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Motivation and
Background
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The motivation of today's developments lies in addition to an efficient

pollutant gas separation in topics such as

Recovery
o eﬁig?er?lgy
recyclables

T]ete.a :i THM 5 von 25



12t International Conference Waste to Energy 2021, Prague

Overview

Flue gas treatment yesterday and Today
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S Development of flue gas treatment systems according the legal
e requirements using the example of Germany

TA Luft

) 1974 version
Unit

General
requirement:

TATATATATATAVAY,

100
5

Carbon monoxide (CO) ma/ 1,000

Sulphur dioxide (50,) mig/|

ok

Dioxins and furans

Dry fime

SO*** u.s u.s" u.n s
e COn B

rature re alue; HHAV indicates half hourly average value; YAV indicates yearly average value;
Cr({IV)
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S Development of flue gas treatment systems according the legal
e requirements using the ex

ESP  Spray-absorber

TA Luft TA Luft Lime Fabric filter

1974 version | 1986 version

Total Organic Carbon (TOC) _

[Fydrogen chioride (HC) | mgime | 100 | 50 |
Hydrogen fluoride (HF) 5 2

7,000

[Suiphur dioride (50) | _mome |

Nitrogen oxide (NO,) mg/m?

mg/m?
T
Mercury (Hg)
]

mg/in

rly average value;

not applicable for

ETIL: Rated Thermal Input

Wastewater 4—H‘_ Lime slurry
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¥

Entwicklung der Emissionsanforderungen am Beispiel Deutschland

13. BImSchv TA Luft
TA Luft TA Luft 17. BImSchv EU Guideline 2004 version | 2002 version

1974 version | 1986 version 2003 version 2000/76 50 MW < RTI
Pollutant Unit < 100 MW RTI < 50 MW

Bailer
6A.dsorbens Lime silo
| — \ [
Process water
l | ] |"E7 i S Fabric filter 1 Fabric filter 2
() ] J
L .

el

fb- ¥ - Rezkilo
(j HCl scrubber
o]

17. BlmSchv
2013 version

e
-

o

[

Halogen-
srubsber Dﬁstilations—
column

! ‘Caclz
Ev.lagolra‘tor MH -I"JC' e o
13~

Absorber

Centrifuge

Acid
30 % HC
Gypsum -silo
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o

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
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Existing plants for acid gas removal

H reine Trockensorption
(Bicar)

konditionierte
Trockensorption/

Spriihe N
Removal of acid gas components

mWisch
120

Nower 110
220,0 100
90
80
70
60
50
40
30

200,0

180,0

Source: ITAD, Diisseldorf 160,0

4 .-il

Number of plants

140,0

120,0 20

10
100,0

%
%

(=}
iy I

80,0

%
%

A

60,0

20,0 mwet (1-stage) @ CDA (1-stage) Odry (1-stage) Bwet + CDA (2-stge) Dwet + dry (2-stage) OCDA + dry (2-stage) Owithout Info

S LLLLLELLCEREEEREEE LT L

Source: M. Treder: ITAD Emissionsbericht 2016, vorlaufig, unveroéffentlicht, Dusseldorf 10.09.2017
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simple system
SNCR - single-stage dry sorption NaHCO,

Reststoff-Silos

Umlenkreaktor

A-Kohle-Silos

Source: Lihr-Filter, Stadthagen
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complex system
ESP — Spray dryer — ESP — 2-stage scrubber — Aerosol separator — SCR — Fabric-Ffilter

Die Millverbrennungsaniage Bielefeld ]

V=PHOENDE Y
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BREF waste incineration — emission figures

Parameter

dust

HCI

HF

NO, (SCR)
SO, als SO,

Hg

NH,

N,O

CO

Cd + Tl

> Sb+As+Pb+Cr+Co+
Cu+Mn+Ni+V+(Sn)

> As+Benzo(a)pyren+

Cd+Co+Cr

PCDDI/F ()

PCDD/F + Dioxin-like
PCBs (*)

TVOC / Cye

* the equivalence factors are used either according to I-TEQ or WHO-TEQ,

mg/m3 STP, dry
mg/m3 gp dry
mg/m3 grp. dry
mg/m3 STP, dry

3
mg/m? s1p gy
3
mg/m? grp. gry

mg/m3 STP, dry
3

mg/m3 grp gry

mg/m3 STP, dry

3
mg/m? s1p gy

3
mg/m? srp. gry

3
mg/m STP, dry

g |.req /M

STP dry

Ng who-TEQ
3
IM3s1p gy

3
mg/m? s1p gy

DAV
5
10
1

50

10

17. BImSchV (page 21) according to WHO-TEF 2005

= THM

17. BImSchV?

HAV
20
60

4

Existing plants

DAV

<2-8
<1
50-150 @
5-40

New plants

DAV

<2-6
<1
50-120
5-30

<0,005-0,02
0,001-0,01

2-10 ¢

2-10

Wird nicht angegeben

0,005-0,02

0,01-0,3

< 0,01-0,06
<0,01-0,08
< 0,01-0,08

<0,01-0,1

<0,01-0,04
< 0,01-0,06
< 0,01-0,06

<0,01-0,08

Monitoring
frequency

continuously
continuously
continuously (*)
continuously
continuously
continuously (3)
Long term monitoring
continuously
yearly () (%)
continuously

every 6 month

yearly

every 6 month
monthly (%)

every 6 month(®)

monthly (®) (5)

continuously
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Example of existing plant — MVA EVI-Europark

Verlauf Tagesmittelwerte HCI MVA Emlichheim Linie 1 - Mai-Oktober 2009

E
2
o .
£
0
| I .
o
t
2
®
o
o
£
5]
14

Reingaswerte HCI [mg/Nm?7]

Feststoff MH,OH
=

14.07.2008

Source: Dr. Buhlmann; Trockene Rauchgasreinigung der MVA-EVI-Europark;
5. Tagung- Trockene Abgasreinigung fir Feuerungsanlagen und
andere thermische oder chemische Prozesse Essen, 12. - 13. November 2009
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>*

Example of existing plant - MHKW Rothensee

, il i

=—=HCI crude gas [mg/Nm® dry] =802 crude gas [mg/Nm® dry]
HCI clean gas [mg/Nm? dry] S02 clean gas [mg/Nm? dry]

-
o
1=
S

Kalkmiich

ide gas [mg/Nm?* dry)
Clean gas [mg/Nm* dry]

Brauch-
wasser ‘-('1—1
1

Umlenk-

ung
mischer
reaktor

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

ete.a Depending on the Overall Conditions?, IRRC, Vienna 2017 17von 25
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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.

n etea - : THM 18 von 25
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Sankey-Diagram CED-complete

(CEDy for HCl-raw gas 1.300 mg/ms; SO,-raw gas 500 mg/mg?); 8000 Oh

[ 10
_

=0,99 % KEA,

KEAysyom:  39.850.272 MJ

B -

KEA\agaces: 50.549.792 MJ
=51,8 % KEAq

KEAG gifesy: -40.112.225 MJ KEA 1ansport!  6.133.296 MJ
= 41,1 % KEA; = 6,3 % KEAg

ZKEAy: 96.370.064 M)
=99,0 % KEA;

KEAg: - 307.544 MJ

=0,32% KEA Energie-

auskopplung: -137.303.774 MJ
=140,8 % KEA;

Kessel

Gewebefilter Gewebefilter

NaHCO;  Reststoff NH,OH 4 M 19von 25
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Waste to energy plant ,,Amager Bakke* in Copenhagen, Denmark

<

¥
‘ 3 T 1,- Focincity

-

: = DEINd haating (Holoe and CITR)
Ammonia
Clrvrterctatie | Solinethan

Heat recovery

- 10 MW
- 15 MW

o

| ~ 20 % of completely Energy . S oot

a @ (Coiuge 3 heating Stoam-— ) District

W

Condonsato--4

e 2= o

healng

Gypsum Condonsate ROUse
troatrment of dean

- condensate

al
Wastowaloy Amemonia waslowalos
treatment strippes weatment

> b ==
Biaey Sludge (@resund)

Source: Hulgaard, T.; Sgndergaard, |.: Integrating waste-to-energy in Copenhagen, Denmark. Civil Engineering, Volume 171, Issue CE5, Pages 3-10
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Optimized flue gas treatment system in adaptation to the future energy market

Electricity Py mep

Heat/Steam Oy —-—
Use of waste heat Oy,

I

l

District heating net

Ml

|

High termnperature heat For internal
pumpe [HTHP|

0

Dry sorptiomns-
stage 1

SCR-Reactor

90 % CQ,
removal
Condensation-
Dry sorptions- stage l
stage 2
I

co,
Absorber

Z-

CO.-Desorber

Waste water -

O
CO,-pure solvent
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Conclusion

= The current level of emissions from flue gas purification systems downstream of

waste incineration systems partly borders on the confidence levels of the existing

measurement technology, so that there is fundamental optimization potential here

too, but this does not represent the ultimate challenges.

= [n addition to efficient pollutant gas separation, the future challenges lie in topics

such as
= Energy efficiency,
= Minimization of the input materials up to

= for recovering valuable substances from flue gas cleaning (e.g. CO,).
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Conclusion

= |n addition, the location plays an important role, especially for new systems, so

that synergies can be used, which must be taken into account when planning the

predicted mega-cities.

= |t will not be a question of developing completely new systems or processes, but

rather the intelligent combination of existing processes and the use of synergies.
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Thank you for your attention!
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