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Abstract

Turkey has been manufacturing chemicals for a long time, being a producer of many basic and inter-
mediate chemicals, petrochemicals and plastics. Among ca. 6000 companies manufacturing various
chemicals, 95 are large scale, 208 are medium scale, and the rest are all small size companies. The
southern coast of the Marmara Seais the home of Turkey’s densest population and industrial centers. Most
companiesin chemical industries, especialy private sector companies, are situated in the Marmara Region
which, therefore, also generates large amounts of solid and liquid wastes from industrial areas, along with
municipal solid waste and sewage as well as air pollution from gas emissions. Large scale industrial
companies place a great dea of importance on international standards in production and comply with
environmental legislation and regulations. Although Turkey has made great progress over the last fifteen
years in creating mechanisms to address its environmental problems, air and water pollution abatement
problems still exist due to small scale enterprises generally using old technologies in sub-sectorsincluding
highly polluting activities such as textiles/clothing/leather, metal products/machinery/equipment, food/

beverages/tobacco, forest products/furniture.

I ntroduction

Turkey has a number of unique physical, human
and economic characteristicsthat influence environ-
mental conditions. Physically, it is at the crossroads
linking Asia, Europe and Africa. The country is sur-
rounded by four seas and has a coastline of 8,333
km. The Aegean and Mediterranean shorelines to-
gether exceed 4,500 km while the Black Sea coast
stretches to 1,700 km and is shared with Bulgaria,
Romania, Georgia, Ukraine and Russia[1]. The Sea
of Marmara constitutes the remainder of Turkey’s
coastal area. Turkey’srugged topography experiences
high seismic activity where earthquakes and erosion
can pose hazards. Topography and soil conditions
allow only athird of Turkey’s total land area to be
suitable for various types of agriculture, implying
pressureon availablefertileland. Turkey isgenerally
blessed with an abundance of water resources, though
it requires proper management to utilize the water in
themost efficient way. Other natural resourceswhose
management should receive attention include certain
minerals, forests, fertile soils, and fisheries.
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In human terms, Turkey isone of the 20 most popu-
lous countries in the world with an estimated 67
million peoplein 2000 and hasthe fastest popul ation
growth rate of all OECD countries [1]. Population
growth rate between 1990-1997 was 15.08% [ 2]. Eco-
nomically, Turkey has been growing at double the
average for OECD countries with a GNP per capita
of $ 2980 [3]. Industry and tourism are the fastest
growing sectors of the economy. In Turkey, as else-
where, rapid economic growth hasaccel erated the pace
of urbani zation and consumption of natural resources
aswell asincreased the amount of waste generated.

Turkishindustry hasbeen in asteady growth mode
since mid-1980s. Rapid industrial growth wasinitially
concentrated in the coastal regions of western Turkey
and thus created urban settlement concerns. 50% of
Turkishindustry isinthe Marmara Region and 18.9%
of itisin Aegean Region [4]. Significantincreasesin
guantity and variety of manufactured industria prod-
ucts have resulted in an increase of industrial waste
generation quantities. Environmental impacts of in-
dustrialization in Turkey are shownin Fig. 1.

Thereare number of priority geographical regions
in Turkey where severd different environmental prob-
lem areas converge and create concentrated impacts.


ChemTech
Copyright 2001 by the al-Farabi Kazakh St .Nat. University. 
All rights reserved. Printed in Kazakhstan.

http://eurasianchemtech.vub.ac.be/

Eurasian ChemTech Journal 

Volume 3 Number 4 (2001) 257-266

Turkish Chemical Industry and Environmentally Friendly Technologies

A. Nilgün Akin and Z. Ilsen Önsan


258 Turkish Chemical Industry

mea of
Marmara

é\

¥

Aeg%‘ii __.I
i
Ty

§

NS

"‘-L.,-. T

Meditterenean Sea

Elacl: Zea

i,
2. Wnd'al

L

n

o

1
-._r") I highest
[ high
[ irtermediate

I o
[ lovwvest

Fig. 1. Environmental Impacts of Industrialization [1].

Canakkale-lcel coastal zone

The most developed part of the Mediterranean
coast suffersfrom amix of environmental risks: rapid
population growth combined with inadequate
infrastructure; rapid tourism development; pressure
on natural, cultural and historical sites; agricultural
runoff; and pollution from marina and harbour de-
velopment.

Sea of Marmara and its hinterland

Ecosystemsin the Seaof Marmaraare threatened
by domestic wastewater discharges and urban runoff
from metropolitan Istanbul and other cities; indus-
trial air and water contaminants; pollution from the
anchoring, loading, unloading and waste disposal
activities of ships; and the unique hydrodynamics of
the Sea that limit natural purification. These prob-
lems persist despite actions such asthe Golden Horn
Investment Project and the Istanbul Metropolitan
Waste Project.

|zmir Bay and environs

The L-shaped Bay along the Aegean coast covers
about 920 km? and has been seriously degraded by:
(a) very low dissolved oxygen caused by heavy loads
of domestic and industrial wastewater; (b) heavy metal
pollution from industry; (c) waste from port activi-
ties; and (d) hydrodynamic features that cause stag-
nation and intensify pollution in certain parts of the
Bay. The nearby Buyilk and Kigik Menderes and

Gediz water basins are also heavily polluted. The
partly completed Great Canal Project has found it
difficult to address the problems.

| stanbul Province

Turkey’smost popul ous province generateslarge
amountsof solid and liquid wastesfrom I stanbul and
other industrial areas, along with municipal solid
waste and sewage, its cultural and historic sites are
degraded, it experiences high levelsof winter air pol-
Iution, and isvulnerableto earthquakes and maritime
accidents.

Turkey has made great progress over the last fif-
teen years in creating mechanisms to address its
environmental problems: the 1982 Constitution
recognizes the right of citizens to live in a healthy
and balanced environment; an Environment Act was
passed in 1983; the Ministry of Environment was
created in 1991. Thus, Turkey’s environmental
management system and institutional base were both
in place before the 1992 Rio Declaration and Agenda
21 which set forthimportant changesin environmental
protection policies and management systems. Turkey
recognizes the necessity to harmonize national
environmental policies with approaches adopted by
such international documents. Public awareness and
demand for a clean environment are growing, and
active non-governmental environmental organizations
are emerging. Despite these positive developments,
environmental issues have not been adequately incor-
porated into economic and social decisions.

Eurasian ChemTech Journal 3 (2001) 257-266



A.N. Akin and Z.l Onsan 259

Turkish chemical industry

Turkey has been manufacturing chemicalsfor very
long time, being a producer of many basic and inter-
mediate chemicals, petrochemicals and plastics. To-
day Turkish chemical industry based on modern tech-
nology, hasdiversified its products and shown steady
improvement. There are about 6000 companies
manufacturing various chemicals in Turkey. 95 of
these companies are large scale, 208 companies are
medium scaeand therest areall small size companies
[5]. Most of the companies in chemical industries,
especialy private sector companies, are situated in
|stanbul, 1zmir, Kocadli, Adanaand Ankara. Thetrade
summary of Turkish chemical industry is shown in
Fig. 2.

In conjunction with recent industrial growth in
Turkey, the consumption and production of many
chemicals are growing rapidly, and the number of
chemicalsproducedisincreasing every year. In Turk-
ish chemical industry, there are about 160 companies
with foreign investment which have a share of 8.8%
of total foreign capital in Turkey. About 35% of for-
eign capital in chemical industry wasinvested inin-
dustrial chemicals, 37% was invested in plasticsin-
dustry and 6% was directed to oil and coal products
[5].

The coast of the Marmara Sea is the home of
Turkey’s densest population and industrial centers.
Most companies in chemical industries, especially
private sector companies, aresituated inthe Marmara
Region (namely Istanbul, Kocaeli and Bursa), | zmir,
Adanaand Ankara. In conjunction with recent indus-
trial growth in Turkey, the consumption and produc-
tion of many chemicals are growing rapidly, and the

number of chemicals produced is increasing every
year. Therefore, Marmara Region also generateslarge
amounts of solid and liquid wastes from industrial
areas, along with municipal solid waste and sewage
aswell asair pollution from gas emissions.

Turkish companies place considerableimportance
on complying with international standardsin produc-
tion. Turkey has reached the world standards as far
asraw materials, semi-finished and finished products
and trained staff are concerned. Large scale indus-
trial companies place a great deal of importance on
international standardsin production, and comply with
environmental legislation and regulations. Full
implementation of the Customs Union with Europe
and candidate to membership of the European
Community increase pressure for higher standards of
environmental quality. Most large scale companiesin
chemical industry have 1SO9000 Quality System
Certificates, and the number having | SO14001 Cer-
tificatesisincreasing. Besides, 98% of the members
of Turkish Chemicals and Manufacturers Associa-
tion (TKSD) have committed to the Responsible Care
Program [6] which is the worldwide chemical
industry’s commitment to continual improvement in
all aspects of Health, Safety and Environment per-
formance and to openness in communication about
its activities and achievements. The program is
regularly audited and monitored by TKSD.

Petrochemicals | ndustry

The petrochemical industry in Turkey isbased on
naphtha feedstock, and most of the feedstock is pro-
vided from TUPRAS refineries while the remaining
amount isimported. The dominant organizationinthe
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Fig. 2. Turkish Chemicals Trade Summary [6].
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Turkish petrochemical sector isPETKIM Petrokimya
Holding which is a public company. There are two
petrochemical complexes of PETKIM, one is in
Kocaeli (Yarimca Complex) and the other oneisin
Izmir (Aliaga Complex). In these two complexes a
wide range of petrochemicals, all common plastics
(HDPE, LDPE, PS, PVC, PP), aromatics, ethylene
glycol, phthallic anhydride, terephthallic acid, carbon
black, synthetic rubber, acrylonitrile and caustic soda
are produced.

BesidesPETKIM thereare no other big companies
acting in the basic petrochemicalsindustry other than
SASA with an annual production capacity of 250,000
tons of dimethyl terephthalate and BASER KiMYA
with an annual production capacity of 50,000 tons of
polystyrene. However, there are investments mainly
aimed for end products as downstream of basic pet-
rochemical products([7].

In Turkey, the growth rate of demand for petro-
chemical productsespecially inthermoplasticsisthree
timesmorethan world averages. For thelast ten years,
this rate has been 11.8% per year on the average.
Despitethishigh figure, thermoplastics consumption
per capitaisstill very much lower than that of devel-
oped countries. While thermopl astics consumption per
capita in the developed countries is 80-100 kg, in
Turkey this figure is about 25 kg which is a little
higher than the world average of 18 kg [8].

In the consciousness of protecting environmental
values, using al resources from raw materials to
energy in the most productive and effective way,
PETKIM, which voluntarily signed the «Responsible
Care»initiative, targets continua improvementinall
aspects of health, safety and environmental perfor-
mance. PETKIM ismodernizing waste treatment units
by using new technol ogies continuously, increasing
capacity and working sensitivity by additional invest-
ments. As a result of one of these investments,
PETKIM has changed the Hg-cell process operated
since 1985 by ion-exchange membranecell systemin
June 2000. There are still four chlorine-alkali plants
with mercury cells of other companiesin Turkey.

Petroleum Products I ndustry

TUPRAS-Turkish Petroleum Refineries Corpora-
tion, a public sector company, is the main producer
of petroleum productswith acapacity of 27.6 million
tonsper year. Private sector operatesonly onerefinery
(ATAS) with a capacity of 4.4 million tons per year.
Four refineriesof TUPRAS, located in Kocaeli, [zmir,

Batman and Kirikkale, produce L PG, naphtha, pre-
mium and regul ar gasoline, unleaded premium gaso-
line, jet fuel, gasoil, kerasene, lube ail, sulphur, fuel
oils, asphalt and other petroleum products.

All refineries have water treatment units, and the
quality of wastewater iswithin thelimits of environ-
mental standards. SO,, NO,, CO,, hydrocarbon and
particul ate emissions due to low quality fuel oil and
inefficient combustion of it and solid wastes are the
major environmental problems of this sector. Another
environmental problem is the quality of products.
Sulphur, aromatics and benzene contents of the un-
leaded gasoline are higher than European standards,
and also, leaded gasoline production is much higher
than unleaded gasoline production. However,
TUPRAS has some investments and projects for in-
creasing products quality and minimizing the produc-
tion wastes in order to achieve European standards
by 2005 [9].

Plastics and Rubber I ndustry

The domestic production of basic plastic raw ma-
terials naturally resulted in astrong plastics process-
ing industry. Plastics processing industry together with
rubber processing industry has a share of 6% in the
manufacturing industry of Turkey. Turkey manufactu-
resall kinds of plastic products, ranging from tradi-
tional to the latest developed products, such as plas-
tic construction and irrigation products, auto parts,
table and kitchenware, all plastic parts of electronic,
eectrical and householditemsand al kindsof plastic
packaging products. At present, there are about 4000
plastics processing companiesin the country that are
mainly small and medium scale[5].

In Turkish rubber industry there are four major
automotive tires manufacturing companies (Brisa,
Pirelli, Goodyear and Petlas) and about five hundred
small scale and medium scal e companies producing
and processing different kinds of rubber products. The
large-scale companies strictly obey the environmental
regulations and their waste management systems are
as good as in European Union countries. However,
therearewater and air pollution problemsinthesmall
and medium scal e enterprises, some of which are still
using chemicals producing nitrous-amines.

Textiles I ndustry

Since textiles sector iswell-developed in Turkey,
polymer production related to textiles has a so devel-
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oped simultaneously. L arge plants have been built for
the production of polyamide, polyester and acrylic
fibers, and production has been directed to both for-
eign markets and domestic market.

Turkey hasaround 400 textilesdyeing and finish-
ing companies and 70% of them are located in the
MarmaraRegion [10]. 58.4% of these companiesare
medium sized. Since Turkey isthe 6th highest cotton
producer of theworld, most of the dyeing and finish-
ing companies in the Turkish textiles industry are
based on cotton dyeing, bleaching and finishing.

In recent years, production costs in the textiles
industry have decreased due to increases in produc-
tion of textile dyes in Turkey. Production of textile
dyesin Turkey increased from1910 tonsto 5200 tons
in the years between 1992-2000 [10].

Costs of energy, chemicals and dyes, water sup-
ply and water treatment are theimportant factorsthat
influence the price of product in the textiles sector.
Energy consumption in the Turkish textilesindustry
ismuch higher than in Europe and USA, and most of
the companiesusefuel oil. Therefore, using clean and
cheap fuelswill be asolution for the problems of the
textilesindustry. Water recycling isanother important
process in the future of textiles industry in Turkey,
since water is an essential utility for this sector. At
present, all companies obtain their water supply in-
dependently from underground resourcesthat are de-
creasing sharply. In textiles industry almost all
companies have wastewater treatment units or are
located in the organized industrial regionswhich have
common wastewater treatment units. However, the
treatment yields of some companies are not good
enough dueto high utilization costs of these unitsand
insufficient control by governmental agencies.

Fertilizer Industry

Fertilizer industry is one of the key industries of
Turkey, which has vast agricultural potential. Today
there are six companies producing fertilizers exclu-
sively. Two of these arein the public sector and oper-
ate 12 plants. The private sector operates 6 plants. In
addition, three iron and steel companies (two which
are public sector) produce fertilizers as a by-product
and operate 3 plants. Among these companies only
| GSASthat isapublic company has | SO 9002 Qual-
ity System Certificate [11].

Although some of the companies have moderniza-
tion plans for the introduction of environmentally
friendly technologies, accelerated privatization of

some public compani es having obsol etetechnologies,
combined with environmental requirements, is
necessary for reducing pollution in the fertilizer in-
dustry. Environmental pollution dueto wrong use of
fertilizers has not been encountered in Turkey yet, as
the amounts of fertilizers used per unit arealow. In-
creasesin the consumption of fertilizersin thefuture
may cause such environmental problems unless the
farmersare educated on the correct use of fertilizers.

Pharmaceuticals I ndustry

The pharmaceuticalsindustry has become one of
the leading sectors of the chemical industry and ac-
counts for approximately 20% of the chemicals pro-
duction. Turkish pharmaceutical market has a great
volume due to the population of about 65 million.
There are 196 companies in this sector, and 84 of
them are production companies among which only
two of them are public companies[12].

Common pharmaceuticalsare generally produced
in Turkey, and those produced by newest technol o-
giesareimported. 90% of the raw materials of phar-
maceuticalsareimported. Thecompaniesin the Turk-
ish pharmaceuticalsindustry can be grouped into four
types[12]:

i) Foreign production companies that have built
their own production plants many yearsago and
have produced their products in these plants:
Bayer, Glaxo-Wellcome, Hoechst, Novartis
Pfizer and Roche are some exampl es.

i) Foreign production companiesthat havelicense
agreements with their Turkish counterparts and
produce their products in the plants of these
counterparts. Chugai, Pharmacia-Upjohn,
Sanofi, Syntex, Warner-Lambert arewithin this
group.

iif) International companiesthat have only marketing
activities in Turkey and sell the products pro-
duced on behalf of their companiesin different
national and international plants. Bristol Myers-
Squibb, Merck Sharp and Dohme, Smithlinke
Beecham, Wyeth are some examples of these
companies.

iv) Nationa production companies that have their
own licencesor havelicense agreementswithin-
ternational companies. Abdi Ibrahim, Bilim,
Deva, Eczacibasi, Fako, Ibrahim Ethem, Mus-
tafa Nevzat are among major Turkish pharma-
ceuticalscompanies.

Pharmaceuticalsindustry in Turkey compliesen-
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tirely with environmental legislation and regul ations,
and the number of companiesthose having SO 14001
certificatesareincreasing every year.

There are only 10 companies producing raw ma-
terialsand fine chemicalsfor pharmaceuticalsindus-
try in Turkey. Almost all are located in Istanbul and
Kocaeli, and only one of them is a public company
[12]. All companies have biological and chemical
wastewater treatment units and gas absorption and
combustion systemsfor polluted gas emissions.

Soap and Detergent I ndustry

Turkish soap and detergent industry has shown a
very good performance in terms of quality and
capacity. There are many companiesin the soap and
detergent industry; about 15 of them being the major
producers; among these companies are multinational
groups which enjoy worldwide reputation [5]. Large
scale industrial companies place a great deal of
importance on international standardsin production
and comply with environmental legislation and
regulations. However, air and water pollution abate-
ment problemsstill exist dueto small-scale enterprises
generally using old technologies.

Paints and Coatings I ndustry

Parallel to the developmentsin construction, au-
tomotive and marineindustries of Turkey, paintsand
coatingsindustry has also devel oped and has become
one of the most dynamic sectors of the Turkish
chemical industry. Thereare about 400 manufacturers,
nearly 10 of which arelarge scale companies[5]. 60%
of the companies use modern technol ogiesand comply
with the environmental regulations.

Mining Industry

Turkey hasthe largest sodafactory in the Middle
East. In addition to light and dense soda ash, refined
sodium bicarbonate and sodium silicate are produced
at the Mersin plant that strictly obeys environmental
regulations[13].

Turkey also enjoys a comparative advantage in
boron chemicals (borax decahydrate, borax penta-
hydrate, boric acid and sodium perborate) dueto the
size of her reserves (65% of the world reserves), the
quality of minerals and proximity to the consumer
markets. Eti Bor isthe only company with three plants
in this sector, and investments have been madeto pre-

vent environmental pollution by its plants. The
company also has someimprovement projectsand new
investmentsin order to reduce solid waste in the pro-
duction of boron chemicals[13].

Being among the top five countries supplying
chromium oreto theworld markets, Turkey produces
and exports some of the major chromium chemicals,
such as sodium bichromate and basic chromium sul-
phate.

Survey of seriousindustrial sourcesof wastes
in Turkey

Air Pollution Sources

Turkey’s three principal energy sources — petro-
leum, lignite and fuel wood — are the most responsible
for ambient and indoor air pollution. SO, and NO,
emissions mainly stem from combustion of very low
quality lignite by industries, energy transformation
and householdsusing outdated and polluting technol o-
gies. Also, therelatively low efficiency of energy us-
age by industries, transport and householdsresultsin
higher consumption of energy resources and higher
levelsof pollution. Moreover, power plantsroutinely
exceed the SO, emission standard. 60% of the power
plantsin Turkey are fossil-fuel power plants and 53
% of total power production of Turkey is obtained
from power plantsusing lignite [14].

Air pollution from motor vehiclesis a persistent
and growing problem. Therearelarge amounts of old
technology vehicleswithout catalytic converters. Fuel
pricing is also not consistently applied to limit the
use of polluting fuels. Unleaded fuel issold at about
the same price as premium leaded fuel, so consumers
have no incentive to switch. Unleaded gasoline pro-
ductionwas only 19% of national petroleum produc-
tionin 1999 [9]. On the other hand, sul phur, aromatics
and benzene contents of the unleaded gasolinein Tur-
key are higher than those set forth by European stan-
dards.

Onthepositiveside, city-specific dataindicate that
ambient air pollution from particulates and SO, has
significantly declined during the first half of the last
decade, due to two major decisions concerning the
fuel mix. First, low quality, high-sulphur domestic
coal was prohibited for household heating and was
replaced by higher quality imported coal. Second,
major investments were made in supply pipelines,
household distribution networksto substitute natural
gasfor coal in severa cities.
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Design of catalytic gasfiltersfor toxic gases, NO,
and CO, emissions, use of clean and renewable energy
sources and efficient combustion of fuels should be
considered as major solutions of air pollution prob-
lems of chemical industry in Turkey.

Water Pollution Sources

Small industries pose aspecia wastewater pollu-
tion problem since environmental policies (e.g.
incentivesto modernize technol ogy) and servicessuch
aswaste treatment and environmental education has
been sofar limited. Dischargesfrom small enterprises
are poorly managed. Only 34.6% of al industrial en-
terprisesarelocated in small industrial sites, and only
1.4% are in organized industrial estates[1]. Turkey
has 190,000 small enterprises (up to 24 employees)
that employ 43% of theindustrial workforce. These
enterprises are concentrated in sub-sectorsincluding
highly polluting activities such as textiles/clothing/
leather, metal products/machinery/equipment, food/
beverages/tobacco, and forest products/ furniture.

Rapid urban popul ation growth and industrializa-
tion have strained liquid waste management systems,
and utilities have been unableto keep pace with grow-
ing demand. Industria pollution hasbeeninadequately
controlled, only low levels of industrial wastewater
has been treated. Industrial growth wasmost rapidin
the chemical, petroleum, coal, and rubber industries,
followed by paper and printing, and food/beverages/
tobacco. Although industriesthat produce hazardous
wastewater are required to pre-treat their effluents
before discharge, treatment facilitiesarelimited. Even
if they exist, many do not operate properly. Opera-
tion of hazardous waste treatment facilities and dis-
posal istheresponsibility of metropolitan municipali-
ties. However, since municipalities are constrained
by low sewerage charges, lack of investment capital
and inadequate staff, very low levels of domestic
wastewater aretreated. The bulk of untreated or par-
tially treated sewageisdischarged into surface water.
Seepage from sewage systems and open solid waste
dumps that contaminate groundwater are the main
causes of degraded water quality. Another source of
water pollution isthe pesticides polluting the soil and
water, banned elsewhere but still used in Turkey [1].

Expanding the quantity and quality of wastewater
treatment facilities, and encouraging more private
sector involvement in water and wastewater utilities,
in provision and management; and enforcing indus-
trial wastewater treatment standards and measures

especially in state enterprises, establishing organized
industrial regionsthat group small enterprisesworking
in the same sector and provide suitableinfrastructure
and services are the major subjects that should be
considered to get rid of water pollution problemsin
Turkey.

Solid Wastes

Although a solid waste control regulation
emphasizing recycling and safe disposal was intro-
duced in 1991, the level of programs and policiesto
reduce, reuse and/or recycle solid wastesislow. The
record of state enterprisesis poor. They send 54% of
industrial solid waste for disposal, rather than
recycling, reusing or selling it, compared to the 21%
of private firms. As with wastewater treatment pro-
grams, they can avoid regul ations because one gov-
ernment agency cannot enforceitspoliciesand rules
on another. Outside of cities, mining and rural power
plants are important sources of industrial waste.

Local capacity with respect to financial resources,
equipment and staff is low. Rapid urban population
growth has strained the systems for solid waste
management, and municipalities have been unableto
keep up with growing demand in the rapidly expand-
ing peripheries. Also, for solid waste management,
the two most common approaches adopted in other
countries (contracting collection services and
concession contracts for developing and operating
waste disposal facilities) are difficult to implement.

There is only one hazardous waste landfill oper-
atedin Izmir and and one hazardouswasteincineration
plant is nearing completion in Kocaeli. Some major
cities are only now building or operating their first
sanitary landfills (e.g. Ankara, Bursa, Gaziantep,
Istanbul, 1zmir, Mersin) [15]. Today, mostly small
and medium scale enterprises send their toxic and
hazardous solid wastes to the domestic open dump
sites of municipalities. Open dumps experience prob-
lems with leachate that contaminate surface and
groundwater, and create odors, firesand methane gas
explosions. Dumping into seas, lakes and rivers pol-
lutesthese bodies, while open burning contributesto
air pollution.

Conclusions
Throughout the 1990's, “Green Chemistry” has

been recognized as a new scientific approach to
environmental protection in developed countries. In
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the meantime, the Seventh Five Year Development
Plan of Turkey (for years 1996-2000) statesthat Tur-
key should devel ope anational environmental policy
emphasizing pollution prevention rather than clean-
up. Research and development in environmentally-
sound technologiesand in effective use of energy and
environment-friendly renewable energy technologies,
and nation-wide applications are the suggestions
within theframework of the Turkish Scienceand Tech-
nology Policy for theyears 1993-2003. Based on these
policies, Turkey has made great progressin the solu-
tion of her environmental problems. Government has
supported many projects on technology upgrading
through the Scientific and Technical Research Council
of Turkey (TUBITAK) and the Technology Devel op-
ment Foundation (TTGV).

Signing of the Customs Union with the European
Union in 1995 and candidacy to the membership of
the European Unionin 1998 have also increased pres-
surefor environmentally friendly production processes
in Turkishindustry. Almost al |arge scale companies
have investments to improve their technologies for
obtaining 1SO 9000 and 14001 certificates.

Among new investments in the Turkish industry
is the phasing-out of ozone depleting substances
(ODS). In 1992, the Government of Turkey, with the
assistance of the World Bank, developed a strategy
for the phase-out of ozone depleting substances (ODS)
as part of the Country Programme. Although Turkey
isan Article 5 country, the government has decided
to phase-out OD S usage in manufacturing by the year
2000 [16]. At present, major refrigerator and foam
companies have converted their production lines to
new technologies using ODS-free agents. These
achievementsand an award given by United Nations
in 1997 show that Turkey isasgood asthe devel oped
countriesin thisrespect.

The ODS phase-out management scheme now
needs to be extended to small enterprises including
the sector of refrigeration servicing. Thisis amore
tediousand difficult processthan technological change
realized at thelarge scaleindustries. The reasons be-
hind are lack of economical incentives, proper train-
ing, the complex structure of small enterprises and
the servicing sector in Turkey and lack of sub-struc-
ture for recovering and recycling CFC’s. The Tech-
nology Development Foundation (TTGV), founded
by the joint efforts of private and public sectors, has
been given theresponsibility for identifying and pre-
paring investment projects for ODS phase-out in al
the ODS consuming sector, for informing particularly

small and medium sized enterprises about the
reguirement to phase-out ODS use and about the tech-
nology options and assistance available to them to
switchto alternatives;, TTGV isalso to prepare dem-
onstration projects to further assist in providing
information on phase-out possibilitiesin each sector
aswaell as supervising and monitoring the sub-projects
[16].

Some other examples of environmental friendly
technologiesintroduced recently may be summarized
asfollows:

Petkim has compl eted the project for the conversion

of thechlorine-alkali plant from mercury cell tech-

nology to membrane cell technology in the year

2000.

Tuprasrefineries haveinvestmentson the projects

for producing unleaded gasoline in EU norms by

the year 2005.

Chemicals producing nitrous-amines are not be-

ing used anymore by major tires manufacturing

companies.

Linear akyl benzene (LAB) hasbeen used instead

of dodecyl benzene sulphonatein soap and deter-

gent industry since many years.

Since Turkey is presently undergoing atransition
from pollution abatement to pollution prevention, the
investmentsfor clean-up technologiesare continuing
during thistransitional phase. Management of indus-
trial wasteistop priority in environmental protection
efforts of Turkish industry. Currently, there is an
urgent need for regul ated waste recovery and disposal
facilities at adequate numbers and capacities.

In the consciousness of protecting environmental
values, using all the sources from raw materials to
energy inthe most productive and effective way, the
companies that have signed the «Responsible Care»
initiative are modernizing waste treatment units by
using new technol ogies continuously, increasing the
capacity and the working sensitivity by additional
investments. Involving the small and medium scale
enterprises (SME'’s) in «Responsible Care» commit-
ment is among the planned activitiesof TKSD for
the 2000's.

Environmental problems linked with SME’swill
have been solved by establishment of organized in-
dustrial regions. A general nationwide evaluation
showsthat [17] SME’soccupy animportant placein
the economic and social fabric of Turkey, in terms of
three important indicators including the number of
enterprises, the number of employeesand value added.
KOSGEB (Small and Medium Industry Devel opment
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Organization), a public agency associated with the
Ministry of Industry and Trade, has been created in
order to help these enterprises to adapt to scientific
and technological innovations swiftly with view to
ensuring that they operate effectively so that both their
competitiveness and revenues increase, resulting in
greater contribution to our economy at themacrolevel.

Anintegrated waste treatment project (first of its
kind) for the highly polluted Kocagli areais nearly
completed. Itincludesasanitary landfill for municipal
and industrial solid waste, an incinerator for medical
and hazardous wastes, awastewater treatment plant,
sewage interceptor and river rehabilitation. Also, In-
dustrial Chambers of Kocaeli and | stanbul have acti-
vated the Waste Stock in 1999.

The private sector is a key environmental actor,
asits enterprises generaly perform better than state
enterprisesin Turkey, treating almost twice as much
of their wastewater and spending less than half as
much for final disposal. State enterprises generate
more than half the industrial solid waste and indus-
trial discharges of BOD and COD. Thisimpliesthat
accelerated privatization of state enterprises, combin-
ed with appropriate environmental safeguards and
requirements, could reduce industrial pollution. As
private enterprises al so provide environmental goods
and services, they maintain expertise and supply
equipment for wastewater treatment, water purifica-
tion, solid waste management and air pollution control

The adaptation of innovative chemical technolo-
giesthat incorporate the principles of Green Chemistry
into chemical design, manufacture and use by
chemical industries, especially SME's, will be akey
issue for the achievement of Turkey’s economic and
environmental goals. Priority projects are needed for
integrating the environment into development plan-
ning of Turkey.

It should be stressed that advanced material tech-
nol ogies, new biotechnol ogy and genetic engineering
are progressing towards becoming global technolo-
gies, and these technologies are likely to play a key
roleinthe 21st century that iscomparableto therole
of information technol ogy today. Catalystswhich are
considered as advanced materials play a major role
in the developments of alternative environmentally
benign manufacturing technologies. Catalysisfor sus-
tainable chemistry isan important scientific and tech-
nological areafor the devel opment of environmentally
friendly chemical processes.

Because of lack of regulatory enforcement in the
environmental protection field, extensive use of

catalytic technologies is not widespread in Turkish
industry. Most of the industrial process equipments
are utilizing end-of-pi pe solutionsfor environmental
protection issues at the plant level. Converting to
catalytic technologieswill requireinforming the up-
per management of the companies and training of the
plant managers on more effective technologies. Also,
country-level ingtitutional mechanismsand some spe-
cific incentives on the use of the new technologies,
along with demonstrated cost/benefit analyses, would
be helpful to encourage the companies to consider
utilization of catalytic technologies. Periodic techni-
cal expositions and symposia on catal ytic technolo-
gieswould also be useful for the industry sectors.

The following are the industry sectors that can
benefit from clean-technology programs involving
catalytic technologiesintheinitial phase:

Textiles (involving chemical treatment)

L eather tanning and dyeing

Foundries,

Chemicas

Automobileauxillaries

Power cogeneration

In conclusion, although still strong action is
needed, sensible changesare underway inthedesign
approach of Turkey’'s sustainable environmentally
benign devel opment.
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