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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

1 SUMMARY

This report considers the potential environmental impacts from thermal treatment of waste due to dis-
posal of residues and identifies requirements for mitigation measures.

The following treatment methods are dealt with in the report:

incineration
pyrolysis/gasification
vitrification

The report considers various commercially available technologies for waste incineration, pyrolysis and
gasification. The environmental impact of handling residues from pyrolysis/gasification and from incin-
eration is in the same range.

The pyrolysis/gasification technologies considered are recent developments and investment and oper-
ating costs for these plants are generally higher than for grate incineration.

The residues generated by thermal treatment are:

Bottom ash (ash and clinker)

Air pollution control residues (APC residues) including fly ash, etc.

Wastewater (in case of wet APC- system) &

&
Bottom ash is usually considered a non-hazardous material anés\has been re-used in construction, for
example as structural layer in roads, parking lots, etc. gﬁ %s backfill in coastal construction works.
Strict environmental requirements on content and |g& ?\g of heavy metals may demand further
treatment prior to using the bottom ash for construg\t}@&r’(}burposes.
$uS
Air pollution control (APC) residues, on the ot i&‘g\nd, are classified as hazardous waste due to their
high content of heavy metals. These resic{(@gﬂeed to be stabilised prior to final disposal in a con-
trolled landfill. & \\'\\
S

Bottom ash can be stabilised by differ { methods. The most feasible with respect to leaching charac-
teristics and economics are COz—stqé%i?ation, the Wesphix-process, and stabilisation with bitumen in
asphalt. oY

New stabilisation methods for APC residues (VKI-process, DHR-process and Ferrox-process) have
been developed on pilot scale, but it may take 3 - 4 years before these methods receive approval from
the authorities. In the meantime, APC residues may be exported to Norway or Germany for final dis-
posal in mineshafts, where there is minimal risk of heavy metals leaching to the surroundings. Norway
also operates a facility using APC residues for neutralising acid industrial wastes.

Bottom ash can be used as a valuable aggregate in the construction industry. The reuse of this mate-
rial and the residue from other thermal treatment processes has been considered with particular em-
phasis on possibilities for reuse in Ireland.

074/510/001/Rp0007 1 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

2 ENVIRONMENTAL IMPACT FROM RESIDUES GENERATED BY
THERMAL TREATMENT

The purpose of this report is to assess the potential environmental impacts from the disposal of resi-
dues from thermal treatment of waste and to identify requirements for mitigation measures.

The report describes the environmental impact of disposal and use of bottom ash, APC (air pollution
control) residues and wastewater from APC systems from thermal solid waste treatment. The eco-
nomic and environmental estimates are based on the treatment of between 250,000 to 400,000 tonnes
of solid waste per year. The report is based on data from Denmark and other European countries. The
possibilities for disposal reuse in Ireland are also discussed.

Ireland and Denmark have many similarities in their socio-economic structure. The economies of both
countries are based on light industry and agriculture, neither country has mining industry or indigenous
coal production, and the patterns of consumption are relatively similar. Therefore, it is assumed here
that the waste compositions in Ireland and Denmark are relatively similar. However, the waste man-
agement plan for Dublin aims at 60% source separation of waste, which will remove part of the heavy,
non-combustible fraction prior to thermal treatment. The amounts of residues from thermal treatment in
Dublin may therefore be less than estimated in this report.

The report considers the environmental impact of residues from the following thermal treatment proc-
esses:
4
Incineration with dry/semidry air pollution control (APC) ®®
Incineration with wet APC \\.?@O
Herhof-process (Refuse derived fuel (RDF) basedc%mﬁg stabilisation with incineration)
Pyropleg-process (pyrolysis) F»

Von Roll Inova process (vitrification) (\Q\>\f$\>\\
Table 2.1 shows the different types of resi%@%ﬁ?oduced from each of the thermal treatment proc-
esses. RGN
S L
Table 2.1: Different types of residue%\&?Qoduced from each of the thermal treatment processes
Bot(gf?\n ash Fly ash | Sludge from wastewater treatment
Incineration: <
Dry/semidry APC system yes yes no
Wet APC system yes yes yes, usually mixed with fly ash
RDF:
Herhof process yes yes no/yes
Pyrolysis:
Pyropleq process yes yes no
Vitrification:
Von Roll Inova process yes (vitrified clinker) yes no
074/510/001/Rp0007 2 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

3 HANDLING AND DISPOSAL OF BOTTOM ASH AND APC
RESIDUES IN A EUROPEAN PERSPECTIVE

Current European regulations require that bottom ash and APC residues be handled separately.

3.1 DISPOSAL OF BOTTOM ASH

Bottom ash is either landfilled or used in construction works. Re-use of bottom ash is the favoured op-
tion for final disposal in most European countries. However, most EU-countries have established envi-
ronmental standards that bottom ash must meet before its re-use in order to minimise the release of
contaminants to the environment. Denmark last year implemented very strict standards for using bot-
tom ash for construction works.

In general, bottom ash may be re-used if it has a low environmental risk as defined by its content of
organic matter, loss on ignition, content of heavy metals and/or solubility. Bottom ash not fulfilling the
requirements for re-use is deposited in a landfill designed to accept this type of material. Some coun-
tries (e.g. France, Switzerland, and Germany) use different types of landfills for different ash qualities.

3.2 DISPOSAL OF APC RESIDUES AND FLY ASH

In comparison to the options for handling and disposing of bottom ﬁh European countries have more
strict regulations for APC residues and fly ash. Most countries&@éat these materials as a hazardous
waste, thus limiting their potential re-use. & §°

<§\ \Qp

All countries are aware of the environmental risks frog#?@é?abilised APC residues. Therefore, different
stabilisation methods are being developed, which & Sallow future environmentally safe landfilling of
the residues. Some promising stabilisation tech\\' R have been developed in Denmark.

&N
Most European countries today dispose uns%iﬁsed APC residues in specially designed landfill cells.
Deposition can only take place in a Iandﬁﬁ Which is lined and has a leachate collection system. The
APC residues are stored in large bags %&

N\
%erlands, Germany) or are covered with plastic in order to
reduce infiltration (Denmark, Sweden ermany and Norway also dispose APC residues in under-
ground sites such as old salt or or% nes.

Methods to stabilise APC residues and thus minimising their environmental impact are under devel-
opment. France, UK and Sweden are working with immobilising contaminants by solidifying with hy-
draulic binders (e.g. cement). Japan and France are also exploring vitrification alternatives.

Denmark is working on different stabilisation methods using chemical agents such as carbon dioxide
or ferro-sulphate.

074/510/001/Rp0007 3 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

4 ENVIRONMENTAL REQUIREMENTS FOR RESIDUES FROM
THERMAL TREATMENT

The report evaluates the environmental impact of residues by applying the national and international
environmental standards for handling, using and disposal of solid and wet residues. The Danish stan-
dards are used as a benchmark where applicable, having a well-defined set of values against which to
compare the residues. The Danish standards are stricter than the current EU-directives.

The following environmental standards are used:

EU-directive 2000/76/EF (dated 4. December 2000 on thermal treatment) for general guidelines
for handling, using and disposing of residues. Furthermore, limits for wastewater discharge from
incineration plants with wet APC-system are taken from appendix IV of the directive.

Danish regulation (no. 921 dated the 08/10/1996 for requirements of discharge of hazardous
chemicals to rivers, lakes and marine recipients) for discharge of leachate to marine recipients.
Danish regulation (no. 655 dated 27/06/2000 on the use of bottom ash for construction works) for
limitation on use of residues.

Danish regulation (no. 619 dated 27/06/2000 on waste) for classifying hazardous waste.

Danish regulation (no. 733 dated 31. July 2000 on list of hazardous wastes).

The EU-directive 2000/76/EF gives guidance for handling, reuse and disposing of thermal treatment
residues. The directive emphasises the following priority actions: .
N
The volume and environmental impact of residues from ingﬂ@érators should be reduced as much
as possible. SES
The residues should be reused, if feasible. 0(\\0*
Before final disposal, the composition and pollut{pﬁ&tential of the residues should be measured.
This includes measurements of the content of@é@ble salts and soluble heavy metals in the resi-
dues. »'\\Ooé
&
The EU-directive sets limits for the dischao(‘g%\@%\ﬁ' wastewater from thermal treatment plants. These are
shown in table 4.1. CQ
(O
o
Table 4.1: Limits for discharge ofo@astewater from incineration processes to a recipient. (EU
directive 2000/76/EF)Qo°

Contaminant Limits for wastewater from wet APC treatment [mg/I]
Total amount of suspended matter 30-45
Hg (total) 0.03
Cd (total) 0.05
Tl (total) 0.05
As (total) 0.15
Pb (total) 0.2
Cr (total) 0.5
Cu (total) 0.5
Ni (total) 0.5
Zn (total) 1.5
Dioxin and furan compounds 0.3 ngl/l

Danish regulation no. 655 on use of residues categorises the residual products according to their total
content of heavy metals and/or leaching characteristics. Thus, residues are characterised by their total
chemical composition and by batch leaching tests with a liquid/solid ratio of 2. Residues in category 1
(equal to virgin materials) may be used outright for construction purposes. Residues in categories 2
and 3 must meet strict requirements with respect to placement of the residues, distances to water
supplies and surface waters, etc.

074/510/001/Rp0007 4 Rev A01
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Dublin Waste to Energy Project

Residues Generated by Thermal Treatment

Table 4.2 shows the limits for each of the categories.

Table 4.2: Danish limits for heavy metals in residues. Total content and concentrations in
leachate. Category 1 allows immediate use of residues. Categories 2 & 3 are subject
to restrictions for their use. (Danish Ministry of Environment and Energy, 2000 a)

Element Category 1 Category 2 Category 3
Total content [mg/kg]
As 0-20 >20 >20
Pb 0-40 >40 >40
Cd 0-0.5 >0.5 >0.5
Cr (total) 0-500 >500 >500
Cr (V1) 0-20 >20 >20
Cu 0-500 >500 >500
Hg 0-1 >1 >1
Ni 0-30 >30 >30
Zn 0-500 >500 >500
Concentrations in leachate (L/S = 2)
Cl 0-150,000 0-150,000 150,000-300,000
SO, 0-250,000 0-250,000 250,000-400,000
Na 0-100,000 0-100,000 & 100,000-150,000
As 0-8 0-85% 8-50
Ba 0-300 0&*@@0 300-4,000
Pb 0-10 & @S\"o-m 10-100
cd 0-2 S 02 2-40
Cr (total) 0-10 .O&&‘ 0-10 10-500
Cu 0-45 (\@)& 2 0-45 45-2,000
Hg 0-0.1 <& 0-0.1 0.1-1
Mn 0-150 & 0-150 150-1,000
Ni 0-10& 0-10 10-70
Zn 0-1\60 0-100 100-1,500

No residues may be used when classified as hazardous waste. Table 4.3 shows the values for
classification as hazardous waste in Denmark.

Table 4.3: Limit values for hazardous waste. (Danish Ministry of Environment and Energy,
2000 b and Danish Ministry of Environment and Energy, 2000 c)

Element Limit values for hazardous waste [mg/kg]

Zn 50,000

Pb 5,000

As 1,000

Cd 1,000

Hg

Cu 250,000

Ni 1,000

The Danish regulation no. 921 sets limits for discharge to marine environments of leachate from waste
disposal and stabilisation processes (see table 4.4). These limits apply after initial dilution of the
leachate in seawater (usually by a factor of 10). The quality requirements of the leachate should
therefore be fulfilled after initial dilution of the leachate.

074/510/001/Rp0007
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Dublin Waste to Energy Project

Residues Generated by Thermal Treatment

Table 4.4: Limits for discharge of leachate to marine environments. (Danish Ministry of Envi-
ronment and Energy, 1996)

Element Limiting value for discharge to marine environment [ug/I]
As 4
Cd 25
Hg 0.3
Pb 5.6
Cr 1
Cu 29
Ni 8.3
Zn 86

&
&
&
S
& 2°
&
NN
VA
\)
rG
LR
Qé \\\\q
R
©
&
S
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

5 ENVIRONMENTAL IMPACTS FROM INCINERATION AND
DISPOSAL OF RESIDUES

In the following, the environmental impacts from incineration and disposal of residues are considered.

5.1 RESIDUES

5.1.1 Bottom Ash, Siftings and Boiler Ash

Description

Bottom ash is a heterogeneous material, which, depending on the combustion and cooling processes,
can occur as a granulate or as lumps mixed with metals and unburned material. (Hjelmar, 2000).

Siftings include sand, small partially burned particles, and hardened metals, which during combustion
melt and seep down through the grate. The siftings can either be collected and mixed with the bottom
ash, disposed of separately, or be re-fed to the incinerator for combustion.

Boiler ash consists of relatively coarse ash particles, which are separated from the gas stream when
this changes direction between two boiler passes. The boiler asé}ﬁ% normally mixed with the fly ash
and disposed of as hazardous waste. O@

The strict Danish standard for the re-use of bottom as%ﬁk@?ﬁ/ requires stabilisation of the ash prior to
use.

&

The bottom ash is stored for 1-6 months in ord ‘?c@ﬁnprove its leaching characteristics. By storing the
bottom ash, pH is reduced from typically 11—;;é’g©wn to 8-9 when strong alkalised oxides and hydrox-
ides in the bottom ash carbonise. This I«Pr uction during storage reduces the leaching of heavy
metals. The pH-reduction results in red& solublllty of Pb and Zn, whereas the solubility of Cd in-
creases slightly. The reduced Ieachlngs\tﬁD Pb and Zn from the bottom ash is partially offset by in-
creased leaching of Cd, but the quantjty of this is usually not critical (Hjelmar, 2000). Depots for bottom
ash storage should have a water%@ membrane, controlled collection of rainwater and be equipped
with a wastewater treatment plant to treat the percolate for heavy metals.

In some cases washing with water and CO2 stabilisation are applied as final steps in the ash treatment
process. The extent of washing and CO2 stabilisation is dependent on the content and leachability of
the heavy metals.

The focus on the heavy metals has caused many WTE plants to search for and locate the main
sources for the heavy metals and subsequently restrict their appearance in the waste stream. The re-
sult has been a noticeable improvement of the bottom ash.

In Denmark the bottom ash is stored on site or off-site depending on the area available at the thermal
treatment plant. The area needed for storing bottom ash in Dublin is estimated at approximately
25,000 - 40,000 m? (see appendix 1). In addition 20,000 m? are needed for containers, fences and
personnel facilities etc., i.e. a total area of 45,000 - 60,000 m? would be needed.

Composition

The average chemical composition of bottom ash in Denmark is shown in the following table. It is as-
sumed that waste composition in Dublin will result in a bottom ash of similar quality. This composition
has been compared to the strictest limiting values (see table 5.1) for using residues in Denmark.

074/510/001/Rp0007 7 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

Table 5.1: Average chemical composition of Danish bottom ash and Danish limits for unre-
stricted use of bottom ash (category 1)

Element/Compound | Chemical composition of Danish bottom ash | Danish limits for unrestricted use
[mg/kg]” [mg/kg]”

Si 270,000

Ca 71,000

Fe 68,000

Al 50,000

Na 24,000 100,000

K 12,000

Ti 4,600

Cu (total) 2,800 500

Zn 2,300 500

Pb 1,600 40

As 12 20

Cd 14 0.5

Hg <0.08 1

Ni 230 30

Cr (total) 330 - 500
2 Hjelmar, 2000. N
® Danish Ministry of Environment and Energy, 2000a. O'\\Q
S
Average Danish bottom ash has higher total concentratigtsiof Cu, Zn, Pb, Cd and Ni than the category
1 limits. Thus, average Danish bottom ash can on used in construction projects, which ensure
only a limited contact of bottom ash to the outer eg@?r\@??ment (such as under a road base).
@
& &

Amounts NN

S
Bottom ash is the major residue fractioﬁog@ﬁ\‘r? incinerators. The following table shows the estimated
amount of bottom ash from a proposedthermal treatment plant in Dublin assuming intake of mixed
waste. However, the amount of bottggﬁr ash, as shown in table 5.2, may change if the waste is pre-
sorted. 000

Table 5.2: Amount of bottom ash produced from a proposed thermal treatment plant in Dublin
receiving 250,000 - 400,000 tonnes waste per year

Residue Type Average amount Amount from thermal treatment plant in Dublin
[kg/tonnes waste]a) [tonnes/yr]
Bottom ash 200 50,000 - 80,000

3 Vestforbraending, 1999.

Environmental Impact

The main environmental risk from disposing and using bottom ash is leaching of heavy metals, salts
and organic compounds to ground or surface water. The immediately soluble part of the bottom ash is
in an order of magnitude of 3-7% (w/w). (Hjelmar, 1998).

Tests on leachate from disposed bottom ash show that the leachate usually contains significant
amount of salts (sulphates and chlorides of Na, K and Ca) and moderate to low contents of heavy
metals. The content of soluble organic matter (DOC or NVOC) in the leachate depends, however, on
the quality of the combustion (Hjelmar, 2000).

The results of an accumulated serial column- and batch leaching test conducted on bottom ash, with a
liquid-solid ratio (L/S) of 0 - 2 and 2 - 10 I/kg can be seen in the following table 5.3 (Hjelmar, 2000).

074/510/001/Rp0007 8 Rev A01

EPA Export 25-07-2013:21:24:57



Dublin Waste to Energy Project

Residues Generated by Thermal Treatment

Table 5.3: Leaching characteristics of Danish bottom ash, which has undergone accumulated
serial column- and batch leaching test with L/S = 0-2 and 2-10 I/kg compared to the
Danish limits for unrestricted use and the Danish limits for discharge of leachate to
marine environments
Component Accumulated leached | Leachate concentration | Danish limits for | Danish limits for
chemical amounts with by assuming L/S=10 unrestricted use | restricted use
L/S = 0-2 and 2-10 I/kg * Ilkg (category 1)” (category 3) ©
Unit [ma/kg] [mg/l] [mg/l] [mg/l]
Ca 5100 510
Na 350-2000 35-200 100 1500
K 220-780 22-78
cr 2000 - 3600 200-360 150 3000
S0.% 3600 - 11,0000 360-1100 250 4000
As 0.22 0.022 0.008 0.05
Cd <0.0005 - 0.0093 <0.00005 - 0.00093 0.002 0.04
Cu 0.14-3.2 0.014 - 0.32 0.045 2
Pb <0.02 - 0.69 <0.002 - 0.069 0.01 0.1
Ni <0.004 - 0.05 <0.0004 - 0.005 0.01 0.07
NVOC 74 - 350 7.4-35

3 (Hjelmar, 2000) &
® Danish Ministry of Environment and Energy, 2000a. >
% Danish Ministry of Environment and Energy, 2000b. The limits shall be met agé‘r initial dilution in seawater.

ST
Table 5.3 shows that the leachate concentration, from Qq&ge Danish bottom ash, exceeds the Dan-
ish limits for unrestricted use for some of the chemi \L&omponents whereas the limits for restricted
use are not exceeded. Thus, average Danish bott @‘%h can only be used in construction for projects
outside sensitive areas such as areas with groq;ugil@*ter resources or near surface waters.

L
O
5.1.2 APC Residues - Dry and Seﬁi@\y Treatment of Acid Gases
6\0
S
Description &

The air pollution control (APC) residues are a mixture of fly ash and residues from treatment of flue
gases.

The fly ash is the very fine ash particles collected in an electrostatic precipitator (ESP) or a baghouse
filter. In incineration plants with dry and semidry air pollution control, the fly ash is usually not removed
before cleaning the flue gases and therefore mixes with the reaction products from the acid gas treat-
ment.

In the dry and semidry processes, dry lime and slaked lime respectively are blown into the hot gases.
The lime reacts with the acid gases and the products CaCl,, CaF, and CaSO, are collected as a fine
powder together with the fly ash and excess lime in the ESP or filter bag. The amount of excess lime is
normally larger in the dry processes compared to the semidry processes. In order to remove mercury
and dioxin, activated carbon is often added to the lime powder. This product will also be found in the
APC residues.

Composition

The average chemical composition of dry/semidry APC residues from several countries is shown in the
following table 5.4.

Table 5.4 compares this composition to the strictest limits (category 1) for using residues in Denmark
and to the Danish limits for hazardous waste.

074/510/001/Rp0007 9 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

Table 5.4: The average chemical composition of dry/semidry APC residues and the Danish
limits for unrestricted use of the residues and for hazardous waste

Element Chemical composition of Danish limits for Danish limits for
dry/semidry APC residue unrestricted use hazardous waste
[mg/kg]” [mg/kg]” [mg/kg]”
Ca 230,000
Cl 180,000
Si 69,000
Al 26,000
K 23,000
Na 17,000
Zn 15,000 500 50,000
S 15,000
Fe 12,000
Pb 5,400 40 5,000
Ti 3,300
As 170 20 1,000
Cd 300 0.5 1,000
Hg 15 1 500
Cu 710 5500 250,000
Ni 94 & 30 1,000
Cr (total) 180 S’ 500
Dioxin (semidry process)® 580 ng I-TEQ/kg 00&:@5
4 Hjelmar, 2000. N &
® Danish Ministry of Environment and Energy, 2000a. »'\\OQ{@‘\

9 Value from Amagerforbreending, Denmark. The mea ®‘§mount is given in the international toxicity equivalent, i.e. equiva-
lent of Seveso-dioxin (2,3,7,8-TeCDD) (Copenhagg G ty, 2000)

9 Danish Ministry of Environment and Energy, 200’080@\\
C

Table 5.4 shows that dry/semidry AP é\esidue from incinerators has a considerably higher total con-
centrations of Pb, As, Cd, Hg, Cu Ni than allowed for unrestricted use of residues under Danish
law. Furthermore, according to the Danish regulations on hazardous waste', the APC residues are
classified as hazardous waste due to their high content of lead (Danish Ministry of Environment and
Energy, 2000b). APC residues are not reused in Denmark.

Quantities

The following table shows the amounts of dry and semidry APC residue from a proposed thermal
treatment plant in Dublin.

Table 5.5: The amounts of dry and semidry APC residues from a proposed thermal treatment
plant in Dublin receiving 250,000 - 400,000 tonnes waste per year

Residue Type Amount Amount from incinerator in Dublin
[kg/tonnes waste]a’ [tonnes/yr]
Dry APC residue 20-50 5,000 - 20,000
Semidry APC residue 15-40 3,750 - 16,000

a) (Hjelmar, 2000)

' APC residues are also classified as hazardous waste in EU-directive 94/904/EC.

074/510/001/Rp0007 10 Rev A01
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Dublin Waste to Energy Project Residues Generated by Thermal Treatment

Environmental Impact

The APC residues are characterised by a high content of soluble salts, a significant amount of lime,
and trace elements/heavy metals. The main environmental problem from the APC residues is the risk
of leaching of salts and heavy metals to ground- or surface water. The percolate from deposited fly ash
and residues from the APC systems have a very high initial content of salt and significant initial content
of trace elements/heavy metals. — Dry/semidry APC residues have the greatest potential for leaching
of salts and trace elements compared to the other residues (Hjelmar, 1998).

Dioxin is generated in all combustion processes and many heating processes when chlorides are pre-
sent. Current standards for thermal treatment specify limits for dioxin emissions. These limits are met
by injection of activated carbon into the gas stream. Dioxin adsorbs strongly to particles and adsorp-
tion seems not to be affected by changes in pH or redox conditions. It is generally accepted, that di-
oxin only to a minor extent will leach from disposed APC residue. (Copenhagen County, 2000). The
minuscule amount of dioxins that dissolves in the leachate can subsequently be removed in wastewa-
ter treatment plants (Noma et al, 1999).

The following table shows the results of an accelerated combined column and batch-leaching- test with
dry/semidry APC product with a liquid-solid ratio of 0-25 I/kg. (Hjelmar, 2000) With a L/S ratio of 25
I’kg, leaching for a time period of thousands of years is taken into account, thus representing the total
leachable fraction of heavy metals and salts. In table 5.6, the chemical concentration in the percolate
is estimated by assuming that most of the chemicals have already leached out after about 100 years,
i.e. a L/S ratio of 2 I/kg is assumed.

&

Table 5.6: Leaching characteristics of dry/semidry APC r 3ue which has undergone accu-
mulated combined column- and batch leaching’test with L/S = 0-25 I/kg. The table
furthermore shows the concentration in \p%rcolate by assuming L/S = 2 I/kg and
the Danish limits for discharge of Ieacl&@ffgt% marine environments

Component Accumulated leached Concesitration in percolate Danish limits for leachate
chemical amounts with . hy assuming discharge to marine
L/S = 0-25 l/kg ? )Oéy}\{\\go L/S =2 I/kg environments ?
Unit [mg/kg] e [mg/] [mg/l]
Ca 61,000 - 109,000 Y Q) 30,500 - 54,500
Na 12,000 - 17,000 4:\\0 6,000 - 8,500
K 17,000 - 29,09(}&)@/ 8,500 - 14,500
cr 116,000 - 200,000 58,000 - 100,000
S04 470 - 3,100 235 - 1,550
As <0.02 - 0.04 <0.01-0.02 0.004
Cd 0.03-0.44 0.015-0.22 0.0025
Cu 0.13-22 0.065 - 11 0.0029
Cr <06-24 <0.3-1.2 0.001
Pb 220 - 3,400 110 - 1,700 0.0056
Hg <0.003 <0.0015 0.0003
Ni <0.2 <0.1 0.0083
Zn 45 - 340 22.5-170 0.086
NVOC 71-780 35.5-390

3 Hjelmar, 2000 (Danish APC residues)
® Danish Ministry of Environment and Energy, 2000a. The limits assume initial dilution of the leachate in seawater.

Table 5.6 shows that the percolate from dry/semidry APC residues has high concentration of lead, but
also of copper, chromium and zinc compared to the Danish limits for leachate discharge to marine re-
cipients.
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If APC residues are stored intermediately, prior to final disposal, the percolate must be collected and
treated for heavy metals before discharge to a marine recipient in order to meet Danish requirements
for wastewater discharge.

For final disposal the residues shall be stabilised and disposed at locations where they are of no harm
to the environment (see section 5.3.2).

5.1.3 APC Residues - Wet Treatment of Acid Gases

Description

Several thermal treatment plants use wet treatment of acid gases with subsequent treatment of the
wastewater generated from the wet acid gas treatment.

The APC residues from wet gas scrubbing consist of fly ash and residues from treatment of flue gases
(sludge from wastewater treatment). The fly ash is collected as a separate residue upstream of the
scrubber. The residues from the wet treatment process are collected, when the wastewater from the
scrubbers is neutralised and treated for heavy metals/trace elements.

Fly ash and sludge may be handled separately or mixed together prior to disposal (the "Bamberg
model"). The latter solution reduces the water content of the sludge and the leaching of trace elements
from the fly ash.

The wastewater is traditionally treated by adding lime mixed with n»%'rganic sulphide compound (often
tri-mercaptotriazin) to the water. The process produces wast ter and chemical sludge with high

contents of trace elements/heavy metals. SN

00\0\
The following table 5.7 shows the chemical composj g f the fly ash and sludge from wet treatment
of gases. The concentrations are based on analy%@\\ several countries.

N
Table 5.7: The average chemical compg@f@‘ﬁ of wet APC residue and the limits for unre-
stricted use of residues & &%

Element Chemical con‘f&@ﬁ\in fly Chemical content in Danish limits for
ash g\ sludge ? unrestricted use ”
Unit [m8kg] [mgrkg] [mglkg]
Ca (107,000 150,000
Cl 74,000 36,000
Si 160,000 78,000
Fe 25,000 54,000
Al 71,000 28,000
K 36,000 3,900
Na 31,000 1,900
Zn 28,000 31,000 500
Pb 11,000 11,000 40
Ti 8,700 2,600
Cu 1,200 1,200 500
Hg 8 650 1
Cd 390 630 0.5
Ni 140 62 30
As 130 89 20
Cr (total) 650 240 500
Dioxin © 1240 ng I-TEQ/kg

4 Hjelmar, 2000.

® Danish Ministry of Environment and Energy, 2000b.

9 Value from Vestforbraending, Denmark. The amount measured is shown in the international toxicity equivalent, i.e. equivalent
of Seveso-dioxin (2,3,7,8-TeCDD) (Copenhagen County, 2000)

074/510/001/Rp0007 12 Rev A01

EPA Export 25-07-2013:21:24:58



Dublin Waste to Energy Project Residues Generated by Thermal Treatment

The table shows that fly ash and wet APC residues have considerably higher total concentrations of
Zn, Pb, Cu, Hg, Cd and Ni than the Danish limits for unrestricted use.

Amounts

The following table 5.8 shows the amount of wet APC residue (fly ash and sludge mixed together) from
a proposed thermal treatment plant in Dublin.

Table 5.8: Amount of wet APC residue from proposed thermal treatment plant in Dublin re-
ceiving 250,000 - 400,000 tonnes waste per year

Residue Type Amount [kg/tonnes waste]a) Tonnes/yr
Fly Ash 10 - 30 2,500 - 12,000
Sludge 1-3 250 - 1,200
Wet APC product 2 11-33 2,750 - 13,200

Environmental impact

The APC residues from the wet treatment processes are like the APC residues from dry/semidry
treatment characterised by a high content of soluble salts and a significant amount of trace ele-
ments/heavy metals. However, the APC residues from wet treatment leach significantly less heavy
metals than residues from the dry/semidry treatment. (Hjelmar, 2000).

The following table 5.9 shows the results of an accelerated combined column and batch-leaching-
test with wet APC residue® with a liquid-solid ratio of 0-25 I/kg. (Hjgtmar, 2000) With a L/S ratio of 25
I’kg, leaching for a time period of thousands of years is taken inté¢ account, thus representing the total

leachable fraction of heavy metals and salts. In table 5.9,\\theQ’@'\hemical concentration in the percolate

is estimated by assuming that most of the chemicals aI@%Od‘fhave leached out after about 100 years,
i.e. a L/S ratio of 2 I/kg is assumed. \

O~

QL
Table 5.9: Leaching characteristics of DanighQ\.\?gi APC residue which has undergone accu-

mulated combined column- ang’b

furthermore shows the con
the Danish limits for discha

h leaching test with L/S = 0-25 I/kg. The table

. tion in the percolate by assuming L/S = 2 I/kg and
\%’f leachate to marine environments

Component Accumulated Ieacheq0° Concentration in Danish limits for discharge of
chemical amounts percolate with leachate to marine
L/S = 0-25 I/kg¢ L/S =2 I/kg environments®
Unit [mg/kg]~ [mg/1] [mg/l]
Ca 17,000 8,500
Na 21,000 10,500
K 21,000 10,500
Cr 56,000 28,000
SO, 32,000 16,000
As 0.28 0.14 0.004
Cd <0.0006 <0.0003 0.0025
Cr (total) 0.52 0.26 0.001
Cu <0.004 <0.002 0.0029
Pb <0.0011 <0.00055 0.0056
Zn 0.15 0.075 0.086
Ni <0.2 <0.1 0.0083
Hg <0.001 <0.0005 0.0003
NVOC 78 39

4 Hjelmar, 2000

® Danish Ministry of Environment and Energy, 2000a. The limiting value is given prior to initial dilution of the leachate with sea-

water.

2 Wet APC product in this context is a product with fly ash and sludge mixed together.
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Table 5.9 shows that the percolate from wet APC residues has relatively high concentration of arsenic
and chromium compared to the Danish limits for discharge of leachate to marine environments.

If APC residues are stored intermediately, prior to final disposal, the percolate shall be collected and
treated for heavy metals before discharge to a marine recipient in order to meet the Danish require-
ments for wastewater discharge.

For final disposal the residues shall be stabilised and disposed at locations where they are of no harm
to the environment (see section 5.3.2).

5.2 WASTEWATER

As described in section 5.1.3, wastewater generated in the wet APC system has to undergo treatment.

Amounts

The following table shows the amount of wastewater generated from a proposed thermal treatment
plant in Dublin using a wet APC process.

Table 5.10: Amounts of wastewater produced from a proposed thermal treatment plant with wet

treatment
Residue Type Amount Amount from thermal treatment plant in Dublin
[m3ltonnes waste]a’ N [m3lyr]
Wastewater 0.3-0.5 é}\\\?l 75,000 - 200,000
a) . Y
(Hjelmar, 1998) O
SR
S
. PN
Environmental Impacts F S

L
The wastewater must be treated to meet the limi Q\}s\ét\\}in EU Directive 2000/76/EF from 4. December
2000 before it is discharged to a recipient (se@g’s%@@tions 3.1. — Section 5.3.3 describes the means of
treating the wastewater. & \0$
&
ES
R

5.3 OPTIONS FOR HANDLINGO, USE AND DISPOSAL OF BOTTOM ASH, APC
RESIDUES AND WAgéli‘é\WATER

APC residues and wastewater from wet APC systems pose a potential risk to the environment. How-
ever, different options for reducing the risk are available by treating the incineration residues prior to
use or disposal and by treating the wastewater prior to discharge. The stabilisation techniques de-
scribed in this section are based on the different methods used in Europe.

The main objectives of treating the incineration residues are:

reduce the potential leaching of elements and compounds before re-using bottom ash or disposing
APC residues.

improve the functional characteristics of the residues, e.g. the compressive strength and mechani-
cal cohesive force before using or disposing the incineration residues.

extract specific components from the residues prior to use.

The most significant treatment principles for residues in general are:

Separation processes.
Stabilisation processes.
Thermal treatment processes.

These processes and their advantages and disadvantages are described in the following section for
each type of incineration residue.
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5.3.1 Bottom Ash

General

Bottom ash has been used extensively in the past in Denmark and elsewhere in Europe, particularly
for road construction. As an example, the Danish incineration plant Vestforbraending disposes of its
bottom ash to a number of small projects such as construction of parking lots, roads, bicycle paths etc.
where it is used as base material. Bottom ash is also used in larger projects such as land reclamation
for an extension of Copenhagen harbour (150,000 tonnes of bottom ash have been used in this ongo-
ing project) and for a similar project in Nakskov. There is a preference for using the bottom ash in
larger projects since the environmental authorities must approve the use of ash in each project.

EU directive 2000/76/EF on waste incineration as implemented in the Danish regulation 655 on use of
incineration residues, restricts the use of bottom ash in order to protect sensitive areas.

General quality criteria recommended for bottom ash to be used for construction purpose are as fol-
lows:

The bottom ash shall have low contents of TOC, heavy metals, trace elements, easily soluble salts
and potentially toxic organic matter in order to protect the environment.

Hard, well-graded ash with low content of fine particles and good compressive strength is pre-
ferred.

To achieve this the bottom ash has to undergo further treatment. o&

®®~

Separation ~ g

Separation is the simplest of all the treatment processg {Bhe bottom ash typically contains 7-10% by
weight of scrap iron and 1-2% by weight of non-ma etals The metals may be separated before
using the ash. Standard treatment of bottom as Danlsh incinerators includes coarse sieving,
magnetic separation and additional screenlng 50 mm. In some cases, lumps of bottom ash are
crushed before the final screening. At some lo%rators the processes mentioned above are supple-
mented with an eddy-current process colge non-magnetic metals from the ash. The treatment of

the bottom ash may also begin with a @Q@\lng process where a significant part of the soluble salts
(especially the chlorides) are transferrecgtﬁi the liquid phase.

The environmental problems rela pg the use of this method are leaching of heavy metals from the
bottom ash and discharge of wastewater if the ash is washed.

Stabilisation

Stabilisation processes reduce the leaching of heavy metals and are applied to the bottom ash prior to
use. Stabilisation can be a physical/mechanic stabilisation or chemical stabilisation.

Chemical stabilisation adds hydraulic binding agents, e.g. cement (5-10% w/w) and other additives to
the bottom ash. This produces a product with great strength and slower leaching properties. (Hjelmar,
1998).

The use of bitumen as a pore-filling additive in bottom ash blended asphalt is an example of physi-
cal/mechanical stabilisation. The use of bitumen reduces the leaching of inorganic components from
the ash and increases its strength.

The Wesphix-process is an example of chemical stabilisation of bottom ash. Phosphoric acid is added
to the bottom ash, thus binding most of the trace elements, especially Pb and Cd. (Hjelmar, 1998).

Furthermore, the bottom ash may be stabilised by means of CO,-stabilisation, where the heavy metals
in the bottom ash are bound to carbonates (Faulstich et al, 2000).
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The carbonisation that occurs when the bottom ash is stored can also be designated as a sort of
chemical stabilisation. (Hjelmar, 1998).

Thermal treatment

Thermal treatment of bottom ash uses different temperature levels. Sintering occurs typically at 400 -
600° C, when rearrangement of chemical solid phases takes place in the bottom ash. This results in
reduced accessibility for components to leach. (Hjelmar, 1998).

Melting/vitrification occurs at 1100 - 1500° C. If aggregates are added in the vitrification process, an
amorphous phase is generated. Otherwise, crystalline or heterogeneous products are produced.
Leaching from these products occurs very slowly.

The entire mass balance has to be considered when evaluating thermal treatment, since some of the
ingredients of the bottom ash will evaporate and need to be treated again. Thermal treatment normally
ensures that the bottom ash does not contain any toxic organic compounds. (Hjelmar, 1998).

Thermal treatment of bottom ash is usually very expensive and energy demanding compared to other
treatment methods available.

The leaching of heavy metals from the bottom ash matrix is best reduced by means of thermal treat-
ment compared to the other methods mentioned. However, air emissions of CO, and NO, have to be
taken into account due to the use of fuel in the process.

Landfill Solution &

Bottom ash may be disposed of in landfills if its use is not en t§8nmenta|ly acceptable or immediately
possible. Usually bottom ash is stored in landfills only on a?ie@ orary basis.

Bottom ash may normally be disposed wﬂhouto@?l Q‘rb’neasures of stabilisation. EU-directive no.
99/31/EF dated the 26. April 1999 classifies bottQ(ﬁ aﬁ’] as non-hazardous waste. This means that the
disposal site has to fulfil requirements with respe t@b permeability and thickness of bottom layers (clay
layer and plastic liner) in order to protect th é@@ndwater Furthermore, leachate from the site must be
collected. The leachate can be d|scha irectly to a recipient if it meets the requirements for
leachate discharge.
6\
X
. &
5.3.2 APC Residues P
At present, no environmentally safe methods for use of APC residues have been developed. Due to
the risk of leaching of heavy metals and salts, the APC residues require extensive treatment prior to
disposal in an environmentally proper way.

The following describes methods of handling, use and disposing of APC residues:

Natural stabilisation implies disposing the APC residues without any pre-treatment measures at all.
Salts and heavy metals, which leach from the residues, must be collected and the leachate treated.
Depending on topcover, layer thickness etc. it will take approximately 100 years before leaching of L/S
= 2 I/kg is achieved by means of natural precipitation. Leachate treatment will therefore be required for
a very long time. Natural stabilisation is not considered a feasible stabilisation method for APC resi-
dues.

Forced stabilisation involves washing of the APC residue in-situ, which accelerates the dissolution of
salts and heavy metals. Forced stabilisation is continued until the contents of salts and heavy metals in
the leachate have reached a prescribed level (in Denmark according to regulation no. 921), after which
the landfill can be operated passively. The washing water from the forced stabilisation must be col-
lected and treated and the residues from the treatment should be suitable for disposal at a special
waste disposal site for hazardous waste, since the heavy metals will be bound to heavily soluble com-
pounds. Thus, the risk of leaching from landfilling of the APC residues is reduced. Furthermore, the
time frame of percolate treatment is reduced by means of this method compared to natural stabilisa-
tion.

074/510/001/Rp0007 16 Rev A01

EPA Export 25-07-2013:21:24:58



Dublin Waste to Energy Project Residues Generated by Thermal Treatment

The environmental risks connected with leaching of salts and heavy metals from the stabilised resi-
dues in the passive phase of both natural and forced stabilisation are relatively high compared to other
stabilisation methods. There are technical risks with forced stabilisation. Thus, forced and natural sta-
bilisations are not considered sustainable options.

Stabilisation

A number of different stabilisation methods for APC residues are available or at the experimental
stage.

Cement based stabilisation mixes the APC residues with cement. This is followed by one of the fol-
lowing three methods:

1. Casting of blocks, which are disposed after hardening.
2. Direct disposal in landfill cells, where the mixture is allowed to harden.
3. Use of the mixture for reinforcement or sealing of mine passages.

Cement based stabilisation reduces the contact between water and APC residue and minimises the
leaching of salts and heavy metals from the residues. Experience with this method has been gained in
Germany, Netherlands, Sweden and Switzerland. — Methods no. 1 and 2 may cause environmental
problems if leaching of salts and heavy metals occur due to cracks forming in the cement in the long
term. These methods are therefore not considered feasible.

Transporting residues abroad (to Germany or Norway) for sealing mine passages (method 3) will pro-
duce some emissions to the air from the use of fuel. However, the\)@npact on the environment is con-
sidered minimal. &

&
Chemical Stabilisation S8
The ferrox process is based on chemical binding %(d?gégy metals by means of ferrous-sulphate.

S
The ferrox-process is under development in D k. A pilot plant was built in 1999 and this method
is expected to be ready for full-scale implen@% on around 2004.

N
s O
The process diagram below gives an ove<<ré)&\N of the principles behind the method.
S\
&
00
l ) ‘
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FeSO4 and H2804

Ferrous-sulphate is mixed with APC residues and a part of the salt contents of the residues is dis-
solved in the mixture. The ferrous-ions in the ferrous-sulphate solution precipitate and adsorb to the
residue particles. These iron compounds adsorb both the heavy metals that dissolve in the liquid and
the heavy metals contained in the residue particles. By aerating and stirring the process water, the iron
compounds are oxidised to iron oxides, which are stable and strongly bind heavy metals. Thus, heavy
metals are unlikely to leach from the treated residues. Finally, the process water with high salt con-
centrations is separated from the residues. The stabilised APC residues may subsequently be dis-
posed and the wastewater discharged to a marine recipient after treatment.

Leaching from the stabilised residues and discharge of the wastewater are considered the main envi-
ronmental risks. The ferrox method is, however, thought to attain the best degree of stabilisation with
existing technology.
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