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The Vision of theThe Vision of the 
Ash ProgramAsh Program

Combustion residues Combustion residues 
are resources in a are resources in a 
sustainable societysustainable society



StrategyStrategy 
for the Ash Programfor the Ash Program



 
AsheAshes shall be useful resourcess shall be useful resources


 

That demands competition between many possible usesThat demands competition between many possible uses



 
Balance between Balance between 


 

Non Non ––toxic nature and waste hierarchytoxic nature and waste hierarchy


 

Swedish EPA 2003: Utility shall be given priority when the risk Swedish EPA 2003: Utility shall be given priority when the risk 
for health and environment is lowfor health and environment is low



 
Practical research with scientific basePractical research with scientific base



 

Universities, research Universities, research centerscenters consultantsconsultants



 

Technique, Environmental chemistry, Technique, Environmental chemistry, 


 

Good examples, Long term trialsGood examples, Long term trials



 
A broad funding and managementA broad funding and management


 

Authorities:     Energy, EPA, Geo Technique, RoadAuthorities:     Energy, EPA, Geo Technique, Road


 

Producers:      Energy (District Heating), Paper industryProducers:      Energy (District Heating), Paper industry


 

Research funders, Boiler producer, UniversityResearch funders, Boiler producer, University
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Research program
Environmentally friendly uses of none coal ashes
1 m€/year since 2002. 40 companies and authorities

The Thermal Enginiering Research Institute of Sweden

EnvironmentForestry Geotechnigue Land filling.

• Criteria's

• Expound laws

• Test methods

• Quality control

• Roads

• Surfaces

• Concrete

• Mining 

• Dense layers

• Stabilization

• Covering Mine 
Tailings

• Recycling

•When outtake 
of energy

• Extra 
Growth

Presentatör
Presentationsanteckningar
Värmeforsk are organiserat med en styrgrupp och fyra arbetsgrupper.



Results Results 


 

The results are the results from the The results are the results from the 
scientists.scientists.


 

The Authorities don't automatically agree The Authorities don't automatically agree 


 
Specially about the balance between Specially about the balance between 


 
The AIM of Poisson free NatureThe AIM of Poisson free Nature



 
Using wastes as resourcesUsing wastes as resources



InformationInformation 
in Englishin English


 

www.askprogrammet .comwww.askprogrammet .com


 

Database AllaskaDatabase Allaska


 

Collects all results in both Swedish and EnglishCollects all results in both Swedish and English



 

Some reports in EnglishSome reports in English


 

The major is the Synthesis of 02The major is the Synthesis of 02--0808


 

All reports have an summary in EnglishAll reports have an summary in English


 

All figures and tables have have text in English All figures and tables have have text in English 



 
International presentationsInternational presentations



 

exampel: Today's speech,exampel: Today's speech,


 

are found at are found at www.energiaskor.sewww.energiaskor.se

http://www.askprogrammet
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ABAB 88

Ash content in different Ash content in different 
fuelsfuels


 

25% in municipal wastes25% in municipal wastes


 
5% in peat (can be much more)5% in peat (can be much more)


 

1010--50% in sludge from paper 50% in sludge from paper 
industryindustry


 

22--4% in bark, needles and branches4% in bark, needles and branches


 
0,30,3--0,5% in pure wood0,5% in pure wood
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BoilersBoilers 
(the Pictures show (the Pictures show rebuilt rebuilt boilers at Sboilers at Sööderenergi)derenergi)

Grate boiler  
Incinerators and  
Smaller boilers  less 
than 100 MW 
All fuels as bark, wood 
chips industrial+ 
household Wastes etc
1 100 °C
Bottom ashes dominate

Powder cumbustion
Peat, pellets
≈

 
1 200 °C

Fly ashes dominate

Fluidised bed. 
All fuels as  wood 
chips, peat, wastes
≈

 
850 °C

Often equal 
amount fly/bottom 
ashes
low NOx



UseUse of of ashesashes in Sweden 2006in Sweden 2006 
Problem: Problem: ManyMany small small producersproducers



 

Roads Roads etcetc 200200 kton kton 


 

ForestryForestry, , ArableArable landland 3535 ktonkton


 

BackfillningBackfillning to to cavitiescavities 5050 kton (APC)kton (APC)


 

Construction on Construction on landfillslandfills 650650 ktonkton


 

OthersOthers, , unknownunknown 175175 ktonkton



 

TotalTotal 1 1 miljmilj tonton


 

ProductionProduction 1,3 1,3 miljmilj ton Tton T



 
Construction on Construction on landfillslandfills willwill moremore or less or less 
disappeardisappear withinwithin 1010--15 15 yearsyears



Ashes to the forestsAshes to the forests 
A Cd ion from a rottening branch is not better than the same ioA Cd ion from a rottening branch is not better than the same ion from returned ash n from returned ash 


 

Ashes shall be Ashes shall be 
returned to the returned to the 
forestsforests



 

Outtake of bio energy Outtake of bio energy 
(branches and tops) (branches and tops) 
demands demands recycling of recycling of 
ashes, (basic) minerals to ashes, (basic) minerals to 
get a sustainable forestry.get a sustainable forestry.



 

As fertilizer of ditched As fertilizer of ditched 
forests peat land to get forests peat land to get 
increased growthincreased growth



 

New: climate gases C0New: climate gases C022 

and Nand N22 O will decrease!!!! O will decrease!!!! 
CHCH44 ==
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Dense layers 50/50 of ashes and Dense layers 50/50 of ashes and 
digested sewage digested sewage sludgessludges (dry wt)(dry wt) 

when when closure of landfillsclosure of landfills



 

It is dense: <10It is dense: <10--99m/sm/s


 

It has an OK shear It has an OK shear 
strength >30kPastrength >30kPa



 

It stands settlementsIt stands settlements


 

It is long lasting: the It is long lasting: the 
biological  and biological  and 
chemical degrading chemical degrading 
are very, very sloware very, very slow

(High pH, Salts, Low  (High pH, Salts, Low  
perculationperculation)) Dense layer trails at Dragmossen



The Tveta methodThe Tveta method 
see B9 Trevor et al see B9 Trevor et al 



 
After a lot of research workAfter a lot of research work



 
At the Tveta Landfill they use At the Tveta Landfill they use 
wastes and specially ashes in wastes and specially ashes in 
all layersall layers



 
The drainage layer with very The drainage layer with very 
coarse MSWI bottom ashescoarse MSWI bottom ashes



 
The dense layer with fly ashes The dense layer with fly ashes 
and clay or only fly ashes of and clay or only fly ashes of 
good qualitygood quality

Layer composition for the landfill cover 
system





1515

Bio/waste ashes in concreteBio/waste ashes in concrete


 
Bio fly ashes cant satisfy EN 1450Bio fly ashes cant satisfy EN 1450


 

That suits  only fly ashes from SiOThat suits  only fly ashes from SiO 22 --rich coalsrich coals


 
In concrete, bio fly ashes are good fillers and  In concrete, bio fly ashes are good fillers and  

can replace some Portland cementcan replace some Portland cement


 
CloridesClorides (0,1% (0,1% ClCl) are a problem, they corrode ) are a problem, they corrode 
the armouringthe armouring--iron. iron. 



 
Low quality concretes are preferred Low quality concretes are preferred 
markets.markets.

Interesting project at Vattenfall:Interesting project at Vattenfall:


 
DIANASDIANAS


 

flyashesflyashes + cement as binder+ cement as binder


 

MSWI bottom ashes as ballastMSWI bottom ashes as ballast



Bio fly ashes in roadsBio fly ashes in roads 
in the sublevelsin the sublevels



 
Stiffer and stronger roadsStiffer and stronger roads



 
Stabilizes bad/old materialsStabilizes bad/old materials



 
Less material! 1/4!Less material! 1/4!



 
Much better frost heave Much better frost heave 
resistantresistant



 
Less maintenanceLess maintenance



 
No measured impact on No measured impact on 
environmentenvironment



 
Light weight constructionLight weight construction
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Constructions with peat/wood fly ashesConstructions with peat/wood fly ashes 
blended with 30blended with 30--50% gravel50% gravel

Fly ashes have transformed 
this former bad farmroad to a 
very good road



 

This plant for recycling of This plant for recycling of 
domestic wastes domestic wastes –– is a is a 
light weight construction light weight construction 
of fly ashes on clay soilof fly ashes on clay soil
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Constructions with bottom ashesConstructions with bottom ashes

Lightweight motorway 
construction with 
roster(grate) bottom ash 
from coal-firing

MSWI slag road is examined 
after 18 years of use. Very 
interesting scientific reports 
from this road

Ashes shall be tested with functional 
test methods as the triaxial method

.

Very 
low 
impact 
of the 
environ 
ment



Low RiskLow Risk 
to health and environment to health and environment 



 
1/100 000 to get damaged1/100 000 to get damaged


 

To get cancer (not  to die of it)To get cancer (not  to die of it)


 

For one individual in the most exposed groupFor one individual in the most exposed group


 

That That leads to very very improbable scenariosleads to very very improbable scenarios



 

Shall not increase the the amount of undesired Shall not increase the the amount of undesired 
impurities above normal variations in the recipient impurities above normal variations in the recipient 



Low Risk calculation model for ashes in roadsLow Risk calculation model for ashes in roads



The critical scenario for low risk The critical scenario for low risk usingusing ashesashes as as 
0,5m 0,5m thickthick sublevelsublevel in roads in roads withoutwithout otherother 

restrictionsrestrictions
Dust on Dust on vegetablesvegetables are are more critical than leaching!more critical than leaching!
With one With one exeptionexeption:  :  SbSb

20m

Scenario:
1/3 of his yearly intake of veg
He hardly washes them
Dust from
Building the road +
maintenance and demolition

For gravel roads are calculated that  ash is not used in the surface layer but 
some ash reaches the  surface through maintenance. 
Moderate traffic creates dust  during 64 years and 5% of the dust is ash.

Calculations are conservative as there are a lot of less known parameters, 



Low risk LeachingLow risk Leaching


 
Leaching, calculated according to the TAC Leaching, calculated according to the TAC 
model for landfills, is not critical for the model for landfills, is not critical for the 
local risk for ashes. local risk for ashes. 


 

Regional risk, Regional risk, i.ei.e, many roads with ashes , many roads with ashes 
in a in a watersystemwatersystem leads to more stringent leads to more stringent 
limitslimits


 

–– but most ashes including MSWI  bottom but most ashes including MSWI  bottom 
ashes will still give low risk for health and ashes will still give low risk for health and 
environment when used for building roadsenvironment when used for building roads



Low risk leaching of antimonyLow risk leaching of antimony


 

EU:sEU:s groundwater directive for groundwater directive for SbSb is based is based 
on what once was measurable. 5mg/lon what once was measurable. 5mg/l


 

A A toxicaltoxical based limit should be 20 mg/l !!!!based limit should be 20 mg/l !!!!


 
If the EU value is the limit than, then that If the EU value is the limit than, then that 
must be taken in consideration for some must be taken in consideration for some 
constructions with ashesconstructions with ashes


 

One CFBOne CFB-- plant has solved it with not plant has solved it with not 
burning fire protected plastics from burning fire protected plastics from 
electronicselectronics



Low risk leaving a roadLow risk leaving a road


 
The scenario is that the road is left in The scenario is that the road is left in 
open with the ash at the surface open with the ash at the surface 


 

and a person:and a person:


 
walks on it 40 windy days a yearwalks on it 40 windy days a year


 

inhales a lot of dustinhales a lot of dust


 
has oral intakehas oral intake


 

eats 1 kg/y of plants that has taken up a eats 1 kg/y of plants that has taken up a 
lot of metalslot of metals



Max Max contentscontents
PbPb CdCd HgHg ZnZn AsAs

90% of 90% of 
SwedishSwedish
MorainMorain
Free Free useuse duedue 
to to SwSw EPAEPA
No riskNo risk

2020 0,20,2 0,10,1 120120 1010

Ashes to Ashes to 
forestsforests duedue 
to Swedish to Swedish 
Forests Forests 
AgencyAgency

300300 3030 33 7 0007 000 3030

LowLow locallocal risk risk 
gravelgravel roadsroads 1 4001 400 330330 8080 >2,5 %>2,5 % 5555

LowLow risk risk 
leavingleaving ashesashes 
at the at the surfacesurface 
exposure 40 exposure 40 
daysdays/y/y

1 5001 500 6060 6060 > 5%> 5% 1515



Low risk. In vitro trialsLow risk. In vitro trials


 
For oral intake you For oral intake you normalynormaly suggest that 100% suggest that 100% 
goes into the blood and pass the liver and the goes into the blood and pass the liver and the 
cell membranes into the cell etc cell membranes into the cell etc 



 
SGI have made in vitro tests to look at the first SGI have made in vitro tests to look at the first 
step; that is what is leachable in solutions like step; that is what is leachable in solutions like 
the mouth , stomach and intestines (the mouth , stomach and intestines (FFbb ))



 
The show figures has taken in account the this The show figures has taken in account the this 
first step first step 



 
and how much of the toxic limits are likely to be and how much of the toxic limits are likely to be 
““occupiedoccupied”” by natural by natural impuritesimpurites
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HowHow to to complycomply with the with the hazardoushazardous 
waste waste directivedirective??



 
A special A special methodologymethodology has has beenbeen developeddeveloped 
basedbased on referens on referens substancessubstances (Rolf Sj(Rolf Sjööblom who blom who 
has  the  poster has  the  poster D1D1 at the at the conferenceconference))



 
The The methodologymethodology has has beenbeen appliedapplied to > 30 to > 30 
plantsplants



 
The Swedish EPA disagrees with the criteria for The Swedish EPA disagrees with the criteria for 
ecotoxicityecotoxicity in the methodologyin the methodology



 
"So we must "So we must 


 

Look at how zinc occurs in the ashes Look at how zinc occurs in the ashes 


 

develop a method for develop a method for ecotoxicecotoxic studies for ashesstudies for ashes



HH--14 14 ecotoxecotox


 
3 reports 3 reports stronglystrongly indicates that zinc mostly is in the indicates that zinc mostly is in the 
form of silicates or ferrite in wetted ashes form of silicates or ferrite in wetted ashes 



 

(for MSWI fly ashes Zn(OH)2 might dominate)(for MSWI fly ashes Zn(OH)2 might dominate)



 
Tests for Tests for ecotoxicityecotoxicity has been done on has been done on brackbrack water water 
organisms: organisms: AlgeaAlgea Shrimp, Fish embryo and Bacteria.Shrimp, Fish embryo and Bacteria.



 
At L/S 10 all ashes At L/S 10 all ashes but for old MSWIbut for old MSWI--bottom ash bottom ash was was 
at least somewhat at least somewhat ecotoxicecotoxic..



 
But most of it was depended on CaBut most of it was depended on Ca2+ 2+ and and KK++!!!!!!
(New and unexpected) Not on (New and unexpected) Not on exotoxicexotoxic ions!ions!



 
The work is continued by ITM and SGIThe work is continued by ITM and SGI



Organics in ashesOrganics in ashes 
is not a big problemis not a big problem



 

LOI shows not only unburned but also chemical bonded LOI shows not only unburned but also chemical bonded 
water for wetted ashes. water for wetted ashes. 



 

TOC (total organic carbon) shows total oxidize able TOC (total organic carbon) shows total oxidize able 
carboncarbon



 

Most of TOC in ashes are mineralogical coalMost of TOC in ashes are mineralogical coal


 

Very little is organic poisons Very little is organic poisons 


 

The amount of organic poisons is not connected to TOCThe amount of organic poisons is not connected to TOC


 

PAH'sPAH's in fuels are destroyed, in fuels are destroyed, PAH'sPAH's in residues in residues 
originate in imperfect combustion originate in imperfect combustion and the and the 
concentration can be rather high when something goes concentration can be rather high when something goes 
wrong.wrong.



 

For modern incinerators the total amount of dioxins are For modern incinerators the total amount of dioxins are 
lower in the fly ashes than in the incoming household lower in the fly ashes than in the incoming household 
wastes wastes --a Swedish Waste study in close contact with EPAa Swedish Waste study in close contact with EPA



Uses shall be given priority when Uses shall be given priority when 
the risk for health and the risk for health and 

environment is lowenvironment is low


 
As risks always are calculated in a As risks always are calculated in a 
conservative way it gives a good balance conservative way it gives a good balance 
betweenbetween


 

Poison free nature andPoison free nature and


 
The waste hierarchy  The waste hierarchy  


 

Low risk calculations gives that  most Low risk calculations gives that  most 
ashes can be used as  resources in a ashes can be used as  resources in a 
sustainable societysustainable society



Claus Ribbing, Sensual Claus Ribbing, Sensual 
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ABAB 3333

9% Recycling to compensate forest fuel outtake 

10% Fly ash from waste combustion = Hazardous waste. Cave filling

10% Bed sand = fine sand 
5% Scrap          metal Metal production

30% MSWI slag

20% Other grate furnace
and powder boiler bottom ash

Strengthening layers,
terraces, light constructions  
simple filling applications

16% Fly ash Stabilisation of roads and soils. Dens 
layers,  Light constructions. Covering of 
mine tailings. Replacing of cement

Pipe grave filling etc

What can non coal ashes be used for?What can non coal ashes be used for? 
1,5 1,5 miljmilj tons in Sweden 2008tons in Sweden 2008

Deposit filling and construction material
Strengthening layers in roads and surfaces
medium heavy constructions



Thanks for your attentionThanks for your attention 
claes.ribbing@energiaskor.seclaes.ribbing@energiaskor.se 
you are welcomed to mail meyou are welcomed to mail me 

This presentation will be published atThis presentation will be published at 
www.energiaskor.sewww.energiaskor.se

The synthesises of the ash The synthesises of the ash 
programme 2002programme 2002--2008 and the 2008 and the 
database database AllaskaAllaska is published in is published in 

English atEnglish at
www.askprogrammet.comwww.askprogrammet.com
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