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Abstract 
Waste millimizario" is cOlISidered 10 be a "sustainable environmental pmtection method," It i~' 

particularly releVallt for small alld medium scale industries (SMls) which IIof only provide large~scale 

employmehr llIid other ecollomi.c advantages aver larger industries, but also ensure"a more equlliIhle 
aislributio~l of /latiollol iJlcom~, However, SMJ.s also contribute significantly 10 overall indu:~tr-ial 

pollutioll, htlt lack preferential access to both'capital alld new technologies. 
Tllis pap'cr examines a small electroplatillg shop ill Bm,gkok, looking at how waste minimization 

can create smJingsfrom the qllaT!Wy and stT/!I1gth reduction afwastewater, Without allY major financial 
il1l l e.\'tmellt,\'" Simple ill-plallt control measures such as drago.ut recnvery, spray rillsi.llg techniques and 
rinse water agitation were utilized, enabling the minimization of chemical usage. 

An Industry can be defil)ed as a system in which diverse elements called input undergo 

mechanical, physical, chemical or even biological changes to give rise to desired products and by
products known as output. As part of the production process, polluting waste streams are also 
generated as schematized in Figure I. Rapid industrialization for better living standards has led to 
increased productivity along side with a dramatic augmentation of pollution loads. 

Figure 1: Relationship between industry and pollution 
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In the early 1960's, when awareness about environmental pollution was just beginning, dilution 
was considered as the solution to all pollution problems, This practice resulced in the rapid reduction 
of the assimilative capacity of various natural systems, leading to environmental degradation. Thus, 
to combat industrial pollution, indus(ries were forced to purify their waste stream prior to discharge. 
This practice was known a~ the "end-of-pipe treatment", where no attention was pam to process 
changes which can lead to waste reductions. This technique has few advantages such as: 
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straightforward and simple operations, low risk, and meeting the required effluent standards in a 
short span of time. Lately, industries found that effluent treatment costs increase linearly with 
increased production, and in many situations "end-of-plpe treatment" provides only a short term 
solution. 

In the "end-of-pipe-treatment" process, waste is eventually transferred from one phase to another. 
Thus, "phase transfer" is a more appropriate term than "treatment". For example, toxic heavy metals 
in electroplating effluents are converted by physico-chemical means and are transferred from the 
aqueous phase to the solid phase. In recent years, the leaching of heavy metals from waste sludge's 
buried in sanitary landfills caught a lot of attention. Furthermore, more stringent standards were also 
set for industrial effluents. These require industries to consider the further treatment of sludge, which 
proportionately increases the cost of pollution abatement. 

Figure 2. clearly demonstrates the various phases of environmental protection. Waste 
minimization/cleaner production are the techniques considered as "sustainable environmental 
protection methodologies". Here the first three stages are considered to be "reactive)', where as the 
last phase of waste minimization is seen as being "preventive". 

Figure 2: Phases of environmental protection 
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I. What is wa.ste minimization? 

Waste minimization consists of source reduction and recycling. Of the two approaches, source 
reduction is u5uaJJy preferabJe to recycling from an environmental perspective I. Source reduction is 
any activity that aims to eliminate the generation of waste/hazardous waste at its point of origin, 
while recycling is the using, recycling, or reclaiming of materials/waste, including processe.s that 
regenerate a material or recover a usable product from it 2. Waste minimization however, does not 
include recycling activities which involve disposal and buming for energy recovery 3. GeneralJy 
speaking, with waste minimization we are integrating all the environmental constraints inca the 
industrial production units. Waste minimization involves the use of raw materials, processes or 
operating practices in a manner that prevents the creation of pollutants or wastes at their source, and 
those practices that reduce the use of hazardous and non-hazardous materials, energy, water or other 
resources. 

Waste minimization can be achieved through a number of practices and approaches as illustrated 
in Figures 3 and 4. 

I USEPA,1988 
2 UNEP/UNIDO, 1991 
J USEPA,1992 
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Figure 3: How to minimise wastes? 
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Figure 4: General techniques for source reduction 
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The selection of potential measures which are appropriate for each specific industry to minimize 
their pollution load depends on many factors, such as the industries size, the waste production in 
terms of toxicity andior volume. the significancelbenefits of waste minimization options, and the 
willingness/receptivity of the industry to innovation, etc. For the industry managers to make a sound 
decision and selection with regard to environmental management, it is essential to conduct a waste 
reduction audit, which is a systematic, planned procedure with the objective of identifying ways to 
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reduce or eliminate waste. Briefly, a typical audit consists of a thorough account of a plant's 
operations and waste streams in order to get a deep understanding of material flows in various stages 
of the production line, and the selection of specific areas to focus on. After the priority areas are 
established, a number of options with potential for waste reduction are developed and screened. Then 
environmental, technical and economical evaluations of the selected options are undertaken and 
finally the most promising options are identified and designed for implementation 4. 

II. Small and medium scale industries: 

The term small, and medium, scale industries (SMIs) used in this paper is for enterprises with 
less than 50, and from 50 up to 200 employees, respectively. 

SMIs contribute significantly to the strengthening of the industrial structure. Figure 5 shows the 
percentage contribution of SMIs to all industries in some selected countries in the Asia-Pacific 
region. This figure indicates that SMls are a significan( and dominanl component of the industrial 
sector of all these countries. This is because they provide immediate large scale employment and 
have a comparatively higher labor/capital ratio; they need a shorter gestation period and relatively 
smaller markets to be economical; they need lower investments, offer a method of ensuring a more 
equitable distribution of national income and facilitate the effective mobilization of capital and skills 
which might otherwise remain unutilized '5. 

Figure 5: SMis in the Asia-Pacific region 
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4 UNEP/UNIDO, 1991 
5 UN-ESCAP,1985 
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Pollution from SMIs: 

Although SMIs playa vital role in economic development, they also contribute significantly 
towards overall industrial pollution. For example Samut Prakan, a province of the Bangkok 
Metropolitan Region (BMR), comprises of 38 percent household industries6, 60 percent SMIs and 
2.6 percent large scale industrie:; 7 (see Figure 6). 

Figure 6: Proportion of industries of different sizes 
in Samut Prakan 
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As far as the contribution of pollution by industrial size is concemed, Figure 7 shows the BOD 
load contribution according to industrial size. While 43 percent of BOD load comes from SMls, and 
household industries (i.e. 4 percent). the remaining 57 percent is from large :;cale industries. The 
BOD load in Samul Prakan province is projected by assuming that the proportion of various 
industrial categories .will remain the same and that there will be no change in production technology 
or waste treatment by the year 1996 (Fig. 8) It is quite obvious thaI pollution loads will continuously 
increase if no precautionary measures are raken. 

Figure 7: BOD load according to industrial 
size: Samut Prakan 
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6 household/collage induslries have less than 10 workers 
7 TORI, 1993 
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Situations similar to that in Sarnut Prakan may exist in other provinces in Thailand and many 
other Asian countries. Therefore, it is very important that while planning national pollution control 
actions, SMls which contribute significantly to overall national industrial pollution should also be 
taken into account. 

It is true 10 say that large scale industries produce more pollution than SMls, as is apparent from 
Figures 7 and S. But because of their preferential access 10 capital investment and to new 
technologies, it is comparatively easier and more economical for them to control their pollution by 
utilizing different pollution control techniques. In the case of SMIs a number of factors hinder them 
from the planning and implementation of pollution control actions. These factors are, a lack of access 
to resources allowing for investments in pollution control activities, a low level of technology. a lack 
of space, the non availability of trained personnel at low salaries, etc. The question which 
subsequently arises is that when SMIs face problems in controlling their poJiulion what steps should 
be taken against them in order to prevent further environmental degradation? In the long run, 
considering the pollution COSt to the product cost, can SMls compete with large scale industries? One 
needs to ask whether SMls should be closed down, or whether strong administrative actions should 
be taken against them so as to reduce their pollution levels. In reality however, these arc not the 
solutions to the problem. The solutions lie elsewhere. These need to be addressed and implemented 
to insure the pollution free survival of SMls. 

Figure 8: Projection ofBGD load in 
Samut Prakan 
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Pollution control problems faced by SMIs: 

There are several problems faced by SMls in controlling their pollution. These problems are 
mostly technical, economical, educational, etc. and need to be given adequate consideration. 

The problems that prevent the effective abatement of environmental pollution from SMls are 
more economical, ralher than technical in nalUre. Nevertheless, these (wo factors (economical and 
technical) are closely inler-linked, since the common goal is to develop technical solutions to 
environmental pollution problems. In the case of SMIs, (he technical and economical aspects of 
pollution control assume somewhat distinctive dimensions: 

J. SMls arc generally located in highly urban centers and in already congested capital cities. The 
availability of infrastnlcture faciljties. proximity to a large market, and easier acces~ to financial 
sources are the primary reasons for this. 
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Figure 9: Layout of the electroplating shop 
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During the process the work pieces are washed directly under the tap. There are two rinse tanks 
used for the whole operation system. Tank NO.1 is used for rinsing after the dull Ni and bright Cu 
plating process and tank No.2 is used for rinsing work pieces after the Ni plating process. Therefore 
the wastewater contains mainly three components: Cr6+ in the form of Cr20 72., N?" and Cuh 

, as 
shown in Table I. The analysis of wastewater from the shop showed a wide fluctuation in quantity 
and quality. The wastewater samples were collected in separate plastic buckets. However, during the 
actual process operation, the tap is kept open continuously. Thus more diluted wastewater can be 
expected (han in the analyzed data. In general, the whole process consumes about 3-5 m3 per day of 
water. At present, wastewater from this plant is simply discharged directly to the nearby sewer 
system without any treatment. 

Table 1: Composition of wastewater 

Concentration Minimum Maximum Quantity 
m 3/dav 

Cu 2+ mgIL 74 1100 0.2 - 1.3 
Cr6+ mgIL 50 2340 

0.9 - 3 
Ni2+ mgIL 10 2482 



3.1. Experimental investigation 

I III plcmcll ta ti on of in-pI ant control measures 

The initial in-plant control wilste <ludiling revealed that this plant generates essentially 4 kinds or 
wastewater, which originate from: ;1) Cr plating, b) Ni plating. c) Cu plating, and d) electroplating 
(alkaline) and ncid cleaning. The major focus of the work was 011 control and treatmenl of the first 
three metal bearing waste streams. The bst waste stream which mainly contained suspended solIds, 
acid and alk'lli, contributed 40 percent of total wastewater generated at Ibis plant. Therefore, 
cOllsJdenng its 1l0n-h<Jzardous n:llure and high volume it seems to be more appropriate that this last 
slream be discharged directly into the sewer aner neutralization. 

The layout of the eIeet ropl atm g shop wi th process mod iCications is presented in Figure 10. The 
m:ljor onenlati on of th is Illodi ficat ion can be sumll10ri zed as follows: 

Spr:Jy rinsing techniques - an easy method to increase profits 

i) \Vastcwatcr segregation: Chromiulll, nickel and copper bearing wastewater was segregated and 
collected separaldy. These W:J.stc waters were then treated and concentrated solutions (Cr, Ni, Cu) 
were recovered for reuse or rceycl ing. Four more buckets installed in sales nl both taps I and 2 
~crved the following purposes: 

(8) Segregation of different metal bearing wastewater. 
(b) Reducti 011 of ri I1se water COI1Sl1 mption. 
(c) Recovery of drag-out solucion 

iil Control of positioning and withdrawal of 'workpieces: The workers were asked to orient p:ll1S 
so that onl y a small surface area came into contact with Iiquid surfaces as it leaves the plating 
solution, as well :.IS to hold the workpiece for sometime above the plating bath afcer emerging from 
the bath in order to reduce the volume of drag-out. 

iii) Sim pIe d rag-ou ( recovery: Th is was iIII plemented by using a plastic bucket to capture drips 
from lhe plall1lg solution as the workpieces were taken out of the tank before rinsing. This bucket 
w"s used as ;l drag-out tank at the ~allle time d\ which the work pieces were sprayed with a "Slllall 



amount of water before being rinsed. The solution was then returned to replenish the plating bath. 

IV) Rinsing effectiveness: This was improved by using a spray rinsing technique (a spray gun was 
installed at tap L). A jet rinse with a high velocity and a small amount of water was used, and spray 
eflluent was trapped by the drag-out bucket so as to recover the drag-out. 

Fresh water was introduced at (he bottom of rinse tanks by nozzles to provide agitation during 
rinsing so as to improve the effectiveness of rinsing. 

v) Monitoring water consumption : Water-meters were installed at both tap I and tap 2 for 
monitoring the water consumption. 

Figure 10: Electroplating shop with process modification 
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3.2. Results of the implementation of in-plant control measures 

i) Water consumption 

Records of water consumption before and after the implementation of process modifications are 
presented graphically in Figures 11 and 12. 

Fig.ll: Water consumption at tap 1. Fig.12: Water consumed for rinsing at tap 2. 
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From Figures I Land 12, it can be seen that after the implementation of process modifications, 
the water consumption recorded at tap I, and for ri nsing purposes at tap 2. decreased considerabl y 
by 39.4 percent at tap I nnd 34.6 percent at tap 2. Total water consumption shows an average 
reduction of J8.7 percent. 

However. it was found that there was no significant reduction in total water consumed at tap 2. 
This could be explained by the fact that the major portion of water from tap 2 was used for washing 
and c1ean;ng the work pieces. It was found that water used for cleaning purposes represented 
approximately 78.5 percent of total water consumption at tap 2, and about 40 percent of the water 
used for the whole process at both taps. As stated earlier, the wastewater produced by this cleaning 
process contains mainly suspended solids and has alkaline characteristics. In this study it can be 
considered as a non-polluting stream because it does not contain any heavy metal or toxic substances. 
After neutralization it can be discharged directly in to the common sewer. 

mConcentration of heavy metals in wastewater 

The variation of concentration of heavy metals in wastewater generated before and after process 
modificarion is illustrated ;n Figures 13. )4 and 15. 

Figures 13, 14 & 15: Hcavy metal concentrations 
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From figure 13 it can be seen that the chromium concentration in the wastewater generated has 
decreased significantly after process modiftcations. There was about a 73 percent reduction in the 
average Cr concentration observed in the wastewater generated. 

Also Figure 14 and 15 indicates the decrease in Ni concentration in wastewater after process 
modification. The average reduction in concentration was estimated to be about 71.3 percent for Ni 
and 54.6 percent for Cu. 

From the results obtained after implementing the proposed process modifications it can be seen 
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that it was not feasible to achieve a zero discharge of heavy metals from electroplating operations. 
However, substantial reductions were possible in both the volume and the metal concentration of 
wastewater. In addition, it was noted thaI rinsing water bearing heavy metals and wastewater 
produced from the cleaning process before plating should be strictly segregated, since the cleaning 
water does not contain any heavy metal, but only suspended solids, and it represented about 40 
percent of the total plating process water. This could significantly reduce the cost of treatment of 
waste streams bealing toxIc metals. 

iii) Cost evaluation 

Estimations of the savings due to the reduction q.f water, wastewater and chemical usage were 
based on the comparison between the costs of end-of-pipe treatmenc under present conditions with 
those associated with the process modification results. 

Savillf!s due to wastewater reduction 

Average water consumption: 4.17 m3/day * 20 day =83.4 m3/month (20 working day/month) 

=83.4 m3 * 1.3 tonlm 3 =108.4 ton/month 

3 3Water reduction: 18.7% * 83.4 m = t 5.6 m 

The toral cost saving due to water and wastewater reduction is: 

(140.4 + 3174.4 + 906 + 7594 + 302) Baht = 12,117 Baht per month 

The estimation of savings due to the amount as weI} as the strength of wastewater is presented to 
Tables 2 and 3. 

Table 2: Saving due to wastewater reduction 

Quantity Cost/unit Savings (1 
reduced (Baht) month) (Baht) 

Water reduction 15.6 m3 9 B/m3 140.4 
Reduction of 15.4 m3 

wastewater requiring = 20.2 ton ** 157B/ton 3171.4 
treatment 

(**: Cosl of treatment al the centraltrealment plan!. Samae Dam. These pnces are (0 be reVised 
in the near future) 
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Tallie 3: Savings due to metal concentration reduction 

Reduction Reduction of Reduction ill Amuun! of Equi"'3lent Co.5tJunit Slivings 

by pour- COllccntnl- wastcw3tcr material to (*) (l lIIunlb) 

back of HOllin 'gcnerlltcd saved. Baht 

dragolll W:l.5tcwater 

solution (**) JlI3 

Cr6+ 720/5 mgtl 22%' 15.6 495.8 g Cr6+ 476.7 g of 950 B/kg of 906 

r~.du~lion of 0 6" "" 3.43 Cr03 er03 

Ni 2+ 44.~.8/5 mgtl of 34%' 15.6 2260 g of 3360 Blkg of 7594I 
reduction Ni 2+ =5.3 472.6 g Ni2+ NiS04.7H20 NISO-l.7H20 

Cu2+ 370.9/5 mgt! 12'!'c' 15.6 139.4 g Cu2+ 547.8gof 550 B/kg of 302 

rcducljl)11 ofCu2+ ~ 1.87 CuS04.5H20 CuS04.5H20 

(**) = divided by a ddulion factor of 5. ( 1 he dliulion factor was Introduced to compensate for conlmuous dlluilon or the 
actual waste stream due to opcn taps used for rinsing and cleaning) 
(*) = Cost based on Ihe pure chemicals of laboratory grade. 

Conclusions 

This case study was developed with the objective of setting up a demonstration project: 
"revealing the profitability of clean technology in small scale electroplating unit". The research was 
conducted in a small-scale electroplating shop, located in Bangkok. A set of simple in-plant control 
measures such as drag-out recovery, spray rinsing techniques and rinse water agitation were 
implemented. Quantitative data, obtained from the monicoring of wastewater before and after process 
modifications, have revealed that it was not possible to achieve a zero discharge of heavy metals 
from electroplating operations, however substantial reductions were made possible both in quantity 
and strength of wastewater generated. Water consumption was reduced by approximately 35 percent 
of total rinsing water, which is 19 percent of total process water consumption. Average metal 
concentrations in wastewater was reduced by 73 percent for Cr-, 71 percent for Ni- and 54 percent 
for eu-plating rinse water. 
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