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3.2 M-2 MARLES HOLDING ,d.d. MARLES POHISTVO, d.o.0.

3.2.1

Factory Outline

1} Outline

2)

Table 3.2.1 Volume of W,a_le't"Usage by Water Source and Purpose of Use

Marles Holding Maribor d.0.0. is a group company in the housing sector which
carries oul all processes from general timber sawing through to veneet
manufacture, wocdea fumiture making and wooden building construction.
Within the group, Marles Zaga d.0.0. carries out timber manufacture, Marles
Hise d.o.0. is in chaige of wooden buildiﬁg construction, Marles Pohistvo d.0.0.
manufactures wooden furnituze and Marles Storitive provides services to the
overall group.

30% of the painted furniture (tables, chairs, shelves, kitchen tops, eic.) produced
at Marles Pohistvo d.o.0. is exported to countries such as Austria, and so on.
The factory layout of Marles Holding Maribor d.d. is shown in Fig. 3.2.1.

Volume of water usage by waler source and pugpose of use

The volume of water usage and wasle \Qater_by walter source and purpose of use
is shown in Table 3.2.1.

(m’iday)
Sdurqé Well City River Sub- Recovaered | Total

VUse . Wacer ¥ater | Water Total Vater

Boiler Feed | (81.6 ' 1 1818 222.0 103. 6
Raw Material

Yashing 1.3 ' ; 1.3 1.3
Cooling Y 2N I ' 44. 1 o441
Air Conditioning

Hiscellaneous ° 70. 1 ' 70. 1 70. 1
Total 297.7 | - 372 222.0 | 519.7

7 Recovered Tatecr/Total 42.7 %
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3) Water supply and waste waler discharge flow diagrams

@ The water balance at the factory is shown in Fig. 3.2.2.

(1) Walter supply facilities
(a) Water tower

The factory grounds contain a well of 28 m in depth. Water is pumped by
- storage pump at a rate of 40 Isec from the well into the water lower
(capacity : 150 m*), from where it is distributed to the whole factory for
use in production, as domestic water and for fire prevention,
(b} Sofiener

Of the water used in production, boiler water is trealed in a softener. NaCl
is used in the softening system, which carrics out regeneration after
approximately every 115 m® of well water has been treated.

(2) Manufacturing processes and sources of waste water generation

The major manufacturing processes ate shown in Fig. 3.2.3.

Although this factdry is a wooden furniture maker, it has divided its

manufaciuring process into general timber sawing, veneer manufacture and
E furniture making (see below for an outline) with the aim of becoming a model

timber and wooden product maker,

a. General imber sawing process

‘The general timber sawing process aims fo exploit the toughness and

~ slability of timber fiber so as to produce al} forms of wooden raw materials
for use in industry. The basic process for manufacturing general timber is
as shown below.

L(_)g —*(Peeling of bark) —>(Round cutting)—*(Finish) -*(Sawing)—’(Sorting)—’{Marking}r-l’wduct
: | |

Bark : Sawdpsl Sawdust Collection

H H ]
dutdoors Ou(do_o;s Outdoors
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Fig. 3.2.2 Water Balance at the Faciory
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(a) Wood storage

In this process, the raw timber logs are stored in the storage yard. Timber
can either be stored on land or on water. In the case of land storage, the
raw logs reed to be sprayed with water in order to prevent cracking caused
by drying. Waste water is gencrated from this spraying and also when
wood is stored on the surface of water. This waste water contains soil, etc.
altached to the bark and other pollutants such as soluble materials contained
in the wood. The level of such poltution varies according to the amount of
time the sprayed waler or storing water is retained.

{b) Bark peeling

In this process, the outer surface of the raw wood is peeled off. The
peeling can be done either manualiy or mechanically. In the case of
mechanical peeling, hydraulic barkers and ring barkers are used.

If the pecled bark is left to accumulate outdoors, rain will cause the soluble
matter in the bark to percolate out and run into stormwater ditches.

(c) Sawiﬁg

In this process, the raw wood is sawed into boards. Because water is not
used here, no waste water is generated.

{d) Timber collection

In this process, the cut boards are collected fogether. When the timber is
collecied outdoors, sawdust that has stuck to forklifts and the timber is
washed away into drains by the rain.

b. Vencer manufacturing process

In the veneer manufacturing process, thinly stripped sheets of wood
(vencer) are glued together so that the direction of their grains almost
totally cross in order to make laxmnated board. The basic processes
involved are as shown below.

{Vencer manufacturing process)
Raw wood-*(Flat cuﬂingi"(Peeiing)—’(Boiling)—»(Siicing)ﬂ(nying)-**
(Laminate manufacturing process) _
~ #-»{Processing)— (Gluing) (Cutting)—+(Polishing)-+Product



{a) Boiling

In this process, after the raw wood has been horizontally cut and peeled of
its bark, it is boiled in order to make it more suiled 1o slicing. Here,
because lignin and other soluble substances come out of the wood, the
generated waste water is brown in color.

{b) Gluing

In this process, depending on the species of timber and quality of the
veneer, the veneer boards are divided into face, back and interior veneer,
and theee or five boards are glued together in a gluing machine to attain the
required laminate thickness. Here, waste water is generated from the
washing of the gluing machine. _ '

Because the adhesive used needs to be changed depending on the species
of li_mber and requizements conceming strength and resistance to water,
etc., the mixer, spreader, roll and connecting pumps and pipes need to be
washed every time the adhesive is changed. Normally, the waste waler
from this washing is emilted with the water used to wash the spreader.

c. Wooden furniture manufacturing process

~ Wooden furniture is broadly divided into leg items such as tables, chairs

“and desks, etc.; box items such as shelves a.nd cupboards, efc.; and small

_items like work tops, and so on, and all such varieties of furniture are
manufactured in this factory The bas:c process of furniture manufaciure is
as shown below.

Laminate f Particle board

- Board—'(Drymg)—'(Wood pmcessmg)ﬂ(Member prot&ssmg)*(Gium 2)—+(Painting)
—+{Asse mbly)—'(hmctl pamlmg)—"Producl

(a) Board adjusting

" In this process, the moisture content of timber with the same thickness as
“the board is adjusted by carrying out natvral drying and artificial drying
over long periods of time.

(b} Wood and member processing

In this process, surface material, frames, edges, etc. from the board are
- sawed to the required dimensions, shaved and sanded.
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{c) Gluing of surface veneer

In this process, veneer is glued to the inner wood in such a way so as (o
show the grain of the wood or give a high class image, and so on.
Aliematively, decorative laminaled sheet printed with artificial wood grain
may be glued to the veneer. Here, as in the veneer gluing process, waste
waler is generated from the washing of the gluing machine. Also, unlike
the mass production of a similar materials, because the raw materials used
here vary greally according to purpose, the adhesive used is often changed.

(d) Gluing for assembly

Unlike in the process of surface veneer giuing, because this process
involves the glu_ing together of members for assembly, there is much
parﬁal gluing and various adhesives are used in different areas. Because
almost all of the work is done by hand, not much waste water is generated.
The waste water that does occer comes from the washing of the'gtuing
machine. '

(¢) Painting

‘The painting process consists of the l‘ollowihg sieps :

Undercoat painting of surface nlateﬁa]—;ﬁaﬁqislg9Polishing-+ Middle coat
—>Finish coat -

Because the producis have curves and oompléx surfaces, the painting is
done by spray gon. This means that a lot of the paint misses the product
and is sprayed around (he surrounding area, causing the solvent to
vaporize and resulting in paint mist and paint film dust. Painting is thus
performed in painting booths to avoid this, and the water from the washing
of the booths is discharged as waste waler. -

(3) Wasle water treatment plant

C))

currently not in use.

The waste waler treatment plant consist of a filter. However, this is

Waste water treatment and water usagé conirol setup

The control of water usage and wasfe waler treatment is carried out by one
water controller under the guidance of chemical reséarchers. Also, the
“collection of materials relating to raw materials and sub-materials is carried
out,



4) Quality of make-up water and waste waler

(1) Qualty of make-up water

The quality of make-up water al the factory is shown in Table 3.2.2.

Table 3.2.2 Quality of Make-up Water

h' 1 2

Name of Sanple ¥ell Water Qutlet of

[tenms : Softener
Tenp. (C) 15 15

p H (=) 7.5 7.5
CODec, {ng/ 2 ) R -

T-Hardness Cddy | - 12,4 0.02
ce (mg/2)| 8 : -
T-F e (ng/ ¢ ) <p.05 | o

No. I: Well water used as make-up water L
No. 2: Well water used after being freated in the soflener

& o 3] -Q'ualily of waste water
a. Characteristics of waste water discharge -
® Painting booth washing waste water (0.87 m’/day)

The painting booths consist of two booths of 2.4 m’, two booths of 3.7
m’ and four booths of 3.4 m’, Of these, while polyurethane lacquer is
constanly used in one of the 3.4 m’ booths (Sample No.3), and
ﬁ'ansparent polyurethane lacquer is constantly used in one of the 3.7 m’
booths (Sample No.4). The other booths are used whenever there are
orders for painting. At the time of the survey on June 10, 1996, two 2.4
m?® tanks, Booth A (sample No.5), and Booth B (Sample No.6) were in
use.

Waste water is discharged at a rate of approximately two booths per month,
~ however, this is not regular, ,
The waste waler from washing of the booths contains paint that is
composed of various high polymer compounds, pigments, surface active
’1 . agents, solveits and plasticizers, eic. The faclory, however, pays the
: : utmost care (o these substances, and materials on the following substances
were presented to the survey team,
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Lacquers : xylene, cyclohexane, toluene, etc.

Dye paints : methyl glycol, ethyl glycol, butyl glycol, butyl alcohol,
aromaltic compound, xylene, toluene, chrome, cobalt, etc.

Stiffencrs : butyl alcohol, methyl ethyl ketone, toluene di-isocianate,
etc.

Solvents : bulyl alcohol, xylene, toluene, methyl ethyl ketone, ethyl
glycol acetate, elc.

@ Gluing machine washing waste water (0.45m’/day)

There are two gluing machines. They are washed every day afier work has
finished, and the waste water (Sample No.6 & No.7) is discharged after
washing. ,

- (@ Domestic wasie walter (70m*/day)

There are 482 employees.
@ Boiler blow water (182m’/day)

This waste waler contains hardly any pollution at all.
® Compressor cooling water (45m*/day)

This waste water contains hardly any pollution at all,
® Other waste water :

Waste water is discharged from the timber storage yard and the softener.

b. Volume of waste water discharge overall

The results of measuring the volume of the overall waste water at the time
of the sampling are shown in Fig. 3.2.4.
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Fig. 3.2.4 Results of Measurement of the Volume of
Waste Water Discharge Overall

Graphle representation of waste water flow in dependence of time
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¢. Quality of waste water

‘The quality of each type of waste waler is shown with the quality of waste
. water overall in Table 3.2.3. The sample No.'s and sampling points are as
¥ described below,
(No. 3-6) : Peiinting booth washing waste water
(No. 7-8): Gluing machine washing wasle water
(No. 9) - : Overall waste water during factory operaton {composie sample)
(No. 10} : Overall waste waer while faciory is closed (composie sanple)



Table 3.2.3 Quality of Each Type of Waste Water and Waste Water Overall (1/2)

[ Ko 3 4 5 6 7
Name of Sample [Lacquer line Lacquer line|Lacquer Reom|Lacquer Room Gluing
Items (vhite) (clear) {Cabine A) | (Cabine B) | Machine A
Temp. _ (C) 24 25 22 22 -
pH =) 6.7 6.2 7.5 6.7 7.1
Ss (rg/ 0) 160 700 880 250 27, 000 1
N {mg/ 2) 56 59 55 54 4, 000
N-NH» {ng/ 2) 0.18 0.25 0.4 4.7 17
N-Kjeldahl o eg/ Q) 22 34 22 24 1, 000 |
ﬁN-NOz (wg/ Q) <0.1 <o.1 <0.1 <0, 1 <0.1
N-NQ, (ng/ 2) 34 25 33 30 7
T-P (mg/ Q) L2 2.2 1.7 1.7 6.1
COD., (mg/2)| 4,000 7,000 1,500 | 10,000 19, 500
BOD - (ag/) <5 600 610 630 <5
T-fat (mg/ ) s | 1 17 8 <5
_CHC e, {nz/ ) <0.01 <0.01 <0.01 | <001 <0.01
CH:C2." meg/2)|  <o.01 <001 <001 | <61 <0.01
CC. @/ <001 | <o.01 <0m | <00 | <o.o1
Ce:CHCHC " {ng/ ) <0.01 <0.01 <0. 01 <0.01 <0.01
CQ:CHCH:C " (mg/ Q) <0.01 <0.01 - <0.01 <0. 01 - <0.01
;:H,CCQJ‘ (ng/ 2) <0. 01 <0.01 <0.01 <0.01 <0.01
'C sHs {mz/ ) <0.05 <0.05 <0.05 <0.05 <0.05
. h, {mg/ Q) ' 7.1 0.3 0.3 0.06 {  <0.05
CsH:(CH): (mg/ ¢) 19 3.0 3.2 0. 47 <0. 05
Anionic surfact;nts (mg/ Q) <8.05 3.2 8.4 - 8.2 0.6

{¥ote) * : Expression as C {
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Table 3.2.3  Qualily of Each Type of Waste Water and Waste Water Overall {(2/2)

Na 8 9 10
Name of Sample Gluing Effluent |Effluent out

{teas Machine B jworking time| of working
Temp. (1C) - 16 R
pH () 7.4 .1 69
SS {nz/2)| 1,500 3% 30
N (nz/ 2) 76 18.5 19. 1
N-NIH» {mz/ Q) 0. 11 - 0.72 Lo
N-Kjeldahl (mg/ Q) 13 16 17
N-NO. /)| <0 0.1 0.1
N-NO, : (mg/Q)- 63 2.4 . 2.0
1-P T T mg/ ) 3.3 8.5 2.1
CODe.  {(mg/ )| 13,000 20 27
BOD {mag/ ¢) 100 - <5 <5
T-fat {mg/ Q) 130 <5 <5
cHce. mg/2)|  <o0.01 <0.01 <90.01
CH.C2:' - - (me/®)| <001 | <001 <0.01
cce. (mz/ Q) <0.01 ; V<Q.'01 <0.01
CQ:CHCHCQ:" (nz/0) <0.01 <0.01 <o,0|w
CU:CHCH:Ct® (g/®)| <001 | - <00t <0.01
CH.CC2." . (mg/Q) <0.01 . <00} - <0.01
CsHe (mg/ 2) <0.05 | . <0.05 <0.01
CiHs - {(mg/ 2)| - <o0.05 <0.05 <0.01
CeH{CHaA we/ 0| <o.05 <0.05 <0.01
Anionie surfactants (mg/ ) 2 7 <0.05 < 0. 01

(Note} #* : Expression as C ¢ _
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(3) Coagulation treatment test of painting - booth waste water in the painting
process

a, Purpose of test

Waste waler from the painting booths is small in volume and accounts for a
minute share of the overall waste water. However, because it is highly
pofluted and contains organic solvents, it needs to be treated for river water
quality preservation rcasons. Coagulation floatation is commonly adopied
as the pre-treament method for painling booth waste water. Thus, a

' coagulahon treatment test was carried out on the painting booth waste
water with the aim of confirming the effectiveness of such treatment.

b. Test method

Waste water from booths No. 3-6 was mixed with overall waste water in
its actual ratio to make the test sample, AL(S0,), was added to the sample
waste water as the inorganic coagulant to coagulate and then pH valve was
adjusted by dosmg alkaline. The resulting supernatant was faken as the
treated water sample and its quality was measured o assess the
effectiveness of the treatment.

c. Testresults
- @ Quality of target waste water
The quality of the waste water mix prepared as lhe test sample is shown in

Table 3.2.4,
@ Amount of AL(SO, ), added

150 mgA of i inorganic coagulant was added. (as Al
@ Quality of treated water

The quality of the treated water is shown in Table 3.2.5.
® Toxicity test (Sp)

The tox:cuy level of the waste water sample was 2 and that of the treated
water was below 2.
® Biodegradation characteristics test (DOC)

The resulis for the waste walcr sample are shown in Fig. 3.2.5, and the
results for the treated water are shown in Fig. 3.2. 6.

d. Comment on results

®The S8 value of the treated water was high. Thus, it is thought that the SS
value of the superalant can be reduced to zero by continuing 1o

—H2—



investigate the optimum volume of coagulation assistant that should be
added. When the optimum amount is achieved, it is forecast that the
quality of the treated water will display low COD and other values.

(@ The COD level of the coagulation treated water decreased, resulling in a
higher BODICOD ratio. This shows that biodcgradability can be oblained

- from carrying oul the coagulation process.

® The coagulation treatiment was rccognized to remove organic solvent.

However, a small amount did remain at the end. '

e. Conclusion

By performing coagulation treatment on waste water from the painting
booths, it is possible to achicve treated water quality that allows biotogical
treatment to be performed.
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{tems

Name of Sample

11

Lagquer

¥aste Water

Setable Solids (mg/ ¢) 0.5
As (mg/ ¢) <0.05
Cu (mg/ Q) <0.05
Zn (mg/ 0) <0.05
Co (ag/ Q) 0.61
T-Cr (ng/ Q) 0. 11
“l; e (mg/ £} 27

Heg {mz/ ) 0. 005
TOC (mz/2)]| 2,600
CsHs (mg/ 0} 0. 57

Table 3.2.4 Quality of Sample Wasle Water

~114 -

Table 3.2.5 Quality of Treated Water

No

12

Name of Sample

Treated

Itens ) ¥aste _Water
pH - (=) 7.8
SS {mg/ 2 ) 220
N (wz/ ) 61
N-NH. {ng/ ) 3.6
—N—K jeldahl {ng/ ) 32
N-NO: (mg/ ¢) <0.1

IN-NO, (mg/g) 29
T-P 1.8
CODec. {mg/ )| 5,300
BOD (ng/ 2} 650
T-fat {mg/ 2) 9
cCHCZL.'  {mg/ Q) <0.01
CH;E:_Q—;‘ (mg/ ) <0.01
CCQ.*_ {wg/ 2} <90.61
Ce:CHCHC2-" (wg/ Q) <90.01
CL.CHCH.C2' (mg/2)| <0.01
CH-CCs' (mg/ 2 <90.01
CsHa {ng/ 2) <0.05
C:Ha (mg/ 0) 0.4
CeH{CHa): (mg/ Q) 1.2
Anionic surfactants {mg/ Q) 1.4
Zn (mg/ Q) 0.71
(Note) * : Expression as C ¢
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Fig. 3.2.5 Biodegradation of Painting Booth Waste Water
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' 3.22° Water Conservation

1) Cument condition of water usage and conservaiion
(1) Features of water usage
® _One}}.réil is the féclbry's only source of water, The well water is pumped

3¢ *to an elevated water tank, from where it is then distributed throughout the
whole factory. : '
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@ Steam condensate from the boiler is récovered and used again.  However,
apart from that, all other water is discharged after being used only once. '

® Boiler water accounts for a large percentage of the total water usage
(approximalely 61%), and this is followed by domestic water
(approximately 23%) and cooling water (approximately 15%). However,
as will be described Iater, doubts exist with regard to the amount of water
used by the boiler. -

@ The only water directly used on the production processes is the very small
amount (1.3 m’/day) used in the washing of the painting booths, ctc.

® Cooling watet is used for compressor cooling and is discharged after
being used only once. '

® ‘The volume of domestic waste water (70 m*/day) is large compared to the
number of employees (482). However, this is thought to be because all
waste waler that was unaccounted for at the time of calculation of the
overall water balance was classed under this heading.

(2) Current condition of water conservation

@ A flow meter has not been installed in the well, and the volume of water
usage is estimalted from the time of pump operation,

@ Because there is an elevaled water tank, there is no over-pumping up of
well water, ] , S

@ Approximately 55% of the boiiér;s!ea:n condensate is recovered for reuse.
However, the volume of water and recovery rate shown here are design
values calculated for the case where all the boilers (three boilers,
evaporative capacity 16.9 tons/hour) operate for 24 hours. Thus, the
figures are a poor reflection of the actual situatton.

@ The existing boiler operating conditions are as follows :
+ Summer (April-October) : 2.0-2.5 tons/hour X 5 dayshveek x 24

hours/day 7 |
« Winter (November-March) : 8 tons/hour x 2 boilers x 50% opéralion x
24 hours/day

® The volume of waler measured at the outlet was approximalely 60 m’f,
and the daily volume can exceed 1,000 ny’. This is amuch greatér volume
than the figure indicated (298 m'/day).
It is suspected that this is due to the fact that water from the timber
conveying canal flow out into the drainage ditch. 7

® There are a number of question marks concerning the water volumes given
on the questionnaire, and it is possible that actual values are smaller than
these.
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2) Planning of waler conservation system
(1) Implementation of water usage control

In the current silmation, the amount of water pumped from the well is not
measured and there is practically no control of water usage at all. A flow
meter must first be fitted in the well and the control of water usage must be
implemented throughout the whole factory. These are the basic conditions for
waler conservation. :

In the aforementioned currenl' situation where the volume of waler usage is
considered (o be greatly inaccurate, there is litde point in examining individual
means of water conservation.

(2) Recycling of indirect cooling water for air compressor
(a) Ouﬁim of plan
 The indirect cooling water used in the compressor is currently discharged
after being used only once. The plan is to recycle this waste water for
further use by means of a cooling tower.

As the water temperature at the outlet is unknown, it has been assumed as
20°C. Morcover, the plan here was compiled assuming the amount of

water entered on the questionnaire to be correct.

(b) Basic conditions

The basic conditions are indicated in Table 3.2.6.

Table 3.2.6 Basic Conditions

Present plan
Water quantity (m’A) 45 45
Opesation time (h) ' 8 8
Waler quantity {m*/h) _ 5.6 5.6
Water temperature C inles . 15 25
outlet 25 35
Recovery rate % 95
Saving quanlity (m’Al) 428
Cooling load (Kealh) 56,000 56,000
Annual operating days | 239 239
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{c) Outline specifications of equipment

The outline equipment specifications are shown in Table 3.2.7.

Table 3.2.7 OQOulline Specifications of Egnipment

Item Number of Unil Specifications
Cooling tower 1 78,000 Kealh Fan power 0.6 kw
Circulation pump ' 2 Diameter 40 ¢, Power 1.5 kw
{including 1 standby)
Instrumientation and ¥ set - Electrical conductivity indicator
Controller .
Piping 1 set Circulation piping 65 ¢

Discharge piping 25 ¢

- Water supply piping 15 ¢

{d) Schematic flow sheet and layout drawing

The schematic flow sheet is shown in Fig. 3.2.7 and the layout drawing is
shown in Fig. 3.2.8. |

Fig. 3.2.7 Schematic Flow Sheet  Fig. 3.2.8 Piping Diagram

- Hleat Exchanger et 000 ———— P
1

Cool i_n‘g—r o ' L
Tower O I:] o
feed -_‘ FA AR ERKR - o -

¥ater

. -
" Blow Recycling
N 1 :

l I - Downbi’um!?

—118—



f

§ &

(e) Rohgh estimation of required cost

* Equipment cost
The equipment cost is indicated in Table 3.2.8.

Table 3.2.8 Equipment Cosl

ltem Unit price Number Price
(Thousand SIT} (Thousand SIT)

_ Cooling tower 460 i 460
Circulalion pumps 180 2 360
Instrumentation controlles 1 set 100
Piping 1 set 687
Installation and 1 set 276

other site works
Total 1.883
+ Qperating cost
The operating cost is indicated in Table 3.2.9.
Table 3.2.9 Operating Cost

Iiem - Requifed Unit " Requited cost Cost per Unit of

amount price

recoverd waler

(STT/d) (Thousand SIT/y)  (SiT/m")

BElectricity 2.1kw x3Wd x 0.8 I55iT/kw + h 282 48.2 4.7
Labor cost  Concurrent with other work

Chemicals 178 40.9 4.0
Total T 3T 89.1 8.7

*» Required cost
The required cost is indicated in Table 3.2.10

Table 3.2.10 Required Cost

Item . ~ Annval cost Cosl fer recovered water  Reimarks
' (Thousand SIT) (SIT/m’)
Fixed cost
 Byipmont &prciation 126.2 Equal depreciation over 15
years - ' :
Interest - 94.2 10%
Byipmant mantenance 94.2 5% of equipment costyear
cosl , )
Subtofal 314.6 10.8 -
© Operation cost ' " 89. 8.7
Total : 403.7 9.5
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(f) Technical comment

(D The temperature of the currently used cooling water is approximately

15°C. The temperature that can be obtained from the cooling tower in
the hottest part of summer is approximately 25°C. Thus, there is a risk
that the cooling of oil during this short summer period may not be
sufficient.
In this case, it would be necessary to femporarily increase the amount of
water from the well or o change over to well water completely.
However, as it is imagined that the period in question woulg last around
two months, it is considered that the water saving effect would be
sufficently high.

@ The well water is fairly hard (approximately 12 dH). Therefore, if the
degrec of circulation (usually expressed as the degree of
concentration) in the cooling tower is raised, there is a risk that scale
would appear and cause corrosion. Judging from the qtlaiily of the well
water, it is thought that the cooling tower could be operaled with a
concentration degree of two times. Based on this precondition, the
coolmg tower operaung conditions were assumed in the following
manner.,

+ The cooling temperature difference is 10°C, and the equlvalem
evaporation rate is approximately 2%.

'+ 'The blow down rate (discharge rate} required for a concentration
degree of two times is approximately 2%.

« ‘The overall rate of water loss including flyaway loss is approximately
5%. Thus, the ratic of make-up water from the well is also 5%.

» Based on the above assumptions, a recovery rate {equivalent {0 the
water saving rate) of 95% can be achieved.

(g) Economic comment

The cost per unit of water saved in this system is approximately 40 SIT/m?,
This figure shalt be examined under the following conditions.

@ In the current situation, beéause 62.9 SIT/m is being spent on water usage
and waste water mallers, the use of water recycling is clearly advantageous.
Moreoves, according 1o stale and municipal regulations, this cost should
come to approximately 57 SIT/m’.

@ In the future case where waste water comes (o be discharged info the
sewerage systen), an additional sewage charge of af least 100 SIT/m* will
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come 10 be charged. Thus, the use of water recycling would become even
more advantageous.

@ In the case where waste water is confinued {o be discharged into the river,
it is thought that tax for water use of approximately 41 SIT/m’ will need to
be paid. Thus, again, the use of water recycling would be economically
feasible.

(h) Other problems

Because the amount of polluted waste waler generated from the factory is
small (1.3 m*/day), any polluted waste water must be largely diluted by
discharged cooling water. If the amount of discharged cooling water is
reduced through the adoption of a water recycling system, this dilution
effect will disappear and there is a possibility that the whole waste water

treatment system will be affected. '

Reclamation of waste water

(D The volume of waste water generated from the washing of the painting

booths is extremely small, however, the degree of pollution is very high.
Consequently, the reclamation of wasle waler is totally inappropriate.

@ Because the sewage charge is so cheap, it is almost certain that the
reclamation of domestic waste water would not be economically feasible.

Other possibilities of water conservation
In view of the large volusne of water used for domestic purposes, saving can
be considered here. Possible methods in lhlS area are as follows :

D Use of watér saving toilets

@ Installation of automatic washing devices on men's urinals

® Provision of water saving disk and orifices, efc. on faucets and showers.
Each of the above methods is simple to implemenl and it is desirable that
such unprovements be carried out without fall on all newly installed facilities

and successively on existing facilities, (00.
“The fact that the volume of domestic water is large compared to the number of
employces was pointed out eartier. '
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(4) Summary of the water conservation plan

The waler consesvation plan is indicated in ‘Table 3.2.11.

Table 3.2.11  Summary of the Water Conservation Plan

~ No. Contents of Water saving amount Cost per recoverad water
conservation plan m’Aday SIT/m’
1 Recycling of indirect cooling
water for air compressor 428 - 395
by a cooling tower
" Totad 428 39.5
Now After water
] conservation
Volume of water usage m’fday 298 257
Unit consumption of water ~ m/set - 0.74 0.64
Note : Production of kitchen sets 96,552y, 404/d
Water saving rate 13.7%

P_retr_eétmg’nt that Satisfies WWTP Dische_irge Standards, and
Waste Water Treatment

Current condition of Wéste_ water

Maries Holding Maribor d.d. is composed of a general timber sawing factory, a
veneer factory, a furniture factory and a wooden building’faclory. Measurement
of the combined waste water volume at the time of the sampling found it to be
greaily in excess of the waste water discharged by the furniture factory, and it is
guessed that waste water from the imber storagé yard at the sawing faétory was
discharged at the time. The quality of the discharged waler is well within the
WWTP and river dnscha:gc standards, and there is no need to install a wasle
water treatment plant at the present time. However depending on the conditions
of waste waler discharge from the furniture factory, there is arisk that the waste
water quality may exceed standard levels in future.

The waste water discharged from the furniture factory is only small in volume,
but it conlains a high concentration of organic matter. Therefore, it would be
economically advantageous (o treal this waste waler at the point of gencration
before it comes to be diluted with the other low concentration waste water.

The waste water generated from the furniture factory is composed of the
following types.
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a.

Waste water that requires treatment

(D Painting booth washing waste water
This contains a high concentration of'or'ganic matter, and is discharged in
extremely small quantitics at irregular intcrvals,

@ Gluing machine washing waste water
This contains a high conceniration of organic matter, and is discharged in
extremely small quantities at the end of every working day.

@ Domestic waste water

This is discharged all the time.

b. Wasle water that docs not require treatment

@ Boiler blow water

This waste waler contains hardly any pellution at all,

@ Compressor cooling water

_'This waste water contains hardly any polution at all.

2} Pre-treatment plant

(1) Basis for system selection

Waste water treatment in the furpiture manufacturing process is centered
around the washing wasle water f(om the painting booths and the gluing

- machines. This waste waler is highly organic and contains a high degree of

COD, but it is discharged in very small quantities, COD can be treated by
means of the following processes ¢

_ @ Physical treatment methods such as coagulation and sedimentation, etc.
- @ Chemical treatment methods such as Fenton oxidation, etc.

(® Combustion treatment
@ Wet oxidation, ele.

' As the resulls of the coagulation treatment test showed lhe treated water
~ possesses biodegradability. Because this method is commonly adopted and
~ involves cheap initial and running costs, it shall be adopted here.

Atomized firing can be said to be a suilable method in view of the small
volume of waste water and the fact that it leaves no difficulties for fater waste
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water treatment. However, this would entail problems in that operation is
nol easy and there is a risk of combustion products causing secondary
pollution because of the organic chlorine compounds contained (albeit in
minute quantities) in the waste water. Similar problems exist in the case of
wel oxidation, 100.

Chemical processing through the Phenton oxidation method, etc. is
problematic in that more oxidant than theoretically planned becomes necessary
and there is a risk of intermediate oxidation products causing secondary
pollution when total oxidation is aimed for. These problems could be
overcome by combining the process with a unit operation method such as
aclive carbon adsorption, etc., however, this is more costly than the
coagulation and sedimentation method. :

Outline of pre-freatment system

The pre-treatment targets the waste water from the Washing of the painting
booths and gluing machines and involves the batchwise treatment of these
waste waters mixed together. The waste water is discharged into a waste
water receiving tank, where it is homogenized. Fi‘o_m there, it is fed by
storage pump into a reaction tank. Here, aset amount of Al(SQ, ), is added
and, moreover, NaOH is added under control by a pH mefer installed in the
tank in order {o neutralize the water. Next, anionic high polymer ooagulant is
added to form ftoc, and this completes the coagu!auon process.

Following that, the floc is left to separate by sedimentation. After more
anionic high polymer coagulant has been added to the sludge sediment, the
studge is dehydrated in a dﬁhydralor, and the resultmg dchydrated cake is then
carried oul.

The quality of waler in the stabilization tank will probably vary with each
batch of waste water from the painting booths, and it will be necessary to
have an accurale grasp during the operation of the optimum amount of
AL,(S0,), that needs to be added. '

Design conditions
a. Quahty of waste water

The quality and volumes of waste water are shown in Table 3. 2 12,
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Table 3.2.12 Quality of Waste Water

% Waste Water of |Waste Water of
Painting Booth|Gluing Machine
pH 6.7~17.5 6.9~7.1
cop (mg/ @)} 4,000~11,500]11,000~19, 500
80D (mg/ 2)} (600~630) (100)
SS (mg/ 2) 15];9380 1,500~ 27,000
T-fat  (ng/ Q) 8~ 48 130
N-NHs  (mg/ Q) 0.1~4.17 0. 11~17
N-N0: (mg/ Q) <01 <0.1
T-P {mg/ 2 ) 1.2~2.2 3.3~6.1
@ /day 0.87 0.45

b. Volume of treated waler

The volume of treated water is 304 m*/day.

Gluing machine washing waste water
Painting booth washing waste water
Regenerated water from a softener

@ Waste water that requires treatment

: 0.45m*/day
: 0.87m*/day
: Sm*/day

(@ Waste water that does not require treatment

Domestic waste water
Boiler blow water
Compressor cooling water

c. Waste water inflow time

12 hourslday

d. Operating time
12 hours/day

. Quality of treated water

i
o
<

: 70m*/day
: 180m*/day
: 45m’/day

The water quality standards for the case of river discharge and the case of

WWTP discharge are shown in Table 3,2.13.
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Table 3.2.13 Quality Standards of Waste Water

Item unit River Sewage
1 Temperature T 30 40
2 pH -- 6.5--9.0 6.5--9.5
3 §S mg/l g0 (2)
4 SV,, mU/ 0.5 10
5 SAK(Color unit)
436nm m! 7.0
525nm m! 5.0 )
620nm m' 30
6 Tonicity test {SD) mght K -
7 Biodegradation % - (c}
8 B mgll - 1.0 10.0
9 Al mg/l 30 ()
10 As mgil 0.1 0.1
11 Cu mg/l 0.5 0.5
12 Ba mgli 5.0 5.0
13 Zn mgil 2.0 2.0
14 Cd mg/l 6.1 0.1
15 Co mgil 1.0 1.0
16 Sn mgil 2.0 2.0
17 TCr mgil 0.5 0.5
i8 ot mgdl 0.1 0.1
19 Ni mg/l 0.5 0.5
20 Ag mg/l 0.1 0.1
21 Pb mg/l 0.5 0.5
2?2 Fe mgll - 2.0 {d)
23 Hg mgfl 0.81 .01
24 CL(Free chlorine) mg/l 0.2 0.5
25 Cl(Total effective chlorine) mgfi 0.5 1.0
26 N-NH, mgf 10 (e)
27 N-NO, mgll 1.6 10
28 N-NO, mg/l ) -
29 TCN mg/l 0.5 10
30 Free (N mgll 0.1 0.1
31 F mgli I0 20
32 - mgil ® - -
33 TP mgfl 2.0(1.0(h)) -
34 SO, mg/l T (0 o0
is S mg/l 0.1 1.0
36 50, mgfl 1.0 10
37 TOC mgfl 0 -
38 oD, mg/l 120 -
39 BOD, mgfl 25 -
40 Total oil and fat mgfl 20 - 100
41 THC mg/l 10 20
42 Aromatic organic chlorine mg/l 0.1 1.0
43 Absorbent organic chlorine mgll 0.5 0.5
44 Volatile organic chlorine mgfi 0.1 0.1
45 Aqueous organic chlorine mgfi {x) )
46 Phenol mgli 0.1 10
47~ Surfactant mg/l 1.0 -

Note: (a)-(1): not applicable in this factory.
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(3) Equipment specificalions
a. Flow sheet

The pre-treatment plant flow sheet is shown in Fig. 3.2.9.

b, Layout

The pre-treatment plant fayout is shown in Fig. 3.2.10.

c. Equipment list

The pre-treatment plant equipment list is shown in Table 3.2.14,
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Table 3.2.14 Equipment List (1/4)

No. Iten ¥ty | Material Specification Remark
1 [Waste Water
Receiver Tank | RC Capac;ty : Gm®
Shape : 2.7a%X1.8aLX2.0mD
with air diffuser
Puap Z FC 50¢X12(;Q/min><8m><l.5kw

Submersion type

Level Switch I | me Float type
2 [Nal Reaction Tank | FRP (‘ap_apify : 2n?
Shape : _l.5q5m>(l.8m1-l
Coan t)pe 7
Fump I CSHR/L 7 40¢Xl(D§é/minX8mXQ.4kw
Cemrifﬁgal type for Slurry:
Agitator ] CSHR/L Vertical type (.75kw
pH Meter I Dip type
Level Switch 1 F¥C | Floal type
3 |Rezcnerated Waste Water | 1 l%(HFRP Capacity : 10nf
Tank Shape : 3. ]n:’ﬁ)(Z.dr:lLX.'SmD . N
) Level Switeh 1 PVC Float type
Pump ) 2 | e B¢ X200 /minX8aX0.T5kw N
4 Neutraliza;;.ion Tank 1 FRP Capacity : 2008 |
7 Agitator ) l SS+R/L Portable type 0. Ik¥
pH Meter | Bip type, 0~14, 4-»200;“_




Table 3.2.14 Equipment List (2/4)

No. [tem Q' Material Specification Remark
5 {Sludge Storage Tank 1 RC Capacity : 5a’
Shape : 2.7aLWX 1. Zal X2, 0sD N
) with air dif—fuser o
Pump | FC 50¢ X602 /minX 10nX0. Tokw
Submersion ln)_e for siturry S
Level Switch ) Sus Electrode type
Flow Meter | Box type -
6 1Studge Coazulation T;lk A cs - |Capacity : 0.1a?
Shape : 0.4aX0.4aX0. HoH N
Agitator 2 SUS Portable type O.lkw I
7 |behydrator 1 Belt Press type, 0.87kw
i Filter wide BSQm/m 0
$iudze box I’
8 [A12(504) s Tank t | e |copacity : 5000 ﬁ
| - Shape : 0.9m¢> X 1.6mH o
Ml Reaction Tank o )
Peed Punp| 1 | B¥C 15_<;sx—0.259/mnx 10ke/ca® X 0. 2KW
Diaphram type
Agitaior i SSHR/L Vertical type O.lkw
Level Switch I Sus Pleclrode type 1
‘“;}“ NaOHl Tank 1 FRP Capacity : In’ ‘
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Table 3.2.14 Equipment List (3/4)

No. Item Q'ty | Material Specification Remark
Shape : 1.3ng X 1.6sH
; —J“l;l;l.l__R—e:a‘cut—ion Tank )
Feed Pump| 1 PV 25¢ X6Q /minX 3kg/cn® X0, 2k
-I;i-aphram type
Neutralization o
Feed Pump| 1 PV ES;XO.[BQ /minX 10kg/cen® X0. 2k N
b Diaphram type N |
Agitator | s Vertical type (0.4kw
Level Switch 1 Sus Electrode type
1 0 |Posyner(s) Tank i FRP Capacity & 1.5n"
- ) Shape : 1.2 m¢ X 1.3nH
Mol Reaction Tank
Peed Pusp| 1 | PVC 156 X0.25 ¢ /minX |0ke/cn’ X0, Zkw
Diaphram type
Sludge toagulalion -
Tank Feed Fump| 1 £VC 15¢ X0, 25 @ /min X [(kg/cn® X0, 2k«
B 7 Piaphram type |
Agitator 1 SUS Vertical- type 0.75kw
| Level Switch i SUS Electrode type
_E 1 [Blower
for Acration 2 504 X 1. 84n" /min X A500mmAq X 3. TkW
Flow meler | CS Area type “

for Azitation

504 X 1. ZBm"/minX-‘lS(HmﬁqXS.?kﬁ
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Table 3.2.14 Equipment List (4/4)

No. lten 'ty | Material Specificat i;;m Remark
I 2 |Contro! Panel 1 {ndoor self-standing enclosed type
Push button switch
Alara lamp
o pR indicator
1 3 |Pipe
Raw Waste Water Line VP
Treated Water Line o VP
| Chemicat I}os—ing, Line VP
Air Line Sep
14 B=ilding Stee! frame %|156 m X Td

slate roof
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d. Design calculations shect
+ Waste water receiving tank

- The tank will receive 0.45 m*/day of wasle water from gluing machine
washing and a maximum of 3.7m® of waste water from painting booth
washing at any one time (irregular infesvals).
0.45m* + 3.7m’ = 4,15m’

Finally decided value : Sm’

+ Reaction tank

Batchwise treatment shall be performed once per day. The volume of
waste water is 1.32m’ per day, and added chemicals will also be taken
into account. : '

Finally decided value : 2m’

* Regenerated waste walter tank

One baich capacity (83m’/day) for recovered waste water of softener.
$m*/day x 1 day = 3m’

Determined value - 10m®

¢+ Neutralization tank

Water retention in excess of 10 minutes for average water inflow (8m’).
8m’/day + 24hvday + 60min/h x 10min = 601
Equipping capacity of agitator and pH indicator

Detennined value : 2001

* Sludge tank

One day studge quantity
Coagulited sludge (A, (SO, ), 18H,0(Quantity to be added : 42.6kg/day)
21.9kg/day x 0.456 10kg/day (as AI(OH),) '
1.32m*/day x 5,150g/m’ 6.8kg/day (as SS)
Total 16.8kg/day (as Dry)

840kg/day (as 2%) :
Water retention of more than 3 days with dehydrator operating as 8
hoursf3days '
V = 0.84m’/day x 3days =2.5m*

Determined value Sm;’
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» AL(SO, ), tank

Volume used : (102 kg/day as Al,O, 8% (27.3 kg/day as dry solid)
@ The tank shall hold a five day supply.
V=102 kg/day + 1.2 (specific gravily) x 5 days = 425
Finally decided value : 500 11

» NaOH tank

Volume used : 15.4 kg/day (as 100%) = 308 kg/day {as 5%)
The tank shall hold a five day supply.
V=308 kg/day + 1 kg/l x 5 days = 1,540

Finally decided value : 2 m’

+ Polymer tank (A) (Concentration degree 0.1%)

- Quantity to be used - :
For waste water 0.018kg/day as dry (Adding 0.5% of SS quantity)
For dehydration 0.11kg/day as dry (Adding 0.5% of SS quantity)
Total 0.128kg/day as dry
0.128kg/day + 0.1% = 128kg/day
& ~ Waler retention of 5 days :
' V= 128kg/day + Ikg/1x Sdays = 6401

Detenmined value @ im?

» Dehydrator

7Sludge coagulation tank
Water retention of approximately 5 minutes :
V = 0.84m’/day + 8h/day x 5/60 = 0.00875m’
o P_etenn_i_ngt_i value : 101 x 2 (tanks)

’ Dehydralor

Sludge processing quantity : 16.8kg/day as dry

Moisture rate of dried sludge : 85% - -

Processing capacity : 50.4kg/3days + 8h!3days = 2,1kg/h as Dry
Determined value : Bell préss type for 3kg-Dry/h
Studge volume ; 50.4kg/3days + 0.15 = 336kg/3days = 112kg/day




+ Blower for agitation

Aeration strength : 1 m*m*hour
‘fotal tank volume : 62 m*

Required air volume = 62 m® x 1 m%m’/hour = 62 m*/day = 1.0%/min.

Finally decided valuc : 1.28 m’/min. x 4,500 mmAq x 3.7 kW

{4) Equipment cost
The equipment cost is 23,955,000 SIT.

The equipment cost is indicated in Table 3.2.15.

Table 3.2.15 Equipment Cost

Equipment Thousand SIT
Agitator 5,457,000
Instrumentation 813,000
Others (tanks) 3,250,000

Subtotal 9,560,000

Site works )
Equipment installation and piping 2,111,000
Electrical work o 2,229,000
Painting work 81,000
Civil engineering work 3,575,000
Building work 4,225,000
Site sapervision © 877,000
“Trial operation 63,000
Subtotal 13,166,000
__ Design cost 1,229,000
Total 23,955,000

(5) Operating cost
The operating cost is 2,108,000 SiT/year.

The operating cost is shown in Table 3.2.16. -




Table 3.2.16 Operating Cost

- Chemical Costs  SIT/Year :
NaOH ' 154 kg/day x 83.2 SIitkg x 239 dy ' =306,226

Al(SO¢ ) 42.6 kg/day x 39.15 $iT/g x 239 dy = 398,602

Polymer A (powder) 0.19 kg/day x 990 S1T/kg x 239 dy = 44,956

Subtotal (749,784)
Electricity charge 58 kwh/day x 15 SIT/kwh x 239 days = 207,930
Sludge disposal 0.112m’dy x 1,423 STTYm® x 239 days ' = 38,091
Kerosene charge 12 Ifday x 60 SIT/ | x 90 days = 64,800
Maintepance 16,155,000 SIT x 0.05 = 807,750
Personnel expenses 1,200,000 SIT{y-person x | personx 0.2 = 240,000

~ Total : 2,108,355

(6) Economic comment

a. Condilions

@ Depreciation period : Eguipment 15 years
Building, civil engincering 40 years
- @ Rale of interest "~ 1 10% per annum
® Depreciation method @ Equal depreciation
- ® -WWTP discharge charge: 176.56 SIT/m®
® River discharge ¢ OSIT/m®
®  Annual waste water treatrncat volume

¢ 9,92 nMay x 239 days/year = 2,227.48 mifyear

_ b. Treatmént cost per 1 m® of waste water

" The treatment cost per 1 m® of waste water is 2,055 SIT/m’.
The breakdown of this unit treatment cost is shown in Table 3.2.17.
Therefore, the cost of treating one cubic meter of all of the waste water is
~ as follows.

DHDDD) + (303 mKay x 239 daysess) + 176,56 STThn' = 4081 Tn?
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Table 3.2.17 Classification of the Treatment Cost per I1nr of Waste Water

Ttems Contents Cost (SITfyear)
Depreciation perod Equipment 16,155,000 SIT + 15 years U 1,077,000 Sitfyear
Buildings, Civil works 7,800,000 SIT + 40years @ 195,000 SIThear
Rate of interest 23,955,000 x 0(15_ - @ 1,197,750 SITjear
Running cost B @ 2,108,000 SITjear
@+ @+B® + @)+222148 2,055 SIT/m’

3) Waste water treatment system
(1) Basis for system selection

The wasle waler that requires treatment is thal from the washing of the
painting booths and gluing machines and also the domestic waste water, and
all these wastc waters contain organic matier. The central unit process within
an organic waste water treatment system is biological treatment. Biological
treatment can either involve anacrobic treatment or aciobic treatment.
Generally speaking, the former is used {0 pre-treat waste water of medium-to-
high concentration, and the fatter is used to treat medium-to-low-concentration
waste water intended for discharge.

The wasle water from the washing of the painting booths and gluing machines
is high concentration organic waste waler, and it contains minule quantitics of
composife organic compounds. These compounds often obstruct the
- biological treatreent process and do not biologically degrade easily, i.e. they
are refractory organics. The waste waler sampled was found to contain minute
traces of toluene, xylene and surface aclive agent. However, it is possible to
partially remove these chemical substances thr_oilgh coagulation treatment and
further treat them by means of acrobic biological treatment by
acclimatizations. ' '

Thus, the planned system is one of pre-treatment consfsting of coagulation
and sed__imemat_ion, followed by acrobic biological treatment. The aerobic
biologiéaj treatment shall be performed on a waste water mix with domestic
waste waler confaining nitrogen and phosphorous and, in consideration of the
nitrification of remaining nitrogen, the contact acration method shall be
adopted,

_]38‘ﬁ
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(2) Qutline of waste water treatiment system

{® Washing waste water from painting booths and gluing machines

‘The same treatment as perfonned in the pre-treatment plant is carried oul.
However, supernalant will be discharged into a siabilization tank, and the

~ sludge sediment will be sent to a sludge storage tank,

Domestic waste water

After being passed through a screen to remove foreign material, the
domestic wasie walter is stored in a waste waler storage tank, A set amount
of the waste walter is then guided by storage pump into a stabilization tank,
where it is mixed and equalized with the above-mentioned washing wasie
water. A set quantity of the mixed waste waler is then fed by storage pump
inlo a conlact aeration tank, where organic material is treated and
nitrification takes place. After that, the treated water is fed into a
sedimentation 1ank, where sludge is separated by sedimentation. The

- supematant is fed into No.2 reactor where the removal of phosphorous

takes place. In this process, a set amount of AL(SO, }, is added and,
moreover, coagulation is made to occur 'lﬁmﬁgh the addition of NaOH
under control by a pH mefer installed in the reaction tank. The coagulation
process is completed with the addition of anionic high polymer coagutant
to form floc. The treated waler from the coagulation process is sent on

'No.2 sedimentation tank, where phosphorous is separated by
sedimentation, The resulting supernatant is then fed into the monitoring
* tank, where it is mixed logether with boiler blow water and compressor

cooling water. This waler mix flows by gravily into a water quality

' 'm(')niloring tank. After the pH value is automatically recorded and

monitored in the monitoring tank, the water is finally discharged into the
Drava River. If an abnormal pH value is measured in the monitoring tank,
an alarm will be raised. Incidentally, part of the separated sludge scdiment
is sent back to the aeration tank, and excess sludge is sent to the sludge
storage tank.

Regenerated water from the softener

Regenerated waste water from the softener is discharged into the waste
waler receiving tank. From there, a set amountis fed by s'torégc pump in(o
the neutralization tank, where neutralization takes- place through the
addition of NaOH under control by the pH meter installed in the tank, The
treated water is then sent to the stabilization tank.
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@ Excess siudge

Excess sludge that has been separated in the sedimentation tank is sent to
the sludge storage tank, where it joins the sludge separated from the
painting booth and gluing machine washing waste waler. A set amount of
the sludge is fed into the dehydrator and, after coagulation has taken place
through the addition of anionic high polymer coagulant and cationic high
polymer coagulant, dehydration takes place. The resulting dehydrated cake
is then taken to the landfill for final disposal.

® Boiler blow water and compressor cooling water

This water is directly sent into the monitoring tank.

3) Désign conditions
a. Quality of waste waler

7 ’I‘he quality and volumes of waste water are shown in Table 3.2.13.

b. Volur_nerofrlm;aled waler

The volume of treated water is 304 m*/day.

(D Waste water that requires treatment
Washing wasle water from gluing _macilines : 0.45_nﬁ’lday
Washing waste water from painting booths :  0.87 m*/day
Softener regenerated waste water : $m’fday
Domeslic waste water © 1 T0m/day
@ Waste waler that does not require treatment

Boiler blow water ~ : 180 fn’ld_ay
Compressor cooling water : 45 mfday

¢. Waste water inflow time

12 hours/day

d. Operaling Ume
24 hours/day
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e. Quality of treated water
% The water quality standards for the case of river discharge and the case of
WWTP discharge are shown in Table 3.2.13.
Table 3.2.12 Quality Standards of Wasle Water
(3) Equipment specifications
a. Flow sheet

The waste water treatment plant flow sheet is shown in Fig. 3.2.11.

b. Layout

The waste water treatment plant layout is shown in Fig. 3.2.12.

c. Malerial balance

The matedal balance of the waste water treatment plant is shown in Fig.
3.2.13,

d. Equipment hist

The waste waler treatment plant equipment list is shown in Table 3.2.18,

@
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Table 3.2.18 Egquipment List (1/7)

No. Item Q'ty | Material Specification Remark
1 (¥aste Water _
Receiver Tank | RC Capacitly : bn®
7 Shape : 2.7m¥Xx|.8alx2.0ad
- wilh air diffuser 7
Pump 2 FC 506 X 120Q /min X 85X 1.5k
o Submersion type
B Level Switch i —PVC Float type
"2*“' Mal Reaction Tank 1 FRP Capacity : Zn’ a
Shape @ 1.5¢nx|.8al
Coan type
P_ump | CS4R/L 40¢ X 1000 /minX8ax 0. dke
Centrifugal type for slurry
Agitator I CSiRﬂ.V Vertical type (.75kw
pH Meter 1 Dip type ‘ u
Level Switch ""l FVC Float type
““5“’ Screen Pit 1 RC
Bar Screen i Sus Sli—:— 200/m N
~ Auto Screen 1| sts sit 1.5n/nX0.1
4 Domest ic ’h"asié Water
! Receiver Tank i RC Capacity : 6m°
Shép_e_ _:_é. Te¥ X 1. 4nl X 2. 00D
Pump 2 FC 504 X150 ¢ /mir:;KBmXD. 7okw N
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Table 3.2.18 Equipment List (2/7)

- No. {ten Q'ty { Material Specification - Remark
Submersion type
Level Switch oo Float type
5 |Rezenerated Wasie Water | | RC+FRP Capacity © 10o
o Tank a Shape ! 3.1nWX2.4alX3rD
______ | level Switch ,l e , Float tyée
Pump 2 Ve 2065 X208 /ninX8mX 0. 7oky
6 |Neulralization Tank i FRP Cap;;w : Z[DQ
Agita;)_r i SSHR/L Portable type 0. 1k¥ )
pll };!eter | Dip t)’pe,- 0~14, -i!“vZOmA
7 |AMtabilization Tank 1 RC .. Capacity : 50d
Shape ¢ 3.1a¥X7.00L%3.5aD
with air diffuser
Pump 4 FC 40¢X1[I)Q/min>(8mx0.4kw :
i Submersion type
Levei Switch_ I Ve Float type
Flow Meter 1 Box type
& [Aeration Tank 1 RC Capacity : 40n®
- Shape : 3.0aWXd. laLX 3.5
i with air diffuser
“ Contact media : 24n*




Table 3.2.18 Equipment List (3/7)

Xo. [tem Q'ty | Vaterial Specification Remark
9 I\bi Sedimentation Tank 1 RC gu_l:face area : 9m
Shabe : 3.0ex3.0nX 3aD
with air 7liift bump
Sludge Collector i cs Rake t)’pe-E).de
© Pump 1 | FC A0 X60 ¢ /minX 150X 1. 5k% -
- Centrifugal type
1 € |{NoZ Reaction Tank 1 RC+FRP Capacity ! In®
7 Shape : G.7u¥X lmLVXZmD — o
i Agit;or 1 SSHR/L Vert;{:al type 0.4kw
pH Meter 1 | bip type, G¥l4,4“~20mA
1 1 |Coagulation tank | RC Capacity : E;{DQ
) shape : 0.7a¥X0.70LX 20D
Agitator | 5Us Vertical type 0. lke
1 2 |NoZ Sedimentation Tank 1 RC Surface area @ 4o’
- Shape © 2.0n%¥ X Z.0al X3aD
Cone t'ypc_
Siudge Collector l Cs Rake type 0.4k«
Punp ! FC 40A¢ X508 /ainX 100X 0. 75k
1 3 |Monitoring Tank 1 RC Capacity @ 4n’
Shape @ Z.70RX 2. ImL X 2ZnD
pHi Meter | bip type, 0;14. 4~200A o
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Table 3.2.18 Equipment List (4/7)

E;'o item Q'ty | Materiai Specification Repark
Tq Treated Water Tank 1 RC Capacity : 4df o
Shape : 2.7adX2.lal X 2uD N
Pump 2 FC 804 X500 ¢ /iﬁxlSmXZ.ka
ie\'el Switch | P Float type
1 5 [Sludze Storage Tank 1 ]C Capacity : om’
Shape : 2.7sL¥X 1. 2oL X 2. Oud
e with air diffuser
7 Pulip t | Fc 506 X608 /ninX 100X 0. 75k«
Submersion type for sltirry
Level S\;itch | SUS Blectrod; type :
Flow Meter 1 Box type--
t 6 |Sludge Coagulation Tank 2 cs Capacily : 0.1r’ )
Sl;a;e ¢ D AnX0.4nx 0. Bomll
B ﬁAgitator 2 SES Portable type O.1kw
1 7 |Dehydrater _l‘— ) Be-znl“lﬁf’ressrtype. 0.62kw -
I - Filter wide éﬁ()m/m
Siudg“e_bo_X in*
1 8 [Al12(50.4) 5 Tank L | FRP Capacity : 5000

Shape : 0.9n¢b X 1.6nH

Na! Reaction Tank
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Table 3.2.18 Equipment List (5/7)

uNo. _ 1ten Q'ty | Material Specification Rem.-ark
Feed Pump| 1 PVG 164 X0.25 ¢ /minX 10ke/cn® X 0. 2k B
_Diaphram type
h thZ Reaction Tank
Feed Pump| 1 F\VC 15¢ X0. 1 Q/minleg/cmsz.lil;;ﬂ“- ]
biaphran type
[ Azitator | SSHR/L Vertical type O.1kw
) Level Switch | sus Electrode type
1 9 |NaOH Tank - ““l“"' uF)'RP Capacity : 2n°®
B Shape @ |.3m¢p X 1.6mH
Nal Reaction Tank o -
- Fcd Pup| | | PUC |25 X6 /minX Fe/ca® XD 2k
] Diaphram type
Neutralization -
Feed Pump| 1 PVC 156 %0.06 ¢ /min X 10ke/cn® X 0. 2kw
Diaphran type
W2 geaction ik | | | |
Feed Pump| | PVC 154 X0.5 ¢ /minX i(keg/cn’ XO.;I;
Diaphiam type
Agitator . { SUS Vertical type O.4kw B
_Level Swilch 1 sUs Electrode type
2 0 |Potyrer (A} Tank i _rF“f;;'- Capacity @ 1.5m’ -
] ) Shape : 1.2 mdb X 1.3rM
~Mal Reaction Tank -
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Table 3.2.18 Equipment List (6/7)

No. ften Q'ty | Material Specification Remark
Feed Pump} | PYC 15¢ X0. 25 ¢ /minX 10ke/ca® X0. Zkx
- Diaphram type
B Coazulation Yank
Feed Punp} 1 PVC l!;;;(a._ﬁQ/minxlﬁkg/cmZX(}.ka B
Diaphram type
Studze Coagulation o |
Tank Feed Pump{ 1} PVC i5¢ X0, ZﬁQ/m?nXlO&:g{cm’XO.Zk;(
- biaph ram lype
Agitator I sus Vertical type 0.70kw
Level Switch 1 SUS Electrode Lype S
2 I |Polymer{X) Tank i FRP Capacity @ In*
Shape @ 1.2meb X 1.3nH N
Pugp ) ) 1 Ve 15¢4 X0.25 ¢ /minX 10kg/cn? X0. 2k¥
Diaphran type
A;i—tator H SUS Verti_cai type 0.4kW
level Switch 1 sus Electrode type
2 2 |Blower
for Aeration 2 50:15XlLMm"/minXdS[I)mAqX&?kﬁ
Flc: meter 1 [ Arca type N
for Azitation 1 50q5><1.2&u"/11iinX45(l)mmA_qX3.’ikR
i2 3 Control'l;i;l;mi i quoor self ;_s-tanding enclosed type

2. 40X 0. 60X 204

— 164 —



,

bt

Table 3.2.18 Equipment List (1D

No. 1ten Material _Specification Remark
Push buttoniswitch )
. Alarn lamp
ph indicator-—_—
2 4 |Pipe ) h e o
RaWVWaste ¥ater Line|. VP—_“h
Treated Water—iine ) VP
' Chemical _Dos—sing Line W
i Line SGP —
2 5 {Bilding Steel frame &|156 ot X 78

slate roof

__]55__




€. Design calculations sheet
+ Waste water receiving tank

The tank will receive 0.45 m*/day of waste water from gluing machine
washing and a maximum of 3.7 m’ of waste water from painling booth
washing at any one time (irregular intervals),

045m* +3 7 m* =415 m’

3

Finally decided value :5m

» Domestic waste waler receiving tank

Assuming an average inflow rale of 5.8 m’/hour, a maximum inflow rate
2.5 times greater than this (14.5 m’hour) shall be assumed together with a
retention time of 20 minutes.

5.8 i’fhour x 2.5 x 0.33 hour = 4.8 m’

Finally decided value : S m®

+ Automalic screen

The maximum inflow rate is assumed as 14.5 m”/hbur.
[ Finally decided value : 15 m’/hour

« Reaction tank 1

Batchwise treatment shall be performed once per day, The volume of wasle
water is 1.32 m’ per day, and added chemicals will also be taken into
account,

Finally decided value : 2 m®

» Regenerated wasle water tank

One batch capacity for regenerated waste water of softener (8m3lday).
8m*/day x 1 day = 8m’

| Determined value ¢ IOmj

« Neutralization tank

Waler refention of more than 10 minutes for average waler inflow
(8m*/day).

8m*/day + 24h/day + 60min/h x 10min = 601

Equipping capacity of agitator and pH indicator -
| Finally decided value : 2001]
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+ Stabilization tank

In contract to a total inflow (washing waste water plus domeslic waste
water) of 6.6 m’/hour (79.3 m*/day), the ocultflow is 3.3 m*/hour. Thus,
the required capacity is as follows :

V = (6.6 - 3.3) m’/hour x 12 hours = 40 m®
Finally decided value : 56 m®

» Aeration tank

With BOD inflow of 16.7kg/day,
BOD capacily load = 0.4 - 0.5m*/n’/day
V = 16.7kg/day + 0.4 - 0.5m’fm2/day = 33 - 42m’ B
- | Determined vatue : 4om®

+ Sedimentation tank 1

- Water inflow : 3.3m’/day
Water area load : Less than 0.5m*m*h
A =3.3m*h+ 0.5m*m?h = 6.6m?

Detennined value : 3,000mmn®

~ + Reaction tank 2

Water retention of more than 10 minutes for average water inflow 3.3m’h
3, Bm’lh + 60mmfh x 10min = 0. Im?

Detenmined value ; SOOﬂ

 + Sedimentation tank 2
. Waterinflow : 3 3m’h

Water area load : Less than Im’knzlh
A=33m'h+ Im¥m¥h = 3.3m?

Determined value : 2000mm©

"+ Monitoring tank

- Water retention of over 10 minutes to mix microorganism treatment water
5.2m’h, compressor cooling - water 3.8m’h {45m3/day), and boiler
cooling water 15m’/h (180m’/day).

V=(3.3 +3.8 + 15)m*h x 5/60h = 3.7m’

I__D_etennined value : 4m’
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 ‘Freated water tank

Water retention of 10 minutes; same as for monitoring tank

Determined value : 4m’

» Sludge storage tank
Volume of studge generated per day
Coagulated studge { AL,(SO, }, 18 H,0 Adding amount 42.6kg/day)

21.9 kg/day x 0.456 = 10kg/day (as AI(OH),)
1.32 m*/day x 5,150 g/m® = 6.8 kg/day (as SS)
Total 16.8 kg/day (as dry sotid)
| 840 kg/day (as 2%)
Excess sludge

Assnmed as 30% of total BOD.
16.7 kg/day x 0.3 = 5 kgfday (as dry solid)= 500 kg/day
Phosphorus-removed studge (AL(SO, ), Adding amount 5.4/day
p = 0.49/day)
5.4kg/day x 0.456kg/day
=2, Skgfday(When entire quantily of AI(SQ. ); becomes AOH), )
0.49kg/day x 122/31 = 1.9kg/day (Wher p becomes Al PO, )
2. Skgfday X 271’78 1.9kg/day x 27/122 '
= (. 4kp/day(Excessive quannty of A

0.4kg/day x 78/27 = 1.2kg/day (Quantity of SS as Al (OH), )
1.9kg/day + 1.2kg/day  =3.1kg/day (as Dry)

=310kg/day (as Dry)
Total : 840 kg/day + 500 kg/day + 310kg/day = 1,650 kg/day
The dehydrator operatmg time is 8 hoursB days and the tank shall hold
three days of sludge minimum,
V=134 m'/day x 3 days = 4.95 m®

Finally decided value : 5 m’

+ AL(SO, ), tank

Volume used :
120 kg/day as AL O, 8% 213 kglday as dry solid)
The tank shall hold a 5 day supply. :

V = 102 kg/day + 1.2 {specific gravity) x 7days = 473 _
: Finally decided value : 500 |




+ NaOH tank

Volume used :
19.2 kg/day (as 100%) = 384 kg/day (as 5%)
The tank shall hold a five day supply.

V =381 kg/day + 1 kg/l x 5 days = 1,920

Finally decided value : 2 m’

» Polymer tank (A) (0.1% conceatration)

Yolung used :
For waste water  0.018 kg/day as dry solid (0.5% of SS volume added)
For dehydration .11 kg/day as dry solid (0.5% of S§ volume added)
For phosphorus removal 0. lﬁkgfday as dry (Adding 2mg/l for water
quantity). o
Total : 0.29 kg/day as dry Dry

0.29 kg/day + 0.1% = 290 kg/day
The tank shall hold a five day supply.

V = 290 kg/day + 1 kg/l x 5 days = 1,450 Vday

' Finally decided value : 1.5 m’

. Polymer tank (K) (0.1% conceatration)

Volume used : 0.11 kg/day as dry solid
0.11 kg/day + 0.1% = 110 kg/day
The tank shall hold a five day supply.

V = 110 kg/day + 1 kg x 5 days = 5501

Finally decided value : I m’

+ Dehydsator

Studge sedimentation tanks :
Retention shall be for roughly 5 minutes.
V = 4.95 m*/day + 8 h/day x 5/60 = 0.052 m’
Finally decided vatue : 1001 x 2 tanks

+ Dehydrator |
For sludge treatment : 74.7 kg/déy as dry
Water content of dehydrated sludge : 85%

Treatment capacity : 74.7kg/3 days + 8h/3days = 9.3kg/h as Dry
Finally decided value : Belt press type, 10 kg/hour as dry solid
Volume of dehydxated studge :

74. 'lkgBdays +0.15 = 498 kg/3days = 166kg/day
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= Aeration blower

For BOD:
BOD 16.7 kg/day + 0.12 kg O2 /kg-SS/day x 4 kg/m’ x 40 m’ = 35.9 kg/day
Assuming an oxygen solubility rate of 10% :
Required air vohime = 35.9 kgilay x 1/0.1 + 0.277 m*/kg = 1,296 m*/day
= 0.9 m*/min.
For NH3 : 3.8 kg/day x 64/14 = 17.4 kg/day
Required air volume = 17.4 kg/day x 1/0.1 + 0,277 m*/kg = 628 m’/day
Assuming an air lift return volume of 200% : _
Required air volume = 79.3 m’/day x 2 x 3 = 476 m*/day
Total required air volome = (1,296 m*/day + 628 m*/day + 476 m’/day)
+ 24 houss/day + 60 min./hour = 1.67 m*/min. ,
Iﬁda!ly decided value : 1.84 m*/min. x 4,500 mmAq x 3.7 kW

« Agilation blower

Aeration strength : 1 m’fm’*/hour
Total tank volume : 62 m’
- Required air volume = 62 m’ x 1 m*/m’*fhour = 62 m*/day = 1.03/min.

(4) Equipment cost

The equipment cost is 92,779,000 SIT. 7
The equipment cost is indicated in Table 3.2.19.

Table 3.2.19 Equipment Cost

- Thousand SiT

Finally decided value : 1.28 m’/min. x 4,500 mmAq x 3.7 kﬂ

Item Contents
Equipment  Pumps, blowers, agitators, decelerator, dehydrator - 20,658,000
Instrumentation ' 3,385,000
Others (tanks) _ 11,738,000
- Sublotal (35,781,000
Site works  Equipment instatation and piping 8,120,000
Electrical work 8,575,000
Painting work 313,000
Civil engineering work 13,750,000
Building work 16,250,000
Site supervision 3,375,000
© Trial operation 1,890,000
. Subtotal (52,213,000)
Design cost 4,725,000
Tolal 92,779,000

@
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(5) Operating cost

The operating cost is 7,699,000 SIT/year,
The operating cost is shown in Table 3.2.20.

‘Table 3.2.20 Operating Cost

ltem Contents : SITfYear

Chemical costs :

NaOH 19.2 keAtay x 83.2 SIT/g x 239 dfy = 181,798

AL(SO,) 53.1 keg/day x 39.15 SIT/kg x 239 diy = 496,849

Polymer A (powder) 0.29 kg/Mday x 990 S1T/ke x 239 dfy =§2.814

Polymer K (powder) 0.1 kp/day x 2,000 SITXg x 239 dy =52,580

Subtotal =999,834
Electricity charge 219 kwhfday x IS SIT/kwh x 239 days = 785,115
Sludge disposal 0.166 m*/dhy x 1423 SIT/in® x 239 dyys =56,456
Kerosene charge _ 59 I/day x 60 SITA x 90 days . = 318,600
Maintenance Cost 62,779,000 SITx 005 - =3,138,950
Personnel expenses 1,200,000 SIT/y person x 2 personfy =2,400,000

Total 7,698,955

{6) Economic comment

a. Conditions

® Depreciation period : Equipment ) 15 years
7 Building, civil engineering 40 years
" ® Rateofinierest : 10% per annum '
@ Depreciation method  : Fqual depreciation

® WWTP discharge charge 176.56 SIT/m’
" ® River discharge : 0 SIT/m?

® Annual waste water treatment volume

: 79m*/day x 239 daysfyear = 18,88 m’fyear

b. Treatment cost per I m’® of waste water

The treatment cost per 1 m’ of waste water is 915 SIT/m .

The breakdown of this unit treatment cost is shown in Table 3.2.21.
Therefore, the treatment cost per Im® of all of the wasle water is as
follows : '

(DHDHOH®) + (304 nfday x 239 daysfyear) = 238 SIT/m’
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Table 3.2.21 Classification of the treatment cost per 1m® of waste water

Items

Conlents

Cost (SIT/year)

Depreciation period Equipment

62,779,000 SIT + 1S years (D 4,185,267 SIThyear

Buildings, Civil works 30,000,000 SIT « 40years (D 750,000 SIThyear

Rate of interest

92,779,000 x 0.05

- (D 4,638,950 SIT/ear

Running cost

® 7,699,000 SIT/ear

@D+@+® + @)+18381

3.902 SIT/m?

3.2.4 Financial Analysis

_1) Preconditions

(1)

2)

3

Project cases -

Based on the technical comment described pteviously, financial analysis shall
be carried out on the case of river discharge (Case 1) and the case of sewerage

system discharge (Case 2).

Waste water treatment capacity

Waste water treatmenl capacity: 72,656 m3/year

Operating days: 304 days/year

Necessary funds

In addition io the plant construction cost estimated in the previous section, the
funds required in each case based on the pzeoond:hons given in 1.4,1 are as
shown in the following table. For the purpose of calculating the inferest
during construction, the conslructlon period is assumed to be one year in Case

I and half a year in Case 2.,

Breakdown of required funds

(Unit: DEM, 1,000)

Case §

Item Case 2
Piant construction cost 1,084 280
Pacilities and equipment 733 189
Civil engincering and building 351 o1
Interest during construction 27 4
Total i 284
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(4) Fund raising

In the case of Marles, 50% of the required funds shall be raised as own capital,
and the remaining 50% shall be obtained by means of a long-term loan. The
rate of interest shall be 10%. :

The preconditions including the above-mentioned items for each basic project
case are indicated in Tables 3.2.22 and 3.2.25.

2) Financial analysis

The detailed breakdowns of waste waler tréatment cost based on the above-
mentioned precondmons are shown in Tables 3.2.23 and 3.3.26, and the
statements of cash income and disbursement are shown in Tablc 3.2.24 and
3.2.27.

The results of the financial analysis are outlined in the following paragraphs.
The breakdown of the waste water treatment cost in 2010 is as follows.

Breakdown of wasle water trealment cost
: (Unii: DEM/m’)

Item Case 1 Case 2
Variable cost ' o 0.25 0.14
Direct fixed cost 1.38 2.45
Treatment cost excluding depreciation and interest (1.63) 2.59)
Depreciation and interest 1.20 0.31
' Treatmenl cost including depreciation and interest 2383 290
' (Total cost)

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

depreciation and interest (total cost) in Case 2 (discharge into sewerage system)
is slighily higher than in Case 1 (direct discharge into river), however, the

 difference between the two is negligible.

In Case 2, the sewage charge pomon of the direct fixed cost accounts for 61% of
the total cost, whereas in Case 1, the cost of deprec;auon interest and repairs
aocounls for 60% of the total cost. This shows that the fixed cost incidental to the

' mveslment in Case 1 is équivalent to the sewage charge in Case 2

With regard to fund management, the ability to repay'che long-!crm debt (DSR)
in 2010 is shown below.



Long-term debt service capacity

Item - Casel Case 2
(A) Cash, DEM 1,000 : 0.25 0.14
(B) Deb1, DEM 1,000 1.38 245

(C) DSR, (AMB)
{Note) (A)'is the numerator of the formula shown in 1.4.5, and (8) is the denominator.

The DSR in both cases is a little over 1.00, showing that there is cash to service
the debt.

_ As a result of the above basic cases, sensitivity analysis lising the FIRR and
DSR shall be carried out to examine cases of fluctuations in important factors
such as the plant construction cost and the chemicals cost.

Sensitivity analysis chart
) (Unit: FIRR, % (DSR, ratio))
Ttem ' Plant construction cost " chemicals

Case 1 - . :

20% down 7.95% (1.42) 437% (1.07)

10% down - 5.85% (1.21)  4.23% (1.06)

0% (basic case) 4.08% (1.05) 4.08% (1.05)

10% up 2.58% (0.97) 3.94% {1.03)

20% up 1.28% (0.80) 3.79% (1.02)
Case2 . ) .

20% down 7.80% (1.42) 4.79% (1.12)

10% down 571% (1.21) 4.38% (1.08)

0% (basic case) 3.96% (1.04) 3.96% (1.04)

10% up 2.46% (0.91) 3.53% (1.01)

20% up 1.17% (0.80}

3.10% (0.97)

This shows that, in both cases, the plant construction cost is more seasitive (o
fluctuations than the chemicals cost.

- Furthermors, investigation shall be carried out into the case where low-interest
funding can be utilized in the future. Here, it is assumed that the interest rate is

reduced from 10% 1o 5%. The ability to repay the long-term debt (DSR) in 2010
in this case is shown below.
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Long-term debt service capacity

ftem Case 1l Case 2
(A) Cash, DEM 1,000 §7.19 22.26
{B) Debt, DEM 1,000 68.62 11.62
{C) DSR, (AYB) _ 1.27 1.26

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

This shows that, if low-interest funding can be utilized, a healthy debt service
ratio of more than 1. 15 can be achieved in both cases and, moreover, that the
effect of this in terms of the plant construction cost is the same as a 10%
reduction.

 As a result of the analyses described here, it was found that, of all the model
factories, this is the only one where the waste water treatment cost will be the

same regardless of discharge into the river or dischaige into the sewerage
system.

As with the other model faclorics, discharge into the sewerage system is just one
alternative. On the other hand, the advantage of river discharge is that, if a fund
surplos arises, the facloi'y can make investments without concerning itself with
operation of the WWTP, meaning that the factory will no longer _h_ave to pay the

‘sewage charges it currently faces. Moreover, if tow-interest funding can be
‘obtained, the funding burden will be less than in the case of discharge into the

sewerage system.
The decision on whether to discharge into the river or the sewerage system is one

that should be made upon'giv‘mg careful consideration to future trends in the
economy.
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Table 3222 Project Profile and Assumptions for Financlal Projection (3/3)

1 Project
Title : Wastewater Treatment Project
Faclory : :  Marles Pohistvo d.o.o. (M-2)
Location : Maribor, Slovenia
Project Case : Base Case 1: Discharge to River
Annual Production : Furnituge: 96,552 piéces!y
Maximum Operable Days ' : (365.25 - 126.25) x 100% = 239.00 DPY
Treatment Capacity (100%) : 239.00 DPY x 304 m’/d = 72,656 m3[y
Operation Start Year : 2005 ,
Monetary Unit " ' T DEM in Terms of Fixed Psice in 1996
Exchange Rates : ' : 1.0 DEM = 89.89 SIT as of June, 1996
2 Schedule
Start of Projecl Implementation : January 01, 2004
Ptojecl Completion : De_cember‘ 31, 2004 _ @
Commercial Operalion : ~ Januasy 01, 2005
Project Phase Qut _ ' : Decefnber 31,2019 -
Project Life 15.0 Years from Start of Commercial Opezation
Project Year - : From January 01 to December 31
Construction and Commissioning, : 1.0 Year from Start of Project Implementation

3 Financing Required and Financing Plan - 1996

Financing Required DEM, '000 - Financing Pian DEM, '000
Land/Site Development -  Equity : 50.00 % 555.50
Plant Construction Cost* 1,084.00 Long Term Loan  : 50.00 % 555.50
- Equipment & Ma-_chinery 733.00 - Interest : 10.00 %

- Civil & Building ' © 35100 Short Term Loan ' -
Interest during Construclion 27.00 - : —

Total Project Financing Cost 1,111.00
Fixed Capital Cost 1,111.00 '
Initial Working Capital 0.00 * Including Sales Tax of 5%.
Total Capital Requirement 1,111.00
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Table3.222 Praject Profile and Assumptions for Financlal Projection @n)

4 Inputs and Cosling

(CIF at the Plant with Full Capacily Utitization in 1996)

Unit Per Sewage Annual
inputs Unit Price Consumption  Cost Consumption  Cost
(DEM/Unit)  (Univm®)  (DEM/m’) (000, Unil) DEM, '000
- Chemicals - 0.153 - - 11.121
- AL(S0y); . kg 0436 0.17467 0.076 12,6910 5533
- NaOH kg 0.926 0.06316 0.058 45890 4.249
- A Polymer (powder) kg 11013 0.00095 0010 - 00690 0.760
- K Polymer (powder) kg - 22249 000036 0008  0.0260 - 0.578
Utility Cost - 0.100 - 7.263
- Electricity kWH 0.059 0.72039 0.043 523410 - 3.088
- Sludge Disposal m’ 15.830 0.00055 0.069 T 00400 - 0633
- Fuel L, - 0667 007308 0.049 5.3100 3542
Variable Cost . . . 0.253 72.6560  18.384
PetSonhél Man-Year 13,350 0.367 2.0000 26.700
- Maintenance Equipment & Machinery x 5.0% 0.504 - 36.650
Government Charge m> - 0.053 1.0000 0.053 72.6560 3.851
Local Poltution Tax m’ 0.453 1.0000 0.453 72.6560 32913
* Direct Fixed Cost - - - 1.378 - 100.114
Cash Treatment Cost - . 1.631 726560 118498
5 Outpuis and Pricing
- (FOB at the Plant with Full Capacily Utilization in 1996)
Unit Per Sewage Annual
Outpuls Unit Price Treatment Price Trealment Sales

(DEM/Uni) (Univm®) (DEM/m*) (000, Unif) DEM, '000

Treatment Feo

m 2831 1.0000

2.831

205.715

72.6560



Table 3.2.22 Project Profile and Assumptions for Financlal Projection (3/3)
Operation Schedule
(Unii: %)
Project Year
Tot
Items ) 1 2 3 4 ... 15 Av‘;::ave
04 _05 0607 08 2019 B
Financing Disbursement 100 100
Sewage Treatment 7
- Rated Capacity Utilization 100 1060 100 100 100 1,500
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
Debt Service
Loan Type Maximum (.irace Annual
+ Maturity Interest Rate, %
- Bank Loan/local {1+ 10) Years 10.00
- Shorl Term Loan/Local Not considered.
Corporate Income Tax Zeto
Sales Tax 5.00%
Financial Performance
Treatment Fee
- Base Case, DEM/m’-year 2.83 - 2005 2.83-2010 2.83 . 2014
' Treatment Cost including D&I L 7 : _ _—
- Base Case, DEMJm3-year 3.21 - 2005 2.83-2010 2.53 - 2014
Sensitivity Analysis using FIRR (-20%) (0%)- (+20%)
- Investment Cosl, % 7.95 4.08 1.28
- Chemical Cost, % 4.37 © 408 - 3.79
Sensitivity Analysis vsing DSR as of 2010 (-20 A (0 ) (+2O o)
- Investment Cosl, times 142 T 1.05 0.80
- Chemical Cosl, times 1.07 1.05 1.02
Debt Service Ratio {DSR), times-ycar _ -
- Base Case, @10% interest 0.78 - 2005 1.05 - 2010 1.43.2014
- Alt. Case, @5% interest 1.60 - 2005 1.27 - 2010 1.51 - 2014
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Table 3.2.23 Wastewater Treatment Cost Statements

sen NASIESATER FAEATNENT PROJELT 1M WANLEY {H-2) ces
TASTEYANER TREANNENT COST BARTEMENTS

« CASE 17 DISCHA4SE 10 RL¥ER - (L. 1800 _
1ER 1008 - 2005 2008 wor  nm wes” zoie 1w 1612 1
TASTERATER IREATKERE (1000RI/T) 0.0 PR B4 TE.E6 68 2266 JH.66 268 166 1266 1P.%k
CHERIEAL €051 6.0 R IR I I I R I I T T O I T R TN F B YUY ST Y
1(2(504)2 6.0 5. 51 5.5) $.53 5,53 5,53 5.43 $.53 153 5,53
RAOA 0.0 s 1 .28 €23 115 125 Cas T 1%
L POLTRER o.0 0. 14 0.8 0.1t 0.6 I T 0. 1% 3,18 PR " T
£ POLTNER 4.0 .51 048 050 0. 54 ol 5a 054 951 oot 0.5
YIILLTIES Gos? o0 .18 .18 .28 1.26 114 1.2 11 7.26 1.2
ELECTRNCITY oo 2. 48 3.4% 308 300 IR .09 101 Y. 03 308
SLUSGE OISPOSAL oo 'R o 81 0. 6) 0. ) o. &) .61 0.6 i 0. %)
FUEL e.0 1.8¢ T 3,54 38 2. 54 1.5¢ 358 1,54 IRy
YLRNABLE €ast o0 P T Y VR TR T 0 T R T T I T TR T 0T B T 1Y B T 0 TR T
ENFLOYHEXT o681 °.0 .10 1630 24,10 26,10 26,08 1630 2620 26,30 16 Te
WAIRECALNEE €051 0.0 36,68 LS 36.65  34.4% 36,63 1665 I6.e5  IE.ES NG4S
COYERNAERT CRARGE 0.0 1,85 a8 L 348 P 388 3.4% 3. 45 T
LeSAL POLLUTION TAX .o IR I I I I L I T Y L I X L s 1t S L I T B T
DIRECT FIIED COST - QI8 190111 100111 18311 180.11 100,11 1eB.il 18031 10011 1834
CASK TREATNERT COST S0 11050 BiN5a NI S8 116.30 118,50 118.50  112.%¢ 11288 110,58
EOIUPNERT £ NLCHINERY 0.0 TR I R I IR I N NI R R I R I TR
CIVIL & 3ULLOING 0.0 R "1 NT '] " vk, M L 1
IRTEZEST DRE. CONSTRUCTION 0.0 1.10 1. 4% 1.40 1.10 148 . 50 T N TN T]
OEPRECIATION AKD ARQRTIZATIAX 0.0 S0.44 . ENLGL SNAT - Sh 44 - 8901 TR t
TATAL IREATRENT €O§T R TR TR R T R R T L R T R T I TR s X TR T Y
YNIT TREATHENT COST : 0.0 LUTL  2.4431 2 44N 24431 14431 1. &ad1  z 448 podas L lam
muul 9% Lone TeRd bEsT 0.0 L L T R L L L R L L X L L L L
HIEAes “ex sHarT Tenz bisl n.e 0.0 eb e .4 0.9 0.0 oo b0 0.0
T4TAL TRERTNENT €051 S e c 234Y FIR00 232,18 216,83 111,21 20571 20015 194.§1 109,95
UNET TREATHENT COST : 0.0 3.2001 3 1YE7 2.0500  2.964)  2.9078 2 03i% 13543 16385 2. 4RR0
YEAR 2014 to1$ wis 1) 0s 2019
TASTESATER TREATREAD (1008EI/V} T2.66 FE.66 FLEE TL.EF 146 2264
CHERICAL €37 IR It I L IS I T T I T |
AL2LI04}S 5,83 5.5) 5,52 5.5) 5,51 5,51
ARBK a2 12 w1 015 138 118
A POLVNER 0, 0.76 2.1¢ RNl 0.1 . 0.16
K POLTNER 0. 54 G54 0.5t o8 9. 81 a. 5t
VENLITIES €ost 1.1 1,28 1.1 1. 26 1.2 1t
ELECIRICITY 1,01 1.0y 1,09 1,08 109 .08
SLEEE DisPosAL o 08 Nt Nt 9. 62 9. 63
£ 141 154 1.54 384 3,54 INT
num( tosi I TR T IS TR T OE T SR T I R TS T I T 0 T
ENPLATEERT £OST ©o.i0 2638 14,10 1606 1630 1670
FLIRTENARCE COST I6.6S 36,45 1665 36.8% 16,65 D665
COYERNEERT cHARGE EXL ENT 305 IR s N
LOCAL POLLUTFON TAL TR TR T I IR I TN T X T T T
PIRECT FIRED 031 © B0aLNl 100.tF 1A0.11 100,81 BG0 E1 160.11
usn IREATRENT €031 CUBNLSE 1S 150 11ESe 1I1LSE 41050
CQIVPLERT & DACHINERY BRI I N I T I Tt A T s BTN |
CIVIL & BUILDING - . 1.1 LN 7] 1 N i
(HTEREST ORG. CONSTAUCTLOX V14 1,90 1,10 TS e 1,49
CEPRECIATLON AHO AXORTIZATICR I T S LI L L
16020 IACATNERT €041 . TR I T N R T TR IR T T
EXIT TREATBERT €OIT N A R T T N T VA R T TR T T
INTENEST. DX LONG TEAN OEST 9.0
INTEAEST oK SKORD TERY DED 6.0
1000 TRELTNCHE €037 ’ $63.50 1280 1384 I0T.8& ERRN0 T 1)hed
UKET TAERTNERT GOST ) R L I LS S P T TR TS E O PR Y I ST ]
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Table3.225 Praject Profile and Assumptlons for Financlal Projection (1/3)

1 Project

Title

Factory

Localion

[’rojcct Case
Annual Production

Maximum Opesable Days

Treatmenl Capacity (100%)
_ Operation Start Year

Monetary Unit

Exchange Rales

2 Schedule 7

- Start of Project Implementation
Project Completion
Commercial Gperation
Project Phase Out
Projeél Life

 Project Year

Construction and Commissioning

3 Financing Required and Financing Plan - 1996

Wastewater Treatment Project
Marles Pohistvo d.o.0. (M-2)
Maribor, Slovenia

Base Case 2: Discharge to WWTP
Furniture: 96,552 picces/y

(365.25 - 126.25) x 100% = 239.00 DPY
239.00 DPY x 304 m'/d = 72,656 m’fy
2005

DEM in Terms of Fixed Price in 1996
1.0 DEM = 89.89 SIT as of June, 1996

July 01, 2004
December 31, 2004
January 01, 2005
December 31, 2019

15.0 Years from Start of Commeicial Operation

From Januvary 01 to December 31

0.5 Year from Start of Project Implementation

Financing Required DEM, ‘000 Financing Plan DEM, '000
Land/Site Development -  Equity : 5000 % 142.00
Plant Construction Cost* 280.00 Long Tetm loan  : 50.00 % 142.00

- Pquipment & Machinery " 189.00 - Intérest - : 1000 %
- Civil & Building " 91.00 Short Term Loan -
Interest during Conslruction 4.00
- e Total Project Financing Cost 284.00
* Fixed Capital Cost © 284,00 ,
Initial Working Capital C0.00 *Including Sales Tax of 5%.
Total Capital Requirement 284.00
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Table 3225 Praject Profile and Assurmaptions for Financlal Prajection (2/3)

4 Inputs énd Cosling
(CIF al the Plant with Full Capacity Utilization in 1996)

Unit Per Sewage Annual
Inpuls Unit Price  Consumption  Cost Consumplion 7 Cost

(DEM/Unit) _(Univm®) (DEM/m’) (600, Unit) DEM, '000
Chemicals - 0.115 - 838
2 AlSO,); kg - 0436 0.14013 0.061 10.1810 4.439
- NaOH , kg - 0926 005066 0.047 36810 3409
- A Polymer (powder) kg 11013 0.00062 0.007 0.0450 0.496
Utitity Cost - 0.027 - 1.966
- Electricity kWH - 0059 019079 0.011 138620  08I8
- Sludge Disposal m’ 15.830 0.00037 0.006 0.0270 0.427
- Fuel i, 0667 0.01486 © 0,010 1.0800 0.720
Variable Cost - - - 0.142 72.6560 10.309
Pecsonnel Man-Year 13,350 0.037 02000 2670
Maintenance Pquipment & Machinery x 5.0% 0.130 - 9.450
Government Charge m> . 0053 1.0000 0.053 726560 3851
Local Pollution Tax m’ 0.453 1.0000 0.453 726560 32913
Sewape Charge m® 1.780 1.0000 ©1.780 72,6560 129.328
Direct Fixed Cost - - - 2.453 - 178.212
Cash Treatment Cost - - 2.595 726560  188.520

5 Outputs and Pricing :

(FOB al the Plant with Full Capacity Utilization in 1996)

Unit Pes Sewage Annual

Outpuls Unit Price Treatment  Price Treatment Sales

(PEM/Unit)  (Uniym’)  (DEM/m’) (000, Unit) DEM, '000

Treatment Fee, m’ 2.901 1.0000 2901 726560 210775
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Table 3.2.25

& Operalion Schedule

Project Profile and Assumptions for Financlal Prajection (3/3)

(Unit: %)
Project Year .

ltems Ol 1 2 3 4 .05 :v‘:;'.’e

04 05 06 0708 2019 128

Financing Disbursement 100 ) 100

Sewage Treatment
- Rated Capacity Utitization

Depreciation (Plant & Machinery)
DPepreciation (Civil & Building)

Amorlization (Interest during Const.)

Debt Service

100 100 100 100 100 1,500

15 Years Straight Line Methed
4D Years Straight Line Method
" 15 Years Straight Linc Method
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Loan Type Maximum (?race Annual
+ Maturily Interest Rate, %
- Bank Loan/Local {1+ 10) Years 10.00
- Short Term Loan/Local Not considered.
Corporate Inconie Tax Zero
Sales Tax 5.00%
7 Financial Performance
Treatment Fee 7
- Base Case, DEM/m’-year 2.90 - 2005 2.90- 2010 2.90 - 2014
Treatment Cost including D&I
- Base Case, DEM/[n3—year 3.00 - 2005 2.90-2010 2.80 - 2014
Sensitivity Analysis using FIRR (-20%) (0%) (+209%)
- Investment Cost, % 780 396 1.17
- Chemical Cost, 55 7 4,79 3.96 3.10
Sensitivity Analysis using DSR as of 2010 (-20%) (0%) (+20%)
- Investment Cost, times 1.42 1.04 - 90.80
- Chemical Cost, times 1.12 1.04 0.97
Debt Service Ratio (DSR), times-year 7 :
- Dase Case, @I0% inlerest 0.78 - 2005 1.04 - 2010 1.42 - 2014
- Alt. Case, @5% interest 1.05 - 2005 1.26 - 2010 1.50 - 2014
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Table 3.2.27 Yunds Flow Statements
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3.2.5 Pretreatment System for Reduction of the Pollution Load

Here, a pretreatment system for reducing the pollution load for the case of
WWTP discharge is introduced.

I) Selection of pretreatment system

The waste water that requires pretreatment in a furniture manufacturing factory is
that from the painting booths washing and the washing of gluing machines.
Volumes of these kinds of waste water are very small, however, COD levels are
high and the waste water contains harmful substances that will not biodegrade
easily.

The pretrcatment of waste water such as this generally involves coagulating
treatment. The solids-liquid scparation of the studge that is generatéd by the
coagulation can either be donc by sedimeatation of, in cases where the waste
water has a high concentration of oil and fat, prebsunzzd -air flotation. As the
volume of waste water al this factory is extremely small, a batch system of
coagulating sedimentation has been adopted. This system, as one that satisfies
the WWTP chscharge standards, is the same as that described in 3.2.3. This shall ~
be assuiaed tobe Case 1.

Organic méﬁer will remain in the treated water from the above pretreatment
system that satisfies the WWTP standards. Aerobic biological treatment is
generally carried out (o deal with this. Thus, the supernatant from the coagulanon
process shall be mixed wn:h domestic wasie waler containing N and P and
undergo further treatiment by the Qomact acration method. Furthermore, because

regenerated water from the softener has a low pil value, the neutratization of this = -

shall be conducted simultaneously. This shall be Case 2.

2) Outline of pretreatment systems
a. Casel

The Case 1 pretreatment system is as described in 3.2,3.

b, Case2

The flow sheet of the Case 2 pretreatment system is shown in Fig. 3.2.14.

Treated water from the pretreatment system thal satisfics the WWTP discharge
standards is received with domeslic waste water in an adjustment tank where'
the two are equalized. Set amounts of this mixed waste water are fed by
storage pump {o the conlact acration fank, where the treatment of organic
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substances and ammonia nitration takes place. This treated water is then fed

~into the water quality monitoring tank with other waste water. In the
monitoring tank, the pH value is automatically recorded and monitored before
the treated water is finally discharged to the WWTP, '

3 ¢
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3) Results of examination

(1) Technical comment

The q'ua}ity,' volumes and pollution loads of the waste water and treated water

are shown in

Table 3.2.28.

In the pretreatment system: that satisfies the WWTP discharge standards,
organic matier that could detrimentally affect the WWTP treatment is removed.
In the subsequent pretreatment system, to which bielogical treatment is added
in order to reduce the pollution load, the treatment of COD and BOD
originating in residual organic matter takes place. However, because the
removal of N and P is not sufficient here, this tseated waler cannot be
discharged into the river. '

Table 3,2,28 Volumes, Quality and Pollution Loads of Waste Water and Treated Water

, Quantity|pH | CoDc.| BOD S -8 - | T-p
Kind of Yaste Water | d/d mg/ ¢ | mg/ ¢ | mg/ Q| wg/ Q| mg/ @
i Case - {kg/d) | (xg/d) [(xe/d)} | (xg/d) | (kg/d)
iRaw Waste 1.32] 7 [1e,600] 2,880] 5,150 135 2.7
o Naver | ] 1€14.0) 1(3.80) | (6.80) [(0.97) | (0. 004
Booth & - | Case-l 5.300{ 2.010] 30] 735l 2.0
SGluiag (L J£7.00) | (2. 65) | (0.04) | 0.97) | (0. 003)
I Case-2 1 r20| 25l sol  io] ez
: (0.16) |(0.03)|(0.04) [(0.01) | (0.008)
" iRaw Waste| 170 7 400 200 50 a0f 1 |
Domestic : Water | 1 (28.0) (14.0) | ( 3.5) [ ( 2.8)|( 0.49)
' Cofcase-2z | 120 25| me| T 10 5.2
. : o (8. |(1.75)|C 2. 1){C0.7)yi( 0.43)
Compressoréﬂaw Yater 43 - - - - - -
o e IR ) [ (e A L )
Boiler {Raw Water 182 - - - - -
L C e e e e )
{Raw ¥Waste| 298 7 14t 60 35 13 1.5
i Water | (42.0) J(17.8) [(10.3) | ( 3.8) [( 0.48)
Total Waste ! Tanery e A R e 2
Water f (35.0) [(16. 1) [( 6.7) f( 3.7) | ( ©.43)
e B B e S o
: o (8.51) 1{0.30) {(1.82)](0.61) | ( 0.30)
Ty K R A S R AR A}
ito River ((8.51) [ (0.30) |(1.82) | (0. 61) | ( 0.30)
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(2) Economic comment

The equipment and ruaning costs of the treatment system are shown in Table
3.2.29.

Table 3.2.29 Equipment and Running Costs of the Treatment System

Equipment Lost |Depreciation & Ruanning Cost|Total Treataent Cose
SIT Interest S{C/ed @ |SIT/d Q@ |sir/ad O+D
Case-1 23,955,000 38 29 63
Case-2 44,000, 000 96 78 174
Dicharge to Rever 92,719, 000 132 106 238
(esisn Basa)

4) Conclusion

If water is discharged to the WWTP, it will be necessary to add 176.56 SIT/n’
to the waste waler treatment cost shown in Table 3.2.26. Thus, the least
expensive method is discharge into the river. ' '

However, the treated waste water in the case of river discharge only satisfics
standards becausi; itis dilufed with boiler blow water and compressor cooling
water, In the future, it is foreseen thal, due to dﬁvclopmémS in inanufactuﬁng '
technology, changes in the times and demands from customers, efc., the facilitics
and raw materials used in production will change. Moreover, if water
conservation advances further, the volumes of such dilufing water from the
boiler and compressors will fall. If such developments should occur in the future,
it will become necessary to make improvements to the wasle waler treatment
system for discharging isto the river,

In view of the above, itis considered that discharging wasle waler lb the WWTP
upon first carrying out pretreatment by coagulation is the most advisable measure
at the curreat time. If, however, WWTP discharge standards are reviewed or a
charge system eslablished according to poliution loads is adopted in future, it
may become necessary fo consider the niext level of preireatment, or, in the event
of much harsher standards being laid down, the introduction of river discharge.
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3.3 M-3 LIVARNA Maribor ARMAL

3.3.1

1)

80 ©06

2)

Factory Profile

Backgtound

MARIBORSKA LIVARNA MARIBOR, p. o., originated as a Christian church
bell producing company in 1952, and later expanded to include a variety of
copper processed products.

Almost completely destroyed during World War 11, the company nevertheless
soon resumed production of welding rods for copper ware, faucets, showers,
elc.

In 1974, following an amendment of the law (still in effect), it was partitioned
into the following five companies :

AKLIMAT (Producer of aluminum radiators)
PREDELAVA BAKRA (Producer of copper alloys)
ARMAL (Producer of faucets, flush toilet mountings, and castings for

heaters and air conditioners)
VZDRZEVANIE (Supplier of utilities and maintenance for group company)
MIM (Exporter and marketer of group company products)

The five companies operate in cooperation as the MARBORSKA LIVARNA
MARIBOR group. Our survey, however, focused on the electro-plating
factory of the ARMAL d.0.0., since its waste water is largely polluted.

The factory layout of MARIBORSK A LIVARNA MARIBOR, p.o. and ARMAL
d.o.o. is shown in Fig. 3.3.1.

Water consumplion by source and use

The volume of water usage and waste waler by water source and purpose of use
is shown in Table 3.3.1.
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Fig. 3.3.1

Factory Layout
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Table 3.3.1

Volunie of Water Usage by Water Source and Purpose of Use

{m’/day)
Source} ¥Well City River Sub- Recovered | Total
Use Yater ¥ater ¥ater Total Tater
Boiler Feed
Raw Material
Washing 130 o 130 120 250
|Cooling 196 196 196
Air Conditioning
Miscellaneous 46 416 _ 46
Total 372 _ 372 120 " 492
| Recovered Water/Total 24.1 %

73)' Flow diagram of water supply and wastc water discharge

The water balance of the factory is shown in Fig. 3.3.2.

(1) Water supply facilities

®

Pretreatment plant

~ Some water supplied for the plaling plant of the new faclory is pure water

pretreated by the pure water producing facility, which uses the ion
exchange resin method with city water as a source.

The pure water producing facility consists of the cation and anion exchange
resin units.

Water reuse plant

Water is reused at the plating facility of the new factory. Wilh each
tinsing process, the rinsing of the final step is recused, ‘The reuse system
consists of the filter, and the cation and anion exchange resin units.

'The reused waste water comes from boron Fluobotic acid (HBF4 ) rinsing,
oopber plating rinsing, suifuric acid rinsing, nickel plating rinsing and
chrome plating rinsing.

These rinsings are first drained into the rinsing storage tank and then
pumped into the reclamation plant.

-;|83__




Fig. 3.3.2 Water Balance of Factory
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{2) Production process and source of waste water

c,

A flow sheet of the production process is shown in the Fig. 3.3.3. The
five steps are as follows :

Casling

Casting is produced by pouring melted copper-zinc altoy into a mold.
Waste cooling waler conlaining carbon powder is an outcome of this
process.

Carbon powder is extracled from the wasle water in the tank. ‘Then the
supernatant is drained.

. Machining

Flashes of castings are shaved off, thread holes are cut, the surface is
polished and the malerial is shaped. This process produces waste culting
oil, which is collected and disposed as indusirial waste. There is no wasle

water discharge.

Electroplating

This plating process adds anticorrosion and heat resistance, and
embellishments. Plating is done at both the old and new factories.
The basic steps for each factory are as follows :

Raw material — (Degreasing) — (Rinsing) - (Pickling) —> (Rinsing) —

. (Copper plaﬁng) - (Rinsing)— (Nickel plating)— (Rinsing) — (Chrome

plating) ~>(Rinsing)—>{Drying)—Products.

Each step produces waste water. Since the plating bath is not renewed,
no waste renewal water of the concentrated plating liquid is produced.

Plaling is done mmma_lly al the old faclory, and automatically by computer
at the new factory. The plating facility at the new factory is efficiently

" structured, clean and well-managed.

The new factory has barrel plating and gold plating facifities. The gold
plating facility has an ion exchange resin to reclaim gold from rinsing
water, _ 7

There are two metal plating factories, so copper plating, nickel plating and
chrome plating were dcsignated as the basic plating processes for both

* factories and the agents carrently used for both factories were selected

for the processes. The examination is done as a unified factory of a
typical model case with general characteristics.



Fig. 3.3.3 Flow Sheet of the Preduction Process
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(D Degreasing

Oil is removed from the casting surface by electro-cleaning, solvent
cleaning by tetrachloroethylene (PCE) and alkaline cleaning.  This
process produces waste PCE, which is recycled after its impurities are
extracted and scparately disposed of.

@ Rinsing of cleaning agent .
Eleciro- and alkaline cleaning fluids on the material surface are washed off,
This process produces rinsings of the diluted electro- and alkaline cleaning
ﬂui'd_s.

3 Pickling and activation
This process removes the thin oxidation coating on the metal surface by
placing the maiterial in acid to ease the plating

@ Rinsing of acid
Sulfuric acid or HBF4 on the material surface is washed off. This step
produces rinsing of diluted sulfuric acid or HBF4.

® Copper plating

~~ Copper plating is applied as a susface treatment plating with cyanided

copper as a plating liquid.

N Since the plating liquid is not replaced dusing this process, no waste water

~ is produced.

® Rinsing of copper plating liquid
The copper plating liquid -on the materiai surface is washed off. This step
produces diluted copper plating liquid as waste water.

@ Nickel plating
This process applies copper plating to nickel. ~ Since plating liquid is not
replaced, no waste water is produced. '

Rinsing of nickel platihg liquid

The nickel plating liquid on the surface is washed off. This process
« produces rinsing of diluted nickel plating liquid.
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® Chrome plating

‘This step applies chrome to the nickel plating.  Since the plating liquid is
not replaced, no waste water is produced. ®

An exhaust hood is attached over the chrome plating tank, which
discharges by fan the gas and misi produced in the tank. The exhaust
ductis connected to the exhaust gas collector (o absorb the exhaust gas in
the chrome plating liquid. Then the plating liquid is collected.

The ion exchange unit removes impurities from the degraded chrome
plating liquid. The resin produces regencration waste water which is
discharged as waste walter.

@ Rinsing of chrome plating liquid
The chrome plating liquid on the material surface is washed off. This
step produces diluted chrome plating liquid as waste water.
db Hot water washing (Dr'yi-ng)
In this final rinsixig process, the material is snrbmrgcci in hot water to heat
it and make the surface moisture evaporate. No waste water is produced. %

@ Other

An flaking tank for chrome plating is used fo remove defective mefal from
defective plating materials. A water solution of NaOH is used as flaking
liquid.  After the flaking process, this solution is washed off.

d. Assembling _ _
Component paris are assembled into products. No waste water is
-produced in this process, since no water is used.

e. Waterproof test

This process checks final products for water leakage. The waterproof test
produces wasle water which is not poltuted.

(3) Waste water treatment plant

~ a. New factory

The waste water treatment plant combined with the plating facility provides
for an effective means of dealing with waste water, The wasle waler



treatment plant is installed in the first floor of the basement; one floor
below the plating plant.

The flow sheet of the new factory's waste water reatment plant is shown
in Fig. 3.3.4.

Waste water of the plating facility is separated into alkaline waste waler and
acidic waste water,

Alkaline waste water, the rinsings of the alkaline cleaning liquid and the
copper plating liquid, is discharged into the waste water tank of CN/OH.
Acidic waste water, the rinsings of HBF,, H,S0,, nickel plating liquid and
chrome plating liquid, is discharged into the waste water tank of H/Cr.
The wasle water pooled in cach tank is pumped into another tank for
oxidation, reduction, and pH control.

The pH of CN/OH wastc water i_s controlled by adding HCl and NaOH;
and oxidization decomposition of CN is accomplished by adding NaClO.

The pH of H/Cr waste water is comfolled in the same manner, and
reduction of Cr®* is accomplished by adding NaHSO,.

After oxidation or reduction treatment of the waste water, pH control is
once again applied, resulting in hydroxide of the heavy metals.

After this is compleled, the waste waler is pumped into another storage
tank. A dehydrating agent is added, and the water is then pumped into a
filter press {o dehydrate the sludge produced.

The filtered water is pooled in the pH control tank, and the sludge cakes
are sent to a wasle disposal field. '

The pH of the control tank is adjusted to the discharge standard.  The pH
adjusted water is pumped to a sedimentation tank, where the remaining fine

88 is precipitated.

In most cases treated water is not sent fo the sedimentation tank, but
instead is directly pumped into the next pump pit and discharged.

—189—.



2238 3uisury A||Muﬁr

93uryoX] A3uBYLX]
voluy

uO1Y2Y 49314

i -

WuB| 99EJ03S
s3u1sU1Y

@ W
=

L

A\

(Je3ER P1SEY UOI3EJ3UTFIY)

(83pnig)

314 cung

ﬂ@

omhmxoa_oA;

L

4
)
HUE] r__

U0 1383UsW! DS

@ o0

Nwoaw ! _QA.:" '

wue]
j0J3u0) Hd

(3%e0) J
|

§83.d 133

(191BM 93SEY UO13EBIUIFAY) wue) ommLoumm
49/H y
-@ A
3R] 1043000 HA B -
U] 9924035 UOIGONPOY/UOILEP XD Al
— — yue] 99eJ038 ﬁ
L T hwo
—Q
=
HOEBN _ﬁ EQSHEN § OH Q% OEN
®— , @ @

A _

yue)| Bursuty 2815 3se
U3 WoJ} sAuIsUly yoeg

s3uisuly Juile|d 49
sBuisuly duljeid N
s3uisuly *0S*H
sAuisuty g

s3uisuty 2uileid N9
s3uisuly 3ujued|) |iexiy

1924§ MO[J JUT{J ISN-IY PUE JUIUBELIL, JANBAL SEM SAIOPEI MIN  $°CE€ S



qh

The chemical dosing, waste water, and reaction tanks are installed in a dike
with ventitation facilities. This is sound ntanagement in that it ensures
safety in working conditions. ’

The new factory'é waste water {reatment plant performs the copper and
chrome plating rinsings of the old factory, in addition to the barrel and gol
plating rinsings.

In the new factory, each final rinsing of the plating process is reclaimed by
ion exchange resin,  The regenerated waste water of this resin is treated
by the same factory’s waste waler treatment plant.

. Theold factow

The old factory is msponsnble for plating touch-up and plating of materials
not automatically plated.

This factory has atkaline cleé.ning and rinsing tanks; and HBF, and rinsing
tanks. If also has a PCE tank, electro-rinsing tank and flaking tank not
found in the new factory. They are manuvally operated.

The rinsing tank is continucusly oveiflowing, but the copper plaﬁng
ﬁnSing and the chrome plating rinsing are pooled in each tank in the
basement of the factory.  As a result no waste water is discharged from
them.

A cooling port which prevents the PCE from vaporization is installed in the
upper wall of the PCE tank. Waste PCE is collected and its impurities
removed by the factory's solvent reclamation facifity.,

The impuritics are appropriately disposed of as industsial waste, and thus
no PCE is discharged.

Orher rinsings are discharged as general waste water, apart from the copper
plating rinsing which contains CN, and the chrome plating rinsing which
contains Cr**, The waste water treatment plant of the old factory is

evidently installed to remove heavy metals.

At present (June 1996) the wasfe water treatment plant is being renovated
to improve treatment efficiency.
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Fig. 3.3.5

General
waste water

—

The flow sheet of the waste water treatment system is shown in Fig. 3.3.5.

Flow Sheet of Plating Waste Water Treatment System of Old Factory

Stabilization

fank

pH control
tank

Sedimentation

Neutralization

tank

tank
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(Studge) -~ Carrying out

— Discharge

Waste water is discharged at 7-10 m*h.  The average is 49m>/day.

The waste water amount measured on the sampling date of Juac 7th is
shown in Fig. 3.3.6. As indicated, waste water was discharged at an

almost constant 15m’/h during the day.

Fig. 3.3.6 Waste Water Discharge by Waste Water Treatment System of the Otd Factory

Flow (m3M}

Graphic representation of waste water flow in dependence of time.
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(4) Waste water treatment and water management system

One éngineer and two technicians are in charge of the waste water treatment
and the water management at both old and new factories. The operation ime
* of the waste water and water treatment plant is 12 hours,

-1
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(5) Other related conditions

The plating facility of the new factory is equipped with ventifation , for safety

as

a.

well as resource recycling.

Organic solvent reclamation unit

At the old factory, organic solvent PCE is used for degreasing.  Waste
PCE is collected and reclaimed through the solvent reclamation unit.

Chrome plating evaporative enrichment unit

The exhaust hood over the chrome plating tank, connected to the
cvaporative enrichment unit, discharges exhaust gas.

Chrome plating liguid is used as an absorber, to collect scattered gas or
mist for reuse. '

Chrome plating liquid focl_a_mation unit

chradralion of plating ligquid is caused by the following factors : electro-

*- oxidation of the plating liquid agent ; oxidation by air ; self-oxidation of

the reducing agent ; transferring ; extrancous matter on plating material ;
elution from material ; mixed reverse inflow from exhaust duct ; and

- elution from tank, pipe, and ancillary equipment.

The main cause of deferioralion is the formation of Cr'*, which is
climinated by the ion exchange resin facility.  The chrome plating liquid is

récle_linied for use.

(6) Evaluation of present system

The present system is adequate, for the following reasons :

@

@

®

@

Waste water is cIassnﬁed for dlschargc 7

The umt operation to ehmmatc noxious materials is appropriately
mcluded in the waste water treatment plant.

Sufficient safely measures are taken. )

The resource recovery facility is fully equip‘ped.

The waste wa_ter_irealﬁ_mni plant Shou_lc! be therefore propetly operated and
well managed in order to perform its ability.

" The waste water treatment plant and the reclamation facility can be improved
by the foltowing suggestions for the treatment system.
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(© Treat HBF, rinsing scparately.

HBE, cannot be treated by the addition of calcium ion alone. It must be
separately treated.

HBF4 is a stable complex ion.  In water, however, it is hydrolyzed and its
fluorine ion dissociated. It exists at the equilibrium state of the following

(1))

HBE,+H,09HBE,(OH)}+HF. .........coveeo .. (D

HBE,(OH}+H,0¢>HBF(OH),+HF................. (2)
HBE,(OH)+H,0HBF(OH),+HF.................. ?)
HBF(OI+H,0H,BO4HE......ooevoen .. ()

If calcivm ion is added to HF and eliminated as CaF, , reaction proceeds to
the right, and BF, is decomposed. But the reaction of Formula (1) at
ordinary temperatures is relatively slow.  Aluminum salt is added as a
catalyst to raise the lemperam;rc and accelerate reaction.

- 3HBF, + Al,(so ), + 6H o-»zﬂ AIF, + 21,50, + 3H,BO,
2H,;AlFg+ 6Ca(OH),—>6CaF, + A(OH),+ 4H,0

@ Install a ﬁltenng unit before the final neutraltzahon trealment {before
discharge). T

Bxamination of the treated water sevealed SS (probably a heavy metal
hydroxide), though less than is commonly detccted "~ A filtering unit
should be instatled (o eliminate SS.

@ Instail an activated carbon absorber after the ﬁllering unit,

There is concern that organic solvent adhermg to materials is transported
out of the tank and m:xcd with waste water. The organic component of
waste water could lhercby exceed the effluent standard of TOC. The
aclivated carbon absorbcr should be installed after the filtering process to
prevent this occurrence.

The organic chlorine compound (which boils at a low temperature),
dissolved in water, is absorbed by activated carbon.

The absorption isothermal lines of the organic chlorine compound (i.e., the

- relationship between strength in water and equitibrium absorption against
strength), is shown in the Fig. 3.3.7."



Fig. 3.3.7 Absorption Isothermal Lines of Organic Chlorine Compound in
Water, agaiust Activated Carbon (25°C)
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and Legislation {Water Quality Edition), Industrial Pollution Control Association of Jafan (19913)

@ Install a chelate resin unit after the activated carbon absorber.

In certain cases, chelate agent is added to the alkaline cleaning agent.
There is concern thal material containing residue alkaline cleaning agent on
the surface could leave the tank and mix with heavy metals in waste water
to be discharged.

Since complex treatment is beyond the capacily of the present trealment
“system, a chelate resin unit should be installed after the activated carbon
~ absotber.

® TInstall an activated carbon absorber at the final stage of the plating rinsing
of thewaste water reusc system.

During reuse (reatment, various lypes of organic matter added to the plating

- liquid accumulate in the circulating water.  An activated carbon absorber
should be placed at the final step of the reuse system to prevent plating
problems caused by this accumulation.

| ® Install a reclamation system for each type of plaling rinsing.

When nickel plating rinsing is mixed with the éoppér plating rinsing, cyan
co’mp-!ex of nickel can form. ‘This is very difficult to treal. A reuse
system should be installed for cach kind of waste water, in order to prevent
both this pfoblcm and the pléling probler mentioned in (e).
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4) Quality of fecd water and waste water
(1) Quatity of feed water

The quality of feed water is shown in Table 3.3.2.

The sample numbers and sampling locations are as follows :

(Mo. i) City water as fced water

(No.2) City water treated by water demineralizer, a pretreatment facility.

Table 3.3.2 Quality of Feed Water

N 1 2
Name of Saample Cit“;Water Outlet of
[tems [.E. Plant
Fe (mg/ ¢ ) <0. 05-7- < 0. 05
M g (ae/ 03|  <o0.05 <0.05
T-Hardness % ¢ any i5.6 | <o.5
W-Alkalinity - (mmol/i Yy oo 4.3 0.07-
C ¢ (mg/ ¢ ) 12 <1
TDS (mg/ Q)| 360 - < 30 N
(NOTE) * : mmoi;‘l—;s CaCp

(2) Qua]lly of w

aste water

Table 3.3.3 shows the quatity of rmsmg 0 bc treated at lhe reuse plant and its
treated water, and waste water treated by the waste water treatment plant and
its treated water.

The sample numbers and the sanipliné locations are as follows :

 (No.3-5)
(No.6)
(No.7)
(No.8-10})
(No.11)

(Nq. 12)

" {No.13)

Rinsings to be treated by new factory's reuse plant

Rinsing storage tank of new factory's reuse plant

Treated water of new factory’s reuse plant

Rinsing of new factory's plating facility

CN/OH rinsing storage tank of new factory's waste  water
treatment plam

H/Cr rinsin g storage tank of new factory s waste water treatment
plant

Oxidation reduction and p}l control !ank of new factory’s wasle
water treatment plant



- (No.14)

" Discharge (composite sample) of new factory’s waste water plant

(No.15-21) Plating bath and rinsing of old factory’s plating facility

(No.22)

(No.23)

General waste water (composite sample) of old factory's plating
facitity _ _
Discharge of old factory's waste water treatment plant
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Table 3.3.3 Quality of Waste Water and Treated Water (1/5)

L_

Anionic surfactants {mg/ Q)

Mo 3 4 5 6 7

W Rinsing Rinsi;g Rinsing Storage Tenk|Outlet of [E
{tems (1.12) (1. 13} (1.21) {81 . A
Temp. (C) 25 20 23 - -

p H (- s.o-m- 4.5 8.1 1.3 5.4
‘s S {mg/ 2) - - - - -

8 {mz/ ) - — — <0.05 0.4
Cu {mg/ 2) 4.7 1. 3ﬁm 0.06 1.8 <0.05
Zn (mg/ )] <0.05 <0.05 <0.05 <0.05 <0.05
-Cr {ma/ Q) 0.11 0.70 0.1 0.25 0. 085
—C r®* w2/ 8} <o0.05 0.38 <0.05 <90.05 <0,05
N i (og/ Q)| <0.05 0.35 16 1.3 0.31
N-NH, {ng/ ¢) — — - — —
T-CN {mg/ ) 14 8.0 0.04 4.6 7.9
1-F (mg/2)| <o0.01 <0.01 0.17 0.58 <6.01
T-pP (mz/ ) = - - - -~
CODec. {mg/ Q) — - -- - 15 N
T-fat {mg/ L) B - — — - -
CHCZ®," {mz/ Q) - — —_ - -
CH.CQ:® {mg/ Q) - - - - --
cce.' {mg/ ) - - - — —
CQ:CHCHCQ_z' (mg/ £) - — - - -
Ct.CHCH.C2"® {ag/) - - - - -
CHsCC2,' {(wg/ 2) - - - - -
CsH. {mg/ Q) — - - - —

C :H,.m (mg/ Q) - - - = -
C«H{CHa) . {mz/ Q) - — - — -

{Note) +*

! Expression as C 4
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Table 3.3.3 Quality of Waste Water and Treated Water (2/5)

N 8 9 10 11 12
Name of Semple | Rinsing Rinsing Rinsing  |CN/OH Storage |H/Cr Storage
[tems (.7} {1. 16} {1.22) Tank (B 11){Tank (B 12)
Temp. {0 6 | 22 2 - —
?H { - 8.2 - <1 7.8 11: 2.0
SS @/ ) -~ - - - -
HB (mg/ﬂ) — - — - —
Cu . {mg/ Q) 0. 17 730 0.05 27 -
Zn (mg/ Q)] <0.05 290 <0.05 1.3 -
-Cr wz/ 2) 0.14 - 0.08 - 140
cr®’ (mg/ Q) 0. 09 - 0.05 - 10 |
Ni 3/ Q) .07 a20 560 - -
N-NH; (mzg/ 2) - - - - -
T-CN (wg/ Q) 0.03 <0.0t 400 | 44 0.26
T-F - (mz/ Q) 0. 10 23 1o - —
I-P (maf 9) - - - —~ -
CODec. (mg/ Q) - - - 890-¢ 170
T-fat (mg/ Q) - - - - —

-
cHC,' {mg/ 0) - - - - -
CH:C ¢ {mg/ Q) - - — - —
cCc.’ (wz/ Q) - - - - -
CR:CHCHC?:"' {mz/Q) - - - — -
C¢:CHCH.C¢" (mg/ Q) - - — - -
CH.CCQ," {mzg/ 2) — - - — -
CsHs {mg/ Q) - - - - —
CrH. (mg/ ©) - = ~ —~ -
CoHCHY. @/ - - - - -
Anionic surfactants (mg/€) - — - - -

{Note} # : Expression as C @




Table 3.3.3 Quality of Waste Water and Treated Water (3/5)

Mo 13 14
Name of Sample | ORP Reactor| Effluent
[tems (B 13) (8 17

Temp. () - -
p H (- 7.2 9.1
SS {mg/ ¢) - 50
B (mg/ ) — 0.5
Cu {mg/ &) - 1.4
Zn {mg/Q) — 0. 54
T-Cr (ng/ Q) i1 0.20
cr*t {mg/ @) <0.05 <0.05
N i (mg/ ) _ - 1. 1
N-NH; (mg/ ) - S 0.45
T-CN (ez/9) <0.01 <0.01
T-F (ng/ Q) — - 4.2
T-P - {mg/ ) - 0.94
CO[);, g/ )| 490 20
T-fat {og/ ¢) - <5
CHC?.' (mg/ ¢) - <0, 01
7CH:CQ:' (eg/ ) — <0.01
cci¢s {mg/ ¢) — <0.01
Ce.CHCHCU:" @/ ) - <0.01
CR:CHCH:C?" (m3/2) - <0. 61
CH.CCZ¢.’ (ng/ ) - <0.01u
CsHs (mg/ ) - <&6I
C+Hs {mg/ 2) - <0.01
C+H+«{CH): (rg/ €) — <0.0f
Anionic surfactants (mg/ ¢} -- <0. 05

(Note) #* :

Expression as C [




Table 3.3.3 Quality of Wasté Water and Treated Water (4/8)

Na 15 16 17 18 19
Naze of Sample | Alkali De- [ Acid Bath Cu Plating | Rinsing of | Ni Plating

1tems ffatig Bath Bath Cu Plating Bath
Temp. T 13 20 25 25 18
pH () 1.6 13 0.5 10.4 54 |
S$S {ng/ 2} — — - 550 -

B {mz/ 0} - - — 1, 300 -
Cu (nz/ Q) - 3.6 45, 000 17, 000 -
Zn (mg/ ) 1.3 12 710 30 -
T-Cr (mz/ ) - - - 1o 0. 70
Cr** (ng/ Q) - - - <0.05 -
Ni (mz/ Q) - - - 870 88,000
N-NH: - (ng/ ) - - - 18 -
T-CN (mg/ @) 30 — - 3, 400 —
T-F (mg/ Q) - 3,400 — 23 -
I-P (mg/ 2) - - — i1 [ -
co De. (mz/2)| 1,200 30 54, 000 19, 000 53, 000
T-fat - (mg/ 0) <5 - - <5 -
cHC ., (mg/ 2) - - - - -
CH.Ce." {ng/ ¢) N - — -
cce.” {mg(ﬂ ) - - - - -
CQ:C};EHCQ-;' {mg/ Q) - — - o -
CQ.CHCH.C¢" (mg/ ) - - - - -
CH;CCQ:' (mg/ ) -~ - - - - —
CsHs (ng/ ) ] —~ - — -
C:Hs o {mg/ 2) - — — - -
CaHu(CHa{;m {ng/ 0) - - - - -
;\—r—:ionic surfactants (mg/ Q) 2.6 - - 3.1 -

(Note) *

Expression as C ¢



Table 3.3.3 Quality of Waste Water and Treated Water (5/5)

Na. 20 21 22 23
Name of Sample | Cr Plating | Rinsing of |Influent of |Effluent of
[tems Bath Cr Plating | ¥.W. Plant | W.%. Plant
Temp. (C) 25 25 I8 20
pH (=) L0 3.0 7.4 8.9
SS (mz/ Q) - 210 <30 120
B (mz/ Q) = 3,000 0.1 i 0.08
Cu (ng/ ) - 330 0.36 0. 43
Zn w3/ 2) —~ 260 017 0.21
-Cr (nz/ 9)| 280, 000 5, 700 0.75 0.98
Cr® (mg/ )| 220, 000 5, 200 0.31 0. 27
N i {mz/ Q) - 300 0.72 0.85
N-NH, (mzg/ Q) — 76 0.17 0.05
T-CN (mg/ ¢) - <0.01 0.24 0.13
1-F (ng/ ) — 0. 40 0.26 0.21
1; (ng/ ¢) - 43 1.6 0.7
CODe, (ma/ Q) - - <15 20
T-Fat (mz/ Q) - <5 <5 <5
CHC@.," {ng/ Q) - ~ <0.01 <0.01
CH:CQ." (ag/ Q) ~ - <0. 01 <0.01
CCe.’ (mz/ Q) — — <0.01 <00
Ce:CHCHCZ?." {@z/0) — — 0.02 0.01
CO:CHCH:CQ2"* (mg/ Q) - - 0.13 0.10
CHCCe," (mg/ @) —~ ~ <0.01 <0.01
CsHs g/ Q) - - <001 <0.01
C:Ha 2/ 0) - ~ <0.01 <0.01
CeH«(CH ). (mg/ Q) - - <001 m_<o.m_
Anionic surfactants (mz/ Q) — 3.9 <0.95 <0.05

{Note) * :

Expression as C ¢




3.3.2 Water Conservation

% _ 1) Current condition of water usage and waler conservation

(1) Water usage

@ The water source is strictly city waler supplied to the casting plant and the
plant (A).

@ Recovery water is used in the new plaling plant at the rate 0f120 m*/day.
@ 53% of the water is used for cooling waler; 35% for ~washing and
- processing water;  and the remainder miscellancous.
@ About 50% of the cooling waler is for direct cooling, and about 50% for

indirect cooling. The cooling water is not recycled.

@ About 62% of the washing and processing water is used in the plating
- process, and about 38% for the waterproof test of final products.

(2) Water conservation
( Water conservation is practiced in the new plating plant and in the plating
facility. ,
2 @ Water controlling is inadequate in the old plating facility, where plating is
manually performed, -

® The direct cooling water used in the casting plant is polluted and thus
exteemely difficult to recycle.

@ It is possible to recycle the indisect cooling water used for the TCE
reclamation system, which at present is not recycled. ‘The water
temperature is rather high (cify water temperature + 10°C approx.), but the
water quality is good.

" 2) Planning of water conservation systern

- (1) To reuse indirect cooling water of TCE reclamation system for the
waterproof test of final products. (case 1)

" (a) Outline of plan

The indirect cooling water of TCE reclamation system is not at present
recycled. The temperature of water at the outlet is aboutl 25°C, with no
change in water quality. This effluent is to be reused for waterproof fest
of final products in the assembly plant of the same building.

i |10
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{b) Basic conditions

The basic conditions are shown in Table 3.3.4

Table 3.3.4 Basic Conditions

Waler Operation Water  Operationdays  Wafer
guantity time quantily quantity saving
(m’4) W) {m’/h) (dy) (m’Ad)
Present TCB reclaniation syslem 100 16 6.25 229
Present walerproof test facility 49 8 6.13 235
Amount of reused water and time period  (49) @®) 6.25) Q) (48)
(c) Cost estimate
+ Facility cost _
~ Pipes and piping work 1 sel 750 {thousand SIT)

» Operation cost
Same as current operating cost
« Required cost

Table 3.3.5 shows required cosls

0

Table 3.3.5 Required Costs

Annual -~ Cost per 7
Item cost - - - repovered water Remarks
(thousand SIT/y) (SIT/m?)
Fixed cost Facitity depreciation 50.3 4.58 13year equal depreciation
Interest 37.5 3.41 T 10%
Sub-total - 878 199
Operation cost B ] 0 L
Total 87.8

7.99

(2) To reuse indirect cooling water of TCE reclamation system as direct cooling

water for casting plant. (casc 2)

(a) Outline of plan

The indirect cooling water of the TCE reclamation system is used only
once, ‘The waler temperature at the outlet is about 25°C, with no change

in water quality.

This effluent will be reused as direct cooling waier for the casting plant of a

different building.



{b) Basic conditions

The bgsic condilions arc shown in Table 3.3.6

Table 3.3.6 Basic Conditions

Water Operation Water - Operation  Water saving
quantity time quantity days quantity
) W) (m*h) {dfy) (m’H)
Present TCE reclamation system i00 16 625 229
Present casting cooling water 26 21.6 444 202
quantily of reusing waterand the pesiod ~ (71)  (16) . (444) 202) an
(c) Cost estimate
» Facility cost
Pipes and piping work 1 set 1,500 (thousand SIT)
Cooling water tank 1 (1.5 m*) 200
Instrument/ controller 1 set 100
Pump (1 Spare) 2 (409, 1.5 kw) 360
Instaliation cost, etc. Iset - ' 140
Total . S 2,300

*~ « Operation cost ~ -
Electricity 1.5 kw x 0.8 x 16 h/d x 15 SIT/kwh x 202 d/y
= 58.2 (thousand SITly)

Laboi‘rco'st ' Concurrent work

« Required costs
The required costs are shown in Table 3.3.7

‘Fable 3.3.7 Required Costs

: o : 7 Annual , Cast ger
© e ' cost recovered water Remarks
) {thousand SITAH)  (SIT/m) -
Fixed cost Facility depteciation . 153.3 - 15year equal depreciation
interest : “ 1150 o ' 10%
" Facility maintenance cost 1150 . . 5% of facility costfyear
Sub-total 3833 2013
Operationcost 582 4.06 )
" Total ' 441.5 3079
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