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I. Objectives of Study

The objectives of the Study are the preparation of plans for standard waste water
treatment systems and water conservation systems to improve waste water treatiment and
to promote water conservation in the main industrial sectors in Maribor and the
recommendation of measures to be taken by the competent authority in Slovenia with a
view to promoting the dissemination of these systems.
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IE. Outline of Study Region

To effectively fulfill the purposes of this study, it is of course cssential to become
familiar with the outline of our study subjects, the country of Slovenia and the city of
Maribor. Accordingly, we focused the study on the country and city levels, on (1) the
state of the natural conditions and social economy, (2) the state of pollution of the
waters of the Drava River valley, and {3) the state of the supply and demand of water.

An understanding of the natural conditions is requisite for the design of treatment plants,
and an awareness of the conditions of the social economy is needed to accurately depict
the background conditions which require investigation and to prevent errors in judgment
raidway through the survey. Maribor City, the subject of this survey, is the largest of
all the industrial cities related to the Drava River in Slovenia, and it is believed to be the
largest: source of pollutants discharged into the Drava River, Thus, we next
investigated the state of pollution of the Drava River valley to clarily the levels of
environmental pollution originating from Maribor City. - Finally, we investigated the
supply and demand of water, especially industrial water, and clearly defined the reasons
for the need for pretreatment of industrial wastewater and conservation of industrial
water (whether it was merely an environmental problem or involved also problems of
water shortage). We used these data as the reference material for establishing the basic

plan for our survey.

1. Natural and Socioeconomic Conditions

1. 1 General”
The Republic of Slovenia is a young country in Central Europe whose independence
was declared in 1991.  The republic is located to the south of the Alps, and borders
[taly, Austria, Hungary and Croatia. 1t has an area of 20,256 km? with a population
of about two million. ' '

Slovenia’s climate is quite diverse. The narrow coastal regions enjoy the sub-
Mediterranean climate with refatively hot and dry summers and mild winters.

Towards the east, the climate slowly changes to the Pannonian type,i.e.,a continental
climate with cold winters ‘and warm summers (in Murska Sobota, the average
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temperature is -2.7°C in January, 1_9.4°C in “July and 800-1,200 nim of

precipitation). '

The geological location enables a quick and easy access to the European market.
Therefore, . Slovenia was traditionally oriented towards exports to the developed
market cconomics even before the breakdown of the former Yugoslavia, Currently,
aromd 75% of the total export goes to Western Europe. '

Slovenia embarked on a path of transformation to a market economy and integration

into the European economy with its independence in 1991, Through EU

membership, it aims at :

1) faster economic growth, bridging the gap with the developed countries of
Westerm Europe :

[

2) amore competitive Slovene economy

3) permanent sustenance of economic growth from the ccological and ethnic
standpoints,

A report by the Bank of Slovenia says that Slovenia’s per capita GDP reached 9,348

U.S. dollars in 1995. Thus, Slovenia can be regarded as a rather advanced country in

Europe. '

.2 Socioeconomic Condition of Slovenia @

The essential factors of economic development are human resources, capilal,
technology and entreprencurship. 1t is a basic policy that the role of the state is to
‘give a positive impact on the development of all the four factors.

t) Human resources

In the early 1990s, the birth rate of the Slovene population was far below the level
which assures simple reproduction. The average family has only one or two
children. Life expectancy is 69.5 years for men and 77.4 years for women. It seems
that the reduction of the population is a long-term tendency in Slovenia. The
decreased birth rate and small probability of an immediate improvement forecast a
reduction and even a lack of available labor force at the beginning of the 2lst
centfury, '
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2) Capital and investment

Slovenia’s business fixed capital is outdated and depreciated. The structure is
inadequate and the market value is very low. This is a consequence of low
investiient activity in the last decade. The share of investment in GDP has been
only 15 to 17%. The stronger investment activity in the next decade aims at
restructuring capacities and at technological up-grading of capital assets.

3) Technical development

In the 1980°s, Slovenia invested over 1.3% of its GDP in research and development.
At the beginning of the 1990’s, the situation in Slovene manufacturing worsened
substantially. Only 6% of enterprises have R&D sectors and invest in production
innovation. _ _
After the esfablishment of the Slovene patent office in 1992, the number of
registered patents doubled in 1993 (30 are domestic and 458 are foreign patents).
The technological balance of payment reflects the international trade of technology.

Slavenia has a deficit in balance.
4) Development of domestic entrepreneurship

Entrepreneurship is of vital importance to industrial development because it
intreduces innovations in the production processes. Entreprencurship can be
defined as the process in which individuals and groups discover business
opportunitics. A seed capital and a venture capital are needed to support domestic
entreprenewrs.  In a small country like Slovenia, such capital is available only in
limited amounts. Slovenia will stimulate the development of entreprencurship in

two ways:

(a) by creating a favorable environment for fast growing enterprises-high quality
education, communications, and housing

(by by supporting programs for the development of entreprencurship and provision
of information about business opportunities.



1.3 City of Maribor ¥

Maribor is the second largest city in Slovenia, with a population of 152,326 in 1994,
The city has 357 km? of land area, and an clevation of 265m above sea level. The
Drava divides the city into the north part-—an old town, and the south part-—-a newly
developed area,

The climate is rather mild with somewhat cold weather in winter. Therefore, we
need antifreezing measures in building a wastewater treatment plant. Sonie parts of
the plant should be kept inside the main building.

The population distribution by age has the largest share between 40 and 49 years of
age. The population is showing a tendency towards decrease, with a fa"ing from
the maximum of 157,078 in 1988 to 152,326 in 1994.

Table 1-1 Structure of Employment

Activity Employces Employees Index
in 1984 in 1994

% o4 1994/1984
TOTAL ECONOMIC SECTOK 72,512 851 41,116 74.2 56.7
Industry 35,080 41.2 18,927 342 54.0
Agriculture, fish farming 740 0.9 418 0.8 56.5
Forestry 342 6.4 68 0.1 19.9
Water commercial 6 0.0 58 0.1 00
Construction _ 10,383 120 4,602 83 44.3
Transport, communications 4,669 - 54 2,982 54 64.7
Trade 3,865 10.4 6,035 109 68.1
Catering, tourism 2,181 26 1,153 2.1 529
Craft, services _ 4,080 48 2,185 39 536
Residential, public utility services 1,429 17 L103 20 71.2
Financial, technical, business services 4,803 5.6 3,585 6.5 74.6
TOTAL PUBLIC SECTOR 12,699 149 14,301 258 1126
Education, science and culture 4,553 53 5,085 9.2 1117
Health care, social protection 5813 6.8 6,076 110 1044
Others 2,328 217 3,140 5.7 1349

TOTAIL

85,211 160.0

55417 1000 = 65.0

Table 1-1 shows the structure of employment in 1984 and in 1994.  As a whole, the
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total public sector increased from 14.9% to 25.8% during the decade. In the total
cconomic sector, industry occupicd the largest share with a decreasing trend, but the
large shares were held by trade and business services, the latter of which incréased from
5.6% to 6.5% between 1984 and 1994. In the total public sector, there was a high
increasc in all parts. [t seems that the manufacturing industry will continue to play an
important role in the employment in future, and that the structure of employment will
change from a secondary industry to a tertiary industry at Maribor in the long run.

The cily imporis basic iron, steel and non-ferrous metals, and exports metal produicts,
machinery, non-ferrous metal products, transport cquipment, etc. ‘The city imports
basic chemicals, and expoits yarn, textiles, knitted fabrics, and finished textile products.
In processing of chemical products, the balance of exports and imports is ahnost
equivalent, at 8.1% (exports) to 10.2% (import). Finished wooden products are
another competifive ficld. Naturally agriculture is not in good balance in a large city
like Maribor. In short, Maribor is an industrialized cily which buys basic materials
outside, and processes them, and sells them outside, and which is shifting from

secondary to tertiary industries.

2. The Status Quo of Pollution in the Drava Region ¥

Groundwater and water springs are the nation’s major natural resources and must be
protected against pollution and excess use. A number of measures are being taken to
curb the excessive or improper use of the natural resources. The basis for these

measures are the data on the water condition and quality.

The Ministry of Environmental and Physical Planning entrusts the task of monitoring
the water quality to the Hydrometeorological Institute of the Republic of Slovena.
Flowing and groundwater springs, lakes, and the sea arc being monitored,

2.1 Ground Water and Water Springs

The information given on the quality of groundwater and water springs in the previous
years is also valid for 1994. The groundwater in Slovenia is particularly threatened by
agticulture, since entire areas are poliuted with nitrates and pesticides, including
Dravsko Polje. The water quality of water springs analyzed in 1994 was good. However,
the analyses of sediment in the seven samples of 1993 showed that pollution from the
hinterlands was present and that water quality may suffer abrupt deteriorations due to



heavy metals, PCB, and polycyclic aromatic hydrocarbois.

2.2 Surface Water

The Slovene regulations for estimating the quality of surface water were still under
preparation and two obsclete and lacking Yugoslavian regulations were still in force in
1994, -

The regulation classifies flowing waler into the following four quality classes with
regard to its potential utilization. ' _ _

Ist class : waters which in their natural state or folldwing disinfection méy be used as
drinking water, in the food-processing industry, and in breeding high
class fish species (Salmonidae);

2nd class : waters which in their natural state may be used for bathing, water sports,

breeding other species of fish {Ciprinidae), or which following normal
treatment {coagulation, filtration and disinfection), may be used as
drinking water or in the food-processing industry;

3rd class : water which may be used in irrigation, or following normal treatment, in

industries other than the food-processing indusiry;

4th class : waters which must be given an adequate treatment before it is used for any -

purpose.
Evaluations of the water quality for individual samples as well as the tofal estimate for
individual sampling points, determined on the basis of the analyses performed in 1994,
“ have been compiled. According to the evaluations, the qualily of waler at most of the
Drava sampling points is between the 2nd and 3rd classes.

A comparison of final evaluation for the quality of surface water since 1989 shows that
the Drava has improved to a small extent. The highest COD value at all sampling points
on the Drava was measured in August. The highest COD in 1994 was observed in
Dravograd, Borl, and Ptyj. The BODs’s in the upper stream were low in comparison
with the COD. The pollution of the Drava downstream from Mariborski Otok rose
gradually along the course of the river to reach its highest value in Borl(downstream of
Maribor) where both COD as well as BODs were high. This proves the presence of large
amounts of easily decomposable organic matter, This was due both to the pollution and
to the reduced discharge in the old river-bed of the Drava due to redirection of water
into the power plant channel. Oxygen supersaturation: was measured in the Duplek-
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Ormoz section at almost all sampling points, and an excessive growth of algae due to

" the inflow of nutrients in the wastewater from Maribor was found.

A similar condition was observed for nitrogen compounds, the contents of which were
increased downstream of Maribor reaching their highest values in Borl, The presence of
both total phenols and mineral oils was constant along the course of the river. The
maximum valuc of the phenol content was measured in the Matiborski Otlok in Feburary
1994 (0.011° mg/). The highest contents of mineral oils wére measured at the
Mariborski Otok (0.013mg/l) and at Dravograd in Feburaty,1994.

The Drava is not licavily polluted with phenol, aromatic compounds, PCB or pesticides.
Moderately high contents of these pollutants were measured only rarely. In 1994, the
analyzed polycyclic aromatic hydrocarbons (PAH) in the Drava were close to the bottom
detection limit for the applied method. PAH concentrations in the last three years have
seen their sharpest fall in Ormoz in particular, where in 1994, they remained below the
detection level. It is likewise important to stress the reduction of concentrations of
highly toxic PAH which had been detected in Ormoz as late as 1990.

The bacteriological picture of the Drava deteriorated sharply downsiream from Maribor
below the inflow of the excessively polluted Strazunsk Kanal. Bacteriological pollutions
were observed in all of the Drava River with the highest tevels found in the Duplek.
Bacteria of fecal origin were constantly present at ali sampling points. The Strazunsk
Kanal carried the wastewater of the greater part of Maribor, and was classified as an
excessively polluted water course, that is, as a water course of the 4th quality class.

Chemical, sapogenic and bacteriological analyses of 1994 samples showed the quality
of individual sampling points or sections of the water courses. Generally the trend of the
reduction of the pollution of surface water courses in Slovenia continues. Gradually
diminishing levels of metal poliutants and organic compounds were also determined in
some rivers. The observed improvement may be partly attributed to the reduction of the
wastewater due to the decrease in the industrial production, and parily to the
implcmcmatio_n of rehabilitation measures. However, there arte stitl some sections of the
water courses classified in the worst, that is, the 4th quality class. Also, inadequate
quality of water for drinking found in five water courses whose water infiltrates the
ground, including the Drava-Mariborski Otok.



'3, Water Supply and Use Conditions

3.1 State Level (_"_

Slovenia is a land of forests. More than half of its territory is wooded, a ratio of
which is well above the Furopean average (33%). There are also many pastures;
meadows, and fields. Many branch rivers of the Danube flow among them. - Annual
precipitation ranges from 800 to 1,600 mm, and provides agriculture with {resh water.

The republic abounds in natural water. © The two major sources are underground water
and springs.

The use of water in public water supply is also shown in Table 3-1.

Table 3-1 Water Supplied from Public Water Sup?ly
(Annual Values in 1,000 m” Unit)

Use | 1980

1985

1992

_ 1990 1991
Houschold 60,065 75,655 86,217 85378 80,326
Activities 99,927 83,002 78,834 76,686 66,016
Other water supply systems 8,568 16,304 15420 6,266 é)
Loss within waterworks network 71,486 77466 79,789 79,187 106,689
' Total 159,992 167,225 182,355 177,484 152,608

There are three major water sources for the industries, i.e., underground water, surface
water,and water works.
However, springs sometimes supply a considerable amount of water, which shows water
abundance in Slovenia. As far as our invesligation is concerned, there is no sign that a
water shortage would cause a bottleneck for the Slovenian manufacturing industries.
The problem is the pollution of surface water; most rivers are alreéady of the 2nd and 3rd

quality class, sometimes 4th quality class,

3.2 Maribor Level ®

The only sources for the Maribor water supply system is groundwater . Table 3-2

gives the figures from 1985-1994.



®

Table 3-2 Water Supply System of Maribor
(Annual Values in 1,000m° Unit)

Year Pumping- Sale Industry House Loss
- up -hold

1985 18,426 13,768 7,291 6,576 4,190
1986 17,742 13,845 7,600 6,244 3,897
1987 18,907 14,675 6,282 8,393 4,231
1988 - 18,677 13,743 5,321 8,421 4,871
1989 - 18,632 14,491 5,894 8,597 3,736
1990 18,941 14,140 5,304 8,835 4,798
1991 18,339 13,070 4,422 8,648 5,267
1992 - 18,631 12,966 4,190 8,776 5,666
1993 19,473 13,394 4,257 9,137 6,080
1994 19,027 13015 3,973 9,247 6,014

On the other hand, the houschold consumption per capita per day is obtained by use of
population statistics from 1985 to 1994 and shown in Table 3-3.  According to the data
in the table, the consumption increases steadily regardless of socioeconomic conditions.
This is a common trend in the world, and the basis of the gradual expansion of water

supply system for household use. The mean increase rate from 1985 to 1994 is 4.83%

in the ¢case of Maribor.

Table 3-3 Water Copsumption for Household Use

(liters/person, day)

Year Population Household
Consumption

1985 155,634 ' 116
1986 155,933 110
1987 156,703 147
1988 157,078 147
1989 156,200 151
1990 156,399 155
1991 156,438 151
1992 155,318 155
1993 152,506 164
1994 152,326 166

In the case of Japan, in 1965 when the Japanese economy was growing rapidly, the
household water consumption was 169 liters/day per person and the increase rale was
4.7%®, However, in 1975 or later, the increase rates were reduced to 1.2%,with the



consumption reaching 335 liter/day in 1993.

If the increase rates of Maribor in the years from 1995 to 2000 arc 4.8,4.6,4.4,4.2, 4.0,
and 3.8%, respectively, the water consumption could reach 214 litter/day per person in
2000. One estimate predicts annual consumption of 11 million cubic meters in 20006,

I this is true, the population of Maribor will be 140,827. No one can foretell the size

of the population in 2000, but the figures indicate that we should prepare an expans:on
of the water supply system even if the population décreases.

The demand of industriat water for the water supply system of Maribor decreased from
7,291,000m’ in 1985 to 3,213,000 in 1995.
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1. Environmental Administration



Iil. Environmental Administration

- Organization for environmental administration of the Republic of Slovenia

The Ministry of Environment and Physical Planning (MEPP), which manages the
administration of the environment of the Republic of Slovenia, has three vice-ministers,
one of whom is in charge of the environment. The Ministry also has an Environmental
Legislation Department which takes the lead in drawing up and deciding on basic
policies and plans regarding the environment.

- Preparation of National Environmental Action Plan (NEAP)

The government is expected to finish preparing a National Environmental Action Plan
at the beginning of 1897. Priorities will be assigned to Slovenia's environmental
measures on the basis of this plan, and a large framework for technical assistance and
investment programs will be decided.

- Envirenmental inspectorate system

As part of Slovenia’s strategy for preparing to join the European Union, the country
must strengthen its environmental monitoring and enforcement capabilities. An
Integrated Environmental Inspectorate with nine regional centers was established
within MEPP in accordance with the Government Restructuring Act of January 1996.
However, due to findncial restrictions, the situation with respect to personnel,
equipment, and skills is still not satisfactory .

- Environment protection laws

Upgrading Slovenia's laws regarding the protection of the environment to a level
approaching that of the European Union is an important issue for the country. The
framework of Slovenia's environment protection is declared in its constitution of 1991

‘and its Environment Protection Act of 1993. Many related laws have been enacted in

order to achieve the objectives of the 1993 Act,
- Water quality control

The effluent standards issued on June 12, 1996, specify the maximum permissible
water quality values for effluent discharged into rivers, other public water areas, and
the sewerage. The standard for the former is extremely strict, while that for the latter
is quite loose.

- Financial measures

In 1993, the Eco-Fund was established as a financial institution to promote investment
in environmental protection by providing loans at favorable interest rates. The funds
are allotted from thé national budget and are not directly connected to env:ronmental
related-income.

- Maribor City's environmental administration

Maribor City is protecting its groundwater as its main potable water source and is
grappling with the task of preserving the environment of the Drava River by
designating the control and improvement of the ¢ity's household effluent and industrial
wastewater as a top priority issue.
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i. National Organizations and Their Roles ‘'''*’

1.1  National Background

Slovenia is a relatively young country, having obtained its independence from the Federation of
Yugoslavia as recently as 1991, Prior to the coumry s independence, decentralized government
was strong, with considerable power vested in 65 Communes and local administrations.
Similarly, the administration of environméntal protection and management was widely
decentralized during this period.

The strong tocal power and vested interests resultmg from thc government's dccenlralmanon gave
rise to regional variation in the enforcement of environmental pollution regulations.

It was in this climate and culture that Slovenia emerged as a ﬂedgling defnocracy and that the
Ministry of Environment and Physical Planning of Slovenia (MEPP) was established as the key
agency responsible for environmental protection and managcmem

1.2 Environmental Adwinistrative Qrganization of the Republic of Slovenia

The organization of the Ministry of Environment and Physical Planning (MEPP), the ministry
responsible for environmiental protection and management of the environment of the Repubtic of
Slovenia, is shown in Fig. 1.1. As shown in the Figure, of the three Secrelaries, one is in
charge of the environment. The core group that plans and decides environmental policies is the
Environmental Legislation Department.

(1) National Environmental Action Plan (NEAP)

The National State of the Environment, a report updated by the government in 1995, is currently
being wsed to provide baseline data for the preparation of the National Environmental Action Plan
(NEAP). Slated for completion at the beginning of 1997, the NEAP will identify and prioritize
issues and present outlines for technical assistance and solutions for investment programs.

{2) Environmental lnspcctoratc

To ensure that Slovenian environmenial legislation complics with the EU legislation both in
substance and form, the country's efforts to upgrade its environmental monitoring and
enforcement capabilities must be administered in parallel with efforts to approximate its national
environmental legistation to that of the EU.

Inspectorate is in particular need of institutional strengthening under the Pre-Accession Strategy.
Up until 1994, the inspection functions were highly dispersed, with each municipality responsible
for monitoring compliance under the guidance of four ministries, i.e., the MEPP {water), the
Ministry of Health (zir and wasie), the Ministry of Agriculture {forestry), and the Ministry of
Culture (protection of nature}.  This situation was aliered by the Government Restructuring Act
in January 1996, which ¢Stablished an Integrated Enwronmental lnspcc{ora:e within the MEPP
with nine regional centers. Unfortunately, this new Inspectorate is considerably short of
personnel, equipment, and skills, To cite an example, at the end of 1995, due to
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financial constraints, only 40% of the 279 inspector positions deemed necessary for
compulsory - execution could be filled. In the shert term, no substantial
improvements of this situation are expected,

To strengthen the institutional structure of the Environmental Inspectorate and
improve the effectiveness of its activities and inspectors, the NEAP is expected to
implement programs geared towards the following:

to streamline organizational structures and simplify operational procedures in
order to improve the efficiency of allocation of decision-making responsibilities to
the inspeactors, ete.;

- to develop an integrated momtormg program which fully complies with national |
and EU requirecments;

- to 1mprove momtormg information links --improved data collection and transfer
and processing of hardware and software;

- to provide training for the Inspectorate staff in best EU procedures and practices.
2. Laws Pertaining to Environmental Protection ¢}

The framework for environmental protection in Slovenia was provided by the 1991

"~ Constitution and the 1993 Environmental Protection Act (EPA). The EPA is a

framework act covering the principles of environmental protection and its
implementation. In the future, however, the Act will have to be bolstered with

enabling or subsidiary legislation before most of its requirements can be

implemented.  Significantly, the Act contains a summary of key economic

instruments to be used as measures in support of envirommnental law enforcement,

with the underlying basis founded on the 'polluter pays' principle. At present, the .
following laws, ordinances, decrees, and regulations pertaining to water quality have 6)
been enacted,

(@ Environmental-protection Law (QOG 32/93,1/96)
@ Ordinance on Projects Requiring Environmental Impact Assessment (OG 66/96)
@ Administration Law (0OG 67/94)
@ Ministries Organization Law (OG 71/93)
'® Water Law (OG 38/81,29/86,15/91)
® Decree on Water pollution tax (OG 41/95,42/95,44/95)
@ Regulation of water refunds (0G 41/95,42/95)
® Decree on determination of price per unit of water pollution for 1995 (OG 45/95)
@ Regulation of emissions of materials and heat in wastewater from sources of
pollution (OG 35/96)
Regulation of emissions of materials in wastewater from sources of pollution in
metal industries (OG 35/96)
iD Regulation of emissions of materials in wastewater from household wastewater
treatment plants {OG 35/96)
@@ Regulation of emissions of materials in wastewat_ef from sources of pollution in @‘
the textile industry (OG 35/96)

®



3 Regulation of cmissions of materials in wastewater from sources of poltution in

the tanning and fur industrics (OG 35/96)

@ Regulation of first measurements and monitoring of wastewater (0G 35/96)

@ Decree on the mode of operation for local water management service (GG 57/96)
OG: Official Gazette of the Republic of Slovenia

The composition and main items of the Environmental Protection Act are as follows.

o)

@

@

Chapter | Basic matters:  Purpose, definitions, clc.

Chapter 2 Preservation of natural environment

Chapter 3 Controls, control standards, types of control activities, Eco

Chapier 4
Chapter §

labeling in the field of environmental protection

_ Enviconmental-protection measures
Environmental-protection research and planning: Research
and developrnent carried out by the State, environmenial
programs that should be prepared, items that should be
incorporated in programs,and programs of regional

municipalities

® Chapter 6 Activities and environmental restoration: Environmental

@
@
1y
@
I

Recently, MEPP has commenced preparation of new subsidiary legislation.
updated the law regulating atmospheric emissions, and an integrated law on waste management is
currently under preparation. The focus of wasic management strategy and policy has shifted
towards issues of technology and organization, i.e., minimization of waste vis-3-vis the previous
approach, which focused on problems associated with locations for waste disposal.
particularly large number of new regulations have been enacted for the protection of nature, with
an emphasis on preserving species and habitats, and participating in the European Ecological

effect evaluation, items of environmental effect cvaluation,
permits, participation of residents, environmeatal-restoration

programs

Chapter 7 Environmental monitoring and environmental data systen:
Obligations of the State and regional municipalities

Chapter 8 Fiscal measures for eavironmental restoration: Compensation,
surcharge, fiscal measvres taken by the State, funds,

organization and source of funds

Chapter 9 Conference on environmental protection

Chapter 10
Chapter 11
Chapter 12
Chapter 13

Network.

Obligations of public bodies
Cooperative organizations of economical bodies
Penalties

Tnterim measures

It has already



3, Industrial Emission Standards 4!

- Standards for effluents were officially promulgated on June 12; 1996. The contcms were

studied for more than one year in Slovenia.

The emission standards are indications of the maximum permissible water quality values for
discharges into rivers, other public waler areas, and sewers.  The former is very steict while the
latter is lenient. First, there are general controls and these litcrally are standards. Unless
otherwise specified, all items are applied. " Gther standards have been specified for the textile
industry, nine kinds of mietal treatment processes, and other specially designated businésses.  In
addition, there are many supplemental éxplanatory clauses. The emission standards are shown
in ‘Table 3.1. :
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Tabié 3.1 E Emission Standards for Industrial Wastewater

T ltem - Unit River _ Sewnge
Temperature T 30 4 0
p H - 6.5~9.0 6.5~9.5
Ss ng/ ¢ 80 (2)
S Vi af /¢ 0.5 10
S AK (Color

436 nn m™! 7.0

525 nm m™' 5.0 (b)

620  na. _m ! 3.0 _ -
Toxicity Test { S D) ng/ ¢ .3 -
Biodegradation 1 % T - . {c)

B nz/ 0 1.0 1 0.0
Al ng/ @ 3.0 {d)
As nglt - 0.1 0.1
Cu me/ @ 0.5 0.5
B a ng/ ¢ i 5.0 5..0
Zn ng/ @ 2.0 2.0
C d mg/ ¢ 0.1 0.1
Co ngl/ ¢ 1.0 1.0
Sn wzf 2.0 2.0
1-C 1 ag/ ¢ 0.5 0.5
Cr ng/d 0.1 0.1
N ng/ ¢ 0.5 0.3
Az ng/ (@ - 0.1 0.1
Pb ng/ @ ¢g.5 0.5
F e mng/ 4 2.0 (4}
Hz ng/ @ 0,01 .01
C & 1+ (Pree Chlorine) ng/ 0.2 0.5
C € : (Tola) Available Chlotine) mg‘/.Q 0.5 1.0
N -NH: ag/ @ 1 0 {2)
N—=NO: ng/Q 1.0 10
N—~-NO; Dgr,.q (¢) -
T-C N ng/ @ 0.5 10
Free ON nz/ ¢ 0.1 0.1
F “ngflt 10 20
Ce- gl ¢ (g} : -
T-P ng/ ¢ 2.0{1.0 (N : .
50 ng/ ¢ ) 300
s ng/ ¢ 0.1 1.0
$ 0O ng/ { 1.0 1 0
TOC ng/ ¢ _ 30 -
CODe:: nz/ 0 1290 -
BOD: agl 25 -
Total Qil Content ng/ ¢ 20 100
THC - ng/ ¢ 10 20
Aromatic Organochlotine angl @ 9.t 1.0
Adsoeptive Qrganocklorine ce/ ¢ 0.5 0.5
Volatile Qegancchlorine ng/ @ 0.t 0.1
Water-soluble Drparochlorine az/ @ (%} {1}
Phenol _ agz/ @ 0.1 10

| Surfactant : | mest 1.0 = .

Note:  (a) to () are notes for the application of the items and so have heen omitted
here,



'4. Monitoring of Environment ‘**‘*’

According to Article 67 of the Environmental Protection Act, environmental monitoring of the
Republic of Slovenia can be largely divided into the following three categories.

(M@ Monitoring of natral phenomena

@ Monitoring of emissions {environmental pollution): Soil, water, atmosphere, flora
and fauna '

3@ Monitoring of cmissidns {state of discharge): Substances discharged into soil, water
and atmosphere :

‘fhe monitoring assigned to the State is O and @ above, while thal assigned 1o the regional
raunicipalitics is ® and, as needs be, @. The Environmental Protection Act stipulates that the
person at the discharge source is to monitor each individual source and, as occasion denrands, the
emission level due to discharge.

Incidentally, according to Slovenia's 1993 annual report on water quality,  the
Rydrometeorological Institute had monitored river water, underground water, ‘and other public
water areas a total of 3,857 times.

Monitoring of the water quality at source is being carried out from the past in accordance with
EU guidelines. With regard to surface water, water guality in four grades has been used in the
Hydrometeorological Institute's 1993 repost.

5. Fiscal Measures '*!
- {1y Eco-Fund

The current Eco-Fund was established in 1993 as a financial institution to promote investment in
environmental protection by providing loans- at favorable interest rates. The Fund repoits
directly to the government.  Since its launch at the end of 1994, most of the focus has been in
organizing its asset base, appointing special staff, and initiating various preliminary operations.

Compared with the old Environmental Protection Fund instituted in 1990, the Eco-Fund differs in
several important respects, including both the sources and the uses of its funding.

Currently, the use of economic instruments in the environmental sector in Slovenia is restricted to-

two environmental charges introduced in 1976; i.¢., an emission charge on wastewater and a user
charge on drinking water. Rather than being earmarked for environmental purposes, the
revenues generated from these environmental charges are collected into the state budget (MECU
6.4 in 1993). Although the Eco-Fund receives funds from the siate budget, the funds are not
tied in any way to these reveaues,

Another relevant point is that the state budget, independent of the Eco-Fund, provides subsidies
(albeit very small ones) to both the public and industrial sectors for investment in environmental
equipment. The 'bottom line' is that (he ‘polluter pays' principle is not transparent in the
operation of the current monetary cycle in the environmenial sector. On a positive note,
however, the Slovenian goverament representatives at the Sofia Conference (1995) stated that the
‘poliuter pays' principle will be implemented whenever possible, although they gave no time
frame.

{2} FEconomical measures on water resources management
Two types of economi¢ insiruments are currently used in the field of water resonrce management.

A tax for water pollution {Official Gazette No.41/95), a charge on use of water (Official Gazeue
No.41/95), and changes of the decree in Official Gazetie No.8/96.
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To advance as much as possible the "polluter pays’ principle, the government adopted the decree
on tax for water pollution load as an ¢conomic instrument for the protection of water quality and
the environment.

The decree on tax for water pollution load categorizes wastewater as 'technological,’
‘communal,’ or ‘atmospheric.' Persons liable to taxation are defined in accordance with the
wastewater they discharge and divided into two groups, i.e., 'direct' and ‘indirect’ polluters, to
determine the actual payment of the taxes. Revenue from direct polluiers, those who discharge
technological wastewater, goes directly into the state budget, while revenue from indirect
polluters, those who discharge communal or atmospheric wastewater, is allocated indirectly to
public enterprises which clean and process the wastewater, calculate the tax, and pay it into the
state budget.

The decree on tax for water pollulion load also offers material incentives to the polluters for
prevention of water pollution at source by making it possible to finance investments in
environmental protection (wastewater purifying plants, new technologies, etc.) with revenues
from the walter pollution load tax.

To facilitate the adaptation of the new decrec by industries, the types of pollution load subject to
taxation will be introduced progressively. Taxation will be imposed on COD {chemical oxygen
demand) pollution load units from Janvary 1, 1995, heavy metals from January 1, 1997, organic
halogen compounds from January 1, 2000, and phosphorus and nitrogen from January 1, 2003,

Enterprises exceeding  the standard levels of permitted emissions are subject to fines.
Environmental inspectors can order poluters to take measures to reduce emissions and impose
fines for failing to adequately execute the measures. The polluter pays taxes for volume of
effluent regardless of quatity. Taxes collected are also increasing proportionally as the degree
of pollution by efftuents progresses.

6. Environmentat Administration Tssues 1!

(1) Strengthening of system

~ At present, the Master Plan for Institutional Development for Environmental Protection, a report

published in October 1996, is being used as a blueprint for developing organizational structures
in the MEPP and Eco-Fund. However, in spite of the structural changes that are taking place,
the MEPP, Environmentat Inspectordte, and E¢o-Fund need to be further strenglhcned with
enhanced operational skills and procedures.

(2) Adjusiment of legal system

The main objectives of Phase 1 will be to facilitate early compliance with the White Paper and
approximate other cornerstone legislation such as that of the EU. The horizontal issues
addressed will affect all sectoral 1opics, with an emphasis on the following:

- development of sectoral legislation and action/implementation plans for priorities identified in
the NEAP regdrding water, waste, and bio-diversity;

- development of inspection and enforcement mechanisms; and

- development of financial and economic instruments facilitating the future implementation of
the NEAP and requited investments, This will include the development of economic
incentive and disincentive mechanisms (i.e., the 'polluter pays' principle) required to secure
policy implementation and the financial mechanisms required (o implement the strategy (for
example, the Eco-Fund).

(3) Financing and economic measures

As the realization of NEAP objectives will require large-scale investmenis in the course of
execution, heavy demands witl be placed on limited financial resources. ‘To support national
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budget allocations and ensure the susmmablluy of NEAP initiatives, it will' therefore be
imperative to develop effective financing schemes. At the fundamental level, these will include
efforts to cooperate more fully with IFT's, the development of cconomic incentive and
disincentive tools to stimulate private sector compliance (tax exemptions, fines, and penalties
founded upon the ‘polluter pays' principle), and the implementation of financial investment
schemes to provide preferential loans to financially unviable projects which bear important
environmental consequences. However, on the other hand, since these are accompanied by
important obligations toward the environment, even closer cooperation with IFT will be required.

{(4) - Public participation

The successful implementdtion of the NEAP is heavily contingent on public and corporate
participation and cooperation in planning and execution. As such, the NEAP will have to call
together all the organizations involved and exert considerable sustained effort in promoting and
explaining ils objectives. :

7. Euvironment Administration of Mariber City
(1) Regional background

Maribor City once supported highly developed textile, chemical, wood processing, metal, food
processing, and automaking industries.  Nevertheless, in spite of extremely intensive
restructuring, even the city's largér enterprises (those employing over 3,000 people) have
considerably stagnated and even disintegrated over the last ten years. - As a result, 14,000 people
are currently unemployed, and even among those who are employed, labor conditions are not
good.  Therefore there is limit to investment in environmental projects in environmental
projects.  On a positive note, however, the inhabitants of the city recognize the benefits of a
higher-quality environment, and the very difficult economic and social sitwation is not precluding
the strengthening of environmental initiatives.

Maribor City has set its environmental priorities on improving the man'ag'cme_m of its municipal

and industrial wastewater in order to prolect its groundwater, the main source of its potable

water, and to keep the Drava River clean.  These activities are implemented under three core
projects:

- Extension and impravement of the sewerage system. Although the sewerage system is
already about 70% complete, it remains unconnected at places, with more than 25% of its
discharge released directly into the Drava River. As 75% of Maribor City is designated as a
potable water protection area, this project is perhaps the city’s most important.

- Industrial wastewater pretreatment technology and rational use of industrial water. -~ The
quantity and quality of industrial wastewater are o be regulated in accordance with the future
approaches and technologies of the Central Wastewater Treatment Plant (WWTP).

- Construction and management of the WWTP.

- Improvement of the quality of the groundwater and water from the Drava River flowing from
‘Slovenia towards Croatia through pretreatment of collected wastewater at the 'WWTP.

Maribor is currently in the process of selecting a party to design, construci, and operate the
WWTP in the future. At present, it has narrowed candldates down to three major consortia
and a decision is expected to be made soon. :

{2) Organization of environment administration in Maribor City

Maribor City's organization of environment administration is shown in Fig.7.1. The Vice
Mayors in charge of the environment exercise control over the Environmental Protechon
Agency, Public Service Administration and City Inspection.

NIGRAD, Snaga, and Mariborski Vodovod, are also involved as selated agencies.
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The Environmental Protection Agency is the core department for administration of the

* environment. It plans and decides the basic policies pertaining to the eavironmental protection

of Maribor City.

The Public Service Administration participates in the City's environmental administration while
engaged in sewage, water supply, city waste, roads and other public services.

City Inspection carries out mwonitoring activities for the protection of the environment in
accofdance . with Maribor City ordinances. NIGRAD is tackling environmental problems
through the planning, designing and buvilding of sewage-treatment facilities for processing
household sewage and industrial effluent.  S$naga is in charge of the disposition and recycling of
city waste and the management of disposal plants. Mariborski Vodovod is building water
supply facilities, securing sources of water supply, and controlling the quality of water.
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Fig 7.1 Owrganization of Enviromment Administration in Maribor Ci.ty
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IV. Results of Coraprehensive Studies

This Chapter we will describe the results of our studies based on the outlines of our
study subjects presented in the previous chapters. The study items are (1) treatment
and pretreatment of industrial wastewater, (2) water conservation, and {3} the WWTP
{Central Treatment Plant) project.

With regard to industrial wastewater treatment and pretreatment, Maribor City's
entire industrial wastewater volume and the pollution load were estimated based on
studies of the 20 main factories discharging more than 80% of the city's industrial
wastewater. Next, on main seven plants that have been designated as model factories,
a comparison was made of the merits and demerits, under the current effluent
standards, of discharging their wastewater directly into the Drava River and
discharging it into the WWTP. The results revealed that it would be economically
advantageous for almost all the factories to discharge their wastewater into the WWTP.

It appears that consideration has been given to making the WWTP fully capable of
treating present loads, However, based on future increase in loads, the rise of the
polluter-pays principle, and other factors, it is conceivable that a fée structure based on
pollutant leads or added restrictions te the effluent standards will be applied.
Accordingly, studies were made of pretreatment for the purpose of reducing pollutant
loads. Studies were made for each factory to determine how much reduction of
pollutant load could be obtained using different process at different levels of
investment: In addition, the results were summarized by industries .- textiles and
dyeing, foods, chemicals, and machinery.

In water conservation, the first investigations focused on the costs to the factories for
water consumption and wastewater, and what ratio those costs represented of the cost
of the final shipped products. Next, for each factory, we clarified the water
conservation method, the volume of water saved, the saved ratio and the cost. In
addition, we summarized the volume of water saved by industries, pointed out their
characteristics, and also estimated the volume that would be saved by each factory. -

Note that in industrial wastewater treatment and pretreaiment and in water
conservation, we have totalized the data for each factory and show them by factory in
Patt IT in order to observe the secrecy of the subject factories.

With respect to the WWTDP, since Maribor City was in the process of evaluating the
proposals of the bidding enterprises during the survey period, details were not revealed,
and only an outline was given to. However, as a result of our pretreatment studies for
reducing pollutants, it became clear that WWTP's wastewater treatment fee structure
would be the most important factor for each factory in deciding whether or not it would
pay for it to pretreat its wastewater. Thervefore, we prepared simulation programs on
what pretreatment would be carried out by which factory under what sort of fee
structure . We then estimated the actions that would be taken by each factory to cope’
with various types of fee structures. As a result we were able to clarify factory's total
investment amount and total pollution load amount. In addition, we introduced the
basic concept behind sewer usage fee calculations in Japan and alse the thinking with
respect to the elimination of nitrogen and phosphorus.
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Selection Reagons of Factories to be Surveyed

The factories investigated by our field surveys were selected for the following
reasons, .

The seven factories selected as the model factories (M Factory Group) consisted of
one textile/dyeing factory, one furniture-making factory, one machine factory, and
four food factories. Maribor City's main industiries are textile/dyeing, food, and
machines. Factories in these industries that use great amounts of water and have
high wastewator pollution loads were selected.

From the food industry, four typical factories from the atcohol (beer and wine), meat,
and dairy product businesses were selected. Therefore, it can be said that these
seven factories are representative of the various industries of Maribor City,

The 13 factories comprising the secondary factories (S Factory Group) and tertiary
factories (A Factory Group) consist of 4 textile/dyeing, 5 machine, 2 foad, and 2
chemical plants. The criteria used for the selection of these factorigs are their
wastewater poltution loads, which are the most severe in the cily after those of the
model factories. Four textile/dyeing factories are included because these consume
large volumes of water and are part of one of Maribor City’s typical industries.

Note that the tertiaxy factories are added partially in our surveys to further widen
the range of factories selected. The tertiary faclories are factories not included
among the model or secondary factories which have large pollution loads or consume
large volumes of water. Following is a breakdown of industries by selected factories.

Textile/dyeing 5 factories
Furniture making 1 factory
Machine manufacturing 8 faclories
Food 6 factories
- Chemieal 2 factories

Total 20 factories

The names of the above 20 factories ave listed in the table on the next page. Inthe
table, both full name and abbreviations are shown and the abbreviations will be
used hereafter.
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Name of Selected Factorices

No. Industry Full Name Abbre-

. viation
M-1 | Textile(Knitting) |SVILA TEKSTILNA TOVARNA,4.d. SYILA ‘
M-2 | Furniture | MARLES HOLDING, d.d. MARLES POHISTVO,d.o.o0. MARLES
M-3 | Machine & Mélal LIVARNA Maribor ARMAL ARMAL

Processing
M-1 | Food (Brewery) STAJERSKA PIVOVARNA.d.d. PIVOYARNA
M-5 | Food{Wine Cellar) | VINAG VINARSTVO-SADJARTVO VINAG
M-6 - | Food(Slaughter KOSAX1 TOYARNA MESNIH {ZDELKOV KOSAKI
House)
M-7 | Feod{Dairy MARIBORSKA MLEKARMA,d.o. 0. MLEKARNA
Product) | MM MARIBORSKA MLEKARNA,d.o.o0.
s-1 | Textite Tovarna Yolnenih tkanin MERINKA, p.o. MERINKA
(TYT MERINKA)
$-2 | ditto. Tekstilna Toéarna TABOR, d. 0. 0. TABOR
8—3_ ditto. Mariborska tekstilna tovarna Melje, d. d. MTT
{MTT MELJE),d.d. To?arna tkanin MELJE,d. 0.0,
§-4 |ditto. Tovarna sukancev in trakov TSP, p.o. TSP
5-5 | Machine & Metal METALNA, STROJE-GRADNJA, KONSTRUKCI-JE METALRA
Processing MONTAZA IN STORITVE, d.d.
$-6 | Food MERKATOR-SLOSAD, d. d. SLOSAD
$-71 ]ditto. INTES MLIN TESTENINE INTES
A-1 | Machine & Metal T¥T-Tovarna Yozil in toplotne tehnike—_ﬂ— TvT
Processing Boris Kidric-TIRNA VOZILA
A-2 [ ditto, ELEKTROKOVINA-SYETILA SVETILKB
A-3 | ditto. PRIVAT-Tovarna kovinske oprene PRIMAT
A-4 | ditto, ELEKTROKOVINA Elekiromotorji ELKO
AHS Chmiéal HENKEL ZLATOROG HENKEL
A-§ | ditto. SWATY Tovaraa umetnih brusov SWATY




1. Industrial Wastowater Treatment and Protroatment
1.1  Industrial Wastewater Volume and Pollutant Load
1) Wastewater volume '

(1) Industrial wastewater volume

The term industrial wastewater mentioned here means the wastewater that is
discharged by factories producing various products. It does not include the
wastewater that is discharged from enterprises that do not produce anything such as
public utilities, communication businesses, wholesalers, retailers, restaurants, etc.

Estimation of the volume of discharge of industrial wastewater is extremely
important when studying the treatment capacity of the WWTP. The JICA survey
team took the following measures in order to obtain that figure.

@ Totalized the water consumption of the 20 factories surveyed by the team, and
estimated the volume of wastewater.

@ Chécked the data possessed by Maribor City and by its agenciés.

As a result, based mainly on @ and partly supplemented by @), the total volume of
wastewater discharged by Maribor City was estimated to be about 14,600m?*day.

The amount of industrial wastewater discharged is the ameunt consumed by the
factories (water that becomes part of the products, evaporates, seeps into the ground,
etc.) deducted from the water consumption. In Japan, standard ruanoff coefficients
depending on purpose, individual surface characteristics, type of business, and other
factors for the area are adopted based on experience. However, in this survey, we
took the wastewater volume as the same as the water consumption volune.

However, there are daily and seasonal fluctuations in the volume of water consumed
by factories. Therefore, some room should be made for this purpose in the WWTP's
treatment capacily. We refer to this point in 2) below.

(?) Estimation of total volume of wastewater, household wastewater,
and Industrial wastewater to flow into the WWTP

NIGRAD and the JICA survey team checked the total volume of wastewater,
household wastewater, and industrial wastewater to be discharged into the WWTP.
As a result, it was agreed from the city water consuniption data controlled by
NIGRAD, that the volume of water consumed by small-scale users would be
estimated as being equal to the volume of household wastewater.

Also, it was revealed that NIGRAD was still in the process of investigating the
volume of industrial wastewater and did not yel have any reliable data onit.. As a
result of the two parties checking the results obtained by the present survey of the
JICA survey tean, it was confirmed that, at the moment, JICA's survey resulls were
the most detailed available.

The results checked by the two parties can be summarized is as follows.
Total wastewater {o flow into the WWTP = 39,600 m¥day

Household wastewater (25,000x 0.9 - 0.95)= About 22,500 -23,750 m¥day
Industrial wastewater (14,600 + 1,250 - 2,5600)= About 17,100 - 15.850 m¥day

Note that the designed value of the total volume of wastewater to flow into. the
WWTP indicated to us by Maribor City is 36,500 m¥day. There is a difference of

about 3,000 m?® between this figure and ours shown above. The reasons for this -

difference are considered to be as follows.
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In JICA's survey, wastewater that is ai present being discharged into rivers and
streams is included in the amount that would be discharged into the WWTP in the
future. Also, actual measurements shaw that there are seasonal fluctuations in
wastewaler, so the volume of wastewater was caleulated from the annual water
consumption.

On the other hand, the designed value indicated by Maribor City of 36,500 m¥day
was estimated from actual measurements (at five places) taken over a short period (3
months) of some of the sewage wastewater. This method does not include the
wastewater volume currently being discharged into rivers by factories.: Also, since

~ the actual measuréments were not made over an entire year, we believe there is

some error in the figure. _
When designing the WWTP, we would recommend that, for the sake of safely, a

~ figure of about 10% in excess be used.

Note that we believe the WWTP should be designed for a total wastewater volume
estimated at 16,000 to 17,000 m3/day. This is because the volume of small-scale
factory users is not included in NIGRAD's small-scale user data, while the total
wastewater volume (of 14,500 m¥day) obtained through JICA's survey is estimated
to eover 80 to 90% of the full avount.

Note: (1) Water supply source data is as follows:

Small-scale city water consumers 25,000 m*/d (NIGRAD's data)

Large-scale city waler consumers 7,200 m*/d (JICA's data)

Ground water consumers (factories) 5,000 m'/d (JICA's data)

River water consumers {factories) 2 400 m*/d (JICA's data)
Total 39,600 m*/d

(2) According to JICA's survey data, the total waste water volume
of the 20 factories is 14,600 m3/d.  Ofthis, 3,000 m3/d is the
total waste water volume of 20 enlerprises which make up MPP
(formerly TAM).

2) PoHutant load

This survey coveréd a total of 20 faclories (seven model factories, seven secondary
factories, and six tertiary factories). The pollutant concentrations and pollutant
loads for these twenty factories are shown in Table 1.1.2.

For the pollutant concentrations of the model factories, we took the actual-
measurements made during our second field survey or the designed values of the

model wastewater-treatment systems. For the secondary and tertiary factories, we

took the actual measurements made during our fourth field survey. For some

factories which have more than one discharge outlet, we used values caleulated from

the flow rates. The pollutant loads were caleulated by multiplying the wastewater

volume by the pollutant concentration. The wastewater volumes are the same as

those shown in Table 1,1.1. :

The four textile factories have a large water volume. The total wastewater volume of
the twenty factories is about 11,500m3, ‘This may be 80% or more than the total
industrial wastewater volume, Also, it may be about 1/3 of the seweérage water
velume initially estimated by the WWTP.



3) Comparison of water quality of sewerago water and factory wastewater

Data is available on water volume and quality at five main sewage discharge ouilets
measured in 1993, We calculated the pollutant load of these measurements in the
same manner and compared the results with the total industrial wastowater of the
20 factories surveyed. The results are shown Table 1.1.3.

According to this T'able, the water quality of the industrial wastewater and the
overall sewage are practically the same.. Morcaver, the industrial wastewater
shows lower figures than overall sewage for SSand P.  In other words, it can be said
that the overall pollutant load of the preqent industrial wastewater is about the same
as the normal sewage for the WWTP. -

However, some industrial wastewater have pollitant loads very much higher than
general sewage or contain substances that are difficult to treat by sewage tréatment.
Close attention must be given to these factors.
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4 CODecr and CODM

The technical formation of wastewater treatment in Japan has been based on CODu-.

. Therefore, this point needs to be watched when referring to Japan's wastewater-

treatment technology or achicvements. For our fourth field survey, CODcr and CODun

were jointly measured.

Table 1.t.4 shows the results of analysis of industrial wastewater and Table 1.1.5
shows that of sewerage consisting mainly of household wastewater.

Table 1.1.4  COD ¢r and COD . in the Industrial Wastowator
_ _ o unit = mg/il.
Nanie Sample CODcr {COD aa | CeMn BOD SS

M-1 | SVILA Print 270 240 1.1 90 70

M-2 | MARLES Total 33 19 1.7 20 < 30

M-5 | VING Final tank | 13,900 { 6,800 2.0 3,100 | 3,900

M-6 | KOSAKI Slaughter 2,400 770 | 3.1 1,200 550

M-7 | MLEKARNA | Total 16,600 | 2,900 5.7 1,100 | 6,600

S-1 | MERINKA Total 650 | 300 | 2.2 150 37

8-2 | TABOR Tota} 34 15 | 2.3 25 <30
53 | MTT Total 340 120 | 28 140 | 340

Textiledye | 230 100 2.3 __ b8

Yarn dye 100 48 2.1 <30

S-4 | TSP Total 360 190 1.9 100 32
S-5 | METALNA | ECCE 19 15 1.3 | <5 80 |

Palfinger 77 . 32 | 24 <b < 30

. _ Vanishing 1,800 ‘b0 2.4 300 85

$6 |SIOSAD  |Tanki | 7,000 3,200 2.2 | 2500 850
Tank 2 1,600 630 | 2.5 250 80 |

A1 | TVT 16 | 10 1.6 < 5 55

A2 | SVETILKE Tank 16 10 1.6 < 5 65

A3 |PRIMAT | 380 200 1.9 230 180

A-4 | ELKO 47 15 3.1 < 5. 18
A-5 | HENKEL TPD 910 360 | 25 180 460
outlet 4 660 940 | 25 300 130

outlet 5 | 2400 810 | 3.0 1,400 310
A6 | SWATY Total 130 32 | 41 50 | 47 |




~ Table 1.5 CODcrond COD ma in the Household Sewarage

kCharacterization 1* ax 3 ' 4+
of the sample o
Typeof the sample . e SDOLE SO PO e Spot.
_Date of sampling 19021996 191219961 20.12,1996 | 20.12.1496
:P_arametér : ie.\;pr.as 1 Unit ; - ' . 4
Suspended solids N me/) asod o oooael ca0f o o20]
JToml nivozen: N . mg/l 33} e B8 122 88
ammonium nisogen I N gig/ .1 481 ... 2. %nd
- Kjeldahl nitrozen AN 3 meht = . 66 o 120 ¢ 85
ohiviteniwogen AN ime 0.4 -...5001 <001 <001 |
-pitgenivogen b N oo men | g4t o o31d 225 .28
Tout phosphorus 1P m2A 12 L2 SN /.| % IS
€O 0. imen 280 0. 900} .18
O e SN .11 NN F—— $0.1... 150 150 .. 190
BOD, 1o | mofl 100 260 400 L10)

1 - Poborska ulica - the area of “Roina dolina™
2 - the comer of Ulica Pariike komune and Radvanjska cesta - the “Tabor™ area
1 . the comer of Ulica Proleterskih brigad and Ljubljanska cesto - the “Tabor™ area

4 - Utica bocea (at the end) - the “Brezje™ area

\'fhen CODa/CODM. or COD/BOD is large, it may mean that substances of poor
biodegradability are contained in the waste water. When the COD removal rate is bad
after startlof operations of WWTP, it will probably be necessary to earry out studies
about making it compulsory for factories, discharging waste water with large ratios of
these substances, to install pretrecatment facilities to reduce the pollution load.
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1.2 Wastewater Treatmoent and Pretreatment
1.2.1 Design Conditions (Common for All Model Factories)

1) Treatment system

‘As the quality of raw water is designed based on the field analysis results, some of

the numerical values may differ from those of the questionnaire which was
distributed to cach factory prior to the field analysis.

The quality of the treated waste water is designed to meet Slovenia's Emission
Standards which the Study Team reccived on June 12th, 1896, Past experience and
results in'Japan were also used to determine the design treated waste water quality.
However, industrial waste water requires different treatment levels depending on
the product type and raw materials and seccondary raw materials used.

~ Consequiently, the necessary tests to obtain design data before proceeding to the

actual design stage of a waste water treatment system, are essential.
2) Treatment plant site
Waste water treatment plant construction is planned on an empty site and no special

site constraints are assumed unless stated otherwise,

3) Piant installation conditions

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

of -20° C and snow cover of 1 m in winter aro assumed.
4) Scope of Estimation

The plant cost is estimated on the turn key basis. The following items are, however,
excluded from the estimate.

a. Piping work outside the battery limit range

b. Power cabling work on the primary supply side
¢. Substation

d. Piling and surplus soil removal

e. Spare parts

5) Utilily costs

(1) Electricity : 15 SIT/kwh
(2) Water : 200 SIT/m?

(3) Heating oil 1 60 SITAitre
{4) Chemieals
a. Urea Ha: NCONH: 100% :  52SI1T/Ag
b. Ko HPOy 100% 1 394 SIThke
c¢. PAC 11% - AlLO: : 4.7 Si'T/kg
d. Al: (SOg)a 18 H:0 i 39.15SIT/kg
e. Ferricchloride 13% Fe :  G4SIT/kg -
f. Polymer (nonion type) 100% : 990SIT/kg
g. Polymer (anion type) 100% : 990 SIT/kg
h. Polymer (calion type)  100% : 2,000SIT/kg
i-NaHSO; 32% : 113.6 SIT/kg
j. NaOCl 11%-13% as Cl: : 54 SIT/kg
k. H:504. 98% : 70.2 SIT/kg
1. HC1 30% : 22 SIT/kg
m. NaOH 100% - 83.2 SIT/kg
n Na:COz 100% - : 40 S1T/kg
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o. Granular activated carbon: 930 SIT/kg
6) Waste disposal cost

General waste : 1,423 SIT/m? :
Harmful waste: 49,683 SIT/m?
(Disposed of at the waste disposal site located 10 km from Maribor.)

T Control system

(1) pH contrel : :  automated
{2) Tank }iquid level control :  automated
(3) Sand filter : ‘ ¢ automated

(All other operations are conducted manually.)
8) Operation staff

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

9) Materials and symbols

The equipment symbols have the following meanings.

+ FC : Cast iron

« BC13Cr : Cast iron (13 Cr)

- SUS : Stainless steel

+ 5SS : Mild steel

« SS/EP : Mild steel inside epoxi-tar lining
« PVC : Polyvinyl chloride resin

* PE : Polyethylene

- VP : Vinyl pipe

« FC+RI,  : Castiron inside rubber lining
« 5GP : Steel gas pipe

- FRP : Fibre reinforced plastic

*RC : Reinforced concrete

10} Miscellaneous

(1) Voltage : 220V/380V
Frequency : 50 Hz

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

1.2.2 Model Systorn of Wastewater Treatment

On the seven model factories, detailed design and economic evatuations were made
on the wastewater-treatment equipment for discharging divectly into rivers based on
the results of the second field survey. :

The resulis are shown in Table 1.2.1. The Table shows the equipment cost,
depreciation, interest, running cost, ete. Looking at the total treatment costs per
water volume, all are higher than the estimated cost for discharge into sewers.
Moreover, it can be seen that the costs are exceptionally higher in all ‘but {wo
factories.

iy—-12
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Tho following can be cited as the main reasons for the high costs.

(1) The emission standard for discharging directly into rivers is very strict.

(2) The systems are small in scale 50 the cost per treated water volume
becomes comparatively higher,

{3) As model systems, their performance was designed on the safe side.

1.2.8 Pretreatment to Satisfy the WWTP's Emission Standard

The items set as the emission standard for discharging into the WWTP are
temperature, pIl, immediate-settling 8S, heavy metals, chlorine and chlorine-
compounds, cyanide, fluorine, sulfur and sulfur oxides, and oil content.  All of these
are substances that are injurious to the WWTP or substances that are difficult to
treat by the WWTP. There are no standards for TOC, COD, BOD, and standard SS
that can be treated by the WWTP.,

The seven model factories already have pretreatment facilities for heavy metals or
oil. However, the facilities of four factories are insufficient and require new
installation. The details are comparatively simple and the cost is not high.

The cost per flow rate is shown at the lower part of Table 1.2.1. Note that the
sewage fee given to us for this survey, 160 SIT/m?, is not definite.

The figures in () in 4, Total Treatment Cost, of Table 1.2.1, are figures for reference

in case the interest becomes 1.0% due to financial aid or other policies. If the
interest is reduced or exempt, there will be cases in which the wastewater-ireatment
cost will be on a par with the charge for discharge into sewers.

As a conclusion of the studies of the model factories, if the WWTP emission
standards are applied with no change, it will be economically more advantagecus for
thase factories to discharge into the WWTP than directly into rivers. The same
holds true for the secondary and tertiary factories.
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1.2.4 Pretreatment for Reducing Pollutant Load

The plauned WWTP capacity scems fully adequate to treat the present load.
However, we believe consideration must be given o a load increase in the future and
the growing of "those-who-benefit-should-pay" consciousness among users. For
this, we think a fee system in accordance with the pollutant load or additional control
of emission standards may be applied.

From the above viewpoint, we conducted wastewater analysis surveys, preliminary
{reatment tests and equipment design studies on pretreatment for reducing the main

‘pollutant items, COD, BOD, dye waste of textile industry, and 8S.  These surveys,

tests, and studies were conducted not only on the seven model factories, but also on
the seven secondary factories and six tertiary factories.

As pretreatment facilities for reducing pollutant load, we studied coagulating
sedimentation, coagulating pressure flotation, and other chemical treatment
processes, and anaerobic, fixed bed, and other biological trealment processes suitable
for high BOD loads.

For designing the prelreatment facilities, we did not establish target water
qualities as the preconditions. Instead, we made it our main objective to
accumulate and present information regarding what sort of water quality could be
obtairied, at what cost, and with what type of treatment, ete.

We describe “the pretreatment required for reducing the pollution load” of each
factory of Part II and the details and results of the respective studies.

Table 1.2.2 summarizes the treatment processes, equipment costs, treatment costs,
and the anticipated water qualily after treatment of the pretreatment facilities
studied for each factory. This Table gives information which will be uscful for the
WWTP when a fee system based on pollutant load or extra control of emission
standards is studied.

Note that for harmful substances, pretreatment is imperative, and unique
equipment and technology for satisfying the emission standard for each of these
substances have now been standardized. Pretreatment facilities for treating
harmful substances are already installed at the factories of Maribor Cily. Details
on the difficultics of harmful substances and information about their elimination
technology are given in Part 111 of this report.
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1.3 Pretreatment by Industries

~ We summarize heréwith, by meain industries of Maribor City, the results of studics

on the state of their effluent and pretreatment. Our detailed studies for each factory
are shown in the part II.  As préscribed above, the results of our studies on
prelreatmaenit are shown in the Table 1.2.2.

1.3.1 Textile/Dyeing Industry
(1) Positioning of business category

There are only five textile companies with plants in Maribor City, but they are
important because théir effluent amounts to 20% of the total sewage.

Each of the five companies' has its own characteristics, so it is difficult to make a
sweeping statement.  However, problems such as colored effluent and large
fluctuation in drainage volumes and pollutant loads are common to all five.

(2) Likelihood of discharge into rivers

Since a strict emission standard has been set separately for the textile industry, the
costs of wastewater treatment and equipment in this case rise far above the costs for
plants discharging wastewater into sewage. As can be seen from Table 1.3.1, at
present, two companies are discharging dirvectly into rivers. S-2 Tabor is already
niore or less meeting the emission standards.

(3) Infringements of WWTP emission standards

In the emission standard for discharging into WWTP, there are controls on
temperature, pH, heavy metals, oil content, sulfur content, and halogen. All of
these concentrations in the wastewater of the five companies, except some of the pH
levels which have to be monitored carefully, are well within the existing standards.

(4) Methods of reducing pollution load

Coloring of effluent is a form of pollution unique to the textile industry. The
coloring fluctuates greatly depending on the time, but as a whole, ahsorbance of the
strictest controlled value of 620nm is estimated to be 30 or less. This falls to 1/10
when it is dituted five times with other sewage and halved again by the WWTP, In
other words, it will meet the emission standard. The measured value of color by -
ahsorbance, in the light range, is more or less proportionate to concentration. If
coagulating sedimentation is adepted by WWTP, the color will be reduced to a much
greater degree. Azoic dyes, which are frequently used in synthetic textiles, are
known to be efficiently decomposed by anaerobic biological treatment. If the WWTP
adopts the anaerobic biological treatment process, the problem of color will be
alleviated even further. According to the above reasoning, pretreatment for the
purpose of eliminating color at each factory will not be required.

However, in the future, there is a possibility that the WWTP may have to demand
that textile factories which discharge celored wastewater carry out the necessary
decoloring pretreatment so that the wastewater meets the emission standard for
discharge into rivers. We list below the processes that are generally used for
decoloring the wastewater of dyeing factories, O Activated carbon adsorption:
Decoloring by the biochemical adsorption properly of activated carbon. @ Ozone
treatment:  Decoloring by the oxidative decomposition property of ozone. @
Coagulating-sedimentation treatment: By mixing inorganic and organic
flocculants, the coloring substances are coagulated into floc. @ Fenton trealment:

- Decoloring by processes such as the oxidative decomposition of hydrogen peroxide in

the presence of an iren catalyst.
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A good rate of removal of about 90% ¢an be obtained from both @ activated carbon
adsorption and @ ozone treatment. Efficiency is poor if there is COD and SS, so
these processes are used as the final treatment after COD and SS are removed.
Treatment costs depend on concentrations, but generally speaking, they are very
high.

Since the controlled value is extremely strict when the color of wastewater is
regulated in Japan, cne of these two methods is used.

With @ coagulating-sedimentation treatment, there are various cases that can
occur depending on the properties of the wastewater. Sometimes good decoloring is
achieved with just inorganic flocculants, and sometimes decoloring becomes effoctive
by adding a dicyandiamide-based organic decoloring flocculant.  In special cases, the
floccutant cannot decolor hecause it does not form floc. Generally speaking, this
process is frequently used in Japan for pretreatment of waste dyeing water as it can
also remove BOD, COD, 88, and especially P, while removing the color.

@ Fenton treatment can decolor very well if the eonditions are right. It is also
effective for changing conspicuously bright colors into inconspicuous colors such gray
or white. The reaction pH condition is on the acidic side of about 3.5. Therefore,

‘the process is quite expensive because of the costs for the pH-adjusting acid, the

neutralizing alkali, and the oxidizing agent, hydrogen peroxide. Also, unless
coagulation is carried out, there is the problem of an overall increase in pollutants in
spite of the successful decoloring of the wastewater.

5) Coagulation-treéatment test

As mentioned before, the most usual and economical pretreatment process is the
coagulating-sedimentation treatment. Moreover, this treatment hecomes even
more economical if only the thick wastewater after dyeing is treated. llowever if
only the dye liquid is scparated, there are times when the coagulant does not form
floc. In most cases, pH neutralizing and decoloring is done when the dye liguid is
mixed with the 1st washing water, and flocculation is more likely to take place at
such times. Also, coagulating treatment may be difficult for wastewater which
contams a lot of surface-active agent, so care is required.

Althaugh the colormg must be decreased, one mothod which can be used when there
is a margin in SS is to floc the color with the coagulating treatment and then
discharge the water without any sedimentation separation. Since this method does
not require the installation of a dehydrator, no cost or labor is involved. It is an
especially convenient method that can be adopted when discharging wastewater into
sewers.

In this survey, we carried out coagulating-sedimentation tests on the wastowater of
five companies and additionally conducied a Fenton treatment jar tests on some
samples. When actually designing pretreatment facilities in the future, further
wastewater treatment tests should be carried out to fully check the conditions and
effectiveness of the treatment.

1.9.2 Food Industry

We studied four kinds of food industry factories. The total water volume of the four

factories comprises about 10% of the total for the 20 factories investigated in this
survey. All of them have high pollutant loads, but those of BOD and COD are by far

- the highest, each taking up about 40% of the share on average. Following is a

suntmary of the respective items by business category.
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1) Beer brewery (M-4, STAJERSKA)
(1) Positioning of business category

This is the only brewery in Mavibor City. [t is'said to have the second largest
output in Slovenia, but the output is relatively small.

The ratio of ils pollution load to that of the 20 factories is 3.6% by water volume,
6.3% by COD, and 4.3% by BOD. The main source of wastewater is the bottle-
washing machinery. Because the equipment is old, the wastewater volume is
large compared to the quantity of production,

@ I.1kellhood of discharging into rivers

'As emission standards for discharging into rivers are strict (especnally for T-P,
which is restricted to 2 mg/L), the treatinent cost comes to 223 SIT/m?.  Since
the factory is alse located quite a distance from a river, the prohibitive cost of
laying a pipeline makes it advantageous for the brewery to discharge into the
WWTP at present, and the possibility of discharge into rivers remains slim.

(3) Infringements of WWTP emission standards

From the result of our survey; the water qiaality of the wastewater at the final
stage is within the WWTP emission standards and there is no particular
problem.

(4) Methods of reducing poltutant load

‘Generally, physico-chemical treatment (coagulating-sedimentation method) is
mostly used for the pretreatment system for reducing pollutent load. Although
this treatment will remove 88 from this wastewater, it is not very effectife in
removing soluble organic pollutants, Therefore, we studied the use of the
biological treatment method, formulating conceptual designs of three cases; i.e,,
Case 1 for separaling thick wastewater and subjecting it to anacrobic treatment,
Case 2 for aerobic treatment, and Case 3 for further aerobic treatment of the
general drainage. '

The result was that the treatment cost of Case 2 was the lowest at 61 SIT/m3.
‘This reduction was enabled by our selection of the biofilm-filter process, a
process which removes high loads, for the aerobic treatment. Although the use
of such a process increases electricily costs, it reduces equipment costs by a
considerable margin. Another factor for the low treatment cost in Case 2 was
the absence of any need for a heat source to heat the raw wastewater. The order
by treatment cost was Case 2<Case¢ 3<Case 1.

Also, the anacrobic treatment became the most expensive because the heat
source cost for healing the raw wastewaler toock up a large share of the
treatment costs (the anaerobic treatment method becomes advantageous when
organic pollutant concentrations are high).

Note that the quantity of excess sludge that is ereated in the aerobic treatment
tank is small. ‘Therefore, in order to keep equipment costs as low as possible, it
is better to discharge the sludge into the WWTP together with the treated
wastewater than to install sludge-treatment facilities. However, the SS
concentration in the treated wastewater will increase slightly due to the added
amount untreated sludge.
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2) Winery (M-5, VINAG)
(1) Positioning of business category

This is a winery located in the center of Maribor City. The squeezed juice is
brought to the winery by tank trucks, stored in underground tanks and allowed
to mature, The matured wine is then bottled and shipped out.

The scale of production is small and its ratio of poltution load to that of the 20
factories is only 0.6% by water volume, 0.9% by COD, and 1.5% by BOD.

(2) Likelhood of discharging into rivers

As with the brewery, the standards for discharging into rivers are strict
(especially for T-P, which is restricted 2mg/L), so the treaiment cost is a high
711 SiT/m3.  Major factors for this relatively high cost of treatment per unit
volume ‘are that the amount treated is small, and that the winery stays in
operation on only a limited number of days per yeav (216 days/year).

Therefore, at present, it would be advantageous to discharge into the WWTP.
Also, this factory is located in the heart of Maxibor City, so it would be extremely
difficult to lay a pipeline to a river. Thus, discharge into rivers is a virtual
impossibility.

(3) Infringements of WWTP emission standards

Neutralizing facilities are already installed and the treated waler quality is
within WWWTP emission standards, so there i§ no parlicular problem. The
wastewater generated by the factory is separated into acid and alkaline
wastewater and stored in separate tanks. Since there is a possibility of
reducing, to a certain degree, the amount of the neutralizing agents being
currently used if the two liquids are mixed and discharged, there is room for
study on this point. :

(4) Methods for reducing pollutant toad.

With regard to pretreatment facilities for lowering the pollutant load by the
physice-chemical treatment method (coagwlating sedimentation), SS ecan be
removed using the same method applied by the beer producer. However, as not
much can be expected with regard to removal of soluble organic pollutants, we
studied the biclogical treatment method.

"There are iwo hiological treatment methods; i.c., the acrobic and anaerobic
methods. However, if the anaerobic method is selected, a heating source for
heating this wastewater will be required since its organic pollutanis
concentration is low and enly a small amount of bio-gas will be generated.
Thus, in this case, the cost of treatment by the anaerchic method will become
greater than that for treatment by the aerobic method.

Therefore, the low-cost biofilm-filter process is more suitable as the
pretreatment system since, in spite of its increased electricily cost, it will
remove high loads without causing bulking.

Note that the quantity of excess sludge created in the aerobic treatment tank is
small. Therefore, in order to keep equipment costs as low as possible, it is
better not te install sludge-treatment facilities, and to instead discharge the

_sludge into WWTP together with the treated wastewater. However, the SS
concentration in the treated wastewater will increase slightly due to the added
amount of unireated sludge.
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3} Meat producer (M-6, KOSAKI)
(1) Positioning ofbusin_ess category

This enterprise is the only slaughterhouse in the Maribor arca. It produces
fresh beef and pork. The plant is located very elose to the Drava River. Since the
factory works only in the daytime, the generation of its wastewaler is
concentrated during that time zone. Its pollution load is high, comprising 3.2%
of the total by water volume, 9.5% of the total by COD, and 15% of the total by
BOD.

(2} Likelihood of discharge into rivers

The factory is close to a river, so we helieve the cost of instailing a pipeline wiill
he cheap. However, since the emission standards are strict, the cost of
treatment becomes a high 565 SIT/m?® Thus, discharge into the WWTP is far
more advantageous.

(3) Infringements of WW’I‘P emission standards

The existing oil-water separatmn equipment is functioning very weﬂ and the
treated water quality is within the W\VTP emission standards, so there is no
particular problem. '

{(4) Metheds of reducing pollutant load

As the pretreatment facility for reducing pollutant loads, we studied the
coagulating-pressure-flotation method, ‘and a physico-chemical {reatment
process. The reason for opiing for this method instead of the coagulating-
sedimentation method is that it is suitable for removing o3l content which, by
nature, has a tendency to fleat. The sludge separated by coagulating pressure
flotation contains a large amount of oil. We compared the disposal of this
sludge with and without dewatering it, ‘The latter is naturally cheaper in
equipment and running costs . However, there are some indefinite poinds in
this methed regarding how the sludge can be received without dewatering and
what the cost will be.

When BOD and COD have to be reduced further, biological treatment is applied.
Anaerobic biological treatment is frequently employed when the pollutant load is
high, but it does not work so well when the oil content is high. Araerobic
biological treatment becomes advantageous after coagulating-pressure-flotation
treatment has been carried out since the load is reduced.  As the SS will have
decreased, fixed-bed biological contact aeration treatment would be most
suitable. As only a small quantily of excess sludge is created in the aerchic
treatment tank, it is discharged as is without being separated.

The pollutant load is greatly reduced by the coagulating-pressure-flotation
treatment, but the treatment cost is about the same as the standard sewage fee.
Pretreatment for the purpose of reducing load will not becomé economically
viable unless the progressive fee based on pollutent load becomes about twice
the standard fee. Inother words, unless there is a system of additional controls
on the emission standard, it will be more economical to pay the sewage for as -
long as the additional fee is small.

" 4) Dairy products producer (M-7, MLEKARNA)
(1) Positioning of business category

MARIBORSKA MLEKARNA p.o is the only dairy .product_s producer located in
Maribor City. Of the 7566m®day used by its factory, 280m*/day is recycled for
use as boiler water and refrigeration waler. Thus, the net volome of water
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‘supplied is 470m%day. The wastewater volume is the same as the supplied
476m¥day. Awmong the 20 factories, it comprises 1.1% of the total industrial
water and 1.3% of overall sewage water.

The cause of pollution of the wastewater is loss due to washing of dairy products
and the acid and alkaline washing agents. In manufacture of city milk and
cream, there is CIP wastewater, and in manufecture of cheese, there is whey
wastewater and loss of cheese. The latter manufscturing wastewater in
particular has high concentrations of both COI} and BOD.  Also, the main cause
of N and P in the wastewater is washing agents. The only way to lower the
pollution load of wastewater in the preduction of cheese is to improve the shop
work methods and dlschargmg process so that loss of whey and cheese is kept to
the minimum,

(2) Likelihood of discharging into rivers

The cost of treating wastewater with pretreatment equipment for neutralizing
wastewater and discharging it into the WWTP (Case 1) is 205 SIT/m® Since
the cost of wastewater treatment with pretreatment equipment for discharging
into rivers is 208 SIT/m?, if improvement of work methods to prevent the loss of
cheese is successful, it will be cheaper to discharge into the WW1TP. However,
because the cost of treating wastewater with pretreatment equipment for
reducing the pollution load is higher than the cost of pretreatment with
equipment for discharging into rivers, there is the possibilily that wastewater-
treatment equipment for discharging into rivers will be instatled.

The COD of wastewater from dairy product manufacturing can be reduced to a
low level by biological treatment which runs on low load. For wastewater-
treatment equipment for the purpose of discharging into rivers, we took into
consideration the prevention of bulking and proposed the anaerobic/aerobic (AO)

‘system. However, COD is still left in water that is treated biologically, of which
40 to 50% is humic acid-like substances which do not have biodegradation
properties. Due to this, the recycling of treated water is said to be difficult for
reasons of economy and safety rather than problems of technology.

(3) Infringements of WWTP emission standards

Water quality conditions that, depending on the discharge cenditions of the
wastewater, may possibly infringe on the WWTP emission standards are pH and
oil content. However, if the loss of cheese can be prevented, oil content will no
longer pose any potential problem, and the only concern will be the pi.

(4) Methods of Reducing Pollution {.ead

We proposed as Case 2, pretreatment equipment for the coagulating pressure
flotation method which removes oil content and 8S as well as neutralizes
wastewater. This was on the assumption that the effectiveness of preventing
the loss of cheese would be low.

Furthermore, in order to reduce the BOD and COD pollution load due to orgamc
materials, we proposed as Case 3, the addition of anacrobic biological treatment,
and, as Case 4, the addition of biofilm-filtering treatment. * The removal rate of
the biofilm-filtering method is low but both the cost of its facilities and

- treatment are low.
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1.3.3 Chemical Industry
{1) Positioning of business category

The chemical industry of Maribor City consists only of factories that use chemicals as
raw materials. [n the current survey, we studied two factories. One is a maker of
household chemicals who prepares the chemicals and then puts them into
containers. Effluent from the washing of the containers is produced when changing
over from the manufacture of one product to another. The other factory is a maker
of grindstones that uses binders and other chemical materials. : :

{2) Likelihood of discharging into rivers

Both are discharging into sewers. For these factories also, there is no likelihood of

discharge into rivers in the future.
{3) Infringements of WWTP emission standards

The former factory has a high pollution load but at present it meets the WWTP --
emission standards. In the latter, the pollution load was low in all of its efftuent but
that produced from a grindstone material mixer. - However, the efftuent front the
mixer amounts only to a few cubic melers a day, and even by itself, it satisfies the
WWTP's emission standards.

(4) Methods of reduicing pollutant load

In order to cope with the future sewage fee based on COD, BOD and other loads, we
studied the following pretreatment systems for treatment of the high pollution leads
at the former factory.

Recovery and reuse: Closed system

Separation remaoval: Concentrated separation
' ‘Coagulating separation

Decomposition: Chemical decomposition

Ozone treatment
Anaerobic treatment

(D In the case of powdered detergent, a completely closed system is possible with
just a little more coffort. At present, cily water is being replenished in a recycled
water tank. However, by controlling the replenished water at a lower Ievel than the
‘present one, there is room, at the time of changing over, ete., for absorbing the 1 to
2m? of reeycled water that is overflowing irregularly but constantly.

@ As the wastewater volume is a large 180m®/day, concentrated separation is
difficult when producing cosmetics. “ However, in the case of the hair dye being
planned, a wastewater volume as small as Im3/day can be realized using this method.
This method is also effective for coping with oil content, which is essential. Unlike
the case with powdered detergent, reuse of the concentrated content is believed to be
difficult for hair dye products because of their delicate function and color,
Normally, the content is evaporation-dried and incinerated or otherwise disposed of
as solid waste. If there is ample heat, the concentrated liquid can be mixed with
beiler fuel and burat off.

@ Coagulation treatment of the wastewater is difficult in the case of cosmetics and
hair dyes. A wide range of conditions was tested by jar tests, but the inorganic
coagulants formed no floc at all.

@ Oxidative decomposition by the Fenton treatment showed a distinct change in
color, but the measured values of absorbance and COD did not drop. Moreover, the
method is not suitable because of problems such as high cost and the increase in
overall pollutant load it causes. '
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® Asseen f;om the test results of the Fenton treatment, decomposition by ozone
treatment is also difficult. :

® Anaerobic biological treatment is a method worth considering for wastewater
treatmont of cosmetics. If the treaiment results are good, we believe it can also be
applied to the wastewater treatment of hair dyes.

Based on the above study, for the pretreatiment system, we planned the anaerobic
biological treetment mainly for cosmetics wastewater. This has the aim of
removing the extremely high COD, BOD and fat. The pH of the raw water is about
neutral, and as there is no coarse S8, it is heated as is to about 350C and treated in
an anaerobic biological reaction tank. We made the reaction tank a fixed-bed type.
To conserve the heat source for heating, the treated water and the wastewater were
liquid-liguid heat exchanged, and heat that was insufficient was augmented by
steara, The gas generated in the reaction tank can be recovered as a heat source for
the boiler. '

“The treated water quality can be loweréd. to a COD of about 1/4 and BOD of about 1/5.

The treatment cost comes to 117 SIT/m? for 300m3 of cosmetics wastewater. If
calcwlated to the total wastewater volume of 700m?, inclusive of other wastewater,
the cost comes to 50 SIT/m3,

1.8.4 Machine & Metal Processors

The sources of wastewater of the machine and metal processors can be largely
divided into the metal processing, surface treatment (including plating), and
painting processes. Also, since MARLES POHISTVO, a company in the business of
making wooden furniture, also has a painting process, we decided to include that
business category in this section.

1) Positioning of business category

The primary six companies engaged in the machine and metal processing business in
Maribor City are ARMAL (manufactures water faucets, flush toilet fixing outlets,
caslings for heating and cooling, ete.), METALUNA Group (manufactures all types of
hydroelectric power equipment other than turbines, construction and transpertation
equipment, and industrial machinery), TVT Group (manufactures and repairs rolling
atock), ELEKTROKOVINA SVETILKE (manufactures lighting equipment, electric
motors, and generators), PRIMAT (manufactures safes and steel furniture ), and
ELKO ELEKTROKOVINA (manufactures motors and pumps). There is an
additional company, the TAM Group, which manufactures automobiles, but because
it was impossible to visit and survey the factory and collect data, we will not refer to
it here,

The machine and metal processing business as a whole consumes a total of 3,431m?
of water a day, of which 1,789m3/day is recycled. The total volume of wastewater
generated, 1,598m¥day, comprises 13.8% of the total industrial wastewater and 4.4%
of overall sewage.

(1} ARMAL

Total waler consumplion is 492m%/day, of which 120m3day is being recycled as
washing water, so the net volume of water supplied to the factory is 372m%day.
The wastewater volume is equal to the water consumption of 372m¥/day,
accounting for 3.2% of total industrial wastewater and 1.0% of overall sewage.

(2) METALNA Group
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Total water supplied and total water consumed ave the same, at 212m?day.
The wastewater volume is equal to the water consumption of 212m3day,
accounting for 1.8% of total industrial wastewater and 0.6% of overalt sewage. @

(3) TVT Group

Of the 2,169m%day consumed, 1,54%m3%day is recycled as boiler water, washing
water, and cooling water, so the net volume of water supplied to the factory is
620m3/day. The wastewater volume is equal to the water consumption of
620m¥/day, but 16m3day of that volume is water leakage, so the actual valume is
600m*/day, accounting for 5.4% of total industrial wastewater and 1. 7% of
overall sewage.

(4) ELEKTROKOVINA SVETILKE

Of the total 250m¥day consumed, 120m%day is bemg recycled as cooling water,
so the net volume of water supplied to the factory is 130m¥day. The
wastewater volume is equal to the water consumption of 130m3/day, accounting
for 1.1% of total industrial wastewater and 0.4% of overall sewage

(5) PRIMAT

‘Total water consumption and water supplied are the same, at 109m¥day. The
wastewater volume is equal to the water consumption of 109m®day, accounting
for 0.9% of total industrial wastowater and 0.3% of overall sewage.

(6) ELKO ELEKTROKOVINA

Total water consumption, water supplied, and wastewater volume are all the
same, at 199m¥day. However of this total wastewater volume, 44m¥day is
being treated at a joint wastewater-treatment plant and the balance of
165m3/day is being discharged. Therefore, the wastewater volume accounts for
1.3% of total industrial wastewater and 0.4% of overall sewage.

(7) MARLES POHISTVO

MARILES POHISTVO is the only company in Maribor City which makes wooden

furniture. Of the 519.7m3/day of water consumed, 222m¥/day is being recycled

as boiler water, so the net volume of water supplied to the factory is

297.7m%day, The wastewater volume is equal to the net volume of water

supplied of 297.7m?%day, accounting for 2.6% of total industrial wastewater and
0.8% of overall sewage.

2) Likelihood of discharging into rivers

The only company with the likelihood of discharging into rivers is the wooden
furmture manufacturer, MARLES POHISTVO.

(1) ARMAL

The wastewater that must be (treated is waste cutting oil, waste
perchloroethylene (PEC), and plating wastewater. The waste culting oil is
recovered and disposed of as industrial waste by a contractor. The waste PEC
is recovered, and, after its impurities are removed with solvent regencration
equipment, it is reused as PEC. ‘The plating wastewater is {reated in a
wastewater-ireatment plant. Therefore, there is no need to study the
likelihood of discharge into rivers.
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" (2) METALNA Group

'The wastewater that must be treated is waste cutting oil and the painting booth
waste washing water. The wastle culting oil is recovered and is  disposed of
as industrial waste by a contractor. The painting booth waste washing water
has a high COD concentration and contains organic compounds with anti-
biodegradation properties, but the frequency of oceurrence of the wastewater is
extremely small. Due to this, the treatment of wastewater for the purpose of
discharging into rivers would be mainly on domestic wastewater, thus making
the installation of comprehensive wastewater-treatment facitities uneconomical.
Therefore, there is no likelithood of the wastewater being discharged into rivers.

(3) TIV Group

There is no discharge of wastewater that would have to be treated prior to
discharge into rivers. The plating wastewater is treated by treatment
equipment and the car waste washing water is recycled. Therefore there is no
need to study the likelihood of discharge into rivers.

{4) ELEKTROKOVINA SVETILKE

The wastewater that must be treated is being freated at a joint wastewater-
treatment plant. - Therefore, there is no need to siudy the likelihood of
discharge into rivers.

{6) PRIMAT

The wastewater that must be treated for discharge into rivers is from the
painting booth washing water and the pre-painting treatment. The pollution
concentration of the pre-painting treatment wastewater is low. Also, by
changing the painting method from the current booth water washing aystem to a
dry powder coating system, wastewater will no longer be produced. Due to this,
the treatment of wastewater for the purpose of discharge into rivers would be
mainly on domestic wastewater, thus making the installation of comprehensive
wastewaler-treatment facilities uneconomical.  Therefore, there is no
likelihood of the wastewater being discharged into rivers. '

(6) ELKO ELEKTROKOVINA

The wastewater that must be treated is being treated in a joint wastewater-
treatment plant. Therefore, there is no need to study the likelihood of
discharge into rivers,

(7) MARLES POBISTVO

The cost of treating wastewater with wastewater-treatment facilities for the
purpose of discharge into rivers is cheaper than the cost of treating wastewater
with pretreatment facilities for reducing the polutant load. Thus, there is a
good likelihood " of the wastewater being discharged into rivers. The
wastewater-treatment equipment for the discharge of wastewater into rivers
will process the painting booth waste washing water and the gluing machine
waste washing water with coagulating sedimentation. The treated water will -
then be mixed with domestic wastewater and treated by the contact aeration
method. - Subsequently, it will bhe subjected to further coagulating
- sedimentation treatment to remove P.

3) Infringements of WWTP emission standards

The water quality itenis of the total wastewater discharged that infringe on the
WWTP's emission standards are the pH which results from the pre-painting
treatment wastewater at PRIMAT, and the heavy metals and organiec compounds
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which result from the painting booth waste washmg water at METALNA, PRIMAT,
and MARLES POHISTVO.

(1) ARMAL

Basically there are no water quality items in the overall wastewater that
infringe on the WWTP’s emission standards. Iowever, heavy metals somewhat
exceeding the standard are defected in the water treated by the plating
wastewater treatment facilitics, Some of the conceivable causes for this are O
inadequate pH adjustinent, @ creation of complex chemicals due to mixed
discharge of wastewater, and @ outflow of SS containing hydroxides of heavy
metals. Accordingly, appropriate countermeasures are (D reappraisal of the
chermicals being used, @ change of operating conditions, @ separate discharge
or separate treatment of the wastewater, @ use of appropriate high-molecular
coagulants, ® installation of a filtering tower, ® installation of a chelate-
resin tower, eic. It is hoped that the causes be determined and appropriate
measures be taken to improve the {reatment into more rational systems.

(2) METALNA Group

The heavy metals and organic compounds contained in the wastewater, when
painting booth waste washing water is discharged, infringe on the WWTP's
emission standards.

(3) TVT Group
Basically there are no water qualily itemis in the overall wastewater that
infringe on the WWTP’s emission standards. However, heavy metals somewhat
exceeding the standard are dotected in the water treated by the plating
wastewater treatment facilities, Some of the conceivable causes of this are @
inadequate pH adjustment, @ creation of complex chemicals due mixed
discharge of wastewater, and @ outflow of SS containing hydroxides of heavy
metals, Accordingly, appropriate counternicasures are O reappraisal of the
chemieals being used, @ change of operating conditions, @ separate discharge
or separate treatment of the wastewater, @ control of operations by means of
equipment, ® use of appropriate high-molecular coagulants, ® improvement
of reaction tank into a completely mixed type, @ installation of a filtering
tower, installation of a chelate-resin tower, ete. It is hoped that causes be
determined and appropriate measures be taken to improve the treatment into
more rational systems,

(4) ELEKTROKOVINA SVETILKE

The water quality items that could possibly infringe on the WWTP's emission
standards are the oil content and heavy metals resulting from the waste cutting
oil, and the heavy metals and organic compounds resulting from the painting
booth waste washing water. However, these wastewaters are being treated in a
joint teeatment plant, so there are no water qualily items that infringe on the
WWTPs emission standards. :

(5) PRIMAT

The water quality item that could possibly infringe on the WWTP's emission

standards is the pH resulting from the pre-painting treatment wastewater. At

present, there are heavy metals and organic compounds that result from the %*}
painting booth waste washing water, but these problems will be ehmmated by

changing the painting process.
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(6) ELKO ELEKTROKOVINA

The water quality items that could possibly infringe on the WWTP's emission
standards are the oil content and heavy metals resulting from the waste culting
oil, the pH and heavy metals resulting from the alumite processing wastewater,
and the heavy metals and organic compounds resulting from the painting hooth
waste washing water. However, these wastewaters are being treated in a joint
treatment plant, so there are no water quality items that infringe on the
WWTP’s emission standards,

(7) MARLES POHISTVO

Tho water quality items that infringe on the WWTP’s emission standards are the
heavy metals and organic compoiinds resulting from the pamtmg booth waste
washing water.

4) Methods of Reducing Pollutant Load Both BOD and COD concentrations of the
overall wastewater of the machine and metat processing industry are low so there is
no need to install pretreatment facilities for reducing the pollutant load.

Note that at MARLES POHISTVO, the wooden furniture maker, there is painting
booth and gluing machine waste washing waters which, although small in volume,
have high concentrations of both BOD and COD. For this reason, we proposed
pretreatment equipment that would treat these wastewaters by coagulating
sedimentation, mix the treated water with domestic wastewater, and then treat it by
the contact-aeration process.

2. Water Conservation
2.1 Expenses Required for Water and Sewage

Industries bear the following water and sewage expenses for their activities:

@ City Water rate _ 97.4 SIT/m?
® Sewage rate 58.8 SIT/m?
@ Local tax on sewage 40.8 SIT/m?
@ National tax on sewage 16.8 SIT/m3

In addition to the above, there are expenses that are generated within the business _
such as the costs of power, maintenance of equipment, labor, ete., but we will not
touch on these costs here.

The shipment prices of the products of 12 of the factories subjected to this survey
were revealed. We calculated the cests of the water and sewage for these 12
faclories and obtained their ratio to the shipment prices of the products. The
results are shown inTable 2.1.  The following can be seen from that Table.

@ The average ratio to the shipment prices of the 12 factories is 0.98%, but there
i3 a considerable variation depending on the type of business.

'@ The highest ratio was the textile industyy, which came to 2.15%. ‘this is
because this industry consumes large volumes of water for its shipment price,

@ The lowest ratio was held by chemicals and furniture. The products of these
factories are unique so there is no data that can be used for comparisons.
However, even when compared to the non-water using industries, machine and
metal processing, their ratios are considerably lower. So they may be called non.
water using types of factories.
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@ Machine and metal processing are typical non-water using industries, but the
ratio to the shipment price was 0.82%. This is about 40% of the corresponding
ratio in the textile industry, which consnnes large volumes of water.  This figure
is very high when it is compared to that of Japan (about 20%).

@ The above ratios ave much higher than the corresponding ratios for Japanese
factories in the samo types of businesses. In the textile industry, for example, the
ratio is double, and in the machine and metal-processing industry, it is quadruple.

® For one food factory we could not make clear comparisons with the sama type of
factory in Japan {brewery) because of lack of adequate data, but we estimate that it
is mare or leas on the same level. At Japanese food and bevérage factories, the

ratio of use of costly city water is high, so the ratio of the charges for water used

and wastewater against the shipment value is high coimparéd to other businesses.
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The reasons for the high ratio to the shipment price are believed to be the limited
seale of recovery/reuse activities, the low shipment price of the products, and the high
unit prices of water and wastewater,

In the case of the textile industry, the water consumption per production guantity is
aboul the same as Japan's, so the reasons are believed to lie in the shipment
production price and the wnit prices of water and wastewater. .

Also in the case of machinery and metal processing, based on the size ol the factories,
waler consumption cannot be said to be excessive. Therefore, the reasons are believed
10 be same as those of the textile industry. However, as not much recoveryfreuse is
heing done, there is much room to lower the ratio by water conservation.

Pgr reference, we gshow in Table 2.2 the average water and wastewater unit price by
industries for the 20 factories that were studied.

Table 2.2 Average Cost of Water Usc and Waste Water Discharge

Unit of Water Volume; i,/ day,

Industry | Machine & Food Textile Furniture | Total
Metal & Chemical
Processing Industry é@
No. of Factories 6 6 5 3 20
City ¥ater 1,445 1,094 1,092 488 4, 169
| Well Yater 426 4,265 298 4, 98%
Riverzﬁater 103 1, 985 312 Z, 400
Total 1,698 1,520 1, 342 1,098 _11.558
Total Water Cost 82,188 70,243 180, 555 39,812 381,456
1,000 S1T/ year
Average Water 207.2 184.9 98.4 143.4 132. 2
Cost  S11/dd
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2.2 Results of Water Conservation Studies on Individual Factories

The possibility of water conservation was studied respectively for the seven mode!
factories, seven secondary factories, and the six tertiary factories (total of 20
factories). ‘The results are shown Tables 2.3 to 2.5,

The quantities of water conserved shown in these Tables are volumes of water that
are, in economic terms, fully capable of being conserved based on the present prices
for water and wastewaler,

The possible water-conservation ratio is 25.1% for the model factories, 14.7% for the
secondary factories, and 30.3% for the terliary factories. The differences in these
ratios are due mainly to differences in type of business composition, as deseribed
below.

Among the conservation methods, the "installation of a water meter” is mentioned as
a basic method for the study of rationalization. Therefore, the amount of water that
can be conserved by that method is not listed.

The standard for judging the feasibility of conserving water is the cost of the water
consumed and wastewater discharged showi in Table 2.1, This figure will naturally
go up if the sewage rate goes up. The result will be that the feasibility of conserving

- water will widen and the volume of water that can be conserved will mest likely

increase.  However, the costs required for conserving different types of water vary
in the following ways.

M The cost of conserving water that practically never becomes dirty such as
indirect ¢ooling water, air conditioning water, ete., is very cheap,

@ The cost of conserving water whose wastewater is dirty and whose quality has
a direct effect on the quality of the product, for example, product-processing water,
washing water, etc., is very high.

@ There is a considerable difference between the above two, and the feasibility of
conserving water based on cost is clearly divisible into two groups.

From the results of our conservation studies; it became clear that, on the basis of
eurrent water and wastewater charges, most of the indirect cooling water and air
conditioning mentioned in Group (O would be conservable,

As for consérvation plans pertaining to group @, factories M-1, 8-3, and S-4 are
looking into the reclamating the wastewater from the textile industry. Of these,
M-1's plan, shown in Table 2.3, is considered to be implementable.

If, in the future, sewage rates go up, we believe that the feasibility of reclamating the
wastewater of the other textile industry factories will imprave considerably.

Even if sewage rates go up, the progress which can be expécted in the reclamating of
wastewater in industries other than the textile industry is imited since the water
volumes are small,- the water quality required is very strict (foodstuff metal
finishing process, ete.), the wastewater is very dirty {chemicals), ete.
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2.3 Amounts of Conservablo Water by Industry

Table 2.6 shows the amount of water that can be conserved and the conservation
@ ratio for the above 20 factories divided by type of business. The following ean be
seen from the Table.

® The highest conservation ratio is in the chemical industry followed by
machinery and metal processing. Both of these businesses have a high
consumption ratio of cooling water. TFurthermore, the reason for the high
conservation ratio is that reciveulation of this water is not heing fully carried out.

As mentioned il 2.1, the ratio of the cost of water and wastewater for machinery
and metal processing to the shipment price of products is extremely high compared
to that of the same indusiry of Japan. However, this ratio can be reduced by
promoting the water conservation.

@ The conservation ratio of the textile industry is close to 20%. ‘This is because
the reclamation of wastewater, which has many technical and economic problems,
is included. If this was excluded, the conservation ratie would come down to the
same level as that of the food business, i.e., 12.5%.

A large volume of washing water is used in the textile industry in order to
maintain the qualily of products at a high level. Since the conservation of that
water is difficult, the conservation ratio is low.

The ratio of the cost of water and wastewater of this type of business to the

shipment price of products is quite high. However, because the quantity of water

that can be conserved is small, one of the only ways this ratio can be lowered is to

promote the reclamation of wastewater, 2 measure which involves many technical

and economical problems. An alternative is to increase the shipment price, that
(? is, to make the product a high value added product.

& The conservation ratio of the food business, 12.5%, is the lowest among all the
types of businesses. ‘The reasons of this low level are that a large quantity of
cleaning water is necessary in order to maintain the sanitary state of food at a good
level, and it is difficult to conserve that water. '

The effect in the event of a future rise in fees is as described in 2.2, Viewed by type
of business, an increase in the conservable water volume can be expected through the
reclamation of wastewater.
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Table 2.6

Expected Water Conservation for Industries

Unit of Water Volume; i day,

) Industry | Machine & Faod Textile Furniture Total
Metal & Chemical
Processing Industry
No. of Factories 6 G 5 3 20
City Water 1,495 | 1,094 1,092 488 4,189
Well Water | 426 4,265 298 1, 989
River fater 103 - 1,985 312 2,400
| Total 1,598 1,520 1,342 1,098 11,558
Conserv. Volume 411 190 1,421 333 2,355
Conserv. Rate % 25.1 12.5 19. 4 30. 3 20. 4
[ Note There are | Change of | 1.Contrel of | There are
many cases | bottle wa- dyéing water | many cases
of once shers is is in- of once
through required.. | sufficient |‘through
use of ' 2.Including | use of
cooling reciamation | cooling
water. of dyeing | water.
| waste water -

2.4 Total Amount of Consarvable Water in All Industrial Wator

~Of the factories that did not become the subject of this survey, the main ones ave the
machinery and metal-processing factories, including the MPP Group {ex TAM). The
volume of industrial water being used by these is estimated to be about 3,000m*day.
The conservation ratio that is possible in this type of business is about 25%, as shown
;n Table 2.6. Thus, a wlal quantity of alout TH0m¥day can be conservable in these
aclories,

The tatal of this estimated quantity for the 20 factovies and the potentially
conservable amount of about 2,355m3day (I'able 2.6), that ig, about 3,100m¥day, is
the estimated volume of industrial water that can be conservable.
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3. WWTP Project
: Ba‘ckgrou'nd
A schemuntic survey of the WWTP project was made for the following reasons.

(1) As the ratio of factory wastewater {o the total volime of inflow wastewater is
high, the volume of flow of factory wastewater and the pollutant load (CODe,,
BOD, S8, ete.) has to be grasped as accurately as possible when drawing up the
plan of the WWTP project. This time, the JICA study team studied 20 factories
whose combined wastewater volume was believed to make up more than 80% of
the total factory wastewater. Based on that data, the study team will comment
on any point that warranted comment in the WWTP project planned hy Maribor
- City.

(2) We carried out a survey on measures to be taken on textile/dyeing factory
wastewater which contains a great amount of difficult-to-decompose CODecy,
because its share of this wastewater is high.

3.1 Outlino of Project

A proposal was submitted on WW'TP construction to various enterprises in 1995 and
it is now being studied by Maribor City. The outline of the proposal is as follows.

(1) Inlet conditions
Wastewater volume:  36,600m>/d

COD: - 691mg/. 25,51 7kg/d
BOD: 31mg/L 11,400kg/d
88 342mg/l. 12,517kg/d
& T-P: 15mg/, 550kg/d
T-N: 47mgfl, 1,730kg/d
{2) Treated water conditions
Phase 1 - Phase 2 Phase 3 & 1
BOD mg/l. . 20 20
SS  mg/L - 35 _ 35
T-P mg/l.. - -2
T-N mg/l, 10
(3) Population increase rate
1996 to 2000 0.25%
2000 to 2020 0.5%
(4) Sewer pipe laying rate
- 1996 8%
1997 81%
1998 83%
1999 85%
2000 89%
2001 1%
2002 93%
o 2003 95%
2004 to 2020 95%
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(5) Rate of increase of industrial water consumption

1996 to 1997 0%
1948 to 2000 2%
2001 to 2020 © 1%

(6) Rate of collection of fees fram households for use of sewers
1996 to 2000 80%
2001 83%
2002 86%
2003 89%
2004 92%
2005 to 2020 95%

{7) Construction schedule '
Phase 1 . 2000
Phase 2 2002
Phase 3 & 4 2004

3.2 Study of Fee System
3.2.1 Feo System and Pretreatment for Reducing Pollutant Load

The total system for Maribor City's entire wastewater can be divided into the WWTP
and factories. Therefore, if Maribor City's entire total system was to be optimized
using some sort of evaluation function, detailed data of both the factories and WWTP
are necessary. However, as the WWTP is in the bidding stage and there is no
detailed data, studies on optimizing the total system cannot be made. We therefore
decided to investigate what sort of effect various fee syatems would have on the
actions of the factories and to submit the results as material for evaluating what sort
of fee system would be best for Maribor City to adopt in the future. In other words,
the process of judging whether or not the pretreatment of the factory would
ultimately be appropriate and, based on that result, the preparation of a proposal for
the optimum pretreatment system, will have to be done in accordance with the steps
shown in the flow chart of Fig.3.2.1(1). However, in the study made in this section,
of those steps, we carry out the simulation of the setup of the WWTP fee-caleulation
formula and the pretreatment.

The effect of a fee system on factories is indicated by judging whether or not it would
be advantageous, under the specified fee system, for factories to lower the WWTP
discharge fec by pretreating their wastewater at their own cost.  For this purpose,
as a tentative plan, we studied setling up a tria! fee system based on information of

" the actual state of affairs prevailing in Maribor City and Japan. We then studied
what sort of actions (pretreatment) each factory could be expected to take when that
fee system was applied.  Also, based on those results, we obtained information such
as the number of factories that would carry out pretreatment, the total investment
amount, and the amount of poliutant load that would be reduced.

We used the data (Table 1.2.2) on pretreatment for reducing pollutant lead in Part I1
as the pretreatment process to be used by each factory, and as the cost of
construction of the equipment (investment amount), treatment cosis, ete.

At present, in Maribor City, the sewage fee for factory wastewater after construction
of the WWTP is tentatively set at an average of 160 SIT/m3, This is because it is the
current outlook of Maribor City that the management and operation of the WWTP is
possible with an average sewage fee of 160 SIT/m?. It is also said that a pollution

W-42



“index for wastewater will be established and that a fee system increasing in

proportion to that index is scheduled to be adopted. In other words, if the fee is Y and

" the pollution index is X, it can be expressed by the following equation.

Y=AX (where A is a constant and the gradient of the pollutant index)

In this report, we generalized the above equation even further and employed the
following equation.

Y=AX+B (whereBisa constant and the basic fee)

If the wastewater flowing into the WWTP is to meet the inflow standard, it is logical

“for the pellutant index X to consist of pollutant corapositions that the WWTP can

treat; that is, COD, BOD, and SS (phosphor and nitrogen that is be treated in the
second phase are omitted). In this report, we established the pollutant index by the
following equation. This type of equation was adopted because COD is usually a
bigger figure than BOD and SS, and because the pollutant index now being considered
by Maribor City places a weight on BOD that is double that of COD.

X = (COD + 2-BOD + 2-88)/6

| We estimated, by computer calculations, the actions that would be taken by factories

against various fee systems under the above sort of conditions. The result was that we
made it a condition that the sewage fee after pretreatment should become 160 SIT/m?
by weighted average of the 20 factories that were studied. Of course, the above
conditions, for example, the average fee of 180 SIT/m? or the pollutant index factors,
can be changed. The flowchart of the program is shown if in Fig.3.2.1(2), but the
actual calculations are shown in the program itself (attached).

1) Establishing of Cases

As the following paragraph demonstrates, various approaches can be taken in
deciding on the sewage fee system. In this report, we use a system which charges a
high fee for wastewater with a high pollutant index. As mentioned before, thisis done
to urge factories that generate wastewater with high pollutant loads to make efforts to
improve the quality of their wastewater. Also, since the fee for domestic effluent is
assumed to be a uniform 80 SI'T/m3, we studied a fee system for factory wastewater
that would be in balance with that domestic efituent fee, as follows. Whenever the.
factory wastewater fee by the tentative fee system becomes less than 80 SI[T/m3, it will
be made a uniform 80 SIT/m3, and whenever the fee is higher than that, it will be
charged at the calculated figure. In addition, we also studied plans for establishing -
tentative controls on COD, BOD and SS, in the event that a policy for actively
reducing the pollutant load to the WWTP was to be taken, because the
implementation of such controls was regarded as the most effective means of reducing
poliution load. To sum up the abave, the cases were set as follows.

Case 1: System for determining the sewage fee for each factory by the equation
Y=A-X+B '
Case 2! The sewage fec would be determined by the same method as above, but
there would also be a minimum fee of 80 SFT/m3,
Case 3: Control figures would be set for COD, BOD, and 88, and the sewage fee
would be determined by the cquation Y = A-X+ B
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2) Results of Studies

The fee-computing equation was as per the following, and a total of 96 calcnlanons
were respectively made and studied for each case.

Fee computing equation Y=A'X+B, where,
X =(COD + 2:-BOD + 2-55)/5
A =03 to 1.0 (in increments of 0.1)
B =0to 110 (in increments of 10)

With regard to Case 1 and Case 2, we checked the economical viability of the
pretreatment (that is, whether or not the reduction of sewage fees as a result of
pretreatment would exceed the pretreatment cost) of each factory against each

computing equation. When doing this, if there was a plural nunber of pretréatment
proposals for one factory, we made it a point to select the proposal which provided the
largest sewage fee saving. However, the program has been set up so that the proposal
which provides the lowest investment can also be selected.

Note that of variables A and B, variable A is the deciding factor that governs the
economical viability of the pretreatment of each factory, and variable B is the factor
that decides the sewage fee level.

(1) Results of Studies of Case 1

Nirety-six calculations were studied for Case 1. We extracted the cases for each
gradient (A) where the calculation formulas resulted in average sewage fees of
about 160 SIT/m3 as a result of each factory ¢arrying out pretreatment that was
economically practical (shown in Tables 3.2.1(1) and (2)). In these tables, we
indicate the actlions the factories could be expected to take when the respective
calenlation formulas were applied, their effects, and the resultant sowage fees.

Table 3.2.1(1) - Factories for Which Pretreatment is Economically Practieal

Calcui?l?on Forauta|Factories for vhich Pretreatment is Total Investaent

Econoafcally Practical Amaunt (1, 000 SIT)

_ _ |No. of Factories| ¥ames of Factories ]
Case-la 0.34100 3 %-6,7,4-5 1,38, 300
Case-1d 0. 4%+ 90 4 ¥-4,8,7,A-5 195, 260
Case-lc 0.5%+ 70 4 ¥-4,6,7, 45 195, 260
Case-14 0.6k 50 | 4 H-4,6,7, -5 195, 260
Case-le 0.7X+ 39 | ¥-4,8,7,4-5 195, 280
Case-1f 0. 8%+ 30 5 ¥-1,4,6,7,4-5 238, 460
Case-1g ©0.9%+ 10 5 14,6, 7,45 238, 450
Case-1h 1. 0X 6 K-14,5,6,71,45 | 263,090
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Table 3.2.1(2) Effect of Pretreatment and Resullant Sewage Fees

. Foliutant (Iig?g)ﬁeduction (Tﬁg E?;:Ell tugﬁ t Se} gﬁmg‘?es

9 e | sw | s See Yote | Max. | Ave. | Min. |
Case-la | 1,258 495 579 182 241 | 182 | 102
Case-1b | 1,963 944 548 197 248 | 164 | 93
Case-le | 1,963 | 344 | 548 o1 5 162 | 74
Case-1d |- 1,963 844 548 197 284 | 160 | 54
Case-le | 1,963 | o4 | 548 197 | se 159 35
case-tf | 2,03 | raae | e | 205 | s ] 1es | 3
case-tz | 2,413 L2t | 58 205 381 | 160 | 17
Case-1h | 2,461 1,281 £50 222 260 | 164 | 7

Yote: Total Investeent Azcunt (1,000 SiT)/Poliutant Load Reduction Index
({COD#ZBOD+235)Xe/d/5])

Figure 3.2.2 shows a graph of the relationship between total investment and
pollutant load reduction based on the above tables. The effectiveness of reduction
versus investment amount is low for $S and high for COD, but the tendency is for
a leveling off from around 240 million SIT,

In the above eight calculation formulas, when the gradient (A) is gradual, there is
the demerit that the number of factories for which pretreatment is cconomically

_ practical is sniall. When the gradient (A) is steep, the number of factories for

(9 ~which pretreatment is economically practical increases, but there is the demerit
that the minimum sewage fee becomes too small. Therefore, Cases 1b, 1¢, 1d, and
te are believed to be appropriate. However, the case believed to be the most
representative with the lowest gradient (A) (s0 the sewage fee before
pretreatment does not become excessive) and the most appropnate minimum
sewage fee is Case 1b.

(2) Results of Studies of Case 2

Case 2 covers those cases in Case 1 in which factories with sowage fees of less
than 80 SI1T/n3 appear but are calculated as being 80 SIT/m3. The caleulation
formulas that apply to this were the five that are shown in the Tables 3.2.2(1) and
(2) below. In these tables, we show the actions that the factory could be expected
to take when the respective calculation formulas were applied, their effects, and
the resultant sewage fees.

Table 3.2.2(1) Factories for Which Pretreatment is Economicall'y Practical

Calculation Formuta|Factories for vhich Pretreataent is {Total Investsent

Economicatiy Practical Amount (1, 060 SIT)
Yo. of Factoriesf Names of Factories
Case-2a | 0.5% 70 4 K-4,8,7, A% [ 195, 260
Case-2b 0.8K+ 50 4 H-4,6.7.4-5 195, 260
Case-2¢ |  0.7X+ 30 4 ¥-4,6, 7 4-5 195, 260
Cage-24 08X+ 20 5 K-1,4.6,7,4-5 238, 180
Case-2e 0.9X 5 H-1,4,6,7,4-5 238, 460
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Table 3.2.2(2) FEffect of Pretreatment anid Resultant Sewage Fees s

5

ol s ftstlon | et Gt | S o
T e o | s See Yote Nax. | Ave. | ¥in..
Case-2a | 1.963 i | s 197 25 | 162 | 80
Case-2b | 1,963 944 548 197 284 | 163 | 80
Case-2c | 1063 | o4 | 548 197 303 | 164 | 80 |
case-24 | 2413 | naa | 7 | as | s | 101 e
Case-Ze | 2,413 | L2i4 457 205 b osst| 160 80

Yote: Total Iavestaon! Asount (1,000 517)/Pollutant Leoad Reduction Index
[{COD+2B0D+28SYke/d/5]

In the abeve, Cases 2d and 2e have the higher pollutant load reductions. Of these,
Case 2d has the more gradual gradient, so we will consider it as representative of
Case 2.

{3) Results of studies of case 3

We studied Case 3 by assuming that control figures of COD £600, BOD £300 and

SS£300 would be set. These control figures are in accordance with the standard
figures of the Sewcrage Law of Japan. Also, they are values that somewhat <
exceed the water qualily levels of the current sewage of Maribor City and are

believed to be appropriate levels when imposing controls.

Of the 20 factories that were the subject of the current survey, there are seven

whose wastewater pollution concentration oxceeds this standard. Of these seven

factories, two (S-1 and S-3) had only very slight excess pollutant concentration,

and were therefore omitted from the factories néeding pretreatment. In this Case

3, since it is a condition that the factories act to meet the controls, they all become

uniform and only their sewage fees vary by the calculation formula. Of these, the
. representative calculation formulas are shown in Tables 3.2.3.

Tablc"3.2.3(l) ¥actories for Which Pretreatment is Economically Practical

Calculation Forsula|Factories for which Pretreatmeat is Total lavestnent

Economically Practical Azount (1,000 SIT)
¥o. of Factories] Names of_Factoriés
Case-3a 8.30+110 5 W-4,5,8, 7, A5 219,890
Case-3b 0,514 80 s | wase s 219, 890
Case-3¢ 06X+ €0 5 ¥-4,5.€ 7,45 - 219,890
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Table 3.2.3(2) _Effecl of Pretreatment and Resultant Sewage Fees

Pollutaant Load Reduction Treataent Cost Senage Fees
(kg/d) Origiral Unit (SI/a%)
oD ] BOD SS_ See Nole ) ¥ax. | 4ve. | Hia.
Case-3a | 2,011 0 231 i 541 217 188 160 uz—-
Case-3b | 2,011 91 | 541 27 20 | 163 | 84 1
Case-3¢ [ 2,011 - 981 51 217 218 | 160 | 64

Yote: Tolal Investdent Amount (1,000 SIT)/Pollutant Load Reduction Index
[{COD+2BOD+258) kg /d/5]

Of the above, Case 3b has a minimum sewage fee of about 80 SIT/m?, so we will
consider it as representative of Case 3.

(3) Summary of results of studies

A comparison of the representative calculation formulas, Case 1b, Case 2d, and
Case 3b, obtained from the above case studies is shown in Table 3.2.4.

Of these, first, in the comparison of Case 1b and Case 2d, the latter has a big
pretreatment promotion effect on the factories but has the demerit of having
excessive sewage fees (especially before pretreatment). The maximum/minimum
ratio of the sewage fees of the 20 factories before pretreatment is 5.7 times in
Case-1b, but 11 times in Case-2d. In both cases, the fairness of the fee system
will require explanation.

Case 3b does not differ too greatly from Cases 1b and Case 24 in terms of the
effectiveness of poltution load reduction. This system promotes the active
_ reduction of pollutant load and is being implemented in Japan.

J) Future issues

Studies were carried out on the precondition of promoting the reduction of pollutant
loads hy factories through pretreatment of their wastewater. From these studies,
we were able to clarify the types of pretreatment factorics would adopt under
different fee calenlation systems, as well as the levels of pollutant lpad reduction
that would result from different levels of investment. In order to judge the effect of
these results on the total system, including the WWTP, studies must be made in
accordance with the steps shown in the previously-mentioned Fig.3.2.1(1), on how
much impact they would have on the reduction of the construction and running costs
of the WW1TP. Also, forecasts must be made of the increase on pollutant loads that
could be brought about by the future industrial growth and changes in the industrial
structure of Maribor Cily. Carefu] studies will have to be conducted to determine
whether or not the fee systems resulting from our studies will be effective as advance
nieasures,

W-47



Fig.3.2.1(1) Flow Chart for Studying Pretreatraent and Watér Conservation
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Fig.8.2.1(2) Program Flowchart for Simulation of Pretreatment
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3

‘1‘5b1e 3.2.4 Summary of Results of Studies

Case-1 Case-2 Case-3
(1) Control figures Not established Not established €D = 600
BOD = 300
§§ = 00
(2) Minious fee Not estab!ished 80 511/a? Xot estadlished
(3) Represeatative case Case-1b Case-2d Case-3b
Calculation foraala 0.4X + 90 0.8X + 20 0.5 + 70
No. of faectories installiog 4 5 5
pretreatment facilities
Nos. of above factories - ¥-4,8.7, ¥-1,4,8.7 ¥-4,.5,6,7
A-5 -5 A-5
Tatal investmeat amount 195, 260 238, {80 219, 850
(1, 600 SIT)
Sevage fee: Xax. 246 332 210
(After pretreatzent) Ave, 164 160 - 163
{S1T/23) Kin. 33 50 84
C0D reduction (kg/d) 1,533 2,413 2,011
ROD reduction (ke/d) 944 1,244 281
SS_ reduction (Kg/d) 548 458 541
Treatreat Cost Original Cnit 187 205 217

{1,000 $I1T/kg/d)
Total Investmeat Amouat
(&1 k)
Pollutaat Load
Reduction Index
[(COD+2BOD4288) ke /d/5]

(4) Characteristics and
Problem Points

" required.

The paximun Sevage
fée before
pretreatnment is
530 SI1T/83 and the
ratio betveen
raxioua and minipun
is 5.7 tipes.

This is believed to
be a rélatively
realistic system,
but an explanation as
to the falraess of
tha fee systea is

is gradieat (A) is
steep, serage fees
become excessive.
The maxigum before
pretreateent is
900 SIT/md and the
ratio betveea
gaximun and minimun
is a5 large as 11
times.

Explanation of the
fairness Is
required.

This system promotes
factories to be
self-responsible for
the active reducticn
of pollutant loads,
and is being
implenented in
Japan.
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3.2.2 Basic Thinking in Japan on Sewage Fee Calculations
According to the results of the fourth study, one of the systems that Maribor City is

thinking of establishing is a WWTP {ee system on the basis of the fee structure of the -

existing Domzale gewage-treatment plant. The fee structure of this sewage-
treatment plant is a system in which the treatment fee is made highér as the degree
of pollution of the wastewater increases. Also, COD/600+BOD/300 is included in a
part of the pollution index to give BOD twice the weight of COD,

On the other hand, there was a request from Maribor City for an introduction of the
Japanese system, so we would like to clarify its relation to the fee structures given in
the previous seclion. ' '

Summaries of the standard thinking in Japan regarding the fees for the use of the
sewage system for factory wastewater are given below.

{1} Classification into normal wastewater and special wastewater

Effluent above a certain quantity that is discharged into sewers by factories and
enterpriges in the course of business activities is classified as special wastewater.
The system charges a high fee for such effluent on the “polluter pays” principle.
This systere has been adopted by some municipalities, The standard for a certain
quantity ahove which the efftuent is classified as special wastewater is often 500 to
1,000m3meonth.

(2) Basic fee and progressive fee

This system has a basic fee and a progressive fee jointly set up so that the unit fee
rate becomes higher as the amount of use increases. This acts as an incentive te
control demand, The degree of progression (maximum unit rate/basic unit rate) is
often in the range of 1 to 3. Many municipalities have adopted this system. An
example of its implementation is shown helow.

(per one month)

Classification ___Fee Rate
Om? - 10m? Basic fee: 600 yen
11 -50 80 yenym? *
51 - 200 100 yen/m5*
201 - 500.. 125 yen/m?®*
501 or more 150 yen/mé*

*  Progressive fee
{3) Water quality fee

This system tries to be fair to ordinary users by imposing fees in accordance with the
degreo of pollution of the effluent over a cerlain standard. It acts as an incentive to
improve the wastewater qualily. It is set together with a progressive fee as shown
above. A water quality fee should be charged against items that can be treated by
the sewage-treatment plant, and is usually applied to COD, BOD, and 88, There are
two ways of setting the water quality fee rate. One is against each water quality
item, and the other is to charge against each pollution concentration index as
calculated from the total concentration of the various water quality items,  Also, the
water quality to be applied the fee should be that exceeds the concentration of
ordinary household effluent. ‘This means that usually the applicable effluent is one
with BOD of 200 mg/L, or more and with SS of 200 mg/L; or more. This system is
employed by several municipalities which have large amounts of factory effluent.

These points summarize the standard thinking on the caleulation of sewage fees.
Their combinations can be largely divided, as shown below.
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Specific examples are given in the Supplement.
“ (1} Basic fee + progressive fee systen:
Refer to 8.3 of Relative information ;  Ariake Treatment Plant
(2) Basic fee + progressive fee -+ water quality fee system:
Refer to 8.1 of Relative information ; Wakayama Treatment Plant
(3) Basic fee + water quality fee system:
Refer to 8.2 of Relative information ;  Kashima Treatment Plant

Of the above, system (1} has an incentive to reduce water volunie, system (3) has an incenlive to
improve water quality, and system (2) has a combination of the two. The calculation formula
proposed in 3.2.1 belongs to system (3). Note that in Japan, 2 sewage emission standard is
stipulated by the Sewerage Law, which includes BOD and SS as items of control. In the
standard, 300 mg/L is the limitation on BOD and $$ concentrations, respectively, for
manufacturers who have effluent volumes of 50m*day or more. However, since municipalities
can sel rules makiig this standard the lower limit, in actuality there are cases which permit
CODy,, and BOD levels up to 600mg/L and which BOD and S$S levels are each 300mg/L.
Therefore, naturally it is a precondition that there are controls on BOD and SS in the thinking on
the calcutation of usage fees mentioned above. Note that, as a rule, there are no restrictions on
COD when the effluent of sewage-treatment planis is discharged into rivers.

3.3 Removal of Nitrogen and Phosphor

The standard for the discharge into rivers of factory effluent T-P is generally 2mg/L and, in the
case of the textile industry, an extremely severe lmg/L. Of the factories subjected to this
survey, there were many whose effluent exceeded this standard.  However, most exceeded the
standard by single digit figures and only a small number exceeded it by double digits. The
phosphor concentration of the entire wastewater of Maribor City is believed to be even lower than
that.

Conceptual designs for discharge into rivers were prepared for the installation of pretreatment
facilities for the removal of phosphor in each of the model factories that exceeded the emission
standard. It is clear from the results that such installations will be exiremely ¢xpensive.
Therefore, it will more advisable for the treatment to be carried out collectively by the WWTP
(the current WWTP plan includes a process for removing phosphor).

For the method of treatment, please refer to "1. Nitrogen-Phosphorus-Removal Technology,” a
supplement attached to Relative information.
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V. Recommendations

~ In this Chapter, we submit our proposals to the Government and to the factories based

on the results of the preceding chapters. The contents of our proposals are divided
into (1) industrial wastewater and pretreatment, (2) water conservation, (3) the WWTP,
and (4) measures that shouild be taken by government.

In industrial wastewater and pretreatment, first we advise the factories to grasp the
actual state of their industrial wastewater. To do so, each factory we recommend the
appointment of person exclusively for that purpose, the installation of flowmeters in
the factory facilitics, the simplification of wastewater sampling procedures, and the
regular measurement of water quality and volume. We also point out a few techhical
issues that should be tackled by the factories in the future. In addition, we give advice
on injurious substances that the WWTP should be careful about when in eperation.

In water conservalion, first we mention that water conservation not only reduces the
amount of water consumed but alsb indirectly reduces the amount of pollution flowing
into rivers, lowers the volume of pollution te be treated by the WWTP, and improves
the operational situation of the factory. Next, as suggestions to the Government, we
take up (1) technical and financial assistance to enterprises, and (2) the setting up of a
WWTP fee structure that will not hinder improvements and upgrading by enterprises.
In addition, as recommendations to enterprises, we advise that they should (1)
accurately grasp their water consumption and wastewater volume to work towards a
perfect water balance, (2) grasp the minimum volume and quality requived for each
purpose, (3) review the water balance to cope with any changes in the operating state of
their factories, (4) study specific improvement methods, and, after checking the
economic efficiency of those methods, start carrying out those that can be implemented.

With regard to the WWTP, we make recommendations on the establishment of a fee
structure for industrial wastewater. As the basic policy for establishing WWTP fee
structure, we lay down the following principles: (1} WWTP's cost shall be covered by
the fees paid by users, {2) the average treatment cost shall be 160 SIT/m?, and this
shall be raised or lowered depending on the degree of pollution of the industrial
wastewater, (3) the index for expressing the degree of pollution shall be COD, BOD,
and 8S. DBased on the above principles, the feaé calculation formula was made a
primary function of the pollution index. Based on this calculation formula, we propose
the following three recommendable cases and describe their characteristics, whercby:
{1) industrial wastewater is handled under a separate fee structure from houschold
effluent, (2) the minimum fee for industrial wastewater is made the houschold effluent
fee, and (3) pollutant load limits are set on industrial wastewater, Also, we deseribe
what should be done by the administrative authorities based on the comments. In
addition, we state that consideration should be given to high COD concentrations when
the WWTP is in operation.

Finally, we give the measures that should be taken by the Government. . First, we
emphasize the need for a special agency for fosteving human resources. We also give
the position the special agency should hold, its main functions, and its operating
method. Inaddition, we propose the establishment of a specialist qualification system,
and the institution of a tax reduction and exemption system and low interest financial
loans for environmental equipment investmeats as incentives for the implementation

-of environmental protection measures. We further mention the need for
-environmental engineering companies, and describe ways to foster them.



1. Treatment of Industrial Wastewater and Pretreatment
1.1 Necessity of Studying the Actual Condition pf Industeial Wastewater

‘Through this survey, we learned that, with the exception of a few cnterprises, general factories are
not aware of the aciual condition of the efflueis they discharge.  Nor are they aware of the volumes
of water they consume other than tap water; i.¢. water from their own wells and rivers. Even in
large-sized factories, they do not measure water consumiplion by the building, much less by the
process.

Following are our recommendations regarding the treatment of industrial wastewater in each factory:

(1) Establish in each factory an environmentaf-preservation section exclusively devoted (o the
management of industrial wastewater, and appoint a full-time person in charge.

a. Have the Chief Bxecutive appoint the person directly, and invest the person with authority.
b. Benchmark model enterprises {like Henkel-Zlatrog).
(2) Install flowmeters. '

c. Install flowmeters in each factory to measure the quantity of water laken from rivers and the
factory's own wells,

d. Install flowmeters to measure the water consumpnon of each major proccss

(Waier consumption management like rationalization of water use starts with the instaltation of
the flownieters.)

(3} Secure the capability to collect proper effluent samples.
. Install effluent pits if possible.

f. Prepare efffuent ports of circular seclions so that flowmeters can be installed on drainage
canals. '

{When flow propertional composite samples are collected, avérage water quality of a day can be
oblained.)

(4) Regular measurement of waler quantity and water quality

¢. Enterprises and the Government must jointly determine a set of analysis items for voluntary
management.

{Analysis of all items is not necessary every time.)

h. The WWTP will bear the cost of water quality analysis cequired for the assessment of sewapge
rates, and the cost of checking for observing the standards,

{Spot inspection by an inspector or NIGRAD must in principle be conducied.)
i. Accelerate the integration of discharge ports,

{(With the integration, total drainage volume and water guality ¢an be checked economically.
Make the mtcgratmn obligatory by providing subsidies.)

(5) Notily relevant agencies of changes made in major processes which affect efiluent
greatly, changes in product items, and the raw material.

j. Items regarding hazardous substances and those which affect the calculation of sewage rales
must be notified in advance.

1.2 Continuous Study of Technology



This survey has shown that even facteries in the same industry ave affected by different
types of problems. The report given here covers only general surveys and conceptual
study and design.

For the actual planning of the installation of wastewater-treatment facilities and

pretreatment facilities, We advise you to refer to this report in detail when checking the
civcumstances of the plan, and to continuously confirm the effects obtained through

-small-scale experiments as the plan is carried forward,
“We also suggest that you conduct ongomg research on potentially fr mtful subjects whose

results many factories can hold in common. If foreign countries offer technical
assistance, make use of it.

Following are several research subjects which we deem highly recommendable: (Not
listed in any particular order)

(1) The effect of the charcoal-ﬁltration_ equipment installed in 8-2 TABOR was confirmed
even under a low-concentration condition by the fourth on-site survey. Observe the
performance of the equipment over a long period.

{2) Tt secems that S-2 TABOR uses more water than standard in order to lower the
pollutant concentration of effluent. With the introduction -of proper wastewater
treatment, the volume of water used can be decreased sharply. Based on the result, the
economy of direct discharge to rivers and discharge to the sewer must be compared
minutely. _

(3) The design of M-1 SVILA's model wastewater-treatment system, a design based on
the information obtained from the second on-site survey, places too much of an emphasis
on the removal of coloer. Judging from the result of the fourth on-site survey
{coagulation tests etc.), when biological treatment is employed iafter coagulating-
sedimentation treatment, the size of the biological treatment facilities can be reduced
greatly, and ozonization and activated-carbon treatment introduced as a measure
against coloring will possibly become unnecessary.  Wastewater treatment facilities
which discharge directly to rivers need to be reexamined.

(4) pH of the total efﬂuent of -3 MTT is very high and the pollutant concentration is
higher than that of dyeing effluent. Bleaching and scouring may have a great influence,
Check the matter and take necessary measures.

{5) The wastewater of A-5 Henkel-Zlatrog has high concentrations of COD, BOD, and oil,
but these pollutants can be treated biologically, - Aerobie biological treatment will cause
foaming, but anaerobic biological treatment may be applicable. Small-sized
experiments of anaercbic biological treatment must be conducted. This technology can
be applied to the treatment of other high-concentration wastewater.

1.3 Education on Substances Hazardous to the WWTP

We recommend that the factories which send efflaent for treatment at the WWTP be
educated on the substances that hinder its operation. Refer to “Relative Information”,
Item 4 for a list of substances which hinder WAYTP operations and the velumes required
to cause hindrance; and “Relative Information” , Item 3 for a description of the
technologies used to remove these substances.
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