration tank 1 RC Capacity 251 ®° (4ar)
12aX5.BaX4.5a(3.60)D
contact media i PE 200m°
#2 defoaming pusp i FC B0AX0.8a°/minX 158X 3. Tkw
air flow meter 1| FC
8 |2 Sedicentation tank 1 RE Capacity 160 m® Surface 100 n*
100X 10w 4.5n(2.Ca) D
Sludge collector | sS rake type 0.4 kw
Studge pusp 1 FC 100/80A% 1. 1e*/min X {5m X 18.5kw

a P
i




No. Tter Q'ty | Material Specification Remark
3 [be-N tank H RC Capacity 269 a° {4hr}
10ax8.4eX4.5a(3.2a)D
contact media { PE 400
circulation blower 1 FC S0AX 30N’ /min X 3.5mX 2, Zkw
70 Oxidation tank | | RC Capacity 91.4 a° {1 br)
"~ 18.40%3.40%4.58(3. 20} D
blower t | FC 1504 % 18. Ba/ein X 0. Skg/cnl X ITkw
air fTlow eeter | FC
difuser -1 53
_ll Reaction tenk 1 RC Capacity 21.6 @°
acid coating |2.6uX2.6aX4.5n(3.20)D
 Agitator 1 5§ 8BS \'ertitajl ZE_Brpsh: 37k -
12 |pH control tank 1 RC Capacity 21.6 A’ (oin) . X
acid coating 2.6&\1)(2.5@)(4.5@(3.&9)!)
Agltator 13 SS SUS - [Vertical 2%rps. 3.7 ke
pH meter 'IV Dip type pH (}{M
13 [Coagulation tank 13 RC Capécity ;2].6 a® (20min)
l.6axlaX2ad .
Agitator i | sts Vertical puddie 83rpa 3.7 kw




No. ltem Q'ty| Materiatl Specification Remark
I4 |#3 Sedimentation tank b RC Capacity 160 n® Surface 100 r®
10w 100X 4. 50 (2. On)D
Sludgze collectlor ; 58 rake type 0.4 kw
Studze pump 1 FC 100/804% 1. 1a®/ainX 15aX 18.5kw
15 { # interaidiate tank 1 | ®e |capacity 152 a®
9.50%5.7ax4,5a(2. Sm)D
sandfilter feed pugp| 1#1 | FC 80/66A% 1. Za/nin X 18nX 5. 5kw
tevel switch 3 PVC float type
16 |Sand filter 1 sS Lv=Ba/hr automatic back ¥ashing
Z2.4md XZ.Z:SmH {straght zone 1,8H)
17 {0zonizing tower i SUS 0.68 X 2H (straght zone 1.8H)
ozon generator - 1 sus 10 -~ 'J'Qg.ﬂt:rzonl'hriXl[l)g/Nm3 {.6kW
excess 0zoD a_bsurber 1 sSus
18 |#2 intermidiate tank i RC Capacity 152 m?
9.5a%5. TaX 4.5a(2. 8a) D
ACB feed pump 1#1 FC #/6oA% 1.22°/minX 18aX5.bkw
level switch 3 | Me floating type
19 |A-carbon adsorber Z | ss LV=8a/hr manual back washing

2.4n$ X3.5aH (straght zone- 3eH)




No. iten Q'ty | Material Specification Remark .
20 [Treated water tenk 1 | ®e Capacity 15]_;’
8.4ax4.58%4.5e{4.0:)D
Level switch 1 | pe Float type
pHi meter | Dip type 10~14
Purps i+ FE_ I(I)/&l‘\X!.BuafninXIBm){'I.ﬁkw
21 |Sludge storage tank ] RC Capacity 21
B 8.48%8.49X4.55D
studge punp 1 FC 80AX0, 2a%/miaX 12aX 3. 7kr
blower (roots) - 1| FC 100AX 3. 2Na*/nin X5RX 7.5ke
tevel switch 1 | sus £loat type
air flow seter | 58
22 |Dehydrator 2 sS Belt press type, 6.7 kw
0. 8t/day (93%) cake(B5%) ]
sludge coagulation tank | 2 ss 10.642>  with agitator 88rpa
belt convayer Z | SSNBR  (0.4a width Ba length
cake hopper | s 12.5a° 0. 2kW
23 [PAC tank i PE FRP Capacity 20w’
2586 X3.46a
Pump (disphraa) T 500 - 6,000cc/ainX Jkg/ca® X0, 4kx




v
m““’

No. ltea Q'ty | Material Specification Remark
24 12804 tank i PE FRP Capacity 4 &° i
1.8orX 2, (G5ri
Punp (diaphram} 2 e 6 - B0cc/minX 13ke/cr® X Q. Ikx
Level switch 1 sUs Elestrode Lype
25 {NaOH tank f PE FRP Capacity 4 w°
1. 85as X 2.005sH
Fuap (diaphram) 1 | P 14 140cc/minX 13ke/ca? X0. v
Leve! switch i sus Electrode Lype ]
26 {Polyser(A) solving tank | 1 PE FRP Capacity 20 «®
2.8 X 3. 46aH
porder solver 1| eve 3-9ke/hr 0.06kw
1 Agitator 1 sus Vertical 83rpa 5.Dkv
Pugp {roots) O 2 £6/504%0.31a/minX 10aX 2. Zke
27 Polymér(a) storage tank | 1 PE FRP Capacity 20 a°
| 2. 8504 X3, 468l
Purp {diaphras) 2 PVC 500 - 5, lIDcé/ninX%g/cm’XO.dkw
Level switch i | sis Blectrode type
28 [Polymer(K) solving tank | | PE FRP Capacity 20 #°
2.5a¢h X3, 46=H
porder solver i PVC 3 -9ke/hr _O.iﬂm
 Agitator 7 i sUs Vertical 88rpm 5.Dkw
Pump (rools) | s 66/504% 0. 310°/minX 100 2. Zks




No. lten 'ty | Materiel Specification Remark
29 {Polymer(A) storage tank | PE FRP Capacity 20 n®
2.50r¢ X 3. 450
Pusp {diaphras) 2 PVC 210 - 2, i00ce/min X 5ke/ca? X 0. 4kw
Level switch 1 SUS Electyede type
30 [Nutrients soiving tank | | | PEFRP Capacity 20 r°
2. 8ad X 3. 46aH
powder solver 1 PV 3 -9 ke/hr 0. 06k«
Agitator } sus Vertical 88rpr - 5.5k%
Puap {roots} | FC GMKMX&SMthXKhXLZH
31 [Nutrients storaze tank 1 PE FRP Capacity 20 m®
2.86m¢b X 3. 46aH _
Punp (diaphres) 2 | M 210 - 2, 100cc/min X Bkg/ca? X 0. dkw
Level switch i sts Electrede type
- —
32 |Compressor 1 FC 3B /minX9.%ke/ca® X0, dkw
33 |Controt panel 1

Indoor Self fstaﬁding enclosed Lype

I.6ax0.6aX 2all

AC 400V 50tz

Push button switches

Alara lazps

pH indicators

Bo indicator

'_70__
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Flowsheet of Waste Water Treatment

Fig. 3.1.17
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3.1.4 Financial Analysis

Q)

(2

[©}

1) Financial assumption

Project cases

In addition to the discharge to river (Case 1), technical study for the

_ discharge to sewcrage was made with the following cases. Based on the

results, financial analysis is carried out.

Case 2-A:  Plan to install a neutralization process in the exisling
collecting pit for waste water discharged from dyeing

Case 2-B:  Plan to install stabilization tank having capacily of 1/3
days for waste water discharged from dycing.

Treatment capacily

" Treatment capacity: 378,000 m’fy
Operable days: 252 dly

Capital requirement

In additior_l to the plant cohslmction cost cstimated in the prévi()us section,
based on the assumpﬁon mentioned in paragraph 1.4.1, the details of
capital requirement on ecach case arc summarized below. For the
calcutation of interest during construction, the construction period on Case

“1is 1 year and that on Casc 2-A and 2-B is 6 months,

Details of Capital Requirement

(Unit: DEM, 1,000)

Itcms Case 1 Case 2-A Case 2-B
Plant Construction Cost 5912 - 163 401
- Fquipment & Machinery 3,259 148 72
- Civil & Building | 2,653 15 | 30
Interest during Construction _ 355 - .5 - 12
Total | 6,267 168 413
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2) Financial analysis

The detailed breakdowns of waste water treatment costs based on the above-
mentioned preconditions are shown in Tables 3.1.20, 3.1.23 and 3.1.26, and
the statements of cash income and disbursement are shown in Table 3.1.21,
3.1.24 and 3.1.27.

The results of the financial analysis are oullined in the following paragraphs.
The breakdown of the waste water treatment costs in 2010 is as follows.
Breakdown of waste water treatment costs

, {Unit; DEM/m?)
Ttem Case 1 Case 2-1 Case 2-B

Variable costs _ . 398 0.03 0.00

Direct fixed costs 02 2.32 2.29

Treatment costs excluding depreciationandinterest . (5.00) (2.35) {2.29)

Depreciation and interest 1.81 0.05 0.10

Treatrment costs including depreciation andinterest 6.81 240 239
(Tolal costs) '

From the above table, it can be seen that the wasle water treatment cost including

depreciation and inferest (total costs) in Cases 2-A and 2-B (discharge into
sewerage system) is practically the same (2.4 DEM/m’} and that, compared to the

same cost in Case | (river discharge), it is 4.4 DEM/m’ cheapér. -

In terms of the largest costs factors in each case, the sewage charge (direct fixed
cost) in Cases 2-A and 2-B accounts for 74% of the total cost, and the activated
carbon cost (fluctuating cost) in Case 1 accounts for 46% of the total.

With regard to fund management, the ability (o repay the long-term debt (DSR)
in 2010 is shown below.

Long-term debt service capacity

ltem Casel Case 2A  Case2B
(A} Cash, DEM 1,000 683 20.6 386
(B) Debt, DEM 1,000 1,003 269 66.1
(C) DSR, (AM(B) ' 0.68 0.76 0.58

(Note) (A) is the numerator of the formuta shawn in 1.4.5, and (B) is the denominator.



In each case the DSR is less than 1.00, indicating that there is a lack of cash to
service the debt. '

As a result of the above basic cases, sensitivity analysis using the FIRR and
DSR shalt be carried oul to examine cases of fluctuations in important factors
such as the plant construction cosis and the chemicals costs.

Sensitivity analysis chart
{Unit: FIRR, % (DSR, ralio})

Item Plant construction costs Chemicals

Case | _ '

20% down " 13.41% (0.89) 14.58% (0.95)

0% (basic case) 9.13% (0.68) 9.13% (0.68)

20% up 6.10% (0.54) 3.13% (0.41)
Case 2-A

20% down 14.90% (1.02) 11.35% (0.85)

0% (basic case) 9.53% (0.76) 9.53% (0.76)

20% up 5.56% (0.59) 7.62% (0.68)

(Note) Case 2-B is omitted becau_se chemicals are not used.

This shows that, in Case 1, the chemicals costs is more sensitive to fluctuations
than the plant construction costs and that, in Case 2-B, the opposile is true.

Furthermore, investigation shall be camried out inlo the case where low-interest
funding can be utilized in the future. Here, it is assumed that the intercst rate is
reduced from 12% to 6%. The ability 1o repay the long-term debt (DSR) in 2010
in this case is shown below.

Long-term debt service capacity

Ttem Case | Case 2-A Case 2B
{A) Cash, DEM 1,000 683 20.6 18.6
(®) Debt, DEM 1,000 792 21.6 52.9
{C) PSR, (A)XB) 0.86 0.95 0.13

(Note) (A) is the numerator of the formula shown in 1.4.5, and (B) is the denominator.

This shows that, if low-interest funding can be utilized, the effect of this in terms
X of the plant construction cosl is the same as a 20% reduction in each of the cases.



As aresult of the analyses described here, it was found that the case of sewerage
sysiem discharge is more economically advantageous than the case of direct river
discharge.

Two technically different cases were examined for discharge into the sewerage
system. As the waste waler treatment cost in both of these cases was the same,
the decision on which case (o adopt shall be lefl to the factory management,

Textile exports in recent years have been poor, resulting in harsh business
conditions for the factory. For this reason, it is considered that a low-interest
loan in the future could make a big contribution to reducing the funding burden
on the factory.
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d &

Table3.1.19 Project Profile and Assumptions for Financial Projection 13

Project

Title

Factory

lﬂcatibn

Project Case
Annual Production

Maximum Operable Days
‘Treatment Capacity (100%)
QOperation Start Year

~ Monetary Unit

Exchange Rates

Schedule

Start of Projectlmplcmentat'ion o
Project Completion - Co

- Commercial Operation

Project Phase Out

- Project Life

Project Year

“ Construction and Commissioning

Financing Required and Financing Pian - 1996

Wastewater Treatment Project
Svila, Tekstilna Tovama d.d. (M-1)
Maribor, Slovenia

Base Case 1: Discharge to River
Textile: 7,617,030 m/fy

(365.25 - 113.25) x 100% = 252.00 DPY
252,00 DPY x 1,500 m*/d = 378,000 m’*/y
2005 :
DEM in Terms of Fixed Price in 1996

1.0 DEM = 89.89 SIT as of Junc, 1996

January 01, 2004

December 31, 2004

January 01, 2005

December 31,2019

15.0 Years from Start of Commercial Operation
From January 01 to December 31

1.0 Year from Start of Project Implementation

Financing Required DEM, '000 Financing Plan DEM, "000
Land/Site Development . Equity : 000 % 0.00
Plant Construction Cost* S,_‘)i?.()(l Long Terns Loan - 100.00 % 6,267.00
- Equipment & Machiaesy 3,259.00 - Interest . 12.00 %

- Civil & Building ' 2,653.00 Shost Term Loan -
Interest during Construction . 355.00 '
— Total Project Financing Cost 6,267.00
Fixed Capital Cost ' 6,267.00 -
Initial Working Capital 0.00 * Including Sales Tax of 5%.
Total Capital chuire—meﬁl 6,267.00
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Table 3.1.19 Project Profile and Assumptions for Financial Projection (2/3)

4 Inpuls and Costing

(CIF at the Plant with Full Capacity Utilization in 1996)

Unit Per Sewage Annual
Inputs Unit Price Consumplion ~ Cost Consumption  Cosl

(DEM/Unil) (Uniym") (DEM/m’) (000, Unit) DEM, ‘000
Chemicals - 3.590 - 1,357.083
- PAC - kg 0.831 0.4000 10332 151.2000 125.647
- H,50,(98%) kg 0.781 0.0307 0.024 11.5920 7 9.053
- NaOH (100%) kg - 0926 100200 0.019 7.5600 7.001
- A Polymer (powder) kg 11.013 0.0047 0.051 1.7640 - 19.427
- K Polymer (powder) ke 22249 0.0027 0.059 1.0080 22.427
- Urea (100%) kg 0.578 0.0013 - 0.001 0.5040 . 0.291
- Activated Carbon kg 10.346 0.3000 3.104 - 1134000 1,173.236
Utility Cost - 030 - 147.602
- Eleciricity kWi 0.047 4.2016 0.196 1,588.2050 74.010
- Sludge Disposal m®  15.830 0.0035 0056 1.3360 21.149
- Water m’ 2225 0.0267 - 0.059 10.0800 22428
- Fuel Ltr. - 0.667 0.1190 0079 " 45.0000 30.015
Variable Cost - - - 3.931 378.0000  1,504.685
Personne}  Man-Year 19,200 0.102 20000  38.400
Maintenance Equipment & Machinery x 5.0% 0.431 - 162.950
Government Charge m 0.036 1.0000 0.036 378.0000 13.608
Local Pollution Tax m’ 0.453 1.0000 0.453 3780000  171.234
Direct Fixed Cast - - - 1.022 - 386.192
Cash Treatment Cost - - 5.002 - 378.0000 - 1,890.377

5 QOulputs and Pricing ,
- (FOB at the Plant with Full Capacity Utilization in 1996)
Unit Per Sewage Annual
Outputs Unit Price Tr'eal'me_nt Price Treatment Sales

(DEM/Unit) (Univm®)  (DEM/m’) (000, Unit) DEM, '000

Treatment Fee m® 6.810 1.0000 6810  378.0000 2,574.155
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Table3.1.19 Project Profile and Assumptions for Financial Projection (3/3)

Operation Schedule

__.8] —

(Unit: %)
, Project Year I
ltems OF 1 2 3 4 .1 xfff,i"e
04 0506 07 08 2019 ‘ o°E
Financing Disbursement 100 100
Sewage Treatment
- Rated Capacily Utilization 100 100 100 100 1,500
Depreciation (Plant & Machinery) 15 Yeats Straight Linc Method
Depreciation (Civil & Building) 40 Years Straight Line Method
Amortization (Interest during Const.) 15 Years Straight Line Method
Debt Service
' Maximum Grace Annual
, T ;
LoanType + Maturily Interest Rate, %
- Dank Loan/Local (1+10) Years 12.00
- Short Term Loan/Local Not considered.
Corporate Income Tax Zero
Sales Tax 5.00%
Financial Performance
Treatment Fee
- Base Case, DEMImS-year 6.81 - 2005 6.81 - 2010 6.81 - 2014
Treatment Cost including D&I 7
- Base Case, DEM/m’-year _ 7.81 - 2005 6.81 - 2010 6.01 - 2014
Sensitivity Analysis using FIRR (-20%) (0%) (+20%)
- Investment Cosl, % T 1341 9.13 6.10
- Chemical Cost, % 14.58 9.13 3.13
~ Sensilivily Analysis using DSR as of 2010 (-20%) (0%) (+20%)
- Tavestment Cost, times : 0.89 0.68 0.54
- Chemicat Cost, times 7 0.95 - 0.68 0.41
Debt Sesvice Ratio {(DSR), times-year 7 ' - 7
- Base Case, @12% interest 0.50 - 2005 0.68 - 2010 0.97 - 2014
- Ali. Case, @6% interest 0.70 - 2005 0.86 - 2010 1.06 - 2014
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Table3.1.22  Project Profile and Assumptions for Financlal Projection (1/3)

1 Project
Title : Wastewater Treatment Project
Factory : Svila, Tekstilna Tovarna d.d. (M-1)
Localion : Maribor, Slovenia
Project Case : Base Case 2-A: Discharge to WWTP
Annual Production : Textile: 7,617,030 m/y
Maximum Operable Days _ : (365.25 - 113.25) x 100% = 252.00 DPY
‘Treatment Capacity (100%) s 252.00 DPY x 1,500 m¥d = 378,000 m’/y
Operation Start Year : 2005 _
Monetary Unit : DEM in Tesms of Fixed Price in 1996
Exchange Rates : 1.0 DEM = 89.89 SIT as of June, 1996
2 Schedule
Start of Project Implementation B July 01,2004
Project Completion : December 31, 2004
Commercial Operation : Januvasy 01, 2005
Project Phase Out s December 31, 2019
Project Life : 15.0 Years from Start of Commercial Operation
Project Year : From Janvary 01 to December 31
Construction and Commissioning : 0.5 Year from Start of Project Implementation .

3 Financing Required and Financing Plan - 1996

Financing Required DEM, 000 Financing Plan : DEM, ‘000
Land/Site Development - Equity S 000% 0.00
Plant Construction Cost* 163.00 ' Long TermLoan :10000% - 168.00
- Equipment & Machinery 148.00 - Iiterest D 1200% .

- Civil & Building S 1500 Short Term Loan ' -
Interest during Construction -~ 5.00 : —

- Total Project Financing Cost  168.00
Fixed Capitat Cost 168.00 ' _
Initial Working Capital © 000 * Including Sales Tax of 5%.
Totat Capilal Requirement 168.00




Table3.1.22  Praject Profile and Assumbﬂons for Financlal Projection (2/3)

@

4 Inputs and Costing 7
{CIF at the Plant with Full Capacity Utilization in 1996)

Unit Per Sewage Annual

Inputs Unit Price Consumption  Cost Consumpﬁon Cost
(DEM/Unit) (Uniym®) (DEM/m®) {000, Unit) DEM, '000

Chemicals _ - 0.030 - 11.527
- H,804(98%) - kg - 0,781 0.01533 0.012 - 5.7960 4,527
- NaOH (100%) kg 0.926 002000 - 0019 75600  7.001
Utility Cost | . 0.001 - 0440
- Electricity kWH 0.047  0.00901 0000 34070 0.160
- Water m® - 1112 0.00067 0.001 02520 0280
Variable Cost e C . 0032 3730000 11968
Persbnnel 7 Man-Year 19,200 0.025 0.5000 9.600
@ * Maintenance Equipment & Machinery x 5.0% 0.020 - 7400
Government Chasge m’ 0036 10000 0.036 378.0000  13.608
Local Pollution Tax m’ 0.453 1.0000 0.453 378.0000  171.234
Sewage Charge m 1,780 1.0000 1.780 378.0000  672.840
Direct Fixed Cosl - - - 2314 - 8§74.682
Cash Treatment Cost - - 2346 3780000  886.650

5 Owtpuls and Pricing
(FOB at the Plant with Full Capacity Utilization in 1996)

, Unit - Per Sewage Annual
" Qutpuls Unit Price Treatment Price Treatment Sales
(DEM/Unit)  (Unitm™)  (DEM/m’) (000, Unit) DEM, '000
‘Freatment Fee m’ 2.400 10000 2400 3780000  907.200

aﬁ. .-,,;-I .

—8h—



Table3.1.22  Project Profile and Assumptions for Financial Projection (3/3)

6 Operation Schedule

(Unit: %)
Project Year
Tola
Items (1 1 2 3 4 .15 Avmvc
04 05 06 07 08 _ 2019 &
Financing Disbursement 160 100
Sewage Treatment 7
- Rated Capacity Utilization 100 100 160 100 10D 1,500
g Depreciation (Plant & Machinery) 15 Years Straight Line Method
Depreciation (Civil & Building) 40 Years Straight Line Method
Amortization (Interest during Const.) 15 Years Straight Line Method
Debl Service
Loan Type Maximum Grace Annual
P + Maturity Interest Rate, %
- Bank Loan/Locat _ _ {1+10) Years 12.00
- Short Term loan/Local Not considered.
Corporate Irimme Tax Zero
Sales Tax 5.00%
7 Financial Performance
Treatment Fee
- Base Case, DEM/m’-year 2.48- 2005 2.40 - 2010 " 240-2014
Treatment Cost including D& ' ' ' C
- Base Case, DEM/m’-year 2.43 - 2005 2.40 - 2010 2.38 - 2014
Sensitivity Analysis using FIRR {-20%) - {0%) (+20%)
- lavestment Cost, % 14.90 ) 9.53 5.56
- Chemical Cost, % _ _ 11.36 0.53 - 7.62
Seasitivity Analysis using DSR as of 2010 {-20%) (0%) (+20%)
- Investment Cost, times 1.02 0.76 0.59
- Chemical Cost, times 0.85 0.76 .68
Debt Service Ratio (DSR), times-ycar :
- Base Case, @12% inlerest 0.56 - 2G05 0.76 - 2010 1.09 - 2014
- All. Case, @ 6% interest 0.77 - 2005 0.95 - 2010 1.17 - 2014

86
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Table3.1.23  Wastewater Treatment Cost Statements

sxe WASTERADEN TREATHEEY PROJECT 1R SVll.l (H-1] 2o
RASTEURTER IREATNERF €O51 STAVEMEATS

- GASE 2-A7 DISCHARGE TO 1BIP -- CoEN, 1000}

TEAR k{121 e L H 10os 007 1048 10493
RASTERATER TREATHENT {{000XI/T) 0.0 It 00 3ye. 00 3R 0O ’ 218,00
CHENTCAL CO3T 0.0 1.9 11.5) 11,53 11.1)
LR 0.0 1.53 .4 4.5} L1
XROR 0.0 100 o2 1. 60 .00
UFILITIES €03 0.0 0. 44 .44 ¢ 44
ELECTRICY 0.0 0. 14 0.14 a. 16
EATER 0. ¢ [ ¥ | 0. 23 .1
YARELDLE COST 2.0 1. 92 1. 91 §1.92
EUPEOYKENT CO8T . 9. 40 .60 - B 00 9.60
RAIRTENANCE €481 - 1.4 I L .40 1. &0

LOGAL POLLYTION TAX
SENAGE CHARGE
OERECT FIIED GOSF

1208 IR TN IN T IR ]

0.0
2.0
GOVERNWENMT CHRARGE 0.¢
0.0
9.0
0.9 [ R ] [ 221 114 LRI ] )

W09

!) it

i

11803
13, %)

1012

31k 82

11,53
LT
1.60
9,
o1k
L
1. 17

043

1.6

[ 1200 1]
2.373%

ChSH TREATEEAL €051 7 0.3 386, 4%  BES. 65 WNE.ES 18,85
EQLUFNERT L RALRIRERY 0.0 5.12 .17 $. 17 .17 .11
CIVIL & 3UILB1RE 0.9 0.38 Q.11 0.1 0.3k 4.38
INTERESY DA&. COXSTRUCTION 0.0 0.3 9.3] 9.3) 0.3} 6.1

OEPRECIATION AND ANCGRYFIATION 0.4 10,52 10,57 19.51 10.52 19, 51

TORAL TREADNENT COSY ot 191,23t #9111 R9).2F M2, 1 ML 11

UXIT TREATREXAT {087 e LINE AN 2,216 1, 1136 2.3138

TOTAL TRENTHERT 051 0.0 911,18 $i5. 01 91338 9L 209,131
VAIT TREAT®ENT COST - g0 P E11) 1. 4214 1.4183 4009 2. 40518
TEAR e 1915 01 112 2011 019
WASTEWATER VAEATHENT (1Q3003/7) 178,00 118,62 371809 110,60 78,00 37862
CHENICAL co31 k1.5 1. 53 11,52 11,53 1. 53 14.5)
H2SG4 %) 1.53 4.5) .53 1.53 1.5
MAOHK 100 1.80 .00 1.0 .00 .00
HTILITRES €O51 0, 4¢ g9.44 041 0. 84 9.4 0. 44
FLECIRICEIY 0. 16 ¢ th 0.1 0. 16 a1k o
TATER en a9.18 0. - o2 a.1t ¢l
YARJABLE CGSI 11,9} 1187 1.4 51,97 $1.91 ¥1.9}
EUPLOYHENT {OST 4,60 9. 40 9. 60 .50 - 9.40 9.69
BAIRTENANCE CO8F 2.4 .10 Y] 740 - L4 1,40
GOVERRNENT CHARGE 1.4 13.¢1 ). 61 13,61 13. 41 13, 6%
LOCAL POLLUTION TAX 17,1 10,22 1. 13 171,23 173 i.n
JENAGE C{HARGE 612 .11 $1z. 04 [ SO TR D F N ¥ | §12.4¢ €181t
DIRECT FIXED COST [ FEPR Y | 174, 68 $74.61 114,64 13,46 174,61
(133 ] 'l!El.llEIl Cb;l ----- Ea6_ 43 184,65 366, 65 185, 45 NG, 4% LI
EOIH?IEII 1 lltlﬁlﬂ(ll‘ ©. .0 9.82 9.97 5. 41 .51
CIFIL & BUILDIES - ¢. 1 -]} ¢ .38 9.1 0.1
IHTERCST DRG. COWSTRUCTICON 0.1 0.33 0.3} 0.3) 2.33 031
BE.PRHHAIIGK .IRD AeoRBITATIGY 10.§1 10. 57 10. %1 10.57 10,57 10, %}
e Hllflill (137 i 121 197. 12 [ 220N 187,22 $30.22  N9) 11
uRIl ‘IREIIIEII £o51 3.3134 1311 E 2 P T N P X} ) 2.303% 2.2138
III(I[&I 4N Lineg “ll [211] 101 4.0 .0 oo
|l|(l[$l ﬂl !Hﬂl‘ 1€RX DEMY 0.9 4.0 o ¢.0
100sL HIEAII(II cas§ 155 1 ".n [ S 2 BN 2. 22
UNLT TREATRENT €OST . . 2.3183 1.1 .34 2.313%

t. HH

102,39
i.1i00)

905.29
t.3%4%

0.
[ 141

801, 2%
1.3843



YEAR

$QURECE 6F FUIDS

IROFII AF1, ILI BFR 12T
CEPACCIATION AKD ANORTIZATIOH
IINAICIAL RESOUREES

5ﬂll! CARITAL
LOHG TEAE LOAN
SHORT TERE GEST

HSES 0f FUNDS

HOI DEPRECIABLE ASSETS
DEPRECTARLE FINEO ASSETS
THTEREST DLRING CONSTRULTICE

CFAIEi ll RORKENG LAPITAL

REPAYRERT OF LOWG Illl 233}
REFAYRENT OF SKOAY VERW DEBY
INTEREST X LOKG TERR DEBY

FNTEREST GR SHOAT TERN DESY

DIVIOERDS:

INNENG CASK BALANCE
1MG GASR BILANGE

= .
<o

YEAR

$OURCE OF FUNDS

CASK GEHEIIIED FROX QPERA lnl
PROFIT AFI. TAK, BFR !IL
DEPRECIATION AND ANCAVIZATLON

FISANECIAL RESOURCES
SHARE €CAfITIL i R
LONG FEAE LILX
SHORT TEae DEat

USES _OF FUnds

lQK-DEPlECIi!l[ ASSENS
DEPRECEABLE FINED ASSETS
INTEREST DURENG CORSTRULTION

CHAXEE X RORKING CAPITAL

REPAYREXT OF LONG VERK DEOY
REPAYRCRT OF SHORY TERW DEST
IRTEREST &N L0dE TERN DiERY

IRTEREST GN SHORT TEEK DEBT

DIVIDERDS

GINWING CASH BALANEE
ENDING CASK GaLANCE

GROSS CAPITAL EIPERDETURE
CROSS CALH IN-FLOY
CPERATING PROFIT
CEPRECIATION § JROREDIAVION
BFR-TAE NED 1K-FLOW (2}-(1)

-
-
-

{1
{

GROSS CAPITAL EXPEMDITOURL
SRASS CASH IN-FLOY
QPERATING PROFUD
OEPRECIATIGH & ANOATCLATSOX
{4) BFE-TAY NED IM-FLOS (2)- {1}

IKTERNAL RAVE OF RETURM

0N (4} BFR-YAX  RET FH-$LO1

Table3.124 Funds Flow Statements
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Table 3.1.25  Project Profile and Assumptions for Financial Projecﬁon {1/3)

1 Project

Title

Factory

Location

Project Case
Annual Production

Maximum Operable Days

- Trealment Capacity (100%)

Operation Start Year

‘Mongctary Unit

Exchange Rates

Schedule

Start of Project Iniplementation
Project Completion
Commercial Operation

- Peoject Phase Out

Project Life
Project Year
Construction and Commissioning

Financfng Required and Financing Plan - 1996

Wastewater Treatment Project

Svila, Tekstilna Tovarna d.d. (M-1)
Maribor, Slovenia

Base Case 2-B: Discharge to WWTP
Textile: 7,617,030 m/y

(365.25 - 113.25) x 100% = 252.00 DPY
252.00 DPY x 1,500 m™/d = 378,000 m/y
2005 '
DEM in Terms of Fixed Price in 1996

1.0 DEM = 89.89 SIT as of June, 1996

Tuly 01, 2004

" December 31, 2004

January 01, 2005

December 31, 2049

15.0 Years from Start of Commercial Operation
From January 01 to December 31

0.5 Year from Start of Project Implementation

* Financing Required DEM, 000 Financing Plan DEM, '000

“Land/Site Development - Equity - 0.00 % - 0.00

Plant Constriction Cost? 401.00 Long TermLoan  :100.00 % 413.00

- Equipment & Machinery 72,00 - Interest . £ 12,00 %

- Civil & Building ©329.00 Short Term Loan - -

Interest during Construction 12.00

, ~ Total Project Financing Cost 413.00

* Fixed Capital Cost 413.00 :

Initial Working Capital 0.00 * Including Sales Tax of 5%.

Total Capital Requirement 413.00



Table 3.1.25  Project Profile and Assumptions for Financlal Prajection (2/3)

4 Inputs and Costing

(CIF at the Plant with Full Capacity Utilization in 1996)

Unit : Per Sewage Annual

Inputs Unit Price  Consumption  Cost Consumption  Cosl
(DEMfUnil) (Univm®) (DEM/m’) (000, Unit) DEM, '000
Utility Cost -
- Electricity - kWH 0.047  0.00587 0.000 - 22180 0.103
Variable Cost - - . 0.000 3780000  0.103
Personnel Man-Year 19,200 | 0.010 02000  3.840
Maintenance Equipment & Machinery x 5.0% 0.010 - 3.600
Government Charge m’ 0.036 1.0000 0.030 378.06¢00 13.608
Local Pollution Tax m’ 0.453 1.0000 0.453 378.0000  171.234
Sewage Charge m’ 1.780 1.0000 1.780 3780000 672.840
Direct Fixed Cost - ; o 2289 - 865.122
Cash Treatment Cost

. . 2289 3780000  865.225

5 Outputs and Pricing

(FOB at the Plant with Full Capacity Ultilization in 1996)

Unit _ Per Sewage Annual

Outputs Unit Price Treatment = Price Treatment  Sales
(DEMUni)  (Unitym®)  (DEM/m’®) (000, Unit) DEM, '000
Freatment Fee ?

m 2.391 1.0000 2.391 378.0000  903.798
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Table3.1.25  Praject Profile and Assumptions for Financlal Prajection (3/3)

6 Operation Schedule

, (Unit: %)
Project Year
ftems {(-n 1 2 3 4 A’I\."{::lraavc
04 05 06 07 08 2019 &
Financing Disbursement 100 160
Sewage Treatment o
- Rated Capacity Uhtilization 100 100 100 100 100 1,500
Depreciation (Plant & Machinery) 15 Years Straight Line Method
Depreciation (Civil & Building) 40 Years Straight Line Method
" Amorization (Interest during Const.) 15 Years Straight Line Method
. Debt Service
Loan Type Maximum (.Brace Annual
+ Maturity Interest Rate, %
- Bank Loan/local (1+ 10) Years 12.00
- Short Term Loan/Local Nol considered.
Corporate Income Tax Zgio
Sales Tax 5.00%
7 Financial Performance
Treatment Fee : )
- Base Case, DEM/m‘i'-yea_rr 7 2.39 - 2005 2.39 - 2010 2.39- 2014
" Treatment Cost including D&l
- Base Case, DEM/m’-ycar 2.46 - 2005 2.39-2010 234 - 2014
Sensitivily Analysis using FIRR (%) . (0%) (+20%)
" - Investment Cost, % 10.81 ' . 7.80 573
Sensilivily Analysis using DSR as of 2010 - (-20%) o (0%) - (+20%)
- Investment Cosl, fimes 0.74 0.58 048
Debt Service Ratio (DSR), times-year S :
- Base Case, @12 interest 0.42 - 2005 0.58 - 2010 0.83 - 2014
- Alt, Case, @6% interest 0.59 - 2005 0.73 - 2010 0.89 - 2014



Table3.1.26 Wastewater Treatment Cost Statements
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Table3.1.27 Funds ¥Flow Statements
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3.1.6 Pretreatment for Reduction of the Pollution Load

1) Background

The previous report concentrated on the case of direct river discharge based on
the survey conducted as of June 1996. Here, the study focuses on pretreatment
systems for discharge into the sewerage system,

2) Preliminary study

As was meationed in the general summary, one of the river discharge standards
relates to water celor. In order for the WWTP to satisfy standards for river
discharge in the future, there is a possibility that calls may be raised for it to
install an appropriate pretreatment system for dealing with textile factories which
discha:ge colored waste water. If a pretreatment system were not to be installed,
it is likely that premium charges would be impaosed. '

Table 3.1.28 M-1 SVILA Color Data of the Wastewater

Sample : «(436 nm) | «(5250m) | (620 nm)
No.l  Total Wastewater ' ' B
12-18 _ 5.6,1996 R 33 |- o5
18 - 24 ’ - 14 ' 15 18
0- 6 66,1996 17 4 19
6-12 25 22 2
No. 3-1 Printing Wastewater - ' |
8.16  1.7.1396 14 11 - - 10
16 - 24 16 1 10
0 8 20 16 13 -
No. 3-2 Pre-washing Wastewater ' -
14-22 206, 1996 1 6.8 5.9
22. 6 | 3.1 19 |12
6-14 216, 1996 33 | ee 16
No.4 Dyeing Wastewater |
| 15-21 _ 5.6.1996 9.7 1.1 6
21-3 C 74 50 ' 69
3.9 6.6, 1996 12 16 31
9.15 11 13 13
Design Base for Mode! System , 30 30 - 30
Emission Standard 7 5 B :




The color conditions of waste water, as extracted from data in 3.1.1, are shown

- inTable 3.1.28.

The design values in the waste water trealment model system were made 30 for
each of the three wave lengths (for convenience). Because the average value

- never exceeds 30, this is a high value on the safety side.

Generally speaking, the most cconomical method of pretreatment in the case of a
dyeing factory is coagulating sedimentation. Moreover, if the highly concentrated
waste waler following dyeing can be separated and treated apart, the freatment
can become even more economical. In consideration of this, testing of separation
by coagulation sedimentation was carried out on a sample of concentrated wasie
water from the dyeing process. A spot sample of waste water from the
circulation pit was taken as representative waste water from the printing plant.
The resulis of jar testing are shown in Table 3.1.29. .

~ Table 3.1.29 M-1 SVILA Result of Coagulation Test

Circulation Tank in Dyeing Factor? Sampling Coagulation Test

Note 02.12.1996 PAC - 100 ppm
11:30 - | Anion P 200
Spot Sampling | CationP - 0
R Floc size Large
Settling time  30sec
Parémetexf ' '
pH | 81 6.6
ss mgd 10 <30
Color ___black - no colox
a (436nm) im . 53 3
a{b2bnm) - - - . 41 2
a(620mm) . . 40 1
t- N mgfl - 112 ]
t-P _mg/l 09 | <05
CODe- , “mgfll 270
CODam - mgi 240
BOD; gl 90



According to the {est resulis, the effects to be gained from coagulation treatment
are great. Moreover, good decoloring can be achicved simply by using an
inorganic coagulant and not a decoloring cation polymer. Because the test
conditions were equivalent to ideal batch treatment, the water quality may
deteriorate in an actual process of continuous treatment, however, the
coagulation method can still be said to be highly suited to this factory.

3) Selection of prefreatment system

Examination was carried out on the followiag three cases:
@ pH adjustment and coagulating sedimentation treatment of total waste
_ water; dewatering and external disposal of sludge
@ Coagulation sedimentation treatment of thick colored waste water only;
dewatering and external disposal of sludge
@ Coagulation treatment of thick colored waste water only, followed by
gdirect discharge '

@ Case 1: pH adjustment and coagulating sedimentation treatment of total
waste waler; dewatering and extemal disposal of sludge '

In this case, the existing facilities from the water collecting pipes to the water
collection pit can be used as they are. Because all the wasle water is treated,
the scale of facilities is large and cost of chemicals high. The ¢olor can be
reduced to extremely low levels. Regarding the effect in terms of reduced
sewage charge due 10 the reduction in poliution load, although the COD Mn
will fall significantly, because the reduction in COD Cr will be small and the
BOD and COD valugs are not very high (o start with, it is estimated that the
saving in sewage charges gained from reduction of the poliution load would
not be very high and would not be enough to cover the prelreatment cosl. -

® Case2: coagulating sedimentation treatment of thick colored waste waler
only; dewatering and extemal disposal of sludge

In this case, new facilities fot treating only the concentrated waste water need
to be installed in addition te the existing ones from the water collecting pipes
to the water collecting pit. These installaion works would prove very
difficult in reality, However, once those works are comp!etéd, because the
waste water volumes to be treated are small, equipment and running costs
could be significantly reduced.
Furthermore, color could be efficiently removed from the waste water and,
due to the dilution effect of other watcr, it is estimated that color could be
reduced to sufficiently low levels to enable the treated water to satisfy river
discharge standards.



Table 3.1.30  Quality and Pollution Loads of Waste Water and Treated Water

Xind of Quan- COber BOD §S color T-N T-P
Rastewater tity | mg/L ng/L | ag/L mg/L ag/L
a3/d {kg/d) } {(kg/d) } ( ) (1/=} | (kg/d) | (kg/d)
=l {for design)
Raw total 1,500 500 300 40 30 20 10
Rastewater (750) {450) | (60) {30) {13)
%2 _ Case-l}
Treated total ] 1,500 300 200 | 30 3 20 |
Rastewater (450) (300} | (43) (30) {(1.5)
¥3 Thick , _
Rastewater 400 300 400 100 60 - 20 10
{(Raw rater) (320} | (i50) | (40) { 8) { 4)
*4 CASE-2 _ _ _
Treated thick 400 400 200 30 3 20 1
mastewater b (160) | - (80) | (12) (8| (<)
*3 CASE-3 _ 7 7
Treated thick 400 400 200 300 3 20 1
sastewater (288) (80) 1 (120 ( 8) (<)
+6 case-3’ 1,500 | 200 | 100 { 00| 2z | 20 1
Rixed total - Pesign | (300} {150) | (130 ' {30) (2.
discharge base : : -
“Notes) * 1 : - (juatity of fotal waste water (design value of model system)

* 2 Case | : case where total waste water undergoes pretreatment
+3 water quality when colored waste water from the dyeing process only is separatod
* 4 Case 2 : case where ¢olored waste water only undergoes pretreatment
* 5 Caic3: case where colored waste water only undergoes pretreatment and there is no floc
“separation

6 ; total wasle water when treated colored waste water is mixed with other waste water

97 —



Table 3.1.31

® Case3: coagulation treatment of thick colored waste water only, followed

by direct discharge

In this case, there is no separation and removal of floc that adsorbs the waste

water color (Case 2), but the treated water is discharged as it comes out of
the system. Although the SS value increases, the color discharge standards
are satisfied and the method is the least expensive of the three.

Equipment and Running Costs of the Treatment System

Equipment ¢ost

Depreciation

Running Cost

Total treat-

% !ntgrest ment cost

SiT $iT/am? $it/a? SIiT/a?
CASE-1 154, 400, 060 40 107 147
CASE-2 55,000.000 15 38 133
CASE-3 43,200,000 12 70 82
Discharze | 506,117,000 144 404 548
to River ’
Case I: case where total waste water- undergocs pretreatment

Case 2: case where cotored waste water only undergoes pretreatinent
Case 3: case where colored wasle water only undergoes premalment and there is no ﬂoc scparal:on

4} Conclusion

Rather than treating all the waste water, it is more economic to collect only the
concentrated waste water and treat it by coagulation. If it is possible to discharge

the treated water without separating and removing floc which adsorbs the colored
matler, the system can be made even more economic.
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