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PREFACE

In response to a request from the Government of the Republic of Slovenia, the Government of

Japan decided to conduct the Study for the Sanitation of the Drava River by Waste Water Pretreatment
and Watcr Conservation in Industry in the City of Maribor, Republic of Slovenia)

JICA sent a study team, led by Mr. Totaro GOTO of WATER RE-USE PROMOTION CENTER
to the Republic of Slovenia five times from March 1996 to March 1997.

The team held discussions with the officials concemed of the Govemment of the Republic of

Stovenia, and conducted related field surveys. After returning to Japan, the team conducted further
studies and compiled the final results in this report.

I hope this rcpéi‘t will contribute to the promotion of the plan and to the enhancement of friendly
relations between our two countries. '

I wish to express my sincere appréciation to the officials concemed of the Government of the
Republic of Slovenia for their close cooperation throughout the study.

March 1997

RS i

Kimio Fujita

President

Japan International Cooperation Agency
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I . Objectives of Study



1. Objectives of Study

The objectives of the Study arc the preparation of plans for standard wasle water
treatment systems and water conservation systems to improve waste waler treatment 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 Slovema with a

view to promoting the dissemination of these systems.



II. Outline of Study Region
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II. OQutline of Study Region

To effectively fulfilt the purposes of this study, it is of course essential to become
familiar with the oulline 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 nratural 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 requisi!é for the design of treatiment 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
midway through the survey. Maribor City, the subjéct of this survey, is the largest of
all the industrial cities related to the Drava River in Slovenia, and it is believed 10 be the
largest source of pollutants discharged into the Drava River. Thus, we next
im’ésiigated the state of pollution of the Drava River valley to clarify the levels of
environmental pollution originating from Maribos City. Finally, we investigated the
suppfy and demand of water, especialiy industrial water, and cleaﬂy defined the reasons
for the need for pretreatment of industrial wastewater and conservation of industrial
water (whetherr 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. Naturaland Socioeéonomic 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
Ttaly, Austria, Hungary and Croatia. It has an area of 20,256 km* with a population

of about two million.

Slovenia’s climate is qurite diverse. The narrow coastal regions enjoy the sub-

Mediterranean climate with rélativefy hot and dry summers and mild winters.

The average temperatures in Portoroz, 4.5°C in January, and 23.3°C in July
- (1,038mm of precipilation), are significantly hi'gher_lhan the temperaturs in Postojna,



a mere 60 km away (0.0°C in January, 17.5°C in July, 1,602 mm of precipitation)
or Ljubljana, the capital, 120 kru away, (-1.6°C in Januvary, 19.6°C in July, 1,400
mm of precipitation).

Northwacd from the Dinaric range, the climate becomes alpine with fresh summers
and cold winters. Precipitation increases to 1,500 mm and reaches more than 3,000
mm in the Julian Alps. Towards the east, the climate slowly changes to the
Pannonian fype,i.c.,a continental climate with cold winters and warm summers (in
Murska Sobota, the average temperature is -2.7°C in January, 19.4°C in July and
800-1,200 mm of precipitation).

The geological location enables a quick and easy access to the European market.
Therefore, Slovenia was teaditionally oriented towards exports to the developed
market cconomies even before the breakdown of the former Yugosiavia. Currently,
around 75% of the total export goes to Western Europe.

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

into the European cconomy with its independence in 1991. Through EU

membership, it aims at . '

1) faster economic growth, bridging the gap with the developed countries of
Western Europe ' E :

2) amore competitive Slovene economy

3) permanent susienance of economic growth from the ecological 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, capital,
technology and entreprencurship. It is a basic policy that the rolc of the state is to
give a positive impact on the development of all the four factors.

1) 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 scems
that the reduction of the populalion 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
cenfury.

Fducation as an asset is measured by the population’s average number of
schooling years and training of the labor force. In 1991, the average Slovenc had
completed 10.1 years of schooling. Slovenia can provide primary, secondary and
universily education.

2) Capital and investment

Slovenia’s business fixed capital is outdated and depreciated. The structure is
inadequate and the market vaiue is very low. This is a consequence of low
investment abtiviiy 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.

According to the data of the Bank of Slovenia, at the end of 1993 there were 1,044
enterprises with a more than 10% share of foreign equity capital. The total direct
foreign investment in 1993 amounted to US$_123 million, or around of 1% of the
GDP. The foreign il_westmént will be welcomed but not unconditionally. Capital
flow as a result of foreign investment is important, but Slovenia expects that

foreign investment will provide technology, access to foreign markets, management,

and integration in the international economy. Stovenia thinks that foreign direct
investments are possible and understandable only if Slovene enterprises also
increase their investments abroad.

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 sifuation in Stovene manufacturing worsened
substantially. Only 6% of enterprises have R&D sectors and invest in production
innovation. '

After the establishment of the Slovene patent office in 1992, the number of
registered patents doubled in 1993 (30 arc domestic and 458 are foreign patents).



The technological balance of payment reflects the intemational trade of techrology.
Slovenia has a deficit in balance.

4) Development of domestic entreprencurship

Entrepreneurship is of vital importance to industrial development because it
itroduces innovations in the production processes. Enftreprencurship can be
defined as the process in which individuals and groups discover business
opporlunitics. A seed capital and a venture capital are needed to support domestic
enlreprencurs. Ina small couniry like Slovenia, such capital is avatlable only in
limited amounts.  Stovenia will stimulate the development of entrepreneurship in
1wo ways:

(a) by creating a favorable environment for fast growing enferprises-high quality

_ education, communications, and housing

L3

{b) by supporting programs for the development of entrtpreneurshlp and provision
of information about business opporfunities. - '

City of Maribor ¥
Maribor is the second fargest city in Slovenia, with a population of 152,326 in 1994.
The city has 357 km? of land area, and an elevation 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 of the cily is shown in Table I-1.



Table 1-1 Climate of Maribor (1984-994)

January  April July October  Year

Temperature
Average (°C) -0.1 10.2 205 10.2 10.2
Average maximal (°C) 4.2 15.6 26.3 15.6 15.3
Average minimal (°C) -3.6 5.4 15.2 64 5.8
Absolute maximal (°C) 16.6 26.7 342 259 366
Absolute minimal (°C) -21.0 -5.1 6.3 4.0 21.0
* Air humidity(%) 78.1 66.1 67.4 79.3 73.1
Daylight hours (Hrs) 820 1599 2709 130.0  1900.5
Precipitation (mm) 47.2 83.6 105.2 1075 1071.3

As shown in the table, the climate is rather mitd with somewhat cold weather in
winter, Therefore, we need antifrcezing measures in building a wastewater
treatment plant.  Some parts of the plant should be kept inside the main building.
The population distribution by age is given in Table 1-2, indicating that the largest
share is between 40 and 49 years of age. The poulation is showing a tendency
_towards decrease, with a falling-ftom the maximum of 157,078 in 1988 to 152,326 in
1994, I

Table 1-2 Population Distribution by Age as of December 31, 1994

Age - Total % Male % Female %
09 14358 84 7351 10.1 7.007 88
10-19 29,020 131 10276 14.1 9,744 123
2029 21831 143 11,005 151 10826 136
30-39 23628 155 (1578 159 12,050 15.2
| 40-49 24180 159 11,993 165 12187 153
50-59 20086 132 9923 136 10,163 128
60-69 . 16484 108 6937 .95 9477 119
70-719 . 8,064 53 2693 37 537 6.8
80-89 3439 23 1,010 14 2,429 31
90 and more 306 02 70 01 236 03

Total 52326 100 ¢ 72836 - 100 79,490 100
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Table 1-3 Structure of Employment -

Activity Employees Employecs Index
in 1984 in 1994 ,

% %% 1994/1984

TOTAL ECONOMIC SECTOR 72,512 85.1 41,116 74.2 56.7
Indusiry 35,080 41.2 1_8,927 342 540
Agriculture, fish farming 740 0.9 418 0.8 56.5
Forestry 42 04 " 68 0.1 19.9
Water commercial 0 0.0 58 0.1 0.0
Construction 7 10,383 120 4,602 33 443
Transport, communications 4,609 54 2,932 5.4 61.7
Trade 8,865 10.4 6,015 10.9 68.1
Catering, tourism 2,181 26 1,153 2.1 52.9
Craft, services 4,080 438 2,185 - 39 53.6
“Residential, public utility services 1429 1.7 L0320 772
Financial, technical, business services 4,803 5.6 3,585 6.5 74.6
TOTAL PUBLIC SECT OR 12,699 149 14,301 258 112.6

- Education, science and culture 4,553 53 5,085 92 1.7
Health care, social protection 5,818 6.8 6,076 11.0 104.4
Others ’ 2,328 2.1 3,140 5.7 1349
TOTAL 85,211 100.0 85,417 100.0 65.0

Table 1-3 shows the structure of employment in 1984 and in 1994.  As a whole, the
total public sector increased from 14.9% 10 25.8% during the decade.  In the total

economic sector, industry occupied the largest share with a decreasing trend, but the

large shares were held by trade and business services, the fatter of which increased
from 5.6% to 6.5% between 1984 and 1994.  In the total public sector, there was a

high increase in all parts. [t seems that the manufacturing indusiry will continue to
play an important rofe 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 competitiveness of the existing industry is reflected by
numbers in Table 1-4. No absolute figures are shown in this table, however, the ratio
of impert of each industry from and to all the other industries is indicative of general
competitiveness, since it is unthinkable that import and export of all industries are
too imbalanced. As a matter of fact, the following trend was observed in the 20
factories which were surveyed by our team. '



Table 1-4 Expert and Import by Activity in 1994

Activily Export(%) kmport(%6)
Electric power industry 0.0 0.0
Production of petrolcum products 0.7 0.7
Manufacture of basic iron and steel 0.7 5.8
Manufacture of basic non-ferrous metals 03 2.7
Smelting, alloying and refining of non-ferrous metals 2.5 1.7
Exiraction of non-ferrous minerals 0.0 0.2
Manufacture of non-ferrous minerals 32 36
Metalworking production 83 7.0
Machine building industry _ 13.8 11.1
Production of means of transport 14.8 12
Prod. of electrical machines and devices 9.2 114
Production of alkali chemical producis 1.4 8.0
Processing of chemical products , 8.1 10.2
Sand and stone quarrying ' 0.1 0.4
Production of construction material 0.3 0.7
- Production of timber and boards - 0.5 0.3
Production of finished wooden products : 7.0 0.4
Production and processing of paper 0.1 1.8
" Production of yarn, textile and knitted fabrics 9.6 3.8
Production of finished textile products 12.2 50
Manufacturing of leather footwear, other leather 0.2 0.8
products _
Rubber processing 0.1 0.6
Food industry 34 4.2
Beverage production 0.5 0.5
Manufacture of animal feeds 0.0 0.5
Prinling activities 0.9 0.4
Colleclion and processing of industrial wastes i.1 0.3
‘Manufacture of miscellaneous products 0.1 1.8
INDUSTRY ' : 99.1 91.1
AGRICULTURE , 07 3.7
FORESTRY o . 0.2 0.1
FINANCIAL, TECHNICAL, BUSINESS SERVICES 0.0 0.0
OTHERS : : 0.0 0.0
TOTAL: : , 100.0 140.0

The city imports basic iron, steel and non-ferrous metals, and exports metal products,



machinery, non-ferrous metal products, transport equipment, etc.  The city imporis
basic chemicals, and exporls yarn, textiles, knitted fabrics, and finished textile
products.  In processing of chemical products, the balance of exports and imporis is
almost equivalent, at 8.1% (exporis) to 10.2% (import). Finished wooden products
are another compelitive ficld. Naturally agricultuse is not in good balance in a targe
city like Maribor. In short, Maribor is an industrialized city which buys basic
materials outside, and processes themn, and sells thern outside, and which is shifling
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. Slovenia is a refatively rich
country as far as the abundance of water is concered, but the protection of water should
be raised to a level where the preparation of drinking water calls only for fiftering and
disinfection. The republic’s program to mbnitoﬁng the quality of -wate; sources,
gradually expanded since 1987, is based on the guidelines of the EU for the quality of
drinking water. |

The Ministey of Environmental and Physical Planning entrusts the task of monitoring
the water quality to the Hydrometeorological Institute of the Republic of Slovenia.
Flowing and groundwater springs, lakes, and the sca are being monitored.

2.1 Ground Water and Water Springs
The Dravsko Poljc continued to show contammatlon with pcsucndes and m!rates at all
sampling points. Brunsvik was again the parhcular place where concentrations of
pesticides in the groundwater were the highest. At the seven sampling points, pesticide
concentrations exceeded the values laid down by the EU guidelines (0.50 s gfl).

Intensive farming was reflected in the steong pollution of groundwater by nit,rates'. The
limit values were exceeded at some sampling points, and nitrate concentrations above
60 mg NOy/1 werc measured at four out of ¢leven sampling points and were above 50
mg NOyi (standard for the drinking water) at one of the sampling points for dnnkmg
water. However, increasing nitrates concentrations has slowed compared to the previous
years. 7

Over the entice area of the Dravsko Polje, thete were increased contents of
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potassium and zinc, whereas in the proximity of Maribor there was the prcsehcc of
industrial poltutants - chlorinated organic solvents (the Tezno sampling points). The
groundwater in Kamnica, which hydrologically does not pertain to the Dravsko Polje,
was of very good quality.

The information given on the quality of groundwater and water springs in the previous
years is also valid for 1994. The groundwater in Stovenia is particularly threatened by
agriculture, since entire areas are polluted 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 qualily may suffer abrupt deteriorations due to
heavy melals, PCB, and polycyclic aromatic hydrocarbons.

2.2 Surface Water

Monitoring of the surface water quality was performed under the monitoring programs

- for flowing water in conformance with the methodology reccommended by international

organizations. The most important criteria applied in dek%:mining the sampling
frequency and necessary extent of analyses were the possible influences of surface,waier
on groundwater and major springs, both of which are used for water supply.

The Slovene regulations for eslimatiﬁg the quality of surface water were still under
preparation and iwo obsolete and lacking Yugoslavian regulations were still in force in
1994, -
The regutation classifies ﬂowmg water into the following four qualily classes with
rcgard tois potentlal utlhzahon '
1stclass : waters whxch in lhelr natural state or fo!lowmg disinfection may be used as
dmﬂsmg water, in the food- processmg mdustry, and in breeding high
class fish specnes (Salmomdac) _
2nd class : waters which in their natusal state may be used for bathing, water spors,
breudmg other species of fish (Ciprinidae), or which following normal
ttealmehl (coégdlétibn fiftration émd disinfecﬁon) may be used as
~ drinking water or in the food -processing mdusiry,
“3id elass : water which may be used in irrigation, or following fot mal treatmenl in
industries other than the food- processmg mduslry,
4th class waters which must be given an adequate treatment before it is used for any



PUIpPose.
Evaluations of the water quality for individual samples as well as the total estimate for

individuat sampling points, determined on the basis of the analyses performed in 1994,
have been compiled. According to the evaluations, the quality of water at most of the
Drava sampling points is between the 2nd and 3rd classes.

The water quality was evaluated by the results of physico-chemical analyses ineluding
analyses of metals and organic compounds, bacteriological, and saprogenic analyses.
Table 2-1 shows the mean and maximum values of representative pollution paramelers
for the sampling points along the Drava .

The Drava is a transboundary river, flowing through industrial fegions of Austria,
Slovenia, and Croatia. Its natural characteristics have been changed bj the construction
of a chain of hydroelectric power plants. -

Table 2-1 Sampling Peints with Maximum and Mean Pollutants

Sampling Point { BOD | COD NH, NO; Pheno) | Mineral Qil
: mg0/L | mgO/L mg/l. mg/L g/l ngl

|Max.[Mean [Max.|Mean|Max. {Mean|Max. IMean|Max. {Mean tMax. |Mean

Dravograd 148 | 7.6} '

Brenzo 104] 6.1

Maribor otok 10.6] 5.9 o

Duplek 10.1] 71| 16.0} 9.9

Duplek/Kanal

Plyj 14.5] 8.1 1.28] 048|

Borl 17.8] 11.9| 2.44] 1.23

Ormoz 1.36] 0.40|

A comparison of final ¢valuation for the quality of surface watcf since 1989 shows that
the Drava has improved to a small extent. The highest _COD vatue at all sampling points
on the Drava was measured in August. The highést COD in 1994 was observed in
Dravograd, Borl, and Ptuj. The BODs’s in the upper stream were low in companson
with the COD. The pollution of the Drava downstream from Manborskl Otok rose
gradually along the course of the river to reach its highest value in Borl(dmmslream of
Maribor) where both COD as well as BOD; were high. Thls proves the presence of large
amounts of easily dccomposable organic malter. 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 supersalurauon was measured in the Duplek

Ormmez seclion at almost all sampling points, and an excessive growth of algae due to
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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 value of the phenol content was measured in the Mariborski Otok in Feburary
1994 (0.011 mg/l). The highest contents of mineral oils were measured at the
Maribosski Otok (0.013mg/l) and at Dravograd in Febmary,i 994,

The Drava is not heavily 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 boltom

detection limit for the applied method. PAH concentrations in the last three years have
seen their sharpest fail in Ormoz in particular, where in 1994, they remained below the
detection level. It is likewise mlportant 1o stress the reduction of concenlrahonz. of
highly toxic PAH which had been detected in Ormoz as late as 1990.

The bac{eriologicai picture of the Drava deteriorated sharply downstream from Maribor
below the inflow of the excessively po]futcd Strazunsk Kanal. Bacteriological pollutions
were observed in all of the Drava River with the highes{ levels found in the Duplek.
Bacteria of fecal origin were constantly present at all 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 sampiing 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 pollutants and organic compounds wete also determined in
some rivers. The observed :mprovcmcnt may be parlly attributed to the reduction of the

" wastewater due (o the decrease in the industrial production, and partly to the

implemeatation of rehabilitation measurcs. However, there are still some sections of the

- water courses classified in the werst, that is, the 4th quahl)' class. Also, inadequate

quality of water for drmkmg found in five water courses whose water infiltrates the
groung, mcludmg the Drava-Mariborski Otok.

=11



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 European average (33%). There are also many pastures,
mecadows, and fields. Many branch rivers of the Danube flow among them. Annual
precipitation ranges from 800 to 1,600 mm, and provides agriculture with fresh water.

The republic abounds in natural water. The recent sources of public watcr supply are
given in Table 3-1.The two major sources are underground water and springs.

Table 3-1 Water Sources of Public Water Supply
(Annual Supply in 1,000 m’ Umt)

Source - 1980 1985 1990 1991 1992
Underground waters 98,948 121,199 132,207 131,684 135303
Springs 97,890 114330 125,064 18,184 116,035
Surface waters 7,022 9,162 4,873 6,803 7959

- Total - ' 203,861 244691 262144 256671 259297

‘The use of water in public water supply is also shown in Table 3-2.

Table 3-2 Water Supplicd from Public Water Supply
(Annual Values in 1,000 m’ Umt)

Use 1930 1985 1990 1991 1992

Household 60,065 75,655 86217 85378 80,326
Activities " 99927 83002 78,834 76,686 . 66,016
Other water supply systems - : 8,568 16,304 15420 6,266
[.oss within waterworks nelwork 71,486 77466 79789 - 79,187 106,689

Total 159,992 167225 182,355 177,484 - 152 608

Table 3-3 indicates the water sources in the Slovenian manufacturmg industries. As -
shown in the table, there are threc major water sources for thc mdustnes i.e.,
underground water, surface water,and water works.



Table 3-3 Water Sources in Manufacluring
{Annual Values in 1,000 m® Unit)

Manufaciure Under- Springs Surface  Others Water-

ground works

~ Basic Iron & Steel ' 9,132 5751 1433 9435
Smelting Refining of ' 26 6,472

Non-ferrous Metals _

Meial Products 185 98 1,101 4,306
Machinery & Equipment 57 178 1 1,094
Transport Equipment 13 | 2,535
Electrical Equipment 385 %6 42 4,366
Basic Chemicals 4,320 - 31 - 4323 559 785
Chemical Products 1,712 2 2,878 2,040
Sand & Stone Quarrying 557 626 160 205 1,425

" Construction Materials - 268 12 1,544 416
Fumniture, Wooden Products -~ -~ 96 19 41 1,255
Pulp & Paper 5,761 3 20837 - 3,977

- Textites - , 2,178 876 1,600 - - 788
Textile Products 525 11 - 105 - 1,514
Leather & Fur : , 145 101 1,20t - .. 230
Rubber & Rubber Products - 109 ) 1,453 - 720
Food Producits 1492 547 577 . 500 6,100
Beverages : 2,841 32 _ 1,570

Recycling : : 42 - e 1,310

Howci'er springs sometimes supply a considera-ﬁlc amount of water, which shows water
abundance in Slovenia. ~ As far as our investigation is concemed there is no sign that a
water shorlage would cause a bottleneck for the Slovenian manufacturing industries.
The problem is the polluton of surface water, most rivers are already of the 2nd and 3rd
quality class, sometinies 4th quahiy class (see Table 3-4).
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Table 3-4 Quality of Main Surface Water in 1990-1993

Watercources |Sampling Point Evaluation
1990 1991 1992 1993 1994
Cersak 3 3 (2)-3 2-3 2-3
Mura Petanjci 3 3 (2)-3 2-3 2-3
Mota . 3 3 (2)-3 2-3 2-3
Dravograd 2-(3) 2-3 2-3 2 2-(3)
Brezno 2-3 2-3 2.3 2-(3) 2-(3)
Mariborski otok 2-3 2-3 2-3 2-3 2-(3)
Drava Duplek - - 3 (2)-3 2-3
Duplek kanal - - - (2)-3 -
Ptyj 2.3 2.3 2-3 2-3 2.3
Borl - . 3 3 (2)-3
Ormoz 2-3 2-3 . 2.3 2-(3) 2.3
Otoce 2.3 243 23 2 2
Struzevo 2-3 - - - -
Prebacevo (2)-3 2-3 3-(D 3 2-3
HE Medvode 2.3 - - - -
Medno 3 3-4 2-3 2.3 2.3
, Sentjakob 23 3 2-3 2-(3) 2-3
Sava Dolsko 3-4 - 3-4 3 3 3
Litija 3 3 2-3 3 3
Hrastnik _ 3-4 3-(4) 3 3 3
RadecenadSopoto} 3-4 3-4 3 3 3
Bostanj 3 3 3 3 2-3
Krsko NEK 3-4 4 - - -
Brezice 3-(4) 3-4 3 3 3
Jesenice 3 3 3 (2)-3 (2)-3

Number in parenthesis means that the quality of water inclines to be the class in
parenthesis, but with main stress on the values which are not in parenthesis.  ~

3.2 Maribor Level ©® o
The only sources for the Maribor water supply system is groundwater . Table 3-5
gives the figures from §1985-1994,
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Table 3-5 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 8421 = 43871
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 - 13,015 3,773 9,247 - 6,014

in the table, the consumpfion increases steadily regardless of socioeconomic conditions.

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

in the ¢ase of Maribor.

Table 3-6 Water Consumption for Household Use

(liters/person, day)
" Year Poputation Household
- Consumpfion
1985 155,634 16
. 19%6 155,933 110
- 1987 156,703 147
1988 157,078 147
1989 156,200 151
1990 156,399 155
1991 156,438 151
1992 155,318 55
1993 152,506 164
1994 152,326 166

In the case of Japan, in 1965 when the Japanesc economy was growing rapidly, the
household water consumpiion was 169 liters/day per person and the increase rate was
4.7%®, However, in 1975 or later, the increase rates were reduced to 1.2%,with the
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.On the other hand, the household consumption per capita per day is obtained by use of
~ population statistics from 1985 to 1994 and shown in Table 3-6.  According to the data

* This is a common trend in the world, and the basis of the gradual expansion of water



consumplion reaching 335 liter/day in 1993.
If the increase rates of Maribor in the years from 1995 to 2000 are 4.8, 4.6, 4.4, 4.2,
4.0, and 3.8%, respectively the consumption each year could be calculated as follows:

1995 - 166.2 x 1.048=174.2
1996 174.2 x 1.046=182.2
1997 - 182.2x 1.044=190.2
1998 - 190.2 x 1.042=198.2
1999 198.2 x 1.040=206.2
2000 206.2 x 1.038=214.0

In 2000, the water consumption could reach 214 litter/day per person. One estimate
predicts annual consumpiion of 11 million cubic meters in 2000 ®.  1f this is true, the
poputation of Maribor will be 140,827. No one can foretell the size of the population
in 2000, but the figures indicate thal we should prepare an expansion of the water supply
system even if the population decreascs. ,

The demand of industrial water for the water supply system of Maribor decreased
from 7,291,000 in 1985 to 3,’213,000m in 1995. We presently do not have enough
data to analyze the content of the decrease. However, the JICA Team investigated the
usage of the Model and Secondary Beneficiary Factories. According to the
investigation, cooling water occupies a considerable portion of industrial water. If the
factories promote the recycling of the cooiing water, the demand for industrial water
will not increase in the future. In fact, the water supply demand did not increase in
Japan even during the period of rapid economic growth because of the increaée in the
recovery rate of industrial water. However, a quénlitalivc cstimaté of industrial water
demand is impossible at present because little information on the future aspect of
indusiry is available. Estimation will become possible if we can predict the product
oulputs and recovery rates of industrial water.

For the administrators’ convenience, some data are given in Table 3-7 concerning how
3

much fresh water is required for the main industries .  Since the recovery rates of

Slovenia and Japan differ, the given data are unit consumption of fresh water before
recovery.
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Table 3-7 Unit Fresh Water Consumption in Main Industries in Japan
(Unit:m*/day/100 Miltion Yen of Qutput)

Industry 1975 1980 1985 1990 1993
Food 322 314 273 24.2 22.6
Drink , 14.5 12.9 13.1
Textile & Dyeing 90.6 80.9 67.8 61.7 59.8
Pulp & Paper 3234 3105 260.2 216.6 218.7
Chemicals 409.6 339.7 2471.2 2104 208.1
Qil & Coal Products 46.8 55.9 64 88.9 88.6
Plastics 33.6 30.5 32.5
Rubber Products 50.8 41.7 39.7 35.6 39.1
Glass & Ceramics 61.1 49.6 56.3 52 528
Iron & Steel 226.9 236.3 245.7 235 263.6
Non-ferrous Metals 117.4 96.4 63 433 41.5
Metal Products 13 8 12.5 9.3 94
Common Machinery - 121 1.1 - 83 6.6 6.7
Electrical Machinery 23.7 18.3 i3.8 10.6 9.6
Transport Equipment - 44.7 34.6 32.1 27.2 254
Precision Instruments 12.7 7.8 6.5 6.4 52
Other Products 292 29.1 8 5.5 5.1
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II1. 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 Stovenia, 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 1997. Priorities will be assigned to Slovenia's environmental
nieasures on the basis of this plan, and a large framework for technical assistance and
investment programs will be decided.

- Envirenmental inspectorate system

As paft of Slovenia’s strategy for preparing te 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 financial rvestrictions, the sitwation 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 imiportant 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 ths_; 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 _étt favorable interest rates. The funds
are allotted from the national budget and are not directly connected to environmental
related-income. '

- Martbor City's environmental administration

Maribor City is protecting its groundwater as its main potable water source and 1is
grappling with the task of preserving the environment of the Drava River by
designating the control and improvement of the city's household efiluent and industrial
wastewater as a top priority issue.



1. National Organizations and Their Roles ' ¥

1.1  National Background

Slovenia is a relatively young country, having obtained ils independence from the Federation of
Yugoslavia as recently as 1991, Prior to the country's independence, deceniralized government
was strong, with considerable power vested in 65 Comnwnes and local administeations,
Similarly, the administration of environmental protection and management was widely
decentralized during this period.

The strong local power and vested interests resulting from the government's decentralization gave
rise to regional variation in the enforcement of environmental poliution regulations.

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

1.2 Envirbmi:entai Administrative Organization of the Republic of Sloveaia

The organization of the Ministry of Environment and Physical Planning (MEPP), the ministry
tesponsible for envitonmental protection and management of the cnvironment of the Republic of
Slovenia, is shown in Fig. 1.1. As shown in the Figure, of the three Secretaries, one is in
charge of the environment. The core group that plans and decides env:ronmenta! policies is the
Environmental Legislation Depariment.

{1) National Environmental Action Plan {(NEAP)

‘The National State of the Environment, a report updated by the government in 1995, is curremly
being used 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 investrent programs.

{2) Environmenial Inspectorate

To ensure that Slovenian environmental legislation complies 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 paralle]l with efforis to approximate its national
environmental Tegisiation 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 résponsible
for monitoring ¢ompliance under the guidance of four ministries, i.e., the MEPP {water), the
Ministry of Health (air and waste), the Ministry of Agriculure (forestey), and the Ministry of
Culture (protection of nature). This situation was altered by the Goverament Restructuring Act
in January 1996, which established an Integrated Environmental Inspectorate 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 mspector positions deemed necessavy for
compulsory execution could be filled. In the short term, no substantial
improvements of this situation are expected.

To strengthen the instilutional structure of the Environmental Inspectorate and
improve the effecliveness 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 inspectors, etc.;

- to develop an integrated monitoring program which fully complies with national
and EU requirements;

- to improve monitoring 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 praétices.
2. Laws Pertaining to Environmental Protection (1’ ¢®’

The framework for environmental protection in Slovenia was provided by the 1991
Constitution and the 1993 Environmental Protection Act (EPA)Y. The EPA is a
framework act covering the principles of environméntal 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 environmental 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
been enacted.

(@ Environmental-protection Law (OG 32/93,1/96) 7

@ Ordinaﬁce on Projects Requiring Environmental Impact Assessment (OG 66/96)
® Administration Law (QOG 67/94)

@ Ministries Organization Law {(OG 71/93)

® Water Law (OG 38/81,29/86,15/91)

® Decree on water pollution tax (0OG 41/95,42/95,44/95)

@ Regulation of water refunds (OG 41/95,42/95) - _
® Decree on determination of price per unit of water pollution for 1995 (OG 451-95)
@ Regulation of emissions of materials and heat in \i'astg\féter from soui‘ées_ of

pollution (OG 35/96)

®

Regulation of emissions of materials in wastewater from sources of pollution in

metal indpstries {OG 35/96) |

@ Regulatioh of emissions of materials in wastewater from household wastewater
treatment plants (OG 35/96)

@ Regulation of emissions of materials in wastewater from sources of pollutlon in

the textile industry (OG 35/96)
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@ Regulation of emissions of materials in wastewater from sources of pollution in
the tanning and fur industries (OG 35/96) '

@ Regulation of fiest measurements and monitoring of wastewater (OG 35/96)

@ Decree on the mode of operation for local water management service (OG 57/96)

0G: Official Gazelie of the Republic of Slovenia

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

@ Chapter 1 Basic matiers: Purpdsa. definitions, elc.

@ Chapter 2 Preservation of natural environment

(@ Chapter 3 Controls, control standards, types of contrel activities, Eco
labeling in the ficld of environmental protection

@ Chapter4 Environmental-proteciion measures

® Chapler 5 Environmental-prolection research and planning: Research
and development carried out by the State, cnvironniental
programs that should be prepared, itens that should be
incorporated in programs,and programs of regional
municipalities

® Chapter 6 Activilies and environmental restoration: Environmental
effect evaluation, items of environmental effect evaluation,
permits, participation of residents, environmental-restoration
programs

(@ Chapter 7 Environmental monitoring and environmental data system:
Obligations of the State and regional municipalitics

® Chapter 8 Fiscal measures for environmental restoraiion: Compensation,
surcharge, fiscal measures taken by the State, funds,

organization and source of funds

@ Chapter 9 Conference on environmental protection

@ Chapter 10 Obligations of public bodies

@D Chapter 11 Cooperative organizations of economical bodies
2 Chapter 12 Penalties

@} Chapter 13 Interim measures

Recently, MEPP has commenced prepatation of new subsidiary legistation. 1t has already
updated the law regulating atmospheric emissions, and an integrated law on waslc management is
currently under preparation. The focus of waste management strategy and policy has shifted
towards issues of technology and organization, i.c., minimization of waste vis--vis the previous
approach, which focused on problems associated with locations for waste disposal. A
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
Network. : '



3. Industrial Emission Standards ' **

Standards for effluents were officially promulgated on June 12, 1996, The confenis 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 water areas, and sewers. The former is very strict while the
latier is lenicnt.  First, there are general conirols and these literally are standards. Unless
otherwise specified, all items are applicd. Other standards have been specified for the textile
industry, nine kinds of metal treatment processes, and other specially designated businesses. In
addition, there are many supplemental explanatory clauses. The emission standards are shown
in Table 3.1.



Note: () to {¢) ave notes for the application of the items and so have been omitted

here.

Table 3.1 Emission Standards for Industrial Wastewater
[‘_Efn Linit River Sewage
1 | Temperature C 30 40
2lp H - 6§6.5~9.0 6.3 ~9.5
31§ S ng/ ¢ 80 (a)
415 Ve nd /g 0.5 1 0
51S A K (Colen
436 nn m ! 7.0
525 nn m ! 5.0 ()
: 620 nn _m ! 3.0
6| Towcy Test { S D ) ng/ 0 3 .
7 | Biodegradation oh - - {c)
8B ngl ¢ 1.0 10.0
9la @ ng/ @ 3.0 (d)
C10fA s ag/ ¢ - 0.1 0.1
I1|Cu mg/ @ 0.5 0.5
12|B a ngl/ @ 5.0 5 .-0
13|Z n ne/ 0 2.0 2.0
14|Cc d ng/ § 0.1 0.1
15§iC o ngl/ @ 1.0 1.0
165 n ng/ ¢ 2.0 2.0
17|T-C ¢ ng/ ¢ 0.5 0.5
1slc« *° ag/ @ G.1 0.1
191 1 ngl @ 0.5 0.5
20|A g ng/ ¢ 0.1 g.1
2LjP b ag/ ¢ 0.5 0.5
22{F e nz/( 2.0 {d)
23|H g ng/ @ 0.01 0.0
24| C @ 3 (Free Chlorine) ng/ @ 0.2 0.5
25| C @ : (Total Available Chlorine) ng/ @ 0.5 1.0
26N — N H S ng/ ¢ 1 0 (e}
21N~ N O . : nzf 1.0 10
28N —NO; na/ 0 (i) -
29|t-C N ng/ ¢ 0.5 10
30 | Free CN ng/ ¢ 0.1 0.1
31|F - nz/ ¢ 10 20
3z|lc ¢ rg/ ¢ (g} -
33|t-P ng/d "2.0{1.0 (a)) -
3415 0O ag/ 9 {:) 300
3518 ng/ @ 0.1 1.0
3615 O, nglf ¢ 1.0 1 0
3ITjTOC ng/ ¢ 30 -
31IS{CODe: mz/l @ 1 20 -
W|BOD: ag/ 23 -
10 | Total 0l Content ng/ 4 20 1 00
41| THC _ ng/ ¢ 10 20
42 | Aromatic Organochlorine agz/ { B I | .G
43 | Adcorptive Organochlorine ng/ ¢ 0.5 0.5
14 | Volatile Qrganochlorine azg/ ¢ 0.1 0.1
43 | water-soluble Organochlorine agf € (%) (1)
" 46 | Phenol az/ ¢ 0.1 10
41 | Surfactam ag/ 1.0 -



4. Monitoring of Environment ‘'’ t

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. @

(D Monitoring of natural phenomena

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

(3 Monitoring of emissions (state of discharge):  Substances discharged into soil, water
and atmosphere

The monitoring assigned to the State is O and @ ahove, while that assigned 1o the regional
municipalities is @ and, as needs be, ®. The Environmental Protection Act snpu!ates that the
person at the discharge source is to monitor each individual source and, as occasion demands, the
emission level due to discharge.

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

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

5. Fiscal Measures '’ _
(1) Eco-Fund : ) ) : @

The curtent 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 reports
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 operauons.

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

Currently, the use of ¢conomic instruments in the envnronmental sector in Slovenia is restnctcd to
two environmental charges introduced in 1976; i.e., 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 state budget, the funds are not
tied in any way to these revenucs.

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

{2) Econoimical measures on water rcsources management
Two types of economic instruments are currenily used in the field of water resource managemem g

A tax for water pollution (Ofﬁc:al Gazette No.41/95), a charge on use of water {Official Gazette
No.41/93), and changes of the decree in Official Gazette 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 economic instrument for the protection of waler quality and
the environment.

" The deccee on tax for water pollution load categorizes wastewaler as ‘technological,’

‘comnmunal,’ 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 polluters, these who discharge
technological wastewater, goes directly into the state budgei, 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 pollution toad also offers material incentives to the polluters for
prevention of water pollution at source by making it possible to finance investments in
¢nvironmental protection (wastewater purifying plants, new technologies, elc.) with revenues
from the walter pollution oad tax. '

To facilitate the adaptation of the new decree by indusicies, 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 January 1, 1995, heavy metals {from January &, 1997, organic
halogen compounds from Janvary 1, 2000, and phosphorus and nitrogen from January 1, 2003,

Enterprises exceeding the standard levels of permilted emissions are subject to fines.
Environmental inspectors can order polluters to take measures (o reduce emissions and impose
fines for failing to adequately execute the measures. The poliuter pays taxes for volume of

~ efiluent regardiess of quality. ~ Taxes collccted are also increasing proportionally as the degree

of poliution by effluents progresses.

6. FEnvironmental Administeation Tssues '’
(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 organizalional structures
in the MEPP and Eco-Fund. However, in spite of the structural changes that are taking place,
the MEPP, Environmenta! Inspectorate, and Eco-Fund need (o be further strengthened with

- cnhanced operational skills and procedures.

(2) Adjustmenl of legal system

The main objecuves of Phasc I will be to facilitate early compliance with the White Paper and

~ approximate other cornérsione legislation such as that of the EU.  The horizontal issues

addressed will affect all sectoral topics, with an emphasis on the following:

- development of sectoral legislation and acuonhmplcmcnlauon plans for priorilies identified in
the NEAP regarding water, waste, and bio- diversity;

- deveiopment of inspection and enforcemem mcchamsms and

o dey elopmem of financial and economlc insiruments facilitating the future implementation of
the NEAP and required investments. This wili include the development of economic
incentive and disincentive mechanisms (i.¢., the 'polluter pays' principle) required to secure
pohcy implementation and the financial mcchanisms required to nmplcment the strategy (for
example, the Eco Fund).

- (B I‘manczng and econoinic measures

As the realization of NEAP objc»lwes will requue large -scale investments in the coursc of
execution, heavy demands wilt be placed on limited financial resovrces. To support national
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budget allocations and ensure the sustainabitity of NEAP initiatives, it will therefore be
imperative to develop cffective financing schemes. At the fundamental level, these will include
cffoits to cooperate more fully with IFT's, the development of economic incentive and
disincentive tools to stimulate private seclor compliance (tax exemptions, fines, and penaltics
founded upon the ‘polluter pays' principle), and the implementation of financial investment
schemes (0 provide preferential toans 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 implementation 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 its objectives.

7. Environment Adininistration of Maribor City
(1) Regibnal background

Maribor City once supported highly developed textile, chemical, wood processing, metal, food
processing, and automaking industries.  Nevertheless, in spite of extremely iniensive
restructuring, even the city's larger enterprises (those cmploying over 3,000 people) have
considerably stagnated and even disintegrated over the last ten years. Asaresult, 14,000 people
are cusrently unemployed, and even among those who are employed, laber conditions are not
good, -Therefore there is limit to investment in environmental projecis in environmental
projects.  On a positive note, however, the inhabitants of the city recognize the benefits of a
higher-quatity environment, and the very difficult economic and sociat situation is not precluding
the strengthening of environmental initiatives. .

Maribor City has set its environmental prioritics on improving the m@nagement 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
projeets:

- Extension and improvement 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
polable water protection arca, this project is perhaps the city's most important.

- Industrial wastewater pretreatment technology and rational use of industrial water. ‘The
quantity and qualily of industrial wastcwater are fo be regulated in accordance with the future
approaches and technologics of the Central Wastewater Treatment Plant (WWTP).

- Construction and management of the WWTP.

- Improvement of the quatity of the groundwater and water from the Drava River flowing from
Slovenia towards Croatia through prefreatment of collected wastewaler at the WWTP,
Maribor is currently in the process of selecting a party to design, construet, and operate the
WWTP in the future. At present, it has narrowed candidates down to three major consortia
and a decision is expected 1o 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 Protection
Agency, Public Service Administration and City Inspection.

NIGRAD, Snaga, and Mariborski Vodovod, are also involved as refated agénciés.
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The Environmental Protection Agency is the core depariment for administralion of the
environment. It plans and decides the basic policies perfaining to the environmental protection
of Maribor City.

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

City Inspection carrics out monitoring activities for the protection of the environment in
accordance with Maribor City ordinances. NIGRAD is tackling environmental problems
through the planning, designing and building of scwage-treatment facilities for processing
household sewage and industrial effluent.  Snaga is in charge of the disposition and rccycling of
cily 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.



Fig 7.1 Organization ¢f Environment Administration in Maribor City
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1IV. Results of Comprehensive Studies

This Chapter we will describe the results of cur 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 lactories discharging more than 80% of the city’s industrial
wastewater. Nexi, 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 dirvectly inte 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
{reating present loads. Iowever, based on future increase in loads, the rise of the
polluter-pays principle, and other factors, it is conceivable that a fee structure based on
pollutant loads or added restrictions to the effluent standards wil 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 faclories 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 pretreatment and in water
conservalion, we have totalized the data for each factory and show them by factory in
Paxt Il in order to observe the secrecy of the subject factories.

With respect to the WWTP, 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 {o pretreat its wastewater. Therefore, we prepared simulation programs on
what pretreatment would be carried out by which factory under what sorxt of fee
structure . We then estimated the actions that would be taken by each factory to cope
with various Lypes of fee structures. As a result we were able to clarify factory's total
investment amount and total pollution load amount. {n addition, we introduced the
basic concept behind sewer usage fee calculations in Japan and also the thinking with
respect to the elimination of nitrogen and phosphorus.
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Seolection Reasons 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) eonsisted of
one textile/dyeing factory, one furniture-making factory, one machine factory, and
four food factories. Maribor City's main industries are textile/dyeing, food, and
machines. Factories in these industries that use great amounts of water and have
high wastewater pollution loads were selected.

From the food industry, four typical factories from the alcohol (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 Faclory Group) consist of 4 textile/dyeing, 5 machine, 2 food, and 2
chemical plants. The criteria used for the selection of these factories are their
wastewater pollution loads, which are the most severe in the city after those of the
- model factories. Four textile/dyeing factories are included because these eonsume
large volumes of water and are part of one of Maribor City’s typical industries.

Note that the tertiary factories are added partially in our surveys to further widen
the range of factories selected. The tertiary factories 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 - _ b factories
Furniture making 1 factory

Machine manufacturing 6 factories
Food - - 6 factories
Chemical ' 2 factozies

Total 20 factories

The names of the above 20 factories are listed in the table on the next ﬁage. in the
table, both full name and abbreviations are shown and the abbreviations will be
used hereafler. o :
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L)

Nane of Seleéled Pactories

No. Industry Full Xame Abbre-
7 viation
M-1 | Textile(Knitting) |SVILA TEXSTILNA TOVARNA, d.d. SYILA
M-2 | Furniture MARLES HOLDING, d.d. MARLES PORISTVD,d.o.o. MARLES
M-3 | Machine & Metal LIVARNA Maribor ARMAL ARMAL
Processing
M-4 | Food (Brewery) STAJBRSK& PIVOVARNA, d. d. PIVOVARNA
M-5 Food(ﬁine Cellar) | VINAG VINARSTVG-SADJARTVO VINAG
¥-§ | Food{(Slaughter XOSAKI TOVARNA MESNIH 1ZDELKOV KOSAKI
Hou;e) 7
B-7 | Food(Dairy HARiBORSXA MLEKARNA.d. 0. 0. MLEKARNA
Product} | MM MARIBORSKA MLEKARNA,d. 0. 0.
$-1 | Textile Tovarna Volnenih tkanin MERINKA, p.o. MERTNKA
(TVT MERINKA)
$-2 .| ditto. Tekstilna Tovarna TABOR, d. 0. 0. TABOR
$-3 | ditto. Mariborska lokstilna tovéxna Mel je, d. d. MTT
(MIT MELJB).d.d. Tovarma tkanin MELJE.d.o.o.
s-1 | ditto. Tovarnérsukaﬁéev fn trakov TSP, p.o. TSP
-5 | Machine & Metal HETALNA.STRO)E-GRAD&JA,KONSTRUKC[-JE METALNA
Processing MONTAZA IN STORITYE,d.d.
5-6 | Food MERKATOR-SLOSAD, d. d. SLOSAD
$-1 diito. INTES MLIN TESTENINE INTES
A-1 | Machine & Metal TVT-Tovarna Yozil in toploine tehnike- A ¥T o
Processing Boris Kidric-TIRNA YOZILA
A-2 [ditto. ELEXTROXOYINA-SYETILA SVETILKE
A-3 | ditto. PRIMAT-Tovarna kovinske opreme PRIMAT
A-4 | ditro. ELEKTROKOY INA Elekironotorji ELKO
A-§ | Chmical HENKEL ZLATOROG HENKEL
A-6 | ditto. SWATY Tovarna umeilnih brusov SWATY




1. Industrial Wastewater Treatment aud Pretreatment
1.1  Industrial Wastewater Volume and Pollutant Load
1) Wastewater volume

(1) Industrial wastewaler volume

The term industrial wastewater mentioned here means the wastewater that is
discharged by factories producing vavious 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 tock the following measures in order to obtain that figure.

(D Totalized the water consumption of the 20 factories surveyed by the leam and
estmlated the volume of wastewater.

@ Checked the data possessed by Maribor City and by its agencies.

As a result, based mainly on D and partly supplemented by @), the total volume of
wastewater discharged by Maribor City was estimated to be about 14,600m3day.
The fo]lowmg shows the course of events. _

Of the Maribor (Aty agencies, we believe that NIGRAD, a Pubhc Sewage Corporataon
which receives industrial wastewater and collects a fee for i, is in possession of the
most, data.

The data were as follows.

(@ The base used by NIGRAD for collecting sewage fees is the volume of cily water
supplied. The volume of well water and river water being consumed i is now
uader study. 1t will take some time before the data is put together.

@ In this survey, a questmnnmre was sent to each factory. Subsequently,
NIGRADalso carried out a questionnaire survey of each factory in order to check :
the industrial wastewater volume. : S

@ Actual measurements of wastewater \.olume were conducted inavery small
number of factories.

@ NIGRAD has not yet conducted checks of factories by verba! means or by factory
visits.

Table 1.1.1 shows a comparison of the 1ndustr1al water consumphon as obtamed by
NIGRAD's questionnaire and the JICA study team's investigations.
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Table 1,1.1 Comparison of Industrial Water Consumption

o Consusptlion | J1CA TEAM STUDIED /D NiCRAD STUDIED /D
Name of Co. |c1tY |¥ELL | RIVER | ToTaL |city | WELL | RIVER | T0TaL
M1 SYILA 1,587 1,587 1,516 1,516
M2 MARLES 293 298 284 | 284
M3 ARMAL 312 372 | - 388 : 388
M4 PIYOVARNA 11 111 269 £269
M5 VINAG T 71 1 (1
M6 KOSAKI 365 369 400 100
M7 MLEKARNA | 476 476 293 ) 793
Sub-Total 1,284 | 2,296 5,560 ) 1,002 2,069 3,161
S1 MERINKA 425 760 1,185 | 276 140 m
$2 TABOR 93 | 1.158 1,251
$3 MIT 538 131 | 1,701 2,976 503 367 364 | 1,234
$4 TSP 36 29 218 343 39 26 224 289
5 METALNA | 212} - 212 190 190
$6 SLOSAD TS BEE ¥ : 35 21 16 31
% $7 INTES 182 162 161 161
| Sub-fotal | 1.486| 2,693 | 1,985 | 6,164 | 1.190| 848 | 588 | 2,627
A1 TVT 511 - 103 §20 | ° 516 60 576
A2 SYETILXE 130 | Sl o] 139 139
A3 PRIMAT 109 109 110 | - - 110
AL ELKO . | 155 155 | 132 132
AS RENKEL 339 312 551 805 650 | #1, 485
A6 SWATY Ll ' 149 150 150
sub-Total | 1,389 as | 1.e14] 1.es2| 140 | 2,592
Total 1 | 4169 4,989 | 2,400 | 11.558] 4.134| 2,918 | 1,328 8, 380
PP Group & | Ca. © e -
others | 3.000 ; 3,000
Total 2 7,169 |- 4,989 | 2,400 | 14,558

Note: (l)Onginal NIGRAD' s data arc presented as ﬂf/‘( The valucs shown here are
laken by assuming that operating days per year is 250.
(2)%, An actual datum peasured in Feb.27-March 11, 96.
(3)%, An actual datum in 1999
fl& (4)A datum for MPP Group is based on the city water consumption.
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As shown in this table, the results of investigations of the two parties are very much
in agreement. For the following reasons, there are some factories in which the two
figures do not agree.

@ M-4PIVOVARNA

NIGRAD's measurements on water consumption were made in the winter season
when practically no beer was bemg produced. We belicve that the annual
average figure is ¢loser to the figure obtained by JICA's study teani.

@ M-5VINAG

There are two feedwater valves in this factory. However, NIGRAD's data shows
only the raw water consumption of the valve with the smaller consumption.

@ S-3MTIT

NIGRAD's data show considerably less water consumption than that indicated
the JICA study team’s figures. The difference in consumption of well water is
particularly large. The reason is nof clear but it may be due to the difference in the times
of survey (JICA's survey was done in June 1996 and NIGRAD's around September-October)
or il may be due to a mistake on the pasi of the persons whe filled out the quesuonnalre

® A4 HENKEL-ZLATOROG

NIGRAD's data shows the water consumption for 1995. However, this factory
stopped making soap in March 1996, so its water consumption was greatly
reduced. The JICA study team's figures show the water consumption after the
reduction.

In addition to a questionnaire survey, the JICA study team also conducted verbal
surveys and field surveys by visiting the factories. Moreover, it showed the survey
results to the factories and obtained their understanding. Therefore, the general”
consideration is that the JICA study téam’s figures are more reliable than NIGRAD's
data. However, when NIGRAD's investigations progress further in the future. the
reliability of it's data is expected to increase. :

Considering these circumstances, the data on water consumption from the JICA
study team's investigations are adopted at this time,

Of the factories on which checks of the water consumptlon could not be conducted by
the JICA study team, the MPP Group (ex-TAM) is believing to be using a large
amount of water. NIGRAD also only has data on the amount of city water supplied
to this factory. Based on that figure, the water consumption is estimated to be about
3,000m3¥/day.

Therefore, the water consumption for all factories is eshmated to be about
14,600m¥day, as shown at the end of Table 1.1.1.

The amount of mciust-nal wastewater discharged is the amount consumed by the
factorics (water that becomes part of the products, evaporates, seeps into the ground,
etc.) deducted from the water consumption. In Japan, standard runoff ccefficients
depending on purpoese, 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 sane as the water consumption volume.

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

{2) Estimation of total volume of wastewater, household wastewater,
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and industrial wastewater to flow into the WWTP

NIGRAD and the JICA study 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 consumption 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.

Alse, it was revealed that NIGRAD was still in the process of investigating the
volume of industrial wastewater and did not yet have any reliable dataon it. Asa
result of the 1wo partics checking the results obtained by the present survey of the
JICA study team, it was confirmed that, at the moment, JICA's survey resulls were
the most detailed available.

The results ehecked by the two parties can be summarized is as follows.
Total wastewater to flow into the WWTP = 39,600 m3/day

Household wastewater (25,000 x 0.9 - 0.95)= About 22,600 -23,750 m?iday
Industrial wastewater (14,600 + 1,250 - 2,600)= About 17,100 - 156.850 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? betweéen this figure and ours shown above. The reasons for this
difference are considered to be as follows.

In JICA's survey, wastewater that is at 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 show that there are seasonal fluctuations in
wastewater, so the volume of wastewater was calculated from the annual water
consumption.

On the other hand, the designed value indicated by Maribor City of 36,500 m3day
was estimated from actual measurements (at five places) taken aver 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 measurements 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 safety, a
figure of about 10% in excess be usecl

Note that we believe the WWTP should be des1gned 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 14,5600 m3/day) obtamed through JICA's survey is estimated to
cover 80 to 90% of the full amount.
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Note: (1) Walter supply source data is as follows:

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

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

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

River water consumers {faclories) 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.  Of this, 3,000 m3/d is the
totat waste water volune of 20 enterprises \\hich make up ¢ \'[PP
{forinerly TAM).

2} Pollutant load

This survey coveréd a total of 20 factories (seven ,m_odel 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 concentratmns of the miodel factories, we took the actual
measurements madeé during our second field survey or the designed values of the
model wastewater-treatment systems. For the secondary and tertiary faclories, we
took the actual nieasurements made during our fourth field survey. For some
factories which have more than one discharge outlet, we used values ¢alculated from
the flow rates. ‘The pollutant loads were calenlated 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 texule 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 sewerage water
volume initially estimated by the WW'TP,

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

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

According to this Table, the water guality of the industrial wastewaler and the
overall sewage are practically the same. Moreover, the industrial wastewater shows
lower figures than overall sewage for SS and P. In other words, it can be said that
the overall pollutant load of the present industrial wastewater is about the same as
the normal sewage for the WWTP. :

However, some industrial wastewater have pollutant loads very much higher than
general sewage or contain substances that are difficult to treat by sewage treatment.
Close attention must be given to these factors.
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4) CODer and CODn

'The technical formation of wastewater treatment in Japan has been based on CODan.
Therefore, this point needs to be watched when referring to Japan's wastewater-
treatment technology or achievements. For our fourth ficld survey, CODer and CODun
were joinlly measured.

Table 1.1.4 shows the results of analysis of industrial wastewater and Table 1.1.6
shows that of sewerage consisting mainly of houschold wastewater.

Table 1.1.4 COD ¢r and COD M 310 the Industrial Wastewater

unit = mg/l,
Name Sample CODc. | CODMy | CxiMn BOD SS
M-1 | SVILA Print 270 240 | 1.1 90 70
M2 | MARLES Total 33 19 | 17 920 <30
M-5 | VING - | Final tank ~ | 13900 | 6800 | 20 3,100 | 3,900
M-6 | KOSAKI Slaughter | 2,400 770 { 3.1 1,200 550
M-7 | MLEKARNA | Total 16,600 | 2900 | 5.7 1,100 | 6,600
$-1 | MERINKA Total - 650 300 { 22 150 37
S2 | TABOR Total ' 34 15 | 23 25 <30 |
83 |MTT Total 340 120 | 28 140 340
Textile dye 230 100 2.3 b8
Yarn dye 100 48 2.1 <30
S4 | TSP Tatal 360 190 1.9 100 32
S5 | METALNA | ECCE T 19 15 1.3 <b 80
Palfinger 77 32 2.4 <b <30
Vanishing 1,800 750 | 2.4 300 85
S-6 | SLOSAD Tank 1 7000 | 3200 | 22 | 2500 850
Tank 2 1,600 630 | 25 250 80
A1 _|Tvr _ 16 10 | 16 < 5. 55
A2 | SVETILKE Tank 6| 10| 1e <5 65
A-3 | PRIMAT 380 200 | 1.9 230 180
A-4 | ELKO : - 47 15 1 31 < 5 18
A5 {HENKEL  [(TPD | _-910 | 360 | 25 180 460
outlet 4a 660 240 | 25 300 130
outlet 5 2,400 sto | 30 1,400 310
A-6 | SWATY | Total 130 32 | 41 50 47
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Table .15 COD ¢r and COD Mo in the Household Séwarage

Characterization ) ]+ 3 3 e

of the sample : X
JTypeofthesample ... i spotl o _soli S oLl oot
1912 1296 19.12.1996 20.12.1996 20.12.1996

Date of sampling

Parameter |expras I Unit - B
: mg/l 150 240 oy 250

Suspended solids_ .|

Total niyogea: N i}

- ammonivm niwogen i N mg

-Kietdahinigogen 1N - :mefl .28 SN . AU 10 SN -

- mitienisogen i N imefnt L <QO1i <00t <00l

Toulphosphorus AP . imRll.
CODeoeee b Qe R 280 LT SO 1'% WU

BOD, i 0. { medl 100; - 260 400 210

* { . Pohorska ulica - the area of “Roina dolina™
7 . the cormee of Ulica Paridke komune snd Radvanjska cesta - the “Tabor area . |
3 - the comer of Utica Proteterskil brigad and Ljubljanska cesta - the “Tabor™ area

4 - Utica bocea (at the end) - the "Berezje™ area

then CODcA/CODMn or COD/BOD is large, it may mean that substances of poor
biodegradabilily are contained in the waste water. When the COD removal rate isbad
after siar{ of operations of WWTP, it will probably be necessary to carry out studies
about making it compulsory for factories, discharging waste water with large ratios of
these substances, to install pretreatment facilities to reduce the pellutien load.
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1.2 Wastewater Treatment 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 queslionnaire which was
distributed to each factory prior to the field analysis.

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

2) Treatment plant site

Waste water treatment plant construction is planned on an émpty site and no special
site constraints are assumed unless stated othexwise.

3) Plant installation conditions -

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

.20° C and snow cover of 1 m in winter are 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
c. Substation '
d. Piling and surplus soil removal

e. Spare parts

5) Utility costs
{1} Blectricity : 15 8IT/kwh
{2) Water : 200 SIT/m?
(3) Heatingoil 60 SIT/litre
{4) Chemicals . .
a. Urea H: NCONH: 100% : 52 SIT/kg
b. K: HPO:  100% . 394 S1T7ke
c. PAC 11% ALOs : 74.7 SITrkg
d. Al (80s)s 18 H20 1 39.15 SIT/kg
- e.Fervicchloride 13% Fe : 64 SIT/ke
f. Polymer (nonion type} 100% 990S1'Trkg
g. Polymer (anion type) 100%  : - 990 SiT/kg

h. Polymer (cation type) - 100% :2,000 SITikg
i NaHSOs 32% 113.6 SIT/kg -
i NaOCl 11%-13%asClz : 64 SITikg

- k. H:80: 98% : 70.2 SiTikg
. HCl 30% . 22 SI'iVkg
m. NaOH 100% : 83.2 SIT/kg
n. Na:C0s 100% : 40 SiT/kg

o. Granular activated carbon : = 930 SIT/kg
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G) Waste disposal cost

General waste : 1,423 SIT/m3 7
Harmful waste: 49,683 SI'T/m3 7 @
(Disposed of at the waste disposal site located 10 km from Maribor.)

7 Control system

(1) pH control : automated
(2) Tank liquid level control : auntomated
(3) Sand filter : auniomated

{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 otherwisc 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 symbels have the following meanings.

‘FC : Cast iron

- FC13Cr : Cast iron (13 Cr)

+ SUS : Stainless steel

+ 88 : Mild steel

+ SS/EP : Mild steel inside epoxi-tar lining

+ PVO : Polyvinyl chloride resin o - .
« PE : Polyethylene ' o %
VP : Vinyl pipe

+ FC+RL  :Castiron inside rubber lining

* SGP : Steel gas pipe

* FRP : Fibre reinforced plastic

*« RC : Reinforced concrete

10) Miscellaneous

(1) Voltage : 00V
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 System of Wastowater Treatment

On the seven model factories, detéiled design and economic evaluations were made
on the wastewater-treatment equipment for discharging directly into rivers based on
the results of the second field survey.

The results are shown in Table 1.2.1. - The Table shows the eguipment 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 scen that the costs are exceptionally higher in all but two
factories. '

&

The following can be cited as the main reasons for the high costs.
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(1) The emission standard for discharging directly into rivers is very strict.

(2} The systems are small in scale so the cost per treated water volume becomes
comparalively higher.

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

1.2.3 Pretreatmont to Satisfy the W\WWTP's Emission Standard

The items set as the emission standard for discharging into the WWTP are
temperature, pH, immediate-settling SS, heavy metals, chlorine and chlorine
compouands, 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 85
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/m3, 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-treatment
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 advantageous for those

© 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 Protreatment for Reducing Pollutant Load

The planned \WWTP capacity seems fully adequate to treat the present load.
However, we believe consideration must be given to 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, pretreatment
tests and equipment design studies en pretreatment for reducing the main pollutant
items, COD, BOD, dye waste of textile industry, and SS. These surveys, tests, and
studies were conducted not only on the seven model factories, but also on the seven
secondary factories and six tevtiary 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 treatment processes suitable
for high BOD loads.

For designing the pretreatment 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 obtained, 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 summanrizes the treatment processes, equipment costs, treatment costs,
and the anticipated water quality after treatment of the pretreatment facilities
studied for each factory. This Table gives information which will be useful for the
WWTP when a fee system based on pollutant load or extra ¢ontrol of emission
standards is studied. ' '

- Note that for harmful substances, pretrcatment 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 City. Details on the difficulties 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 herewith, by main industries of Maribor City, the results of studies on
the state of their effluent and pretreatment. Qur detailed studies for each factory are
shown in the part Il. As prescribed above, the results of our studies on pretreatment
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 their 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 ¢olored efftuent and large
fluctuation in drainage volumes and pollutant loads are common to all five.

(2) Likelihood of discharge into xivers

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 directly into rivers, S-2 Tabor is already more
or less meeting the emission standards.

(3) Infringemehts-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 poliution load

Coloring of effluent is a form of pollution umque to the textile industry. The coloring
fluctuates greatly depending on the fime, but as a whole, absorbance of the strictest
controlled value of 620nm is estimated to be 30 or less. This falls to 1/10 when it is
diluted 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
absorbance, in the light range, is more or less proportionate to concentration. 1If
coagulating sedimentation is adopted by WWTP, the color will be reduced to a much
greater degréee. Azoic dyes, which are frequently used in synthetic fextiles, are
known to be efficiently decomposed by anaercbic 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 colored 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. @ Activated carbon adsorption:
Decoloring by the biochemical adsorption property of activated carbon. @ Ozone
treatment: Deculormg by the oxidative decomposition property of ozone. @
Coagulating-sedimentation trealment: By mixing inorganic and organic flocculants,
the coloring substances are coagulated into floc. @ Fenton treatment: Decoloring
by processes such as the oxidative decomposition of hydrogen peroxide in the
presence of an iron catalyst.
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A good rate of removal of about 90% can be obtained from both (D activated carbon
adsorption and @ ozone treatment. Efficiency is poor if there is COD and S8, 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, one of these two methods is used.

With @ coagulating-sedimentation treatment, there are various cases that can oceur
depending on the properhes of the wastewater. Somelimes good decoloring is
achieved with just inorganic floceulants, and sometimes decoloring becomes effective
by adding a dicyandiamide-based organic decoloring floceulant. In special cases, the
flocculant cannot decolor because it does not form floc. Generally speaking, this
process is frequently used in dapan for pretreatment of waste dyeing water as it can
also remove BOD, COD, S8, and especially P, while remaoving the color.

@ Fenton treatment can decolor very well if the conditions 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, hydregen 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) Coagulaticm-h-eatment test

As mentioned before, the most usual and cconomical pretreatment process is the

" coagulating-sedimentation treatment. Moreover, this treatment becones even more
. economical if only the thick wastewater after dyeing is treated. ‘However if only the
~ dye liquid is separated, there are times when the coagulant does not form floc. In

most cases, pH neutratizing and decoloring is done when the dye liquid is mixed with
the Ist washing water, and flocculation is more likely to take place at such times.
Also, coagulating treatment may be difficult for wastewater which contains a lot of
surface-active agent, so care 13 required.

- Although the coloring must be decreased, one method 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 convement method that can be adopted when discharging wastewater into
sewers,

" In this survey we carried out coagulatmg sedlmentatmn tests on the wastewater of

five companies and additionally conducted a Fenton treatment jar tests on some

" samples. When actually designing pretreatment facilities in the future, fusther
_ wastewater treatment tests should be carried out to fully check the conditions and
- effectiveness of the treatment.

1.3.2 Foodrln_dustry

‘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 factorics 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
summary of the respective items by business category.
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1} Beer brewery (M-4, STAJERSKA)
(lj Positioning of business category

This is the only brewery in Maribor City. It is said to have the second largest
oulput in Slovenia, but the output is relatively small.

The ratio of its polluticn 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 eguipment is old, the wastiewater volume is
large compared to the quantity of production.

(2) Likelihood of discharging into rivers

As emission standards for discharging into rivers are strict (especially for T-P,
which is restricted to 2 mg/L), the treatment cost comes to 223 SIT/m3.  Since
the factory is also 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 quality of the wastewater at the final
stage is within the WWTP emission standards and there is no particular
problem.

{4) Methods of reducing pollutant léad

Generally, physico-chemical treatment (coagulating-sedimentation method) is
mostly used for the pretreatment system for reducing pollutant load. Although
this treatment will remove SS from this wastewater, it is not very effective in
removing soluble organic pollutants. Therefore, we studied the useé of the
biological treatment method, formulating conceptual desigas of three cases: i.e.,
Case 1 for separating thick wastewater and subjecting it to anaerobic treatment,
Case 2 for acrobic 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 cur selection of the biofilm-filter process, a
process which removes high loads, for the aerobic treatment. Although the use
of such a process increases electricity 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 anaerobic treatment became the most expensive because the heat
source cost for heating the raw wastewater took 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 created 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 {ogether 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)
(3) Positioning of business category

This ts 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 boitled and shipped out.

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

(2) Likelihood 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 treatment cost is a high 711

 SIT/m3.  Major factors for this relatively high cost of treatment per unit volume
are that the amount tyeated is small, and that the winery stays in operation on
only a limited number of days per year (216 daysfyear).

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

(3) Infringements of WWTP emission standardsr

Neutralizing facilities are already installed and the treated water quality is
within WWTP emission standards, so there is no particular problem. The
wastewater generaled 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. :

(4y Methods for VR_e'duci_ng Pollutant Ldéc_l

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

There are two biological treatment methods; ie., the aerobic and anaerobic
methods. However, if the anaerobic method is selected, a heating source for
heating this wastewater will be required since its organic pollutants
concentralion is low and only a small amount of bio-gas will be generated.
Thus, in this case, the cost of treatment by the anaerobic method will become
greater than that for treatment by the acrobic method.

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

Note that the quantlty of excess sludge creatcd in the aerobic treatment tank is
" small. Therefore, in erder to keep eguipment costs as low as possible, it is

better not to 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 untreated sludge.
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3) Meat Producer (M-6, KOSAKI)
(1) Positioning of business category

This enterprise is the only slaughterhouse in the Maxibor area. It produces @
fresh beef and pork. The plant is located very close to the Drava River. Since the

factory works only in the daytime, the generation of its wastewater is
concentrated during that time zone. Its pollution load is high, comprising 3.2%

of the total hy 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 believe the cost of installing a pipeline will be
cheap. However, since the emission standards are strict, the cost of treatment
becomes a high 565 SIT/m3. Thus, discharge inte the WWTP is far more
advantageous. '

(3) Infringements of WWTP emission standavds

The existing oil-water separation equipment is functioning very well and the
treated water quality is within the WWTP emission standards, so there is no
particular problem.

(4) Metheds of redﬁcing pollutant load

As the pretreatment facility for reducing pollutant loads, we studied the
coagulating-pressure-flotation method, and a physico-chemical treatment
process. The reason for opting for this method instead of the eoagulating-
sedimentation method is that it is suitable for removing oil content which, by
nature, has a tendency to float. 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 points in
this method regarding how the bludge can be received w1th0ut dewatermg 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. Anaerobic
biological treatment becomes advantageous after coagulating-pressuve-flotation
treatment has been carried out since the load is reduced. As the 8S 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 aerobic
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 become economically
viable unless the progressive fee based on poliutant load becomes about twice the
standard fee. In other 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 addltxon'il fee is small.

4) Dalry products producer (M-7, MLFKARNA)
(1) Posmomng of Business Category

MARIBORSKA MLEKARNA p.ois thc only dairy products pwducer located in g
Maribor City. Of the 766m¥day used by its factory, 280m3/day is recycled for
use as boiler water and refrigeration water. Thus, the net volume of water
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supplied is 476m¥day. The wastewater volume is the same as the supplied
476m3/day. Among the 20 factories, it comprises 4.1% of the total industrial
water and 1.3% of overall sewage water.

The cause of po]luhon of the w. astewater 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 manufacture of cheese, there is whey
wastewater and loss of cheese. The latter manufacturing wastewater in
particular has high concentrations of both COD 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 production of cheese is to improve the shop
work methods and discharging 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/m3. Since the
cost of wastewater treatment with pretreaiment 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 WWTP. 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 possibility that wastewater-
treatment equipment for discharging into rivers will be installed.

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-
-3; ' treatment equipment for the puipose of discharging into rivers, we took into
consideration the prevention of bulking and proposed the anaerobic/aerohic (AQ)
system. IHowever, COD is still left in water that is treated biolegically, of which
40 to 50% is humic acid-like substances which do not have biedegradation
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 lhfrin;geménts of WWTP emission standards

Water quality conditions that, depending on the discharge conditions 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, ¢il content will no
longer pose any potential problem, and the only concern will be the pH.

(4) Methods of reducmg pollution load

We proposed as Case 2, pn.treatment equipment for the coagu]atmg pressure
flotation method which removes oil content and SS as well as neutralizes

wastewater. This was on the assumption that the effectiveness of preventing
the loss of cheese wonld be low.

- Furthermore, in order to reduce the BOD and COD po]lutnon load due to organic
materials, we proposed as Case 3, the addition of anaerobic biclogical 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 facilitics 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. In the current survey, we studicd two factories. One is a maker of
houschold chemicals who prepares the chemicals and then puts thém 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 dischar_ging 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 effluent but
that produced from a grindstone material mixer. However, the effluent from the
mixer amounts only to a few cubic meters a day, and even by itself, it satisfies the
WWTP's emission standards,

{4) Methods of reducing pollqtant 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 pollutlon loads
~at the former factory.

Recovery and reuse: - Closed system

Separation removal: - Concentrated separation
7 Coagulating separation
Decomposition: Chemical decomposition

Ozone treatment
Anaeroblc treatment

@ In the case of powdered detergent, a completely closed system is possible with
just a little more effort. At present, city water is being replenished in a recycled
water tank. However, by controlling the replenished water at a lower level than the
present one, there is room, at the time of changing over, efc., for absorbing the 1 to
2m3 of recycled water that is overflowing ircegularly but constantly.

@ As the wastewater volume is a large 180m¥day, concéntrated separation is
difficult when producing cosmetics. However, in the case of the hair dye being

planned, a wastewater volume as small as 1m¥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 boiler fuel
and burnt 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 distinet 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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B As seén from the test results of the Fenton t:eatment decomposition by ozone
treatment is also difficult.

6} Anacrobic biological treatment is a method worth considering for wastewaler
treatment of ¢osmetics. If the treatment vesults are good, we believe it can also be
applied to the wastewater treatment of hair dyes.

Based on the above study, for the pretreatment system, we planned the anaerobic
biological treatment 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 88, it is heated as is to about 350C and teeated in an anaerobie
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 liguid-liquid

heat exchanged, and heat thal was insufficient was augmented by steam. The gas
generated in the reaction tank can be recovered as a heat source for the boiler.

The treated water guality can be lowered to'a COD of about 1/4 and BOD of about 1/5.

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

1.3.4 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

‘woeden 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,

" castings for héating and cooling, etc.), METALNA Group (manufactures all types of

hydroelectric power equipment other than turbines, construction and transportation
equipment, and industrial machinery), TVT Group (manufactures and repairs rolling

“stock), ELEKTROKOVINA SVETILKE (manufactures lighting equipment, cleetric

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 mmanufaciures 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 processiug businessasa whole consumes a total of 3,431m3 of

water a day, of which 1,789m%day is recycled. The total volume of wastewater
generated, 1,598m3day, comprises 13.8% of the total industrial wastewater and 4.4%
of overall sewage.

(1) ARMAL

: 'I‘otal water consumptmn is 492m3/day, of which 120m3lday 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 372m3/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 are the same, at 212m3day.
The wastewater volume is equal to the water consumption of 21Z2m3*day,
aecounting for 1.8% of total industrial wastewater and 0.6% of overall sewage.

(3} TVT Group

Of the 2,169m%¥day consumed, 1,549m%day is recycled as boiler water, washing
water, and cooling water, so the net volume of water supplied to the factory is
620m¥day. The wastewater volume is equal to the water consumption of
620m3day, but 16m%day of that volume is water leakage, so the actual volume is
600m¥day, accounting for 65.4% of total industrial wastewater and 1.7% of overall
sewage.

{4) ELEKTROKOVINA SVETILKE

Of the total 250m®day consumed, 120m3day is being recyeled as cooling water,
so the net volume of water supplicd to the factory is 130m3day. The
wastewater volume is equal to the water consumption of 130m¥day, aecounting
for 1.1% of total industrial wastewater and 0.4% of overall sewage. :

(5) PRIMAT

Total water conswmption and water supplied ave the same, at 109m3/day. The
wastewater volume is equal to the water consumption of 109m%¥day, accounting
for 0.9% of total industrial wastewater and 0.3% of overall sewage.

- (6) ELKO ELEKTROKOVINA

" Total water consumphon water supphed and wastewater volume are all the
" same, at 199m¥day. However of this total wastewater volume, 44m3¥day is
being treated at a joint wastewater-treatment plant and the balance of
155m?%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

MARLES POHIQTVO is the only company in Maribor Clty which makes wooden

* furniture. Of the 519.7m%day of water consumed, 222m¥day is being recyeled
as boiler water, so the net votume of water supplied to the factory is 297.7m¥day.
The wastewater volume is equal to the net volume of water supplied of
297.7Tm3day, accountmg for 2.6% of total mdustrlal wastewater and 0. 8% of
overall sewage.

2) Likelihood of discharging into rivers

The only company with the likelihood 6fdis-:harging into rivers is the wooden
furniture manufacturer, MARI ES POHISTVO

(1) ARMAL

The wastewater that must be treated is waste cutting oil, waste
perchloroethylene (PEC), and plating wastewater. The waste cutting oil is
recovered and disposcd of as industrial waste by a contractor. ‘The waste PEC is
recovered, and, after its impurities are removed with solvent regeneration
equipment, it is reused as PEC. The plating wastewater is treated in a
wastewater-treatment 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 waste cutting oil is recovered and is disposed of as
industrial waste by a contractor. The painting booth waste washing water hasa
high COD concentration and contains organic compounds with anfi-
biodegradation properties, but the frequency of occurrence of the wastewater is
extremely smaill. Due to this, the treatment of waslewater for the purpose of
discharging into rivers would be mainly on domestic wastewater, thus making
the installation of comprehensive wastewater-treatment facilities uneconomieal.
Therefore, there is no likelihood 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. '

(1) ELEKTROKOVINA SVETILKE

The wastewater that must be treated is being treated at a joint wastewater-
treatment plant. Therefore, there is no need to study 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 system 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
wastewater-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 1n a joint wastewater-
- treatment plant. Therefore, there is no need to study the likelihood of discharge
. into rivers.

(7y MARLES POHISTVO

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 poliutant 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 be subjected to further coagulating sedimentation
treatment to remove P.

~ 3) Infringements of WWTP emission standards

- The water Quality'ite-ms' of the total wastewater discharged that infringe' on the
WWTP's eniission standards are the pH which results from the pre-painting
treatment wastewater at PRIMAT, and the heavy metals and organie compounds
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which result from the painting booth waste washing water at ME’I‘ALNA, PR]MAT,
and MARLES POHISTVO.

© (1) ARMAL

Basically there are no water quality items in the overall wastewater that infringe
on the WWTP’s emission standards. However, heavy metals somewhat exceeding
the standard arc detected in the water treated by the plating wastewater
treatment facilities. Some of the conceivable eauses for this are (D inadequate
pH adjustment, @ creation of complex chemicals due to mixed discharge of
wastewater, and @ outflow of SS containing hydroxides of heavy metals.
Accordingly, appropriate countermeasures are (O reappraisal of the chemicals
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, ete. It is hoped that the causes be determined and appropriate measures
be taken to improve the treatinent inte more rational systems.

(2) METALNA group

The heavy metals and organic cbmpbunds contained in the wastewater, when
pamtmg booth waste washing water is discharged, infringe on the WWTPS
emission standards.

(3) TVT group

Basically there are no water quality items in the overall wastewater that infringe
on the WWTP’s emission standards. However, heavy metals somewhat exceeding
the standard are detected in the water treated by the plating wastewater
treatment facilities. Some of the ¢onceivable causes of this are D inadequate
pH adjustment @ creation of complex chemicals due mixed discharge of
wastewater, and @ outflow of SS contalnmg hydroxides of heavy metals.
Accordingly, appropriate countermeasures are (D reappraisal of the chemicals
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, etc. 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 posssbly 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 paianting
booth waste washing water. However, these wastewaters are being treated ina
joint treatment plant, so there are no water quality items that infrinige on the
WWTP’s emission standards. -

(5) PRIMAT

The water quality item that could possibly mfrmge 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 eliminated 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 cutting
oil, the pH and heavy metals resulting from the alumite processing wastewater,
and the heavy metals and organic compounds resulting from the painting booth
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

The water quality items that infringe on the WWTP's emission standards are the
heavy metals and organic compounds resulting from the painting booth waste
washing water.

4) Methods of Reducing Pollutant Load Both BOD and COD concentrations of the
overall wastewater of the machine and metal processing industry arve 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 xate 97.4 SIT/m3
@ Sewage rate 58.8 SI'T/m3
@ Local tax on sewage 40.8 SIT/m3
@ National tax on sewage 16.8 SIT/m?

" 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 costs of the water and sewage for these 12
factories and obtained their ratio to the shipment prices of the products. The results
are shown in Table 2.1, The following can be scen from that Table.

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

@ The highest ratio was the textile industry, 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 ¢orresponding
ratio in the textile industry, which consumes large volumes of water. This figure
is very high when it is compared to that of Japan (about 20%).

& The above ratios are much higher than the corresponding ratios for Japanese
factories in the saimne lypes 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 same type of
factory in Japan (brewery) because of lack of adequate data, but we estimate that it
is more or less on the same level. At Japanese food and beverage factories, the
ratio of use of costly city water is high, so the ratio of the charges for water used
and wastewaler against the shipment value is high compared to other businesses.
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The reasons for the high ratio to the shipment price are believed to be the limited
scale of recoveryfreuse 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 quantity is
about the same as Japan's, so the reasons are believed to lie in the shipment
production price and the unit prices of water and wastewater.

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

For reference, we show in Table 2.2 the average water and wastewater unit price by
industries for the 20 faclories that were studied.

Table 2.2 Average Cost of Water Use and Waste Water Discharge

Unit of Water Yolune:; m, day,.

Indsstry | Machine & Food Te'xtil_e Furniture Total
Metal k Chemical
Processing Endustry
Ko. of Factories 6 6 . 5 -3 ' 2 0o
City Water 1,495 1,094 1,092 488 4,169
Well Water 426 4,265 298 1, 989
River Water 103 1,985 312 2, 400
Total 1,598 1,520 7,342 1,0%8 1'1' 958
Total Water Cost 82, 786 70.243 | 180,555 | 39,372 381.956
1,000 S1T/ year 7
Average Water 207.2 134.9 9.4 143. 4 132._2
Cost  SIT,/ n
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292 Results of Water Conservation on Individual Factories

The possibility of water conservation was studied respecliveiy for the seven model
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 eapable of being conserved based on the present prices
for water and wastewater.

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

Among the conservation methods, the "installation of a water meter” is mentioned as
a basic methed 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 shownin Table 2.1.  This figure will naturally
go up if the sewage rate goes up. The result will be that the feasibilily of conserving
water will widen and the volume of water that can be conserved will most likely
increase. However, the costs required for conserving different types of water vary
in the following ways.

® The cost of conserving water that practically never becomes dirly such as
indirect cooling water, air conditioning water, etc., 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, elc.,, is very high.

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

From the results of our conservation studies, it became clear that, on the bagis of
cuerent water and wastewater charges, most of the indirect cooling water and atr
conditioning mentioned in Group O would be conservable.

As for conservation plans pertaining to group @, factories M-1, S-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 eonsidered to be implementable.

If, in the future, se-wage rates go up, we believe that the feasibility of reclamating the
wastewater of the other textile industry factories will improve considerably.

Fven if sewage rates go up, the progress which can be expected in the reclamating of

wastewater in indusiries other than the textile industry is limited since the water
volumes are siall, the water quality required is very strict {(foodstuff, metal
finishing process, etc.), the wastewater is very dirty (chemicals), etc.
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