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Significance of flue gas treatment

Global Burden of Air Pollution

_~~>35 Deaths from air pollution in 2013

X
Ambient air poliution ¥

Household air pollution

s 4
In China and India, less than 1% of the population o
€ lives in areas meeting WHO guidelines CHINA
-
e $ 910,000
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deaths
Air pollution was responsible for 5.5 million deaths in 2013
2.9 million deaths from ambient air pollution in 2013 10% of all deaths were from air pollution in 2013
Household air pollution Ambilent air pallution
Caused by buming sobd fuels for Caused by emissions from things like
j and cooking, includ hosziod 1.1 miffion 720,000
Power ganeration 64%
Zsia Indha 930,000 780,000
Crhar Asia 170,000 5 820.000
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Source: WHO Global Burden of Disease Study 2013
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Development of flue gas treatment systems according the legal requirements
using the example of Germany

TA Luft TA
i 1974 version | 1986
Pollutant Unit
General Gel '
requirements | requir
0 -reference percentage | Viol.-% dry 11
Dust mg/m? 100
Total Organic Carbon (TOC)|  mg/m? - Y FRU LR il
Hydrogen chloride (HCI) mg/m? 100 ! Residues
Hydrogen fluoride (HF) mag/m? 5
Carbon monoxide (CO) mam? 1,000 1
Sulphur dioxide (S0,) mg/m? - 1
Nitrogen oxide (NO,) mg/m? - g o
Ammonia (NH,) mg/m?
Heavy metals
Mercury (Hg) Mgy - 19)
Dioxins and furans ng/m? - Dl}‘ lime
Class | mg/m? 220%™ C ,
Class Il ma/m? So*** 1 0.5 0.5" 0.5* 0.5% 0.5
Class lll mg/m? Fo*** 5 0.05 - - 0.05* 1 0.05

The concentration data & based on standard temperature and pressure, dry state. for each cxcygen reference value; DAV indicates daily average value; HHAV indicates half hourly average value; YAV indicates yearly average value;
Heavy metalsclass I: £ Cd/TL: Heavy metalsclass I: E Sh, As, Pb, Cr Co, Ni, Cu, Mn, V. 5n; Heavy metalsclass I0: E As, benzopyrene, Cd. Colaq). Cr{IV)
* not applicable to use of coal, untreated wood only; ** combustion capacity » 6t'h or new facilities; *** mlated to the former clhssification

Yexcluding Sn; ¥applicable to Tl (single substance); * applicable to Pb, Co, Ni, Se, Te; “applicable to Sh, Cr. CM, F, Cu Mn., ¥, 5n: * not applicable to use of existing plants with BTT < 50 MW, “ to be valid as of2019; ™ nat applicable for
existing plants; "applicable to Mercury if the emission value is always < 20% of the requested emission value

ETT: Rated Thermal Input
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Development of flue gas treatment systems according the legal requirements
using the example of Germany

TA Luft TA Luft 17.B hv
) 1974 version | 1986 version | 2003 on
Pollutant Unit
Spray-absorber
General General DAV e—Lime  Fabric filter YAV
requirements | requirements slurry
Lo B
0 -reference percentage | Viol.-% dry 11 X
1 LI
1 (L}
Dust mg/m? 100 30 10 1
%@ )
Total Organic Carbon (TOC)| mg/m? - 20 10 Combustion/boller Fan stack
- 3 Residues
Hydrogen chlor‘|de (HCI) mg/m 100 50 10 Redrculation
Hydrogen fluoride (HF) mag/m? 5 2 1 . : . _
Carbon monoxide (CO) mam? 1,000 100 50 100 50 100 150 150
Sulphur dioxide {S(}I',I mgy/m? - 100 50 200 50 200 850 350—1,300
Nitrogen oxide (NO,) mg/m? - 500 200 Boller Scrubber nl 1008
&
Ammonia (NH,) mgy/m? - - -
Heavy metals
Mercury (Hg) Mgy - - 0.03 0.01%4
Single me ments
Dioxins and furans ng/m? - - (
Class | mg/m? {0 Rl 0.2 0.05
Class Il ma/m? ST 1 [
Class lll mg/m?3 Forr 5 0
The concentration data & based on standard temperature and pressure, dry state, for each oocygen refer vy average value;
Heavy metalsclass I: £ Cd/TL; Heavy metals class [I: E Sh, As, Pb. Cr Co, Ni, Cu. Mn, W, 5n; Heavy meta

* not applicable to use of coal, untreated wood only; ** combustion capacity » 6t'h or new facilities; ***

m
"excluding Sn: Papplicable to Tl (single substance); ™ applicable to Pb, Co, Mi, Se, Te; *'applicable to Sh, {
existing plants; " applicable to Mercury if the emission value is always < 20% of the requested emission w

ETT: Rated Thermal Input

ot applicable for

Wastewater ‘—H‘_ Lime slurry
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Development of flue gas treatment systems according the legal requirements

using the example of Germany

13. BlmSchv
TA Luft TA Luft 17. BImSchv EU Guideline 2004 version
T— o 1974 version | 1986 version 2003 version 2000/76 50 MW < RTI

TA Luft

2002 version

RTI -~ SN AW

17. BimSchv
2013 version
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Significance of flue gas treatment

What was the experience with such complex plants?

- there was no market for the by-products
- the energy expenditure and plant construction was very high

‘ while these insights were gained, waste incineration underwent a

metamorphosis from mere waste disposal
to energy recovery from waste

From then on, energy efficiency was in the focus and became an important
design criterion both for new and modified plants

E ete.a
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Comparison of the emission requirements of the Draft 1 for the revision of
the BAT instructions for the waste incineration

Draft BAT-AELS Draft BAT-AELS
17. BImSchV Value for new Value for existing
plant plant

Dust [mg/m3n] 1-5 10 (£3) 5 2-5 Daily avg.
TOC [mg/m3n] 1-10 10 (x3) 10 3-10 Daily avg.
HCI mg/m3n Daily avg.
HF [mg/m3n] 1 1 (x0,4) 1 <1 <1 Daily avg.
O mg/m3n Daily avg.
NO, - SCR [mg/m3n] 40-100 200 (+40) 150 50-120 50-150 Daily avg.
NO, - SNCR [mg/m3n] 120-180 Daily avg.
NH; (SNCR) [mg/m?3n] 1-10 10 3-10 3-10 (15) Daily avg.
/m3n Daily avg.
50 (£5) Daily avg.

[ng I- Monthly
TEQ/m?n] resp.
[ng WHO- over the
TEQ/m3n] sampling period

Over the

d+Tl [mg/m3n]

b+As+Pb+Cr+
: [mg/m3n]
0+Cu+Mn+Ni+V
Source: Neues aus dem Draft 1 zur Revision des BVT-Merkblattes Abfallverbrennung
Dipl.-Ing. Markus Gleis, Umweltbundesamt, Dessau-RoRlau

sampling period

Over the

sampling period

Hl ete.a
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Challenges for flue gas treatment systems in the future

Challenges for flue gas cleaning will continue to be high pollutant removal
efficiency and very high efficiency in the use of energy and consumables
(minimum consumption of resources)

The present-day flue gas cleaning systems are unique in design and
their specific configuration often reflects the development of the
emission limits over time.

E ete.a
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Process overview

of the executed flue gas treatment plants
Impact on the possible emission reduction
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Separation of acid gases based on German wte plants

B Dry sorption (sodium
bicarbonate)

Conditioned dry
sorption/spray
absorber with lime

B Scrubber

Separation of NOx based on German wte plants

NOy-Emissionen in mg/m?. L.N
220,0

Source: ITAD, Dusseldorf

200,0
SNCR-Technik SCR-Technik
180,0
160,0
140,0
120,0
100,0

80,0

60,0

40,0

20,0

0,0

Source: M. Treder: ITAD Emissionsbericht 2016, vorlaufig, unverdffentlicht, Disseldorf 10.09.2017
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Simple plant construction
SNCR - one-stage dry sorption with NaHCO,

. | Reststoff-Silos

Eifter Line .l

NaHCO;-Silos

Umlenkreaktor

A-Kohle-Silos

Source: Lihr-Filter, Stadthagen
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Complex plant construction

ESP — Spray-dryer — ESP — 2-stage Scrubber — Aerosol-separator — SCR — Fabric filter

Die Miillverbrennungsanlage Bielefeld

Technische Anlagenlibersicht der Stationen

Kessalhaus

Maschinenhaus

15

Schwefaldiaxid

Aerosolabscheider

Abscheiden von Flissigkeitstripfchen
und Staubpartikeln

= Wasserdampfkreislauf
- Verbrennungsgase
10 Elektrofilter | 16 Katalysator
Abscheiden der Staubpartikel Urmwandlung der Stickoxide,
11 Sprihtrockner Zerstbrung der Dioxine und Furane
Verdampfen des Wascherwassers 17 Gewebefilter
12 Elektrofilter I Abscheiden von Schwermetallresten,
Abscheiden der Salz- und Staubpartikel Resten won Dioxinen, Furanen und
13/14 Vorwadscher/Hauptwascher Reststaub
Abscheiden von Schadgasen, Chlor-/Fluor- 18 Kamin
wasserstoff, Quecksilberverbindungen, Hihe 107 m

Austrittstemperatur ca. 110°C

D=PNOENDE P

Source: Interargem, Bielefeld
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Reststoff
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Waste incineration plant EVI-Europark (Germany)
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5. Tagung- Trockene Abgasreinigung fiur Feuerungsanlagen und

Source: Dr. Buhlmann; Trockene Rauchgasreinigung der MVA-EVI-Europark;
andere thermische oder chemische Prozesse Essen, 12. - 13. November 2009
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Waste incineration plant Rothensee (Germany)

——HCI crude gas [mg/Nm?® dry] ——802 crude gas [mg/Nm?® dry]
~—=HCI clean gas [mg/Nm? dry] ~==802 clean gas [mg/Nm° dry]

50
40
Kalkmilch
wassar 5 1500 30 5
b b,
oA i
E E
- =
NH,OH ¢ & 5
=) 2 H
(SNCR) (.R\ ] nenmonpARmAnmAnAND 3 1000 200
190"°C & TNETEIERE ey
oA L
HOK \) 142°¢ 135°C YY
Saug-
.1 209 500 10
Schlacke H0
¢ AR
S
Kessel- =y Kamin — ]
asche gefeutht- Regir. w
= ungs- kulat Reststoff
umlenk- mischer Reststoffsllo 0 T T T T T 0
reaktor 0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

Source: R. Margraf; Dry, Semi-dry or Wet — Which System Fits Best

Depending on the Overall Conditions?, IRRC, Vienna 2017
ete.a
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Challenges for flue gas treatment systems in the future

Increasing energy efficiency will continue to be another challenge for flue gas
treatment processes!

A very comprehensive and detailed study on the net emissions balance as a
function of energy expenditure shows that the energy expenditure for a multi-
stage flue gas treatment system with minimum emissions is not necessarily
higher than that of single-stage systems!

‘ Modern-day and future know-how regarding the design of efficient
plants will not necessarily imply the development of new processes,
but rather place a focus on the intelligent combination and
configuration of proven process stages

E ete.a
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Challenges for flue gas treatment systems in the future

One example of this is the Delfzijl waste incineration facility in the Netherlands.

Boiler
Fabric Filter SCR Fabric Filter
t = 240°C t = 240°C Ca(OH).  {=120°C
— + Coke
Lo | e
Mill X : H-.O
Q% . : Fan
o NaHCO; Residue  NH;OH L5 ! Stack
Eco Recirculation Residue

E ete.a
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Challenges for flue gas treatment systems in the future

In order to compare different systems the cumulative energy demand was used

CED,: 965.734 MJ
=0,99 % CED;,

CEDy qjectriciy: 39-850.272 MJ
= 40,9 % CED;

CEDyagqror:  50.549.792 MJ
=51,8 % CED;

CED effective: - 40.112.225 MJ

%% e, CEDyqranspor: 6133296 MJ

=6,3 % CED;
=14 MW
2 CEDy: 96.370.064 MJ
=99,0 % CED;
CED,: -307.544 M)
=0,32 % CED; Energy
offtake: -137.303.774 M)
=140,8 % CED;
Conditions:
- HCl-inlet 1300 mg/m?3
- SO,-inlet 500 mg/m3
- Reference period 8000 h
ete.a
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Challenges for flue gas treatment systems in the future

My appeal is ...

=)

.. as regards the future selection of sites
for new plants, this implies that plants
should be built at sites where a suitable
Infrastructure including energy sinks
exist!

E ete.a
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Wte plant Copenhagen - Amanger
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Wte plant issy-les muolineaux, Paris

© Jacques Mossot

Google earth
¢

© Jacques Mossot
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Challenges for flue gas treatment systems in the future

Apart from energy efficiency, recent discussions indicate the imminent
renaissance of recovery of valuable by-products from the flue gas — this time,
however, not in the form of producing materials such as gypsum or
hydrochloric acid, but in the form of feeding the combustion product CO,, back
into the carbon cycle, for instance in the form of methanol!

[ \ Fernwirme-

" _hetz
Wirme- | Strom P, mep Wirme-

speicher verbraucher
— Wirme/Dam pf Q,,, mm 1
? Abwirmenutzung G, 4 T -

" =y 2!

Hochtemperaturwiarme-
pumpe mit NH; (HTWP)
COP=2,95

LRGN

Vollaststunden
P ower to Methanol: 8000h

max. 9,53 MW, 4 AKWhgy, cyNm®  —>“low carbon” O, 100kt/a
18.6MW,,  T17MW, 69.8MW
e 2.53MW,, H.O Methanol
B toff Wasser
rennsto Rauch- G XD elektrolyse I____!'_____ o S
50,4 MW, gas : 1
) Wass er H A .
194 g CC:_z_eq-’kWh 4,04 MW, 24! Methanol- Methanol- | !
(50%) TRauchgas col | synthese destillation | !
_ 12.65MWy, [ (€O, arm) ~73 !
anonn IPost combustion Bl '
/{ CQ, capture '@‘:_ ————————————————————————————————— '
] il
10 g CO, WK 7] e 194MW,, Rauchgas PCC: 2600 kJ/kgcg,
Windstrom SR {CO; reich) 89% capture
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Challenges for flue gas treatment systems in the future

Synthesis of methanol from CO, may be a sensible option for some waste
incineration plant sites lacking other options for utilization of the energy due to
the nature of the nearby infrastructure.

Another approach for using the CO, present in the flue gas was pursued in the

energy-from-waste plant in Twence, the Netherlands, where sodium
bicarbonate is successfully produced from CO, and soda.

E ete.a
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Further changes and influence on the flue gas
treatment process

Heat utilization — measuring scope

E ete.a
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Further requirements from the Draft 1 for the revision of the BAT instructions for the waste

incineration

High sieam
conditions

The higher the steam conditions
{temperature and pressure), the higher the
eleciricity conversion efficiency allowed
by the steam cycle.

Working at increased steam conditions
{e.£. sbove 45 bar, 400 °C) requires the
use of special steel alloy or refractory
cladding to protect the boiler sections that
are exposed to the highest temperatures,

Applicable to new plants
and to major metofits of
existing plants, where the
plant is mainly omented
towards the zeperation of
electricity.

The applicability may be

limited bey:

+ the stickiness of the fy
ashes;

+ the comosivenest of the

rﬂ“\l'ga £ A n

Flug-gas
condenser

l"\ 0O rooill i rFromm
lC‘GErat‘nanEMJﬂ E!’L‘J’
nherefu heat [mauﬂ'- from the steam

A h¥at exchanger where the water vapour
comtained in the flue-gas condenses,
transferring the latent heat to water at a
sufficiently low temperature (e.z. return
flow of 2 district heating network).

The flue-gas condenser also provides cos
benefits by reducing emissions to airfe g
of dust and acid gases).

The use of heat pumps can ipcrease the
amount of energy recovered from flue-
gas condensation

[ " UI Al 1
Applicable ﬂlE

EJE 5 ﬁ'\-'.\-l:".

ocal ne!: FII:l‘ﬂ.IZ-l'
demand

2AS| b | el

Applicability may be limited
by the demsnd for low-
femperature heat, e.z. by the
gvailability of a district
beating network with a
sufficiently low  refum
fEmperature

Source: BAT Reference Document On Waste Incineration, Draft 1 (May 2017)

ete.

a
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Further requirements from the Draft 1 for the revision of the BAT instructions for the waste

incineration

Substance . Mizimum Monitering
Pm'anlmer Process Standard(s) () monitoring associated
frequency with
N0y Incineration Generic E_h Continmous BAT29
standards
NE; When SHCR sndlor SCR & Generlc EN Continuous BAT 2
+ Incinerstion in fmidised bed
. furnaces . -
N0 i} . ENII23E | Onceeveryyear | BATZO
* When SNCR. is operated o
with urza
co Incineration smndards Continuous BATY
S Generic EN y ™"
50, Incineration standards Continmous PAY2R
. S Generic EN y . T
HC1 Incineration standards Continuon BAT 28
HE Inciteration Geerle BN | comimons | BaT 8
. . . . .
- Y
o Incineration in fluidised bed
~
.
furnaces - ;
il T T L
N,O . EN 21258 Once every year BATA2Y
- e When SNCR 1s operated
s
with urea
TVOC Incineration Lemeric EN Continuous BAT 30
standards
Np EN standard
available for
. . long-term Once every o
PCDDVF Incineration sampling, month (% BAT 30
EN 1948-2,
EN 1048-3
No EN standard
available for
Dioxin-like . . long-term Once every -
PCEs Iocmeraiics sampling, month ()7 BaTa0
EN 1943-2
EN 10434
Bewzolalpyre Incineration o EN standard Once every year BAT 30
e availsble o

once every six o
fn the paflodicmeasarement of HF.

incinenarion ]:]a:u[ incinemating e
emission levels are proven to be

]Gae'lcE\' ndants for confimious measurements are EN 15267-1, EN 153267-2,
il eriodic measurements are given in the table or in the footn

&‘Lh:wl’_.lé‘ie]:l # proven fo be aLf:l.J.Ell Iy stable. No EN standard is available

]Fw ificineration plants with a capacity of < 100 000 toones/year incinerating exchsively non- :nza:doL::lnsre

lants infinerating wastes with intrins

ts of contrallad compasifion]), the confimuaus moit oring

sainpling br periodic monitoring with a mnimum frequency of once
N 13 1]

replaced by perindic with a miniomm monitorinz :nequenc\ ofnnce-enen six months In this case

7-3, and EN 14181

with a minimmm frequency of

5 ar_:ertpaed:.\]oﬁzm
months. In the latter case the

Source: BAT Reference Document On Waste Incineration, Draft 1 (May 2017)

ete.a

Ingenieurbtiro fir Energie- und Umweltengineering & Beratung




Summary
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Challenges for flue gas treatment systems in the future

As already mentioned above in the context of energy
efficiency, it is not important to develop entirely new
systems or processes, but rather to combine available
processes in an intelligent manner and exploit synergies!

E ete.a
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Thank you for your attention
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