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1. INTRODUCTION

In the autonomous province of Kosovo there is s large open cast lignite
mining operation at Obili& near the capital city of Pristina. Associated with
this source of fossil fuel are two electricity geserating stations, a
gasification plemt snd a fertilizer factory. To provide scientific and
tecbnical support for the Electric Power industry of Kosovo the Imstitute for
Research and Development (INKDS), which is located adjacent to one of the power
plants, has been functioning in its present form since 1979. INOS is a small
institute (about 100 total staff) and covers a wide range of disciplines
including wmining and wineral processing, chemical engineering, electric power
generation and envirommental science.

One of the two projects set up dy UNIDO :o0 strepgthen the facilities and
expertise of INKOS is described in Appendix A, and :ts objectives for the

present mission given as follows:

The expert will execute the following tasks in co-operation with the
Institute for Research and Development (INKOS), in the Scoialist
Autonomous Province of Kosovo:

1. Assist INKOS staff prepare neutral technical specifications for
analytical instrumentation to be used in the detection and quantification
of orgsnic pollutants. This may include gas chromatograph ancillary
detection and sempling equipment.

2. Suggest potential host institutions and content of training for the
proposed fellowships and study tours concerning the use of gas
chromatography in the detection and quantification of organic
pollutants.

3. Advise on the ssmpling programme to be undertskes by INKOS to enable them
monitor effectively the extent of pollution, by toxic organic compounds,
of the immediate envirooment sround the Kosovo gssifier plant.

4. Prepare a report in English for the concerned Nstional Authorities, UNDP
and UNIDO, setting cut the mission findings and recommendstions.




At this stage in the report it should be appreciated that slthough the
present study and DP/YUG/87/020 have separate objectives in certain areas such
as the enviromment, Figure 1, snd also in the laboratory facilities, there is a2
commonality of interest. Furthermore, both missions were uudertaken during the
seme time period and at some wmeetings the two projects were both under
discussion. However, it is essential to report the two missions sepsrately, but
where appropriate cross references will be made to items relevant for both

projects.

2. DIARY OF VISITS AND MEETINGS

As already pointed out there are some common features to the two projects
therefore for the two reports paragraph 1 (except for the objectives) and
paragraph 2 are identical. The subsequent paragraphs in the report will be

specific to each project.

19.9.88

DAY 1 Briefing session at UNIDO Vieona. Owing to the postsl strike in
the UK it vas necessary to visit Ms Ann Emery, Ms L Taylor and Ms Draxler to
complete the administrative procedures. Full technicsl briefing was received
from Mr R C Williams.

DAY 2 Flight to Belgrade

DAY 3 Briefing session at UNDP Belgrade. Background information to the
work in Kosovo was given by the Progrsmme Officer - Caroline Heider.

Administrative requirements wvere also dealt with by Ms Beider.

1 was given & copy of the genersl description of the gasification plant
st Obilic, which I promised to return sfter completion of the mission.
Ms Heider asked me to forwvard some general articles on important envirommental

issues which I agreed to do.

The flight from Belgrade to Pristins was delayed and being met st the
sirport by Mr B Jonuzi and Mr M G Jockie very such appreciated.
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DAY 3 Visited INKOS. Meeting with Dr Slobodav Djekie (engineer business
board), Dr Januz 2eqa (chief chemist?*, Mr Basri Jonuzi (department of
envirommental protection), Mr Milan Jockie (Department of envirommental
protection) and Prof Alajdin Abazi {president of business board). Prof Abazi

was introduced but owing to another concurrent meeting cowld not stay.

A general review of the Institute's activities was presented and 1
indicated areas of wy own and other research and development work relevamt to

the situation at Obilic.

Following the meeting to prepare an itinerary of visits a short
presentation on the significance of emissions and immissions (the concentrations
st receptors in the ambient atmosphere) was made. Options were considered on

the vay to determine emissions from stationary sources.

DAY & Dialogue with Mr Januzi and Mr Jockie covered INKOS activities at
the powver stations, gasification and fertilizer plants. The facilities relevant

to the projects were examined and included:

A mobile laboratory for the measurement of ambient concentrations of
geses viz 03 (Bendix 8002); SO; (Monitor Labs 8450) - 2 wmodules; NO,
(Bendix 8440) - 2 modules; CO (Bendix 8501); Environmentsl Chrosatograph (Bendix
8270); Dynamic Calibration System (Bendix 8852) and Air Purification System
(Bendix 8833). The Laboratory was not in operational condition owing to no span

gases being available (but are on order).

Equipment for measuring particylate emissions st source by an extractive
sethod included s Strdhlein dust collection system and an 'in-stack’' Andersen
impactor.

The analytical facilities within INKOS are ratber limited, but cover
basic instruments and ecuipment such as atomic sbsorption, reflux and extraction

units, calorimeters and spectrographs.

In addition one Andersen (Genera) Metal Works Inc) Hi-Vol sampler for

determining smbient particle concentrations is available.




26.10.88
DAY 5 Visits to Kosovo 'A' and Kosovo 'B' Power Plants.

Figure 2 indicates the location of the two power plants and Pigure 3 the
local topography and river Sitmicas.

The director of 'A' station is Mr Janskovic and the total coeplement of
bis staff numbers about 1700. There are five steam boilers burning lignite ss 2
fuel and generating the following nowinal outputs:

Al 65 M Installed 1962
A2 125 W ” 1965
A3 200 Mw " 1969
A4 200 MW " 1971
AS 200 mw " 1975

Each boiler has its own stack with discharge heights of Al-A5 of 90, 96,
106, 106 and 120 metres respectively. A general imspection of the plant covered
the combustion systems, boilers, stesm turbines, electrostatic precipitators and
ash/clinker disposal. Facilities for ssmpling emissions and general

instrusentation were also inspected.

The annual consumption of lignite is of the order of 3.8 Mte at the ‘&’

station.

The °'B' station employs a staff of asbout 1000 and the director is
Mr F Nshi. There are two steam boilers, burning lignite as a fuel, each unit
with a nominal output of 339 MW (boiler Bl installed in 1983 and B2 in 1984).
The flue gas from the two boilers feeds into a common stack with a discharge
beight of 200 metres. Ssmpling positions were exsmined as well as the genersl

instrumentstion of the boiler plant.
DAY 6 Visit to Gesification and Fertilizer Plant
The first discussion was with the director of the fertilizer plant

(Mr Mitat) and directors of the gasification plant (Mr Djerlek and
Mr Restelics). Unfortunately the two plants were not working owing to problems




wvith the stesm plant supplying process stesm for the gasifier and other

technical difficulties.

Froduction of gas bas an installed capacity of 400 x 105 Ma3/year and
present production is about 120,000 h3lyear. The targetted capacity of the
fertilizer plant is 250,000 toones/year and 120,000 tonses/yesr achieved. It is
necessary to receive ammonia from amother source to keep fertiliszer productios

st its present level owing to difficulty with the W3 syathesis plant.

Problem areas were identified as the gasificatios sand fertilizer plants
together with suvitable sampling points for potential pollutants. Although the
gasification plant was not operatiomsl, st certain locations om the site
residual HS snd mercaptans were evident. Methodologies for ssmpling st the

sites were also considered.

DAY 7 Discussion vith technical staff at IMKOS op the plant visited and
the questions posed in my wmind. Repor s of isterest to the technologyl“
wvere presented and those produced by 1087 studied.

DAY 8 The requirements for equipment, fellowships and training were
established and where possible specified. Work programmes were identified and a
timetable for activity prepsred.

DAY 9 A review of all the TMKOS activities was held at the institute and
1 prepsred network and sciivity charts. A visit wvas made to the Pristina
University library to obtain informsticn on local topography and sites of
interest to the project.

DAY 10 Visited gsification plant because one gasifier unit was coming on
streams.

Returned to INKOS and presented network and activity charte.

DAY 11 Obtained further combustion informstion from the chief engineer
of Kosovo 'A’' power station. Presented s verbal snd outline written report to
the Director snd staff of the Institute.




DAY 12 Plight from Pristina to Belgrade and Belgrde to Vienna.
DAY 13 Debriefing cession wvith Mr R 0 Williams.

DAY 14 Completed debriefing in the morning and returned to the UK in the
afternoon.

3. DISCUSSION

In meeting the tasks of the present mission, reference has been made to
the work previously carried out at the Gasification Plent by the United States
Eoviroemental Protection Agency (USEPA). The USEPA study involved three
ssmpling campaigns in 1977, 1978 and 1979 to cover three different seasons in
total. A description of the plant and the process flow diagrems are given in
Appendix B. Dats are also given on concentrations/emission rates for solid,
liquid and gaseous pollutants. Application of these data provide a starting
point and it is then possible to plan future csmpaigns using more up-to-date
sampling and analytical equipment for monitoring and chemically characterising
emissions. A knowledge of the locating rate and composition of the emissions
can then be used with smeteorological data for atmospheric dispersion estimates
ss well as validating a model using measured ambient concentrations. A range of
tentstive gaseous and particulate orgsnic concentrations near the gasifier is
given in Table 1, but other information is essentisl, i.e. averaging times and
meteorological data, used for assessing their significance is not avasilable.
Nevertheless, the organic pollutants, some of which sre included io the USEPA
(Method 610) priority pollutants, can serve as indicators and will also provide
an input for field studies where a 'fingerprinting’' approach to wmodelling is

Bearing in mind the multiplicity of sources, pathways, pbysical and
chemicsl composition the next chapter vill desl vith spparstus and equipment,
fellowvships, training and visits. During the mission relevant publications were
given to IMKCS =::f{ in prepsration for the proposed future sctivities.




TABLE 1. - Tentative ldentification and Range of Concentrations of

Vapour and Particulate Phase Constituents in Samples Collected
Near Yugoslavian Gasifier

Vapour Pbase

Particulate Phase

Range of Range of
Tentative Concentra- Tentat ive Concentra-
Identification tions, Identification tions,
ug/a3 ug/nd

Benzene 0.33-1.8 Biphenyl 0.29-4.2
n-C 9!!20 0.16-1.0 '-leHQO 1.8-11
Toluene 0.74-9.0 Phenanthrene =b
n—C, ., 0.16-0.60 2-Co ol 0.44-2.0
Ethyl Benzene 0.46-1.3 C)4-Benzene -¢
m-Xylene 0.20-1.3 0-C21Hs4 1.0-1.7
p~Xylene 0.38-3.2 C)4-Benzene -¢
o-Xylene 0.24-1.6 n-C22H46 8.5-28
Cumene 0.02-0.38 Floranthene (+ Hyc:->carbon) 0.93-1.1
C3—Benzene 0.11-0.52 n-c23368 5.4-13
03-Benzene 0.25-2.0 n-cz 4“50 1.6-3.8
Mesitylene 0.06-0.58 M3 256 + 274 -
C3-Benzene ND-0.51 n-Cz snsz 6.2-18
C3-Benzene 0.21-2.2 n-Cz 6’54 3.9-16
C3-Benzene 0.10-0.81 Bis(2 Ethyl Hexyl) Phthalate §3-120
o-Methyl Styrene WD-0.11 MW 2269 -
Benzaldehyde 1.1-2.8 0-C27Bs¢ 19-10
Acetophenone 1.3-3.0 n—Coglisg 13-12
Naphthalene 0.02-1.5 C4-Guinoline -
2-Methyl Naphthalene  0.03-0.25 n-C29Hg0 11-21
1-Methyl Naphthalene 0.01-0.15 n-C30H62 2.2-7.9
Phenol 0.16-2.3 Benzo(bj or k)Fluorsnthene 2.3-6.2
o-Cresol ND-1.0 n-C318Hg4 7.1-13
Biphenyl 0.04-0.09 n-C32866 1.6-7.2
Indole 0.02-0.13 n-C33868 2.2-6.5
p-Cresol ND-0.24 n-Cy4870 1.1-3.6
»—Cresol ND-0.36 n-C3sHy2 0.8-2.9
p~Ethyl Phenol KD-0.16

anos

Not Benzo

ND = Not Detected
Incomplete resolution prevents quantitation
Standard not available for quantitstion




&. APPARATUS AND EQUIPMENT* K FELLOWSHIPS, TRAINING, VISITS AND ACTIVITY

4.1 Apparatus and Equipment

The major items of apparatus and equipment are specified below. Smaller
items such as chromstographic columms asud gemeral lsboratory equipment will
follow when the major equipment suppliers are idenmtified. It should be noted
that INKOS slready has a General Metsl Works' Hi Volume particulate Ssmpler and
therefore I bave specified and identifipd a sampler for psrticulate and vapour
phase organics manufactured by the same company.

4.1.1 A

ratus for the Determinati Volatile Organic

- One wulti-shot thermal desorption apparstus suitable for stainless
steel tubes contsining Tenax or similar absorbezts. The dimensions of

the tubes to be specified by the supplier.

= One gas chromatograph integrated with the thermsl desorption apparatus
(as specified) and with oven dimensions and progrsmming suited to

determinstion of trace levels of volatile organics.

- The GC (as specified) should be fitted as standard with a FID and the

necessary gas controls

= The specified thermal desorption apparatus and gas chromstograph should
be controlled from a micro-computer keyboard, and the micro-computer

should have installed as standard:

A. A comprehensive chromstography dats snalysis facility
B. [PFloppy disk drives
C. Winchester disk drive

* A flame Photometric Detector (FPD) will be purchased if sllocated funds
permit. If not INKOS should consider purchasing one from its own budget.

10




= Separate to the items already specified, but with demonstrated
compatability, a detector capable of discriminating between analyte

wolecules by mass fragmentation is required.

rocarbons (PARs)

&6,1.2 ratus for the Analysis of Polyaromatic

= Ove high performance liquid chromstograph (HPLC) providing rheodyne or
similar injection port, isocratic and gradient solvent programming,
thermo-controlled column enclosure and UV detector.

Varisble wavelength fluorescence detector with a flow cell suitable for

HPLC effluent measurements.

= Tvo chromatographic cclumns suitable for the determination of the 16
priority pollutants f.r PAHs specified dv the United States EP# (Method
610).

4.1.3 Particulate and Organic Vapour Sampler

- One Andersen (manufactured by General Metal Works) Model PS-1 PUF
(Polyurethane Fosm) sampler.

=~ One QMW Calibration Kit with NBS curve.
= One additional glass cartridge.

The sampler to operate from a 115V 50 cycle electrical supply.
Estimated cost $46200.

A.2 Fellowships, Training and Activity

Pigure &4 is a 'Bar Chart' indicating the proposed activity plan. The
plen has taken into account the requirements given by INKOS and seeks to present
activity in a logicsl vay leading to an adequately equipped and trained staff.
Clearly there will be varistions from the plan csused by problems such as INKOS
steff availability snd the organisation of host institutions but in my view the
overall timescale is realistic,

11




Circulation of tenders for instruments snd equipment.
Assessment of tenders and placing orders for imstruments and equipment.

At this stage additional items, depending on masjor items of equipment

selected can be ordered. Also a check will be made of conformity to the

Receive, check and bench test vhere appropriate. 1In the case of the gas

chromatograph and high performsnce chromstograph a visual check only.

Set up laboratory at INKOS to accommodate GC, BPLC, FPD, Extraction,

Desorption and laboratory support facilities.

Evaluate analytical procedures for samples of known composition.

Check sampling procedures and analytical methods for source emissions,

Carry out ‘pilot' sampling and measurement campaign for emissions,

Assess the environmental significance of the pilot study.

Commence sampling and measurement caspaign.

4.2.1 Key to Bar Chart Activity
(1)
(2)
budget ceiling of $128K.
(3)
(&)
(5)
(6)
workplace and/or ambient atmospheres.
(7
workplace and ambient atmospheres.
(8)
9) Plan 'full-scale' sampling campaign.
(10)
£.2.2 Fellowships and Training
(11)

Methods of desorption/extraction of organics from substrates and/or tenax

or similar sbsorbents.

Identification and quantification of the desorbed/extracted organics.

Although not essentisl it is preferable for the fellowship candidate to

cover the two areas of specialisation st ap institute with similer

12




instrusents/equipment to those specified under 4.1.1.

A period of & months is proposed by INKOS and in my view is the minimum
required. The following candidate host institutions are suggested:

(i) Warren Spring Laboratory (WSL), Stevenage, Berts

(ii) Bealth and Safety Executive (HSE) Lsboratory, Cricklewood
(iii) M-T-TNO, Apeldoorn, Netherlands

(iv)  Argonne National Laboratory, Argonne, Illinois 60439, USA

If institutions (i) and (ii) are used they are within 30 km of each
other ,HSE specialising in occupational hygieme and WSL in source

emissions and the ambient smtosphere.

(12) Methods for sampling organics. The proposed host organisations for item
(11) are suitable candidates If a fellowship is arranged in the UK 1
suggest British Gas, Westfield Development Centre in addition to HSE and
WSL. For the period of 2 months proposed by INKOS spproximately 3 weeks

at each location should provide a full insight into organic sasmpling.

(13) The Lurgi Process for the Conversion of Coal into Gas. This ares of
specialisation is outside my terms of reference but INKOS state that a

fellowship of one month is required.

(14) Methods for Qualitative and Quantitative Analysis of PAHs. The proposed
host organisations for item (1]1) are suitable. A one month fellowship is

required.

5. SAMPLING PROGRAMME

The sampling positions on the gasification plant are shown in Figs Al-A7
of Appendix A. 1In addition Fig. 5 shows the proposd location of three smbient
sampling sites for the determination of orgsnics in the particulate and vapour

phase.
The sections of the gasification plant to be studied include:

generators, phenosolvan, ter separation and storage, CO, vent, rectisol

section, vaste gas flare, slag and waste wvater emissions.

13




Orgenic compounds in the following groups after cspture will be measured

GC - Aliphatic HC
GC/FID Aromatic HC
GC with Nitrogen Detector - N Aromatic Compounds

GC/FPD - S Aromatic Compounds
HPLC/GC = PAHs

HPLC/GC - N Heterocyclic BC
GC = Phenols

GC = Mercaptan

Organic compounds in the liquid phase will measure 'head space’ analysis
where applicable. In 8ll cases of sampling, wvork-up, fractionation, final
analysis and data reduction validation methods will be used. The validated
sethods incliude US NIOSK/UK HSE/US EPA/other appropriate National standards.

The emission of NO; from the gasification and fertilizer plant together
with the NO, emissions from the power plants indicate that ambient monitoring
for WOz should be conmsidered within a radius of about 5 km. A useful low-cost
method® is to wuse passive diffusion tube ssmplers for wmonitoring NOy

concentrations in the ambient atmosphere.

6. MONITORING DATA IN TERMS OF ENVIRONMENTAL IMPACT AND OCCUPATIONAL HYGIENE

The wonitoring and measurement of pollutasts at the gasification plant

will have three main outputs:

(i) to provide information on features - the plant operstion;

(ii) to enable a pollutant emission inventory to be produced in terms

of concentration/mass/physical and chemical composition/rate;
(iii) to determine 'worker' exposure to pollutants in the working

environment snd provide dats on fugitive (adventitious) emissions

from the plant.

14




6.1 Assesssent of Risk from the lecurrig& Emissions

There are two principal areas of risk from the emissions, the first being
to human health and the second of environmental damage. The second Tisk will

oot be considered.
The risk assessment from the study should include the following steps:

(i) Identify the heaslth effects of the constituents of concern as &

function of concentratior level.

(ii) Predict and/or measure the concentrations to which the general
public may be exposed and determine ‘worker' exposure by

measurement (personal sampling or fixed point sampling).
(iii) Estimate the health impact of such concentration exposures.

A comprehensive publication? on exposure wmethodologies has been
prepared for the United States Federal Register and covers the requirements of
the present study. Using these methodologies it is possible to apply published
models in conjunction with wmeteorological and topographical conditions.

Figure 3 indicates the local topography and Figure 6 a wind rose.

7. CONCLUSIONS AND RECOMMENDATIONS

® Within the financial constrasints of the programme technical specifictions
have been prepared for sampling and asnalytical equipment. Further
supportive lsborstory/snalytical apparstus of second order cost will be

specified following selection of the msin equipment.

) The expertise required for the characterisation and quantification of
toxic and/or carcinogenic compounds is demanding and the proposed
training periods should be regarded as s minimum. It is recommended that
sn expert from the host orgsnisation visit INKOS for a short period
(2 weeks) following the completion of the analytical laboratory and
installation of the equipment. Preferably the visit should be after s
‘pilot scale’ monitoring exercise so that selected samples of orgenic




particles and vapours can be analysed both at INKOS and subsequently at

the host institution for checking.

Ssmpling locations at the gasification plant follow those previously
selected (Appendix A) by a USEPA study, but will ioclude additional areas
of potentially high risk e.g. PAH concentrations at the tar pumping

station.

In the smbient atmosphere sampling positions have been selected at three
locations. It is strongly recommended that these locations are at least
75 metres from external sources that could vitiate the results. These
sources include road traffic (particularly diesel engines), houses where
fossil fuel is used and small commercial activities all of which can emit

organic compounds in particulate and/or gaseous form.

It is recommended that in addition to measuring the emissions iu the slag
and wastewater, bench-scale leachability tests are carried out omn the

slag.

As a follow-up to the gasification plant wonitoring csmpaign a
feasibility study should be undertaken on remedial sbatement measures
with reference to the cost effectiveness of achieving poilutant reduction

viz cost per unit of pollutant abated.

Consideration should be given to using s percentage of the gas produced
to improve combustion at Power Plant A. It is possible that s gas-line
already instslled could be utilised. 1f tbis is practicable and
economically viable the possibility cf directing sowe of the vent gases

should also be explored.

Improvement in the Lurgi Gemerator operating conditions could result in
lover pollutant emissions as well as s higher conversion efficiency.

Such a programme of test work could be incorporated in a sempling

campaign.

A reiterated complaint for this mission is the highly variable quality of
the lignite. Repid and simplified snslyticsl procedures should be

considered so that sudden varistions in lignite quality can be avoided




and the operating conditions for gasification optimised to suit the fuel

composition.

® It is recommended that where possible simplified sampling and analytical
procedures should be employed as developed. In particular the snalysis
of organics can be extremely time consuming snd expensive and such
techniques as ‘'fingerprinting' can be helpful in providing useful
information at lower costs. The use of passive sampling for NOy is
another technique which can provide data in the smsbient atmosphere st

relatively low cost and staff involvement.
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URITED RATIORS INDUSTRIAL DEVELOPMENT ORGANIZATION

JOB DESCRIPTIOR

DP/YUG/87/019/11-51

Expert in the use of gas chromatography for the detection
of toxic organic pollutants arising from the zasificatjon
of lignite.

0.3 m/m

Duration:

Date required: September 1988

Duty Station: Pristina, Yugaslavia

Purpose of project:

1. Strengthening the Institute for Research and Development (INKOS) by
providing modern equipment, expertise and staff training enabling
thea to perform investigations in the field of organic toxic
pollutants and, later on, applying the research results to concerned
industries.

2. Assisting "INKOS” in:

a) Categorizing toxic organic pollutants generated during coal
gasification;
b) Preparing guidelines (in form of a manual) for operational

and management methods as vell as know-hov for maximizing
industrial and plant safety;

‘e) Providing s. entific information on risk assessment of the
impact on health, living conditions and vork environmenz;

d) Contributing to the development of threshoid limit values
for toxic organic pollutants (direct support);

e) Contributing to the design (from the standpoint of

environmental protection) of new coal gasification and
similar plans being planned for Yugoslavia.

Al




Duties:

The expert will execute the following tasks in cooperation with the
Institute for Research and Development, (INKOS), in the Socialist
Autonomcus Province of KOSOVO:

1. Assist INKOS staff prepare neutral technical specifications for
analytical instrumentation to be used in the detection and
quantification of organic pollutants. This may include a gas
chromatograph ancilliary detection and sampling equipment.

2. Suggest potential host institutions and content of training for the
proposed fellowships and study tours concerning the use of gas
chromatography in the detection and quantification of organic
pollutants.

. 3. Advise on the sampling programme to be undertaken by INKOS to enable
them monitor effectively the extent of pollution, by toxic organic

compounds, of the immediate environment around the Kosova gasifier
plant.

4. Prepare a report in fnglish for the concerned Bational Authorities,
UNDP and UNIDO, setting out the mission findings and recommendations.

Language: English

Background information:

Electrical powver generation at the Kosova complex is based on the mining
and utllization of Lignite. The following units are in operation:

- Open pit mines "Belagevc” and D. Sello”
- Thermal pover stations "Kosova-A" and "Kosova B".
- Lignite gasific _tion plant (Lurgi process).

- Fertilizer plant
Coal drying plant
- Cogeneration plant

These plants constitute a permanent danger to health and environment. The
lignite gasification plant is located 5 km. from Pristina, Kosova,
Yugoslavia.

The gasifier plant capacity is 480 X 10 © Nm 3 clean gas per year (8000
hours of operation). Fuel heating value about 16,7 MJ/Km3. The plant is
operated under a pressure of 25 bar. The generators are of the "Lurgi®
type (diameter 3,6 m) and it produces gas which is partly used as fuel and
partly for fractionation i.e. for the recovery of hydrogen which is further
used for amonia synthesis. The fraction of gas after is enriched vwith

thane vhich is mixed with the remainder of the clear gas. The
gasification plant consists of :

1. A gasifier plant with condensation plant (six generators, capacity:
18,000 Nm3/h Raw gas per generator);

2. A Rectisol plant for purification of raw gas;

3. A phenol plant with biological purification of wvaste vaters;

4. A plant for air sepaution° ’
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Justification for this project is found in the need to monitor emissions
of potentially harmful organic compounds to the environment.
Quantification of these emissions is the necessary first step to
undertaking remedial action involving improvements to operating
procedures and the installation of pollution control equipment.
Follovwing identification of organic pollutants, (qualitative and
quantitative), pollution-reduction measures can be recommended including
operating guidelines and establishing threshold limits for toxic
compounds. It is also necessary to establish an on-going monitoring
(sampling and analysis) process to provide for continuous protection of
the environment in the vicinity of the coal gasifier plant. The
monitoring procedures for toxic organic pollutants will serve as a model
for pollution control at other similar chemical process installations.

The emission of a large number of pollutants to the enviromment is
caused by lignite gasification. The followving groups of compounds will
be investigated:

- aliphatic hydrocarbons

- aromatic hydrocarbons

- N - aromatic compounds

- S - aromatic compounds

- polycyclic aromatic hydro carbons -
- N - heterocyclic hydrocarbons

The given investigation model will include a detection (measuring and
determination) of organic toxic pollutants at all three phases:

- gaseous

- liquid

- solid

The project will generate the following outputs:

Full operational capability of "INKOS" to undertake the following
environmental monitoring and protection measures applied to emissions of
organic toxic pollutants:

a) Sampling of gas/liquid/solid media at plant site and in the
izmediate vicinity of the Kosova Lurgi coal gasification plant.

b) Determination of selected organic toxic pollutants in samples.

c) Categorizing these pollutants accsoriding to the risk they present
to environment and health.

d) {:ake recommendations on measures vhich could ba taken to minimize
emissons of organic pollutants (modifications to process and
process operation, introduction of environmental protection plant)
and to minimize risks to health and environment.

Established a permanent monitoring system at the Kosova coal gasifier

for the continuous recording and reporting of environmental emissions to
improve industrial safety and environmental quality.

Al




Background Information;

3. The following technical results:

a) Toxicity of rav materials, products and by-products (waste
streams) associated with coal gasification based on their content
of selected organic compounds.

b) List of these materials in order of their toxicity.

c) Basic data for the evaluation of health risk to gasifier plant
operatfon personnel and members of the general public residing
near the plant. This data vill be used to suggest remedial
measures for elimination of the most dangerous pollutants and to
define threshold limit values (TLV) of toxic organic compounds.

Guidelines will be established on measures to be taken to minimize

production of pollutants, modifications to process and process
operation etc.

d) Provision of some of the data required for an investigation of the
cumulative influence of organic pollutants over wider areas and
longer periods of time and their direct and indirect effects on
the population's health.

4, Evaluation of existing methods for monitoring atmospheric pollution
caused by coal gasificaiton and development of nev sampling and
analytical techniques for detection of toxic organic pollutants.




LURGI-BASED COAL GASIFICATION PLANT - KOSOVO
Bl. General Plant Information

The Kosovo Basin Gasification Plant has an output capacity of 480 x 106

Na3 of clean gas and consists of the following sections:

(a) Generator Section: 6 generators with a capacity of 18,600 Nm3 of
rav gas each with arrangements for coal supply and slag disposal.

(b) Condensation.

(c) "Rectisol” Section for gas cleaning with a gas delivery station.
(d) Air decomposition section (oxygen plant).

(e) Tar and medium 0il sepzration section.

(£) “Phenosolvan” section for phenol separation.

(g) Section for biological wastewaters cleaning.

Lignite, size class -60 + 6 mm, dried in accordance with the "Fleissner”

procedure is used for gasification.

The Plent includes the possibility fo further fractiooation of 77 per
cent of stated output (480 x 106 Nm3/year) in order to separate the hydrogen
required for ammonius synthesis. Upon hydrogen separation, the gas is a
fraction enriched with methane subsequently being mixed with the rest of clean
gas. The resulting mixture (256 x 106 Nn3/year) represents a2 pipeline gas
with & pet heating value of 4000 kcal/Mm3 supplied into the distribution
netvork.

B2. The crude gas is produced in the gasifiers under apressure of 25 bars and
temperature of 300°C. It is firstly washed in the gas scrubbers snd then in-
directly cooled in the heat exchangers snd condensation unit up to 36°C. This



evables separation of liquid by-products such as tar, heavy tar, gas liquor and
light oil. Liquid by-products are separated in the tar sepsration unit and then

discharged in storage tanks.

Heavy tar is deposited in the nearby dump and the gas liquor is treated

in the phenosolvan unit.

The crude gas with a temperature of 30°C goes to the rectisol plant where
oaphta, H3S, COS and CO; are separated by direct washing. The purified
beating has with a maximal content of 3 pps HS + COS and up to 2 vol X of
CO2 is distributed to the industry (consumers).

An additional washing of the puified gas is needed for the ammonium

synthesis whereby CO; concentration is reduced to 10 ppam.

The gas liquor is treated in the phenosolvan unit. Its final products

are: phenol snd ammonia solution.
The waste water from the gasification plant contains 40-70 mg/l volatile
and 400-600 mg/1 total phenols. Such a concentration is biologically reduced to

1.5-3 mg/1 volatile and 90 mg/1 total phenols.

There are 7 tanks for tar, medium oil (naptha, crude phenol and ammonia

solution and a pump station for their delivery.
The oxygen plant supplies oxygen and protective nitrogen to the
gasifiers; stripping nitrogen to the rectisol unit and nitrogen (99.992) to the

unit for smmonium synthesis.

The outlet pressure of the produced gas is 2] bars. It is sufficient for

its transport to the consumers.

About 40Z of the totally produced gas is used for asmmonium, i.e.

fertilizer production and 60X as heating gas.
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B2. Process Flow Disgrams, Ssspling Points and Summary of Emissions

The process flow diagrams and sampling points are given in Figs Bl-B7.
Data of concentrations and emissions obtained during a USEPA investigation are

summarised in Tables Bl-B4 for specified sampling points.

TABLE Bl. - Emissions of Major Pollutants from the Gasification of
10 t/b of Dried Lignite

(a) Various vents in sections: Generators, Phenosolvan, Tar Separation and
Storage
Sampling points 2.2, 3.2, 13.1, 13.3, 13.5, 13.7, 14.5, 14.9, 15.3

Pollutants (Fl;v Con:entr;t ion Amount
Mo /h) (z/vm™) (g)
Sulphur (B,S), COS, CH,SH, CH,, CH,SH) 3615 .06 3832
as "s"
Ammoniue (NH3) " 0.11 398
Phenols " 1.28 4627
Cyanhydrogen (HCN) " 0.0099 35.8
Hydrocarbons (C,Hy) " 0.4 1446
Bydrogen (H) " 0.3773 1364
Carbon monoxide (CO) " 1.239 4478
Carbon dioxide (CO3) " 86.59 313032
Methane (CHg) " 0.0627 227
Particulates " 41.08 148498
B3




TABLE Bl. - BEmissions of Major Pollutants from the Casificstion of

10 t/b of Dried Lignite (Contd)

(b)  COy vent in section - Rectisol
Sampling point 7.2

Pollutants Flow Concentration Amount
(/) (g/ha’) (g)
Sulphur (HzS), Cos, 033811, CBJ’ CH2$H) 1702 0.258 43.9
as "s"
Ammonive (NH3) " 0.01 17.0
Phenols " 0.068 115.7
Cyanhydrogen (HCN) " 0.0153 26.0
Hydrocarbons (C,Hg) " 6.557 11169
£ydrogen (H) " 0.7193 1224
Carbon monoxide (CO) " 0.0 0.0
Carbon dioxide (COjz) " 1860 3165700
Methane (CH,) " 5.713 9726
(c) Large Flare for Waste Gases fros the Plant
Sampling points 20.1 (including 3.6, 13.6, 7.1)
Amount
Pollutsnts Pl;w COncentr;tion Amount b:::;:
(Na”/n)  (g/ve’) (g) () s
Sulphur ‘st), Cos, cu3su. CH,, cnzsn) 3348 26.88 89994
as "s"
Amsoniuve (NH3) " 0.52 1741
Phenols " 0.04 134
Cyaahydrogen (HCN) " 0.1 335
Rydrocarbons (CyHy) . 13.4 44863
Hydrogen (H) » 2.534 8485
Carbon monoxide (CO) " 45.2 151247
Methane (CHg) . 3.34 11196
Carbon dioxide (CO7) " 1635,6 5475896 6154000
Nitrogen oxides (NO7) 5164
Solphur dioxide (30 179988




TABLE Bl. - Emissions of Major Pollutants from the Gasification of
10 t/h of Dried Lignite (Contd)

(4) Slag Sampling point 12.2

Flow Concentration Amount
Pollutants (e/b) (g/t) (g)
Sulphur as "S" 1.625 1.33 2.161
Bydrocarbons as "C" 1.625 4.60 7.475
(e) Wastevater - Sampling point 12.3
Flow Concentration Amount
Pollutants (e/n) (g/t) (g)
Sulphur "S" (Sulphites, Sulpbates,
thiosulphates, rhodanides, hydrogen
sulphid) 1.0 155 155
Ammonium 1.0 1.9 1.9
Phenols 1.0 1.227 1.227
Bydrocarbons as "C" 1.625 4.60 7.475
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