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Presentation
outline

•
O

bjectives
•

Procedure
•

M
easurem

entcapabilitiesin C
C

s
•

Proposalsfor
plantsto

be
m

easured
•

O
rganisation

of m
easurem

ents
•

R
esultsof m

easurem
ents

•
C

apacity
building in C

C
s

•
C

onclusions
•

R
ecom

m
endation
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O
bjectives

•
Support to

em
ission

inventory
•

B
etterem

ission
factors forrelevant sources

•
Identification

of unknow
n

hot-spots
•

C
heck of em

ission
factors from

U
N

E
P T

oolkit

•
Support capacity

building in C
C

s
•

C
om

m
itting

m
easurem

enttasks
to

locallaboratories
•

Supervision
of sam

pling by
recently

form
ed

localgroups

T
he m

easurem
ent program

 carried out w
ithin this project had tw

o m
ajor goals:

•
T

o obtain additional dioxin em
ission data from

 countries not yetcovered so 
far by dioxin em

ission m
easurem

ent activities and for not yet investigated 
em

ission sources, respectively

•
T

o help countries w
ith em

erging activities in em
ission control to obtain 

experience in dioxin em
ission sam

pling and –
if appropriate laboratories are 

available –
analysis.
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Procedure
•

Q
uery

to
nationalexperts

•
R

equestforproposals
of facilities

•
R

equestforinform
ation

on
laboratories

•
Selection

of facilitiesfrom
proposals

•
Selection

of com
panies/laboratories

•
In principle

at least one
facility

per country
•

A
t least in countries

w
ith

m
easurem

entlaboratories

•
C

allfor
tender

•
Selection

of appropriate
offer

•
C

om
m

ission
of m

easurem
ents

C
C

s experts w
ere asked to support the m

easurem
ent program

 by supplying inform
ation on 

potentially relevant em
ission sources in their countries. For these sources, a questionnaire 

had to be answ
ered covering plant inform

ation and technical data
needed for an initial 

cam
paign planning and cost calculation. M

ost im
portantly, the plant operator’s perm

its for 
the m

easurem
ents had to be provided at this early stage, too. W

aste incinerators in 
particular had to be ignored (already regulated by the so-called w

aste incineration directive 
2000/76/E

C
). 

M
oreover, C

C
s experts w

ere additionally asked to provide inform
ation on local com

panies 
that m

ight be able to carry out the sam
pling cam

paign and/or the
analytical w

ork.
From

 the proposals obtained, facilities to be m
easured w

ere selected according to their 
potential relevance. T

his w
as assessed by the estim

ated absolute
dioxin em

ission per year 
or by its relative im

portance for the respective C
C

.
A

 cam
paign design w

as outlined for each of the selected plants, depending on the technical 
structure of the facility (e.g. num

ber of lines and stacks). T
his outline served as basis for a 

specific call for offers w
hich w

as sent to the indicated com
panies. C

C
 based com

panies and 
laboratories w

ere preferred w
henever possible w

ith respect to the capacity building goal of 
the project. In case no local com

pany or laboratory existed foreign institutes w
ere asked to 

take over these tasks.
Special report tem

plates w
ere provided to the com

panies com
m

itted w
ith em

ission 
m

easurem
ents. T

his w
as done to assure a high and equal quality of the results and 

com
pleteness of data needed to assess the com

pliance of sam
pling

and analysis m
ethods 

w
ith current standards (e.g. C

E
N

 1948, 1-3 in connection w
ith ISO

 9096).  
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Facility
proposalsand identified

laboratories
Suggested

facilities
•

10 out of 13 countriesresponded
•

1 to
3 proposalsper country

•
8 proposals

from
Poland

Identified
laboratories

•
C

racaw
U

niversity/E
m

ipro
(PL

)
•

T
E

SO
 (C

Z
)

•
T

ubitak
(T

R
)

O
verall, 31 facilities located in 10 of the C

C
s w

ere proposed for em
ission 

m
easurem

ents. N
o proposals w

ere received from
 H

ungary, R
om

ania and Slovenia. 
O

f the proposed facilities, 16 w
ere selected for m

easurem
ent cam

paigns, but finally 
only 13 of these cam

paigns could be realised due to insufficientsupport by som
e 

plant operators. 

D
ue to the procedure of inform

ation gathering the result of identified laboratories in 
C

C
s give not necessarily a com

plete picture of the situation in the C
C

s. Particularly 
in case that no proposals for m

easurem
ents had been m

ade also no
indication on 

laboratories w
as given.
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Proposed
and selected

(*) facilities
•

E
nergy

production
•

Pow
er plants

(brow
n

coal*, heavy fueloil*)

•
Steel industry

•
Pig

iron
tapping

•
Iron

sintering
* 

•
Furnaces

(Scrap
m

elter, E
A

F &
 ladle, C

opula)

•
N

on-ferrousm
etals

•
Sec. A

lum
inum

*
•

Sec. Z
inc

(oxide sintering*, recovery
*, electrolytically

m
elting

*)

•
C

em
ent industry

(dry *, w
et *)

•
O

ther
(Shale

oilproduction, Industrialbark com
bustion

*)
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M
easurem

entorganisation
(IU

T
A

)

C
racow

U
niversity (PL)

E
M

IPR
O

 (PL)
T

U
B

IT
A

K
 (T

K
)

T
U

B
IT

A
K

 (T
K

)
E

M
IPR

O
 (PL)

Sec. A
lum

inum
 (2x)

T
urkey

N
o

T
E

SO
 (C

Z
)

T
E

SO
 (C

Z
)

B
ark com

bustion
Slovakia

N
o

C
racow

 U
niv. (PL)

E
M

IPR
O

 (PL)
Secondary Z

inc (3x)
Poland

N
o

C
racow

 U
niv. (PL)

E
M

IPR
O

 (PL)
Iron ore sintering (2x)

Poland

N
o

T
E

SO
 (C

Z
)

T
E

SO
 (C

Z
)

Pow
er plant (heavy oil)

M
alta

E
stonian G

ov.
E

R
G

O
 (D

E
)

D
K

-T
eknik (D

K
)

C
em

ent production
(w

et)
E

stonia

N
o

T
E

SO
 (C

Z
)

T
E

SO
 (C

Z
)

Pig iron tapping
C

zech R
ep.

C
yprus 

G
overnm

ent
U

B
A

 (A
T

)
and C

yprus
U

B
A

 (A
T

)
and C

yprus
C

em
ent production

(dry)
C

yprus

C
yprus 

G
overnm

ent
U

B
A

 (A
T

)
and C

yprus
U

B
A

 (A
T

)
and C

yprus
Pow

er plant
(heavy fuel oil)

C
yprus

C
racow

U
niversity (PL)

T
U

B
IT

A
K

 (T
K

)
E

M
IPR

O
 (PL)

T
U

B
IT

A
K

 (T
K

)
Pow

er plant 
(brow

n coal)
B

ulgaria

Support
A

nalysis
Sam

pling
Facility

C
ountry
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M
easured

concentrationscom
pared

to
em

ission
lim

it for
w

aste incineration

1,E
-04

1,E
-03

1,E
-02

1,E
-01

1,E
+00

1,E
+01

1,E
+02

C
em

ent w
orks

2 (dry)

P
ow

er P
lant 1, heavy fueloil

P
ow

er plant 2, heavy oil

P
ow

er plant 3, brow
n

coal

B
ark com

bustion

C
em

ent w
orks

1 (w
et)

M
elting

of electrolytic
Zinc

iron
ore sinter plant 1

iron
ore sinter plant 2 -Line

3

S
ec. A

lum
inium

 1

S
ec. A

lum
inium

 2

iron
ore sinter plant 2 -Line

1

Zinc
recovery

from
w

aste/scrap

S
intering

of zinc
oxide ore

P
C

D
D

/F conc. [ng
I-T

E
Q

/N
m

³]

at operationaloxygen
at 11%

 oxygen

W
aste Incineration

D
irective

lim
it 0.1 ng

I-TE
Q

/m
³

T
o com

pare the results of different installations the dioxin and
furan concentrations 

have been calculated referring to an oxygen concentration of 11 %
 in the flue gas. 

T
his reference oxygen content w

as chosen since it is required in
the w

aste 
incineration directive to check com

pliance w
ith the em

ission lim
it of 0.1 ng

I-
T

E
Q

/N
m

³ applied to w
aste incinerators.T

herefore, re-calculation of the m
easured 

flue gas concentrations to 11%
 oxygen content allow

s to use the w
aste incinerator 

lim
it value as an orientation value to com

pare w
ith.

C
learly, a num

ber of facilities, all belonging to the m
etallurgical sector, exceed the 

lim
it set for w

aste incineration facilities.

T
he highest concentration levels w

ere found at secondary zinc processing facilities. 
Such findings correspond to sim

ilar experiences m
ade in W

estern E
uropean 

countries (particularly in G
erm

any and France) w
here secondary zinc producing 

facilities w
ere am

ong the m
ost im

portant em
ission sources.

H
ow

ever, none of the concentrations m
easured in the C

andidate C
ountries appear 

to be surprisingly high w
hen com

pared to the range of results taken from
 previous 

m
easurem

ent data com
pilation given in the E

uropean D
ioxin Inventory.
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A
nnualem

ission
com

pared
to

E
PE

R
 threshold

value

1,E
-03

1,E
-02

1,E
-01

1,E
+00

1,E
+01

1,E
+02

C
em

ent w
orks

2 (dry)

P
ow

er P
lant 1, heavy fueloil

P
ow

er plant 2, heavy oil

P
ow

er plant 3, brow
n

coal

B
ark com

bustion

C
em

ent w
orks

1 (w
et)

M
elting

of electrolytic
Zinc

iron
ore sinter plant 1

iron
ore sinter plant 2 -Line

3

S
ec. A

lum
inium

 1

S
ec. A

lum
inium

 2

iron
ore sinter plant 2 -Line

1

Zinc
recovery

from
w

aste/scrap

S
intering

of zinc
oxide ore

A
nnualem

ission
[g I-T

E
Q

/year]

E
P

E
R

 Lim
it 

1 g I-T
E

Q
/year³

T
he figure show

s the estim
ated annual em

issions for the m
easured

facilities in 
com

parison to the threshold lim
it of 0.1 g I-T

E
Q

/year set for the E
uropean Pollutant 

E
m

ission R
egister (E

PE
R

). 

O
bviously, m

ost of the m
easured facilities w

ould not be subjected to registration in 
the E

PE
R

 (unless such registration w
ould be necessary due to em

issions of other 
com

pounds). O
nly in case of the zinc recovery plant and one of the iron ore sinter 

plants the E
PE

R
 threshold for dioxins and furans m

ight be exceeded. 

In view
 of the flue gas concentrations that w

ere show
n to exceed

the w
aste directive 

lim
it value this result m

ight be surprising. H
ow

ever, m
ost of these non-ferrous 

m
etal facilities are not operated continuously and therefore have quite low

 
operation tim

es.
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E
m

ission
factors com

pared
w

ith
U

N
E

P T
oolkitand B

refdocum
ents

< 10
0,5 -150

150
0,52

Sec. A
lum

inium
 production

7

< 10
0,5 -150

150
3,74

Sec. A
lum

inium
 production

6

< 10
0,3 -1000

0,3
0,04

M
elting of zinc

(electrolytical)
5

< 10
0,3 -1000

100
130

Z
inc recovery by rotary kiln

4

< 10
0,3 -1000

100
110

Z
inc oxide ore sintering

3

< 0.5
0,3 -20

5
2,2 -4,3

Iron ore sintering (2-lines)
2 

< 0.5
0,3 -20

0,3
0,43

Iron ore sintering
1

T
otal

range
Specific

operation

B
R

E
F

D
ocu-

m
ent

E
F U

N
E

P T
oolkit

E
F 

m
easured

Plant type
N

o

O
ne of the m

otivations to carry out an em
ission m

easurem
ent program

 w
ithin the 

project w
as to obtain som

e em
ission factors (E

Fs) from
 facilities located in the 

countries of interest. E
m

ission factors have been calculated from
 the m

easurem
ent 

results by using typical production or throughput capacities. T
he em

ission factors 
obtained are com

pared w
ith the range of em

ission factors given by the U
N

E
P 

T
oolkit in relation to different flue gas cleaning technologies or input m

aterials.
T

he figure show
s the result of the com

parison betw
een the em

ission factors 
calculated for the m

easured facilities w
ith toolkit factors w

hich have been chosen 
according to the technical inform

ation provided w
ithin the m

easurem
ent reports. 

C
om

parison of the m
easured em

ission factors w
ith those given in the R

eference 
D

ocum
ents on B

est A
vailable T

echnologies (B
R

E
F) for the specific

branches of 
industry reveals that em

ission factors given in the B
R

E
Fs

are in som
e cases a factor 

10 low
er. T

his is the case for sintering (iron ore and zinc oxide ore) and zinc 
recovery in the m

etal industry. In m
ost other cases m

easured E
Fs

are low
er than 

given in the B
R

E
F (if available). 

It can be concluded that im
plem

entation of IPPC
 D

irectory can reduce dioxin 
em

ission from
 certain facilities in the m

etal industry w
ith a factor of 10 by using 

B
est A

vailable T
echniques.
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E
m

ission
factors com

pared
(continued)

n.a.
50 -500

50
3,8

Pulp &
 paper industry

(bark com
bustion)

13

< 0.2
0.05 -5

0.05
0.002

C
em

ent production (dry)
12

< 0.2
0.05 -5

0.05
0.07

C
em

ent production (w
et)

11

n.a.
0.5 -35

2.5
12

Public pow
er plant 

(heavy fuel oil)
10

< 0.5
0.5 –

35
10

0.8
Public pow

er plant 
(brow

n coal)
9 

n.a.
0.5 –

35
2.5

1.3 –
10.3

Public pow
er plant 

(heavy fuel oil; 4 boilers)
8

T
otal

R
ange

Specific
operation

B
R

E
F

D
ocu-

m
ent

E
F U

N
E

P T
oolkit

E
F 

m
easured

Plant type
N

o

(continued)

A
n

evaluation
of uncertainties

in m
easured

concentrations
show

s thaton-site
sam

pling conditions
did

notallow
to

carry
out the sam

pling as exactly
required. Itis 

difficultto
assess

w
hether the actual conditions really influence the particular 

results or not. It m
ight be reasonable to assum

e how
ever, that at least the order of 

m
agnitude of these results is correct.

Forthe uncertainty
in analyticalprocedures duplicates

of sam
ples and blanks have 

been analysed
by

otherlaboratories. W
ith

a few
 exceptions

m
ost results

com
pared

w
ellto

each
other.  
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E
Fsm

easured
versus U

N
E

P T
oolkitfactor

1,E
-02

1,E
-01

1,E
+00

1,E
+01

1,E
+02

1,E
+03

1,E
+041,E

-02
1,E

-01
1,E

+00
1,E

+01
1,E

+02
1,E

+03
1,E

+04

E
F m

easured
[µg I-T

E
Q

/activity
unit]

EF UNEP Toolkit [µg I-TEQ/activity unit]

T
his figure show

s a graph of the result of the com
parison betw

een the em
ission 

factors calculated for the m
easured facilities w

ith toolkit factors w
hich have been 

chosen according to the technical inform
ation provided w

ithin the m
easurem

ent 
reports. 

It is obvious that som
e m

easured em
ission factors are in very good agreem

ent w
ith 

the appropriate toolkit E
Fs

(blue dots); how
ever, there are also large deviations. 

U
nfilled dots represent the pow

er generation sources w
ith em

ission factors related 
to produced energy (µg I-T

E
Q

/T
J) rather than m

aterial input usually given in in µg 
I-T

E
Q

/ton.

T
o deal w

ith the uncertainty in choosing the appropriate toolkitE
Fs

the range of 
em

ission factors in the T
oolkit for the source type the facilities in general belong to 

are also given (“error bars”). 

It can be seen that for one of the data points (yellow
 dot) show

ing a higher toolkit 
than m

easured E
F an alternative toolkit factor could be chosen w

hich are in better 
agreem

ent w
ith the m

easurem
ents. 

C
ontrarily, in case of the data indicated by red dots the m

easured em
ission factors 

are considerably low
er (higher) than even the low

est (highest) factor given in the 
toolkit.
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C
onclusions

M
easurem

entprogram
•

G
enerally

relevant plants
•

Sinter plants, cem
ent production, secundary

non-ferrous
m

etals

•
R

elevant plantsfor
specific

countries
•

C
om

bustion
(heavy fueloil, brow

n
coal, bark)

M
easurem

entresults
•

M
etallurgicalplantsare im

portant sourcesof dioxin
•

Severalplantsexceed
the levelof 0.1 ng

T
E

Q
/m

3
•

M
ost plantskeep em

ission
under

E
PE

R
 threshold

value

T
he em

ission m
easurem

ent program
 com

prised a num
ber of potentially 

relevant sources for dioxins and furans like iron ore sinter plants and facilities 
in the non-ferrous m

etal industry. B
eside these installations also industrial 

plants w
ith particular im

portance for the specific country w
ere investigated. 

T
he results have show

n again, as already know
n from

 the W
estern E

uropean 
dioxin inventory projects, that m

etallurgical plants are of particular 
im

portance for the release of dioxins and furans to air. Severalof the 
m

easured facilities exceeded the orientation level of 0.1 ng
I-T

E
Q

/m
³ that has 

been set as em
ission lim

it for w
aste incineration. C

oncerning the annual 
em

issions, how
ever, alm

ost all installations kept the dioxin and
furan E

PE
R

 
threshold value of 1 g I-T

E
Q

/year. 
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C
onclusions(continued)

C
om

parison
w

ith
U

N
E

P T
oolkitem

ission
factors

•
A

cceptable
to

good
agreem

ent(differ
lessthan

factor 10)
•

U
N

E
P T

oolkitfactors seem
to

fit also
for

C
C

s
•

U
ndercom

parable
process

conditions

•
C

onsiderable
range of uncertainty

(factor 10)

C
om

parison
w

ith
B

R
E

F docum
ents

•
M

easured
E

Fsare com
parable

to
E

Fsgiven
in B

R
E

Fs
•

E
xception: som

e
activitiesin m

etalindustry
(factor 10 higher)

C
apacity

building
•

V
erification

of experienced
laboratories(IU

T
A

)
•

Support “N
ew

” laboratories(sam
pling and analysis)

In general, the com
parison betw

een m
easured em

ission factors and
U

N
E

P toolkit factors show
ed 

acceptable to good agreem
ent if the range of em

ission factors underlying the toolkit figures are taken 
into account. The m

easurem
ents therefore do not indicate that applying the U

N
E

P toolkit em
ission 

factors for releases to air w
ould lead to significant over-or underestim

ations of the annual em
issions. 

It should be noted how
ever, that only a sm

all fraction of existing em
ission sources w

ere investigated. 
H

ence, there is a considerable range of uncertainty w
hen conclusions are draw

n by scaling up these 
results to the situation in the entire region of the C

andidate C
ountries.

C
om

parison of the m
easured em

ission factors w
ith those given in the B

R
E

Fs
for the specific branches 

of industry show
 that in general they are com

pairabe. This is not the case for sintering (iron ore and 
zinc oxide ore) and zinc recovery in the m

etal industry (factor 10 higher). In m
ost other cases 

m
easured E

Fs
are low

er (factor 1 to 100) than in the B
R

EFs
(if available). 

It can be concluded that im
plem

entation of IPPC
 D

irectory can reduce dioxin em
ission from

 certain 
facilities in the m

etal industry w
ith a factor of 10 by using B

est A
vailable Techniques.

The m
easurem

ents and analyses w
ere carried out m

ostly by com
panies and institutes located in the 

area of interest; m
oreover, som

e joint sub-projects w
ere established w

hich involved experienced 
W

estern E
uropean laboratories and less experienced team

s of local authorities. 
For quality assurance reasons a num

ber of sam
ples have been additionally analysed by another 

laboratory (IU
T

A
). In m

ost cases, these sam
ples com

prised eitherthe final extract solutions after 
clean-up in the laboratory that did the first analysis. H

ence, only errors m
ade during clean-up could 

not be identified. 
From

 a  com
parison betw

een the single PC
D

D
/F concentrations found in the both laboratories it 

turned out that w
ith a few

 exceptions m
ost results w

ere com
parable.
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R
ecom

m
endation

•
D

uring
the project itturned

out thatsom
e

plant operators 
did

notw
ant thatm

easurem
entw

ere
perform

ed
at their

plant. Itcould
be

an
idea

for
the perm

itauthoritiesto
evaluate

the reasonsfor
thisin view

 of the IPPC
 D

irective
to

be
com

plied
w

ith
in 2010 for

the N
ew

 M
em

ber
States. 
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