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KEMAKEMA

Power GenerationsPower Generations

&&

SustainablesSustainables

ArnhemArnhem
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! Established in 1927
!The Dutch Electricity Companies

  From Testing Electrical Equipment
         and national R&D institute

   to

International Consultancy Company

KEMA’s history



Lexington Kentucky  October 22-24 2001 International Ash Utilisation Symposium 7

IEV Germany Consulting Germany

Consulting USA Macro USA

KEMA Polska PowerTest Inc.

KRQ China KRQ Russia

KEMA International B.V.

Power Generation & Sustainables

Transmission Distribution Power

System Software Consultancy

Facilities Information Techn.

Registered Quality (ISO 9000)

KEMA Nederland B.V.

N.V. KEMA
KEMA KEMA organisationorganisation
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KEMA
 Corp. HQ

Arnhem, The Netherlands
Maastricht, The Netherlands
Bonn, Germany
Duisburg, Germany
Dresden, Germany
Zurich, Switzerland
Warsaw, Poland
Moscow, Russia
Ankara, Turkey

Jakarta, Indonesia
Manila, Philippines
Sydney, Australia
Bejing, China
Hong Kong, China

Fairfax, VA
Chalfont, PA
Horsham, PA
Denver, CO
Greenbay, WI
Minneapolis, MN
San Jose, CA
San Francisco, CA
Vancouver, Canada

Bogotá, Colombia
Rio de Janeiro, Brazil

KEMA’sKEMA’s Global presence Global presence
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•  Annual Revenues US$ 120
  Million
•  Over 1500 Professionals
•  Serving the World

–  450 clients
–  in 60 countries

•  Main office in
  the Netherlands

KEMAKEMA in figures in figures
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•  Utilities
•  Independent Power Producers
•  Large Industries
•  Manufacturers
•  Governments
•  Insurance Companies
•  Banks / Financial Investors

Clients of KEMAClients of KEMA
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EuropeEurope
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ECOBA - The European
Association for Use of By-
Products of Coal-Fired
Power-Stations e.V.,
is representing the interests of
companies throughout
Europe to establish, develop und
promote the necessary legal and
regulatory measures for
recognition, acceptance and
promotion of the utilization of the
mineral by-products from coal-
fired power stations as valuable
resources for materials
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Total Production 55 Million Tonnes

Bottom Ash 10.4%

Boiler Slag 4.4%

FBC-Residues 1.8%

Fly Ash
68.5%

SDA-Product 1.0%

FGD-Gypsum 13.9%

ProductionProduction of  of CCB’sCCB’s in  in EuropeEurope

19991999
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55.3%

Utilization in
Construction
Industry and
Underground
Mining

Temporary
Stockpile
   2.2%

33.2%

Disposal
9.3%

Restoration
fOpen Cast Mines,

Quarries and Pits
Total Production 55 Million Tonnes in 1999

UtilisationUtilisation of  of CCB’sCCB’s in Europe in Europe

(EU 15)(EU 15)



Lexington Kentucky  October 22-24 2001 International Ash Utilisation Symposium 15

21.0%

10.5%

29.8% 6.8%

21.5%

7.6%

Cement
Raw Material

Blended
Cement

Concrete
Addition Concrete Blocks

Lightweight
Aggregates 1.3 %

Bricks 0.4%

Road
Construction

Infill

Others 1.1%

Utilisation of Utilisation of Coal Fly AshCoal Fly Ash in the in the
construction Industry and Undergroundconstruction Industry and Underground

Mining in EuropeMining in Europe

1999
total

18.2 Mton

(EU 15)(EU 15)
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52.1%

36.5%

5.2%

3.2%

Concrete
Blocks

Cement 3.0%
Others

Lightweight
Aggregate

Road
Construction

Utilisation of Utilisation of Bottom AshBottom Ash in the in the
construction Industry and Undergroundconstruction Industry and Underground

Mining in EuropeMining in Europe

1999
total

2.5 Mton
(EU 15)(EU 15)
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Plaster 
Boards       

Projection Plaster 
9.8% 

Set Retarder 7.5 % 

Gypsum Blocks 3.8 % 

Self Levelling 
Floor Screeds 

19.8% 

59.1% 

1999
total

6.3 Mton

Utilisation of Utilisation of GypsumGypsum in the in the
construction Industry in Europeconstruction Industry in Europe
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Three qualities coal fly ash:
V1/V0 puzzolanic filler; V0 = certified 

V2   raw material portland clinker

V3  filler in asphalt

Utilisation of Utilisation of CCB’sCCB’s in the in the
NetherlandsNetherlands

For 10 years 100% utilisation
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Sales

V1
34%

V2
33%

V3
33%

Utilisation of Coal Fly Ash in theUtilisation of Coal Fly Ash in the
Netherlands (total 1Netherlands (total 1 Mton Mton))

Production

V1
26%

V2
43%

V3
31%
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Utilisation of Coal Fly Ash in theUtilisation of Coal Fly Ash in the
NetherlandsNetherlands (total 1 (total 1 Mton Mton))

Cem ent 
and 

Concrete
64%

Various
36%

Asphalt filler

Light weight aggregates
Aardelite & Lyhtag
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Utilisation of Utilisation of Bottom AshBottom Ash in the in the
NetherlandsNetherlands (total 0.15  (total 0.15 MtonMton))

Various
17% Road 

Construct
ion
30%

Buildings 
blocks

53%
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Utilisation of Utilisation of FGD-GypsumFGD-Gypsum in the in the
NetherlandsNetherlands (total 0.38  (total 0.38 MtonMton))

Plaster 
Board
73%

Anhydrite
27%
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Co-firing secondary fuelsCo-firing secondary fuels

Trends in EuropeTrends in Europe

Co-firing secondary fuelsCo-firing secondary fuels
Co-firing secondary fuelsCo-firing secondary fuels

the Netherlandsthe Netherlands
are far more aheadare far more ahead
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Desk Studies

Laboratory experiments

Pilot plants

Real scale experiments

Implementation
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Typical Dutch coal-fired power station

30% of the units has SCR
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Research performed:

Survey of elemental composition of coal, ash,
flue gases, limestone, gypsum, sludge, process
water, effluent
Mass balance studies (quality assurance

Evaluation of leaching behaviour

Evaluation of radioactivity
Evaluation of the particle size
distribution
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S-Afr.
14,8%

Col
14,7%

USA
11,6%

Pln
9,2%

Aus
20,7%

Rus-Kuzb
4,5%

Blend
3,6%

Spits
3,4%

Vnz
1,1%

Egy
0,4%

Indo.
15,7%

New S.
0,2%

Origin coal fired in 1999 inOrigin coal fired in 1999 in
Dutch Power Stations 1/2Dutch Power Stations 1/2



nr. Power
Station

origin coal date report number

I CG-11 Australia/Germany 80-02-11 98179-MOC 89-3262
II AC-8 Poland 80-06 98176-MOC 89-3284
III CG-12 USA 81-10-21 98179-MOC 89-3294
IVa AC-8 Australia 81-02-02 98179/93663-MOC 90-3362
IVb AC-8 Australia 81-02-03 98179/93663-MOC 90-3362
IVc AC-8 Australia 81-02-04 98179/93663-MOC 90-3362
Va AC-8 Poland/USA 82-10-28 98179/93663-MOC 90-3429
Vb AC-8 Poland/USA 82-10-29 98179/93663-MOC 90-3429
VIa AC-5 USA 83-03-23 98179/93663-MOC 91-3500
VIb AC-8 USA 83-03-22 98179/93663-MOC 91-3500
VIIa AC-8 USA 84-09-13 98179/93663-MOC 91-3501
VIIb AC-4 USA 84-09-19 98179/93663-MOC 91-3501
VIII AC-8 Poland/Canada 84-09-18 98179/93663-MOC 91-3502
IXj CG-13 Poland 82-11-13 98179/93663-MOC 91-3568
X AC-8 Australia 85-12-17 98179/93663-MOC 92-3659
XIa AC-8 USA 86-05-14 98179/93663-MOC 92-3660
XIb AC-8 USA 86-05-22 98179/93663-MOC 92-3660
XII AC-8 USA/USA 86-06-19 98179-MOC 89-3339
XIIIa AC-8 Australia 87-09-29 98179/93663-MOC 92-3661
XIIIb AC-8 Australia 87-10-01 98179/93663-MOC 92-3661
XIV AC-8 Colombia 87-10-08 98179/93663-MOC 92-3662
XVa AC-4 Australia/Colombia 88-04-28 32561-MOC 92-3642
XVb AC-5 Australia/Colombia 88-04-27 32561-MOC 92-3642
XVc AC-8 Australia 88-04-29 32561-MOC 92-3642
XVd BS-12 Australia 88-03-16 32561-MOC 92-3642
XVe MV-2 Australia/Colombia 88-06-02 32561-MOC 92-3642
XVf CG-11 Blend 88-03-23 32561-MOC 92-3642
XVg CG-12 Blend 88-03-23 32561-MOC 92-3642
XVh CG-13 Blend 88-03-24 32561-MOC 92-3642
XVi MC-4 Australia 88-04-19 32561-MOC 92-3642
XVj MC-5 Australia 88-04-20 32561-MOC 92-3642
XVk MC-6 Australia 88-04-21 32561-MOC 92-3642
XVI MC-5 USA 91-06-05 32561-MOC 92-3643

ViewView
Mass BalanceMass Balance
StudiesStudies
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Parameters deduced fromParameters deduced from
research studies:research studies:

"Ash: Relative Enrichment factor
     RE = element concentration in ash   •  ash content in coal
                  element concentration in coal 100

"Gaseous components:
- vaporisation percentage in boiler/ESP
- removal in FGD as a function of the installation

" leaching percentage
"relation radioactivity and elemental composition
"partition between sludge, gypsum and effluent
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emission
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KEMA Trace Model KEMA Trace Model KEMA Trace Model 
T trace
R radioactivity
A ash
C coal
E emissions

T T trace
RR radioactivity
A A ash
C C coal
E E emissions
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View Mass Balance Measurements during Co-firingView Mass Balance Measurements during Co-firing
of Biomass, Secondary Fuel or Waste 1/2of Biomass, Secondary Fuel or Waste 1/2

KTB  = KEMA Test Boiler

nr. Power
Station

origin coal biomass or waste or
secondary fuel

amount
% mass/mass

date

I KTB Australia pulverised wood y1 4.5, 9.2, 12.9 1993
II KTB Australia pulverised wood y2 9.7 1993
III KTB Colombia pulverised wood x1 4.6, 8.6, 13.0 1994
IV KTB Colombia pulverised wood x2 8.1 1994
V KTB Colombia pulverised wood x3 9.2 1994
VI KTB Colombia sewage sludge 4.8, 7.6, 10.3 1994
VII KTB USA flexicokes 4, 8, 12, 12.2 1995
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View Mass Balance Measurements during Co-firingView Mass Balance Measurements during Co-firing
of Biomass, Secondary Fuel or Waste 2/2of Biomass, Secondary Fuel or Waste 2/2

KTB  = KEMA Test Boiler

nr. Power
Station

origin coal biomass or waste or
secondary fuel

amount
% mass/mass

date

I KTB Australia pulverised wood y1 4.5, 9.2, 12.9 1993
II KTB Australia pulverised wood y2 9.7 1993
III KTB Colombia pulverised wood x1 4.6, 8.6, 13.0 1994
IV KTB Colombia pulverised wood x2 8.1 1994
V KTB Colombia pulverised wood x3 9.2 1994
VI KTB Colombia sewage sludge 4.8, 7.6, 10.3 1994
VII KTB USA flexicokes 4, 8, 12, 12.2 1995

VIII MV-1 Blend bedcokes 5-9 1995
IX HW-8 Blend sewage sludge 3, 6 1995
X AC-8 Blend paper sludge 5, 8 1995-12
XI AC-9 Blend petcokes SPA 5, 10 1995
XII AC-9 Blend petcokes SDP 5, 10 1995
XIII MV-2 Blend petcokes SPA 5, 10 1996
XIV MV-2 Blend petcokes SDP 5, 10 1996
XV CG-13 Blend pulverised wood 10 (+half last) 1997-3
XVI BS-12 Poland sewage sludge 5, 8.7 1998
XVII KTB Venezuela municipal waste

(plastic fraction)
5, 10 1998-9/11

XVIII CG-13 Blend pulverised wood 4 2000-2

XIX KTB Blend poultry dung
pulverised wood
RDF

>10%
2001
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➽➽  EU landfill directive EU landfill directive

➽➽  EU waste catalogue (01-01-2002) EU waste catalogue (01-01-2002)

➽➽     Idem Idem revision, draftrevision, draft
➽➽  EN-450 Fly Ash for concrete EN-450 Fly Ash for concrete

EuEu-Directives and standards-Directives and standards

European standard

➽➽  Dutch Dutch Buildings Materials Decree (leaching) Buildings Materials Decree (leaching)
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Taxes on landfill in EuropeTaxes on landfill in Europe
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Definition of fly ash

Fine powder of mainly spherical, glassy particles, derived from

burning of pulverized coal, with or without co-combustion materials

as described in Annex A (normative), which has pozzolanic

properties and consists essentially of SiO2 and Al2O3, the content

of reactive SiO2 as defined and described in EN 197-1, being at

least 25 % by mass.

Fly ash is obtained by electrostatic or mechanical precipitation of

dust-like particles from the flue gases of furnaces fired with

pulverized coal, with or without co-combustion materials.

European Standard EN-450European Standard EN-450
Fly Ash in Concrete 1/2Fly Ash in Concrete 1/2
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1) CaOfree =  0,1* CaOtotal
1) CaOfree =  0,1* CaOtotal

100% 10% 10% 10% EN 450 USA: ASTMC618
coal REF I REF II REF III (=CUR70 class F class C

CaOtotal 3.6 4.5 4.5 4.5 10
CaOfree

1) 0.4 0.5 0.5 0.5 1.0
Cl 0.002 0.003 0.006 0.014 0.1
SiO2 50 47 47 47 >25
SO3 0.3 0.3 0.3 0.3 3.0 5.0 5.0
C 5.0 6.0 6.0
SiO2+Al2O3+Fe2O3 82 77 77 77 >70  > 50
Na2O 0.5 0.8 0.8 0.8 1.5 1.5

limit values 

%%

 PFA in cement and concrete
100% 10% 10% 10% EN 450 USA: ASTMC618
coal REF I REF II REF III (=CUR70 class F class C

CaOtotal 3.6 4.5 4.5 4.5 10
CaOfree

1) 0.4 0.5 0.5 0.5 1.0
Cl 0.002 0.003 0.006 0.014 0.1
SiO2 50 47 47 47 >25
SO3 0.3 0.3 0.3 0.3 3.0 5.0 5.0
C 5.0 6.0 6.0
SiO2+Al2O3+Fe2O3 82 77 77 77 >70  > 50
Na2O 0.5 0.8 0.8 0.8 1.5 1.5

limit values 

%%

 PFA in cement and concrete

European Standard EN-450 Fly Ash inEuropean Standard EN-450 Fly Ash in
Concrete, Chemical requirementsConcrete, Chemical requirements
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1) CaOfree =  0,1* CaOtotal
1) CaOfree =  0,1* CaOtotal

100% 10% 10% 10% EN 450 USA: ASTMC618
coal REF I REF II REF III (=CUR70 class F class C

CaOtotal 3.6 4.5 4.5 4.5 10
CaOfree

1) 0.4 0.5 0.5 0.5 1.0
Cl 0.002 0.003 0.006 0.014 0.1
SiO2 50 47 47 47 >25
SO3 0.3 0.3 0.3 0.3 3.0 5.0 5.0
C 5.0 6.0 6.0
SiO2+Al2O3+Fe2O3 82 77 77 77 >70  > 50
Na2O 0.5 0.8 0.8 0.8 1.5 1.5

limit values 

%%

 PFA in cement and concrete
100% 10% 10% 10% EN 450 USA: ASTMC618
coal REF I REF II REF III (=CUR70 class F class C

CaOtotal 3.6 4.5 4.5 4.5 10
CaOfree

1) 0.4 0.5 0.5 0.5 1.0
Cl 0.002 0.003 0.006 0.014 0.1
SiO2 50 47 47 47 >25
SO3 0.3 0.3 0.3 0.3 3.0 5.0 5.0
C 5.0 6.0 6.0
SiO2+Al2O3+Fe2O3 82 77 77 77 >70  > 50
Na2O 0.5 0.8 0.8 0.8 1.5 1.5

limit values 

%%

 PFA in cement and concrete

European Standard EN-450 Fly Ash inEuropean Standard EN-450 Fly Ash in
Concrete, Chemical requirementsConcrete, Chemical requirements

<2.5 than

soundness

>70%

<5% alkalines

Adaptations for

co-firing, still

draft
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Co-combustion material Maximum percentage by dry mass of
co-combustion material related to coal 1)

%
Vegetable material like wood chips, straw,
olive shells and other vegetable fibres

20

Green wood and cultivated biomass 8

Bone meal 2

Municipal sewage sludge 3

Paper sludge 5

Petroleum coke 10

Virtually ash free liquid fuels and gaseous
fuels

20 2)

1)
  The maximum percentage of co-combustion material related to pure coal is based on an average ash

content of 12% for pure coal and an average value for each co-combustion material. The limits are
calculated based on the aim that the amount of ashes derived from pure coal shall be at least 90% of the
total ash. If two or more co-combustion materials are used together the maximum percentage of each is
calculated in proportion to the values given in the table.
2) Maximum percentage by calorific value of the co-combustion material related to coal.

Type and maximum amount of co-Type and maximum amount of co-
combustion materialscombustion materials

10%
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European Standard draft EN-450 FlyEuropean Standard draft EN-450 Fly
Ash in Concrete, physical requirementsAsh in Concrete, physical requirements
"Fineness (% m/m)
"Activity index (%)
"Soundess (mm, only if)
"Particle density (kg/m3)

"Initial setting time (h)
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Additional physical requirements in theAdditional physical requirements in the
Netherlands for the concrete (CUR 70)Netherlands for the concrete (CUR 70)

"Freeze/thaw resistance (kg/m3)
"Chloride penetration (% m/m)
"Workability (mm)
"Air entrainment (% v/v)
"Retarding (h)
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♣Based on experience until now the
maximum percentage of co-combustion
material related to coal is restricted

♣An initial co-combustion in the furnace
using the highest intended amount of co-
combustion material shall be performed
(Conformity must be tested)

Draft European Standard EN-450Draft European Standard EN-450
Annex A Establishment of suitability ofAnnex A Establishment of suitability of
fly ash obtained from co-combustionfly ash obtained from co-combustion
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EuropeanEuropean
Waste CatalogueWaste Catalogue

(EWC)(EWC)
Will come into force on 01-01-2002

It is a  list containing names of waste together with their classification: hazardous waste
or non hazardous wastes .

Coal fly ash and bottom ash are non hazardous wastes

In case of co-combustion it is hazardous waste, unless it is proved that it is non
hazardous wastes. It is not necessary to to do toxic test, but  the prove may come from
calculations. It is therefore necessary to know the composition and the speciation. This
will be illustrated in the next slides.
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Properties of waste which render
them hazardous, with their limit

values, according the EWC:
category limit va-

lue
category limit va-

lue
category limit va-

lue

H1
explosive

H6
very toxic

=0.1%
H10 toxic for
reproduction
category 3

R62 =5%
R63 =5%

H2
oxidising

H7
carcinogenic
categories 1
or 2

=0.1%

H11
mutagenic
categories 1 or
2

R46 =0.1%

H3-
(highly)
flammable

= 550C
H7
carcinogenic
category 3

=1%
H11 mutagenic
category 3 R40 =1%

H4
irritant

R35 = 1%
R34 = 5%
R36 = 20%
R37 = 20%
R38 = 20%

H8
corrosive

H12
release toxic
gases

H5
harmful

= 25%
H9
infectious

H13 release
toxic leachate

H6
toxic = 3%

H10
toxic for re-
production
categories 1
or 2

R60 =0.5%
R61 =0.5%

H14
ecotoxic
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Waste or Hazardous Waste ?
Method according to the new EWC

100% kolen H4 H5 H6 H6 H7 H7 H8 H8 H10 H10 H11
irriterend schadelijk vergiftig vergiftig kankerverwkankerverwcorrosief corrosief teratogeen teratogeen mutageen
vraag 8h vraag 8d vraag 8b vraag 8c vraag 8i vraag 8j vraag 8e vraag 8f vraag 8k vraag 8l vraag 8n

Ca3(AsO4)2 0,006% 0,01%
CdSO4 0,0002% 0,0002% 0,00%
CoSO4 0,010% 0,01%
Cr2O3 (90%) 0,02% 0,02% 0,02%
CrO3 (10%) 0,00%
CuSO4 0,02% 0,023%
HgCl2 0,0001% 0,0001%
MnSO4 0,09%
MoO3 0,002% 0,002%
NiSO4 0,03% 0,03%
PbSO4 0,008% 0,01%
Sb2SO4 0,001%
CaSeO4(H2O)2 0,003%
V2O5 0,04% 0,04% 0,04% 0,04% 0,04%
ZnSO4 0,05%
Som gewichts% 0,1% 0,2% 0,0001% 0,1% 0,04% 0,03% 0,02% 0,0001% 0,01% 0,04% 0,04%
eis < (gewichts% 20 25 0,1 3 0,1 0,1 1 5 0,5 5 1
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H4 H5 H6 H6 H7 H7
irriterend schadelijk vergiftig vergiftig kankerverwkankerverwekkend
vraag 8h vraag 8d vraag 8b vraag 8c vraag 8i vraag 8j

eis < (gewichts%) 20 25 0,1 3 0,1 0,1
100% kolen NNG 0,1% 0,2% 0,0001% 0,1% 0,04% 0,03%
100% kolen PPK 0,2% 0,4% 0,00004% 0,1% 0,04% 0,02%
35% kippenmest 0,3% 0,4% 0,00004% 0,1% 0,02% 0,02%
34% RDF 0,7% 0,8% 0,0001% 0,1% 0,07% 0,02%
42% afvalhout 1,0% 1,0% 0,0002% 0,1% 0,06% 0,02%

H8 H8 H10 H10 H11 H14
corrosief corrosief teratogeen teratogeen mutageen milieugevaarlijk
vraag 8e vraag 8f vraag 8k vraag 8l vraag 8n

eis < (gewichts%) 1 5 0,5 5 1 geen eis
100% kolen NNG 0,02% 0,0001% 0,01% 0,04% 0,04% 0,25%
100% kolen PPK 0,02% 0,00004% 0,04% 0,1% 0,1% 0,5%
35% kippenmest 0,01% 0,00004% 0,005% 0,02% 0,02% 0,6%
34% RDF 0,1% 0,0001% 0,06% 0,03% 0,03% 1,0%
42% afvalhout 0,04% 0,0002% 0,57% 0,04% 0,04% 1,9%

Waste or Hazardous Waste ?
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Waste or Hazardous Waste ?

Conclusion:Conclusion:
NO Hazardous Waste inNO Hazardous Waste in
case of co-combustion,case of co-combustion,
except 42% m/m wasteexcept 42% m/m waste

woodwood
 according to the EWC according to the EWC
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What aspect's are importantWhat aspect's are important
for using a (waste) materialfor using a (waste) material

as a building material ?as a building material ?
" technical & economical aspects"" technical & economical aspects technical & economical aspects
" environmental aspects"" environmental aspects environmental aspects
" legal aspects"" legal aspects legal aspects
" (occupational) health
     and  safety aspects
"" (occupational) health (occupational) health
     and  safety aspects     and  safety aspects

""perception / public supportperception / public support
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HealthHealthandandSafetySafety
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Which parameters determineWhich parameters determine
the health effects ?the health effects ?

"" composition composition
"" particle size distribution particle size distribution
"" exposure exposure

" dose
"" duration duration



# particle size
# composition

inorganic/organic
total - speciation

# radioactivity
# leaching
# toxicity

CharacterisationCharacterisation



# inorganic
- heavy metals etc.
- U, Th, K
- quartz

#  organic
- dioxins (<1 pg I- TEQ per gram)
- PAH (not detected)

CompositionComposition
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Particle size of various fractionsParticle size of various fractions
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Particle size distribution fraction of total PFA in % PM4/PM50
D10 (µm) D50 (µm) D90 (µm) PM 2.5 PM 4 PM10 PM 50 %

mean 6,5 31,0 131,0 1,3 4,6 19,9 54,7 8,4
stand. dev. 0,3 4,8 15,6 0,2 0,5 1,8 2,8 0,6
v (%) 5 16 12 12 11 9 5 7
min 5,8 23,2 104,8 1,2 4,1 17,1 49,1 7,6
max 7,0 43,0 157,5 1,7 5,9 24,0 59,9 9,8
n 17 17 17 17 17 17 17 17

mean�2*std 5,9 21,3 99,7 1,0 3,6 16,2 49,2 7,3
mean+2*std 7,2 40,6 162,3 1,7 5,6 23,5 60,3 9,5

Statistical figures of particle size
distribution of pulverized fuel ash

PFA (EN) = PKVA (NL) = poederkoolvliegas of ESP-as
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Lead
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Relation between RE-factor and specific surface 2/2
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Speciation of elements in coal fly ashSpeciation of elements in coal fly ash

Cr:  Cr (VI)
P: Ca 3(PO4)2

As: Ca3 (AsO4)2

Measurements: Thermodynamic
calculations

Si: SiO2 etc.

Fact

Outokumpu
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If x< 50% of TLV andIf x< 50% of TLV and
carcinogenic <0.1%, than carcinogenic <0.1%, than it isit is
considered as a non toxic dustconsidered as a non toxic dust

Calculate exposure of eachCalculate exposure of each
individual componentindividual component

Maximum allowable inhalable dust Maximum allowable inhalable dust 

KEMA-DAM® approach 1/4
Dust Assessment Methodology

PFA = mixture of components xPFA = mixture of components x
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composition
inhalable PFA

comply to TLV
yes/now

fraction of  TLV7)component

mean max.

permitted conc
according TLV

at 10 mg.m-3 PM50 mean. max. mean. max.
trace elemenents in mg.kg-1 db

B 242 453 312500 yes yes <0.01 <0.01
Ba 1.412 3.408 50000 yes yes 0.03 0.07
Co 50 74 2000 yes yes 0.03 0.04
Cr 130 189 50000 yes yes <0.01 <0.01
Cs 7.5 9.9 176991 yes yes <0.01 <0.01
Cu 101 178 100000 yes yes <0.01 <0.01
F 303 1190 250000 yes yes <0.01 <0.01

Hg 0.33 1.93 5000 yes yes <0.01 <0.01
Mn 348 770 100000 yes yes <0.01 0.01
Mo 22 59 500000 yes yes <0.01 <0.01

Pb 4) 104 204 15000 yes yes 0.01 0.01
Sb 7.6 15.2 50000 yes yes <0.01 <0.01
Se 18 49 10000 yes yes <0.01 <0.01

Sn 5) 14 200000 yes <0.01 <0.01
Te 5) 3 10000 yes <0.01 <0.01
Tl 5) 7 10000 yes <0.01 <0.01
U 10 19 20000 yes yes <0.01 <0.01
V 259 409 1000 yes yes 0.26 0.41
W 12 92 100000 yes yes <0.01 <0.01
Zn 261 1195 403226 yes yes <0.01 <0.01

ΣΣΣΣ fractions trace elements yes yes 0.42 0.75

Checking PFA to TLV according to the
KEMA-DAM®  (occupational health & safety)
D
ust A

ssessm
ent M

ethodology

ConclusionConclusion
Non Toxic DustNon Toxic Dust
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Checking PFA to TLV according to the
KEMA-DAM®  (occupational health & safety)
D
ust A

ssessm
ent M

ethodology

test chicken manure RDF waste wood
% (m/m)

max.
TLV 36 34 42

potential carcinogenic compounds, concentrations in mg•••• kg-1

conc. conc. % of max conc. % of max conc. % of max
As 2500 17 0,01 17 0,01 92 0,04
Be 1) 2) 200 4,2 0,02 4,6 0,02 4,8 0,02
Cd 500 1,4 <0,01 9,4 0,02 12,9 0,03
Cr(VI) 2) 3) 2500 10 <0,01 40 <0,01 27 <0,01
Ni 1) 2) 10000 78 0,01 117 0,01 86 0,01
Σ carc. 5) 1000 110 0,11 188 0,19 222 0,22
macro-elements, concentration in %:
Ca 6) 36 8 0,22 0,6 0,02 0,6 0,02

trace- and micro-elements, concentrations in mg•••• kg-1

Pb 15000 61 <0,01 698 0,05 6973 0,46
V 1000 169 0,17 208 0,21 259 0,26
Zn 403226 1260 <0,01 2029 0,01 5046 0,01
Σ HM 1 0,25 0,43 0,89
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Cyclones Ströhlein

Gravicon

PMPM44 PMPM5050
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PFA-concentrations around storage (percentiles on 24h)

x y mean 50,0 90,0 95,0 98,0 99,7 max.
days in 3 years 545 109 54 22 3 1

0 0 0,7 0,00 2,5 4,1 5 10 12
0 100 0,7 0,00 2,7 4,5 7 10 21
0 200 0,8 0,00 3,1 4,6 7 12 20
0 300 0,9 0,00 3,3 5,8 8 16 26
0 400 1,1 0,00 4,0 6,4 10 21 27
0 500 1,2 0,00 4,4 7,7 10 21 32
0 600 1,3 0,00 5,0 8,0 13 20 22
0 700 1,4 0,00 5,5 9,1 14 23 31
0 800 1,1 0,00 4,3 7,8 11 17 26
0 900 1,1 0,00 3,9 6,8 11 19 35
0 1000 0,9 0,00 2,9 5,5 9 15 26

µg.m-3PM10
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QuartzQuartz



Lexington Kentucky  October 22-24 2001 International Ash Utilisation Symposium 65

αααα-quartz content (XRD) D50 in µµµµm
n mean±±±±std.

in %
RE-factor aerodynamic

coal 50 2.1±±±±1.4 82.7±±±±14.9
PFBA 1 10.8 0.39 coarse
PFA-C 13 9.2±±±±3.0 0.47±±±±0.12 30.8±±±±7.9
PFA-4 or 5 5 3.6±±±±1.3 0.16±±±±0.02 9.9±±±±6.2
CG-slag 4 n.d. coarse
CG-fly ash 4 n.d. 4.3

➽➽ What is the amount of What is the amount of αααααααα-quartz  in-quartz  in
    coal fired in NL ?    coal fired in NL ?
➽➽ What is the fate of What is the fate of αααααααα-quartz  in coal -quartz  in coal 
    during combustion ?    during combustion ?

[quartz] concentration in ash ash content in coal (%)RE = [quartz] concentration in coal •••• 100
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Green $  Si
Red     $ Al
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Cross section
of a PFA-
particle of AC-9.

The dark grey
spots are αααα-
quartz.

EDS was
performed
along the line
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From a qualitativeFrom a qualitative
to a quantitative approachto a quantitative approach
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αααα-quartz content in % (w/w)
XRD SEM/XMA

total fraction respirable fraction (PM4)co-
de

power
stati-
on.

sample
type total total enclo-

sed
free total enclosed free

21 AC-9 p.coal 4.2 4.0±3.2 1.4±1.2 2.6±3.9 0.022±0.023 0.018±0.023 0.004±0.006
22 AC-9 PFA-C 14.1 14.5±4.1 4.7±0.9 9.8±4.0 0.10±0.05 0.06±0.02 0.04±0.03
23 AC-9 PFA-5 4.4 5.6±1.3 3.9±0.6 1.7±1.5 0.61±0.16 0.55±0.14 0.06±0.06
47 CG-13 PFA-C 9.9 11.2±3.6 5.6±1.4 5.6±2.9 0.14±0.07 0.12±0.05 0.02±0.03
48 CG-13 PFA-4 5.2 7.1±2.3 4.9±1.2 2.2±1.6 0.17±0.07 0.15±0.05 0.02±0.02

number of particles studied
quartz-containing particles PM4 quartz-containing particles

part
PM4

in %
w/w

PM4 total
total enclosed free total enclosed free

21 0.17 24 217 98 88 10 11 11 0
22 1.2 346 5,594 1,996 1,636 360 80 73 7
23 20 616 996 156 149 7 60 59 1
47 2.3 273 1,822 544 488 56 62 58 4
48 3.5 347 2,501 646 611 35 67 66 1
tot. 1,606 11,130 3,440 3,272 468 280 267 13

CCSEM
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αααα-quartz content in %
(w/w)

code power
station.

sample
type

XRD SEM/XRA
21 AC-9 p.coal 4.2 4.0±3.2
22 AC-9 PFA-C 14.1 14.5±4.1
23 AC-9 PFA-5 4.4 5.6±1.3
47 CG-13 PFA-C 9.9 11.2±3.6
48 CG-13 PFA-4 5.2 7.1±2.3

➽➽ The accuracy of the applied methodThe accuracy of the applied method
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➽➽ The statistical foundationThe statistical foundation

number of particles studiedcode sample
type

part
PM4 in %

w/w
PM4 total

21 p.coal 0.17 24 217
22 PFA-C 1.2 346 5,594
23 PFA-5 20 616 996
47 PFA-C 2.3 273 1,822
48 PFA-4 3.5 347 2,501

  total 1,606 11,130
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➽➽ Partition between free and embeddedPartition between free and embedded

αααα-quartz content in % (w/w)
SEM/XMA

total fractioncode sample
type total enclosed free

21 p.coal 4.0±3.2 1.4±1.2 2.6±3.9
22 PFA-C 14.5±4.1 4.7±0.9 9.8±4.0
23 PFA-5 5.6±1.3 3.9±0.6 1.7±1.5
47 PFA-C 11.2±3.6 5.6±1.4 5.6±2.9
48 PFA-4 7.1±2.3 4.9±1.2 2.2±1.6
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➽➽ Partition between respirable and total Partition between respirable and total 
    and between free and embedded    and between free and embedded

αααα-quartz content in % (w/w)
SEM/XMA
respirable fraction (PM4)code sample

type total enclosed free
21 p.coal 0.022±0.023 0.018±0.023 0.004±0.006
22 PFA-C 0.10±0.05 0.06±0.02 0.04±0.03
23 PFA-5 0.61±0.16 0.55±0.14 0.06±0.06
47 PFA-C 0.14±0.07 0.12±0.05 0.02±0.03
48 PFA-4 0.17±0.07 0.15±0.05 0.02±0.02
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Conclusions with respect to ash of
co-firing

3 Composition of ash is predictable (<10%, >10%)
4 According to the demands of the EWC

co-firing ash is not hazardous, except 42% wood

5 PFA in concrete can meet the leaching demands
   of the Dutch BMD

6 KEMA DAM  indicates ash is a “non toxic dust”, 
   except  for waste wood at 42%

legal

Occupational

environmental

1 Public acceptance is extremely important

2 Ash can be utilised in concrete technical

perception
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